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Abstract

Previousresearchfindsthatchildrenaresurprisingly closed to the possibility of unlikely events. Two studies with 5-to-8-year-old
children (N =240; 68% female; mixed ethnicities) and adults (N =550; 42% female; mixed ethnicities) collected between July
2020 and December 2020, found that children are more open to the possibility of all event types in the future than in the past,
and that all age groups were less likely to categorize all event types as impossible when they had the option of categorizing
them as “possible, but unlikely” than when they only had the option of calling them “possible.” However, many children still
frequently categorized unlikely events as impossible. These findings shed light on conditions that influence children’s possi-
bility judgments while underscoring their robust tendency to conflate improbability with impossibility.

Keywords possibility, future thinking, modal concepts

Lay summary

Children often say that unlikely events are impossible. In this study, we explored whether their judgments change when they
are given an option to say that an event is “possible but unlikely” and when they are asked to think about events happening
in the future versus in the past. We found that both children and adults were less likely to call events “impossible” when given
the option “possible, but unlikely” than when only given the option “possible.” They were also more open to the idea that
unusual events could happen in the future than in the past. These findings help us to better understand why children tend to
say that events that are just unusual are actually impossible.

One might think that children believe everything is possible. Their
lives are perceived to be rich in fantasy and their imaginations
seem to run wild as they pretend to fight monsters and dinosaurs.
Children engage in pretend play (Singer & Singer, 1990) and have
a rich understanding of pretense (Skolnick & Bloom, 2006; Sobel,
2006). They see magic as a causal force (Johnson & Harris, 1994;
Rosengren & Hickling, 2000) and often have imaginary friends
(Taylor, 2001). They also seem more open-minded than adults,
as evidenced by greater flexibility in their learning (e.g., Liquin &
Gopnik, 2022; see also Gopnik, 2020; Gopnik et al., 2015; Legare
et al.,, 2010). As Alison Gopnik (2009) puts it “babies and young
children are like the R&D division of the human species.” We might
expect, then, that children would be more prone than adults to
see all sorts of things as possible.

Strangely though, the opposite seems to occur. Research on
children’s judgments suggests that they are surprisingly closed

to possibility. In the best-known demonstration of this, Shtulman
and Carey (2007) asked children between 4 and 8 years old, as well
as adults, whether ordinary events (e.g., eating an apple, wash-
ing a car), improbable events (e.g., drinking onion juice, painting
polka dots on an airplane), and impossible events (e.g., walking
through a brick wall, growing money on a tree) could occur “in
real life.” Like adults, children tended to judge ordinary events
to be possible and impossible events to be impossible. However,
while adults almost always judged improbable events to be
possible, 4-year-olds only responded this way 22% of the time,
6-year-olds 50% of the time, and 8-year-olds 65% of the time. The
younger children also reported that improbable events needed
“magic” to occur. And when asked to sort events into containers
representing events that could happen in real life or events that
could not happen in real life, young children were most likely to
say thatimprobable events could not happenin real life. There are
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now numerous replications of the basic finding that young chil-
dren reliably fail to appreciate that these improbable events are
in fact possible (see Shtulman, 2023 for review).

Why do children fail at reasoning about these improbable
events? While there is some evidence that younger children
lack a full appreciation of modal concepts (e.g., Leahy & Carey,
2020), we can rule out the possibility that they are incapable of
understanding the graded nature of probability. Four-year-old
children who are shown a bag with 10 blue marbles and 1 red
marble appreciate that it is possible to pick out a red marble but
impossible to pick out a yellow one (Shtulman & Carey, 2007; see
also Nissel et al., 2024). Three-year-olds appreciate that there
is a greater pay-off from a gumball machine that must produce
a desired gumball as opposed to a machine that merely has the
possibility of producing a desired gumball (Alderete & Xu, 2023).
Even infants show a capacity to distinguish likely outcomes from
unlikely or impossible outcomes (Denison & Xu, 2014; Goddu
et al., 2021; Stahl & Feigenson, 2015; Téglas et al., 2007; Wellman
etal., 2016). For example, 6-month-old infants are surprised when
an experimenter picks out four yellow balls and one pink ball from
a box that contained mostly pink balls and only a few yellow balls
(Denison et al., 2013).

An alternative explanation for children’s poor performance with
unlikely events, proposed by Shtulman and Carey (2007), is that
adults and children may be relying on different forms of reason-
ing. Adults’ judgments of impossibility may be largely based on
general facts about the world that preclude events from happen-
ing (e.g., they would violate physical laws; see also Shtulman &
Tong, 2013), while children’s judgments might be based on nar-
rower considerations. As one suggestion, children might deem an
event to be impossible if they “have attempted to identify circum-
stances that would allow the event to occur [and] failed in their
attempt to do so” (p. 1022).

More recent studies, however, suggest that knowing how a par-
ticular event can arise is not sufficient for children to see it as pos-
sible. For example, when 4- to 7-year-old children were given an
explanation of how one event, such as drinking apple juice, could
occur, they nonetheless continued to deny the possibility of a
closely related, but less familiar, event such as drinking cauliflower
juice (Goulding et al., 2022). Children can even generate explana-
tions themselves for how unlikely events could occur, and yet still
judge them to be impossible (Nancekivell & Friedman, 2017).

A further possibility is that these problems arise due to more
general limitations in children’s modal cognition. Phillips and
colleagues (see Phillips & Kratzer, 2024, for review) have argued
that while adults have a distinct conception of the impossible,
separate from the improbable, the immoral, the inappropriate,
and so on, young children may not. For them, the category that
is associated with the word “impossible” (or “magic,” or what
“should not” occur) is broader, encompassing a range of non-nor-
mal events. This is compatible with the proposal by Shtulman and
Carey (2007, p. 1022) that children’s impossibility judgments are
based on “the phenomenological experience of having an expec-
tation violated—that is, feelings of surprise, confusion, or disbe-
lief.” Since unusual, shocking, orimmoral events are likely to give
rise to similar phenomenological experiences, then under both of
these accounts we would expect children to judge many of these
event types to be impossible.

This theory is supported by evidence that young children
tend to describe immoral actions and acts that violate social

conventions as impossible (e.g., Chernyak et al., 2013; Shtulman
& Phillips, 2018). Indeed, even adults, under speeded conditions,
tend to blur these categories together (Phillips & Cushman, 2017;
see also Phillips et al., 2015). As Shtulman and Phillips note (2018,
p. 178), the idea that physical possibility and notions such as
social appropriateness are blurred in the mind of the child was
proposed by Piaget (1948/1977), who wrote “[social] rules are
naturally placed by the child on the same plane as actual physi-
cal phenomena. One must go to bed at night, have a bath before
going to bed, etc., exactly as the sun shines by day and the moon
by night, or as pebbles sink while boats remain afloat.”

Another account, consistent with the above, but in sharp con-
trast with the explanation-based approach, focuses on the role of
children’s more limited experience of the world (Goulding et al.,
2022; Goulding & Friedman, 2021, 2023). The argument here is
that it’s not a causal understanding of how an event can come to
be that motivates children to believe that it’s possible (as noted
above, such an understanding doesn’t seem to be sufficient);
rather it is the similarity of that event to other events that they
have encountered (see also Atance & O’Neill, 2001 for a similar pro-
posal in the domain of counterfactual reasoning more generally).

In one study, Goulding and Friedman (2021) told 4- to 6-year-old
children either about an ordinary event (e.g., a person had a pet
dog) or an unlikely event (e.g., a person had a pet elephant). They
then asked children whether another unlikely event (e.g., a per-
son having a pet zebra) was possible. Five and 6-year-olds (but
not 4-year-olds) were more likely to say the unlikely event could
occur after hearing about a different unlikely event, presumably
because having a pet zebra is similar to having a pet elephant.
Indeed, even adults often draw upon similarity to familiar events
when judging the possibility and impossibility of unfamiliar future
events (Goulding & Friedman, 2023).

Further support for this “similarity heuristic” derives from
studies in which children are asked about events in unfamiliar
contexts, such as distant lands (Bowman-Smith et al., 2018) or
in dreams (Goulding & Friedman, 2020). In these contexts, chil-
dren are more likely to judge unlikely events to be possible. The
researchers argue that these unfamiliar contexts may lead chil-
dren to abandon the heuristic of drawing on their own experience
to infer what may be possible, because they assume this experi-
ence may not be relevant in such a different context. Therefore,
instead of finding similarities between impossible and unlikely
events which lead them to judge unlikely events as impossible,
they shift to using causal inference to make their possibility judg-
ments, and thus arrive at more adult-like conclusions.

Thus, research consistently shows that children conflate
unlikely and impossible events across various methodologies,
contexts, and domains. This robust pattern suggests a genuine
conceptual difference in how children and adults reason about
possibility. In the present studies, we explore two potential scaf-
folds that might help children make more adult-like possibility
judgments, with the goal of shedding further light on the underly-
ing reasons for this conflation.

First, we explore the effect of unfamiliar contexts on children’s
judgments about the possibility of events by asking children
about events that might occur in the distant future. Children’s
ability to think clearly about the future develops gradually in early
childhood. Between the ages of 4 and 5, children gain the abil-
ity to correctly connect time-related words, such as “yesterday”
and “tomorrow” to the past and future, and in the correct order
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(e.g., “tomorrow” is sooner than “next year”; Tillman et al., 2017).
Five-year-olds (but not 4-year-olds) can correctly reason about
the order of future events, strategically placing tools where they
will be accessible before they’re needed for subsequent tasks
(McCormack & Hanley, 2011). And it is not until age 5 that children
correctly reason about the changes that will occur in their own
preferences when they become an adult (e.g., liking coffee more
than juice boxes; Belanger et al., 2014).

Here, we take advantage of these early abilities to explore
whether 5- to 8-year-old children believe that a greater number
of events will be possible in the future. This might occur because
a future context specifically activates the idea of the unknown.
Events in the past have already happened, and are thus fixed and
determinate, while events in the future are open to many possibil-
ities. An alternative hypothesis is that time points distant from the
present may be treated similarly to an unfamiliar “land,” leading
children to rely less on their personal experiences when determin-
ing what might be possible (Bowman-Smith et al., 2018). If so, we
might expect events in the distant past to also be seen as more
possible. Thus, to examine whether children specifically view the
future as more open to possibility than the past, the present stud-
ies compare events in the distant future with those in the distant
past.

Our second approach to scaffolding children’s understanding
of possibility was to ask them to explicitly assign each event to
one of three categories: likely, unlikely, or impossible. A common
approach in much of the work on this topic has been to ask chil-
dren about possibility dichotomously— whether an event could
or could not occur, whether it is or is not possible, and whether
it is or is not magic (e.g., Goulding & Friedman, 2021; Lane et al.,
2016; Shtulman & Carey, 2007; Williams & Danovitch, 2022).
However, recent studies suggest that children can perform in a
somewhat more adult-like fashion when tested with a more sensi-
tive measure. When Shtulman and Phillips (2018) asked children
and adults how much magic (no magic, a little magic, or a lot of
magic) was needed for impossible and unlikely events to occur,
both age groups were equally likely to report that improbable
events required “a little bit of magic.” (Nonetheless, with age,
there was still an increasing distinction between unlikely and
impossible events; see also Phillips & Cushman, 2017). In other
studies, when 4- to 12-year-old children were asked to rate the
possibility of events on a scale of “very impossible” to “kinda
impossible” to “possible,” they often judged unlikely events as
only “kinda impossible” (Shtulman et al., 2023a, 2023b). Even in
studies with dichotomous measures, a small proportion of chil-
dren responded with “maybe” when judging the possibility of
unlikely events (Bowman-Smith et al., 2018). Similarly, adults
think some impossible events are “more impossible” than others
(e.g., McCoy & Ullman, 2019; Shtulman & Morgan, 2017; Shtulman
& Phillips, 2018).

These findings suggest that both adults and children may
naturally see impossibility as a spectrum, rather than a simple
binary—viewing events that violate fewer real-world constraints
as plausibly impossible, and events that violate more of these
constraints as implausibly impossible (Lane, 2006; Shtulman &
Morgan, 2017, see Shtulman, 2023, for review). Although formally
speaking, impossibility is not a graded concept—something is
either possible, however unlikely, or it is impossible—the studies
reviewed above suggest that the psychology of impossibility may
nonetheless be intertwined with the psychology of probability.

While levitating a basketball and levitating a bowling ball are both
impossible, adults view the former as more “plausibly impossi-
ble” than the latter (Shtulman & Morgan, 2017).

In a similar way, it may be acceptable to ask how possible an
event is, if possible events also seem to us to fall along a spec-
trum, from “so unlikely as to be almost impossible” to “ordinary
and obviously possible.” This spectrum is, formally speaking, cap-
turing the probability of an event, since possibility is a binary con-
cept. Here, we aim to leverage the inherent connection between
possibility and probability, and propose that these concepts
may be intertwined in people’s ordinary informal use of the lan-
guage of possibility. Thus, we aim to extend the work on “plau-
sible impossibility” to the other side of the possibility spectrum,
by allowing participants to categorize possible events into one of
two types that differ based on their probability: ordinary possible
events that are reasonably likely to occur, or very unlikely (but still
possible) events. Using these two categories for possible events
also allows participants to respond using the intuitive distinction
that researchers themselves have used when developing the stim-
uli and design of these studies.

While the consistent findings across diverse methodological
approaches, contexts, and domains suggest genuine concep-
tual differences in how children reason about possibility (see
Shtulman, 2023 for review), our studies explore whether provid-
ing a “possible, but unlikely” response option might further illu-
minate the nature of these differences. If children and adults view
possible events as existing on this spectrum, then it may be that
both age groups intuitively view the type of improbable events
usually explored in this literature as falling somewhere between
definitely possible and definitely impossible. That is, perhaps
both adults and children judge events like drinking onion juice
to be part of the intermediate category of “unlikely,” reflecting
an underlying similarity in possibility judgments, but when they
are asked to categorize events as either possible or impossible (or
magic vs. non-magic, etc.), they shift their judgments in opposite
directions—adults to possible, children to impossible. If so, pro-
viding them with the opportunity to categorize these events as
“unlikely” may help to illuminate the nature of the differences in
the possibility judgments of children and adults.

Experiment 1
Method

Participants

Eighty children aged 5-8 years (forty 5- to 6-year-olds, mean
age=>5.49 years, 42% female; forty 7- to 8-year-olds, mean
age=7.45 years, 42% female) were recruited through a lab data-
base containing families from across North America. Data were
collected from July 2020 to December 2020. Previous research
finds that four-year-olds are most likely to deny the possibility of
unlikely events; however, even 6-year-olds judge them as impos-
sible about half the time (Shtulman & Carey, 2007). Additionally,
5- to 6-year-olds show emerging sensitivity to scaffolding, such
as when given prior exposure to similar unlikely events (Goulding
& Freidman, 2021), and are better able to reason about future
events (as reviewed above), thus we focused on 5- to 8-year-olds
in these studies. An additional 21 participants were tested but
excluded due to failing at least one warm-up question (n =19, see
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below) or experimental error (n=2). A sensitivity analysis using
G*Power 3.1 indicated that our sample size (N=80) provided
95% power to detect small-to-medium effects of f=0.16 in our
preregistered 2 x 3 x 2 repeated measures ANOVA («=0.05), and
95% power to detect medium effects of f=0.20 in our preregis-
tered 2x 3 x2 binary logistic GEE (approximated through ANOVA,
a=0.05). Children received a $5 gift card for their participation.
Parents optionally reported demographic information; only 25%
of participants opted to do so. Of these, 50% of participants
were identified by their parents as White, 10% were identified as
Asian, 5% were identified as Black, 5% were identified as Latin
American, and 30% were identified as belonging to two or more
races.

Procedure

Children participated via a synchronous Zoom call. The experi-
menter shared their screen with the participant to show them the
stimuli and read the questions out loud and then prompted the
child to answer.

Introduction and warm up

Participants were introduced to study concepts via three warm-up
phases which served as preregistered exclusion criteria. All study
materials, measures, and data are available on the Open Science
Framework repository (https://osf.io/jk3aw/).

In the first phase, children were familiarized to the concepts
of past and future. They viewed three images depicting the past
(an old black and white classroom, an old-fashioned car, and a
group of pioneers) and three images depicting the future (a futur-
istic car, a futuristic city, and a holographic watch). Children were
asked whether each image was “of something from a very, very
long time ago in the past” or something “from a very, very long
time from now in the future.” If participants failed to answer any
of the questions correctly, they were corrected and asked again. If
they failed the second time, then they were excluded from analy-
ses (n=T7).

In the second phase, children were familiarized with the three
response options they would be using throughout the study, cor-
responding to possible and likely (“yes, it can definitely happen”),
possible but unlikely (“it could maybe happen once but it prob-
ably won’t”), and impossible (“no, it can never ever happen). To
ensure participants understood the response options correctly,
they were asked to repeat which response corresponded to each
possibility judgment (e.g., “If something is impossible and can
never ever happen, which one do you choose?”) If participants
failed to answer correctly, they were corrected and asked again.
If they failed the second time, then they were excluded from anal-
yses (n=2).1

In the third phase, children were asked to make possibility judg-
ments about the past and future by thinking of a child their age
as a grown up or as a baby (following Belanger et al., 2014). They
were introduced to a boy named Zach who was their own age.
Half of children were first asked to “think of Zach when he was
a baby,” and then asked to identify whether each of four actions
Zach might do were possible and likely, possible but unlikely, or

1 We accidentally omitted this exclusion criterion from our preregistration;
however, we note that including these two participants does not change the
pattern or significance of results reported below.

impossible, using the response options described above. Two
events were intended to be impossible (reading a newspaper,
driving a car) and two were intended to be possible (wearing baby
clothes, sitting in a stroller). Children were then asked to “think
of Zach when he becomes a grown-up,” and asked the same pos-
sibility questions (with the correct answers being opposite). The
other half of children answered questions about the future first,
followed by questions about the past.

Since children had three response options to choose from,
answers were counted as correctly distinguishing past from future
as long they differed in the appropriate direction—for example, if
participants said it was possible and likely for Zach to wear baby
clothes when he was a baby, their response would be counted as
correct if they gave either of the “less possible” answers for Zach
wearing baby clothes as an adult (i.e., possible and unlikely, or
impossible). If participants said it was possible but unlikely for
Zach to wear baby clothes when he was a baby, their response
would be counted as correct only if they said that it was impossi-
ble for Zach to wear baby clothes as an adult. If participants failed
to correctly answer one or more of these question pairs, their data
were excluded from analyses (n=10).

Test questions

Following the warmup phase, participants were shown 18 ani-
mated illustrations of possible likely events, possible unlikely
events, and impossible events (see Table 1). The full set of stimuli
are available on the Open Science Framework repository (https://
osf.io/jk3aw/). The events were modeled closely on events used
in previous studies (Nancekivell & Friedman, 2017; Shtulman
& Carey, 2007). Children were asked whether these events were
“possible and could definitely happen,” “impossible and could
never, ever happen” or “they could maybe happen once but prob-
ably won’t” Participants answered one block of nine questions
about events in the past (“A very long time ago, in the past, could
a person ever [event]?”) and one block of nine questions about
events in the future (“A very long time from now, in the future,
could a person ever [event]?”). The order of the two blocks was
counterbalanced between participants, and the events were
presented in randomized order within each block. Each event in
Table 1 was presented in the past block for half of participants and
in the future block for the other half of participants.

Results

We preregistered the below analyses; preregistration materials
can be found at https://aspredicted.org/ZCZ_P6B.

We first examined children’s openness to possibility in the past
and future. To do this, we created a possibility score for each trial
(following Bowman-Smith et al., 2018). Events judged to be impos-
sible received a score of 0, events judged to be possible, but unlikely
received a score of 1, and events judged to be possible and likely
received a score of 2. Each participant’s scores were then averaged
across the three events of each type in each time period. We con-
ducted a 2 (time period: past; future)x3 (event type: possible likely;
possible unlikely; impossible)x2 (age group: 5-to-6-year-olds;
7-to-8-year-olds)x2 (block order: past first; future first)? repeated

2 Exploratory analyses revealed an unexpected interaction between time
period and block order, therefore we added block order as a variable to our
omnibus analysis although it was not included in our preregistered model.
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Table 1 Possibility events presented to children.

Possible likely events

Possible unlikely events

Impossible events

Pet adog

Swim in a lake

Eat a banana

Play hide and seek
Jump up and down
Ride a horse

Drink onion juice

Wash their hair with mud
Have a pet giraffe

Brush their teeth with sand
See a tiger on the street
Put their shoes in a tree

Have a pet unicorn

Become invisible

Fly in the sky

Meet a singing ant

See candy falling from the sky
Shrink someone

measures ANOVA, with event type and time period as within-sub-
ject variables and age group and block order as between-subjects
variables. Tables summarizing the ANOVAs can be found in the
Supplementary Materials.

Did children view event types as intended?

Children’s possibility scores depended on the category of event
they were judging, F(2,152) =476.68, p <.001, n?=.86, confirming
our manipulation. Children judged likely events as more possible
(M=1.73 out of 2) than unlikely events (M=0.70; t(79)=20.63,
p<.001) and unlikely events as more possible than impossible
events (M=0.28, t(79)=8.52, p<.001) (see Figure 1). Although
younger and older children showed the same overall ordering
of judgments, the distinction between different types of events
was more pronounced in older children, F(2, 152) =9.58, p <.001,
n*=.11 and older children rated events as more possible overall,
F(1,76)=6.07, p=.016, 1?=.07.

Across both age groups as a whole, children reliably distin-
guished between unlikely events and impossible events. Older
children rated unlikely events (M=0.84) as more possible than
impossible events (M=10.22), t(39) =10.51, p <.001. Younger chil-
dren also rated unlikely events (M=0.56) as more possible than
impossible events (M=0.34), t(39) =3.34, p=.002.

Did children see events as more possible
in the future than in the past?

Children’s judgments about the possibility of an event depended
on whether it was set in the past or the future, but an unexpected
effect of the order of presentation revealed that this occurred only
when they judged past events prior to judging future events, F(1,
76)=17.69, p=.007, n*>=.09. To compare children’s judgments of
past and future events absent this order effect, our main analy-
sis thus examined responses in only the first block for each par-
ticipant, converting time period to a between-subjects variable.
A post-hoc power analysis indicated that this change provided
reduced power of 69% to detect medium effects of f=0.23 for
the main effect of time period («=0.05). Further details about
the order effect and analysis of the full data set are available in
Supplementary Materials.

Examining responses to the first block revealed that children
judged events to be more possible in the future (M=0.92) than
in the past (M=0.80), F(1, 76)=3.92, p=.051, #*=.05. The age
group of the children did not interact with the effect of time
period, F(1, 76)=1.20, p=.277, 7*=.02, suggesting that the effect
was similar for both age groups, and the 3-way interaction was

Past Events . Future Events

Older children

1
..

Unlikely
Events

Younger children

2.0

|
1

| i

0.0 ]:

Likely Unlikely
Events Events

(6}
—

Average Possibility Score
& 5

Impossible Likely
Events Events

Impossible
Events

Figure 1 Experiment 1. Mean possibility score for each event type in the
past and future by each age group.

also not significant, F(2, 152)=0.01, p=.990, #>=.00. However,
the effect of time period differed for the three types of events,
F(2,152)=3.81, p=.024, *=.05. Children judged likely events,
t(78) =2.25, p=.027, and impossible events, t(78) =2.99, p=.004,
to be more possible in the future than the past, but judged
unlikely events to be equally possible in the future and the past,
t(78)=.702, p=.485, see Figure 1.

Older children (M=0.93) judged events to be overall more pos-
sible than younger children (M=0.79), F(1, 76)=4.65, p=.034,
n*=.06, but this effect depended on the type of event, F(2,
152)=6.89, p=.001,7%=.08. Older children judged unlikely events
to be more possible (M=0.81) than younger children (M=0.48),
t(78) =3.00, p=.004, but there were no significant age differences
for other event types, ps>.062.

Thus, although we expected that the future setting would
have the greatest effect on children’s judgments of unlikely
events, we found that, instead, children were more open to
the possibility of likely and impossible events in the future,
while considering the future did not change their judgments
of unlikely events. However, since the unexpected order effect
reduced our power in Experiment 1, we return to these ques-
tions in Experiment 2.

How did children categorize events?

Our next set of preregistered analyses analyzed impossibility judg-
ments categorically. We conducted a binary logistic generalized
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estimating equation (GEE) with age group as a between-subjects
variable, and event type as a within-subjects variable, and chil-
dren’s judgments of impossibility as our dependent variable. This
revealed a significant interaction between age group and event
type, y%(2) =26.11, p <.001, so we examined judgments separately
for each age group.

Older children’s judgments about whether events were
impossible depended on the type of event they were judging,
72(2)=178.24, p<.001. They categorized 81% of impossible
events as impossible, compared to only 33% of unlikely events,
12(1)=97.62, p<.001, and 1% of likely events, y*(1)=111.40,
p<.001. The odds ratio indicated that children were 8.5 times
more likely to judge impossible events as impossible compared
to unlikely events [OR=8.5, 95% Cl (4.8, 15.0)], and 48.5 times
more likely to judge unlikely events impossible than likely events
[OR=48.5,95% ClI (6.6, 354.7)], see Figure 2.

Younger children’s judgments about whether events were
impossible also depended on the type of event they were judging,
7*(2)=80.98, p <.001. They categorized 70% of impossible events
as impossible, compared to 53% of unlikely events, y%(1)=8.12,
p=.004, and only 10% of likely events, y?(1)=66.02, p<.001.
The odds ratio indicated that younger children were 2.1 times
more likely to judge impossible events as impossible compared
to unlikely events [OR=2.1, 95% Cl (1.3, 3.4)], and 10.3 times
more likely to judge unlikely events impossible than likely events
[OR=10.3,95% ClI (4.9, 21.5)], see Figure 2.

Older children were overall less likely to judge events to be
impossible than younger children, y?(1) =7.93, p=.005. There was
also a significant interaction between event type and age group,
7%(2)=26.11, p<.001. Older children’s judgments were more cor-
rect about all event types, such that they judged likely events as
impossible 11 times less often (1%) than younger children (10%),
7A(1)=12.09, p<.001 [OR=0.09, 95% CI (0.01, 0.71)], unlikely
events as impossible 2.4 times less often (33%) than younger chil-
dren (54%), ¥*(1)=9.27, p=.002 (OR=0.42, 95% Cl [0.25, 0.73]),
and impossible events as impossible 1.8 times more often (81%)
than younger children (70%), »*(1)=3.70, p=.054 [OR=1.82,
95% Cl (0.99, 3.38)]. Tables summarizing the GEE analyses can be
found in the Supplementary Materials.

Discussion

There were three main findings from Experiment 1. First, as pre-
dicted, children tended to be more open to possibility in the future
than in the past. Unexpectedly, though, this effect was only appar-
ent for likely and impossible events, and did not appear to affect
judgments of unlikely events (although power to detect such
effects was reduced due to an unexpected order effect). Second,
and in line with previous research, we found that children’s cate-
gorization of events improved with age—older children were less
likely than younger children to mistakenly categorize likely and
unlikely events as impossible and more likely to correctly catego-
rize impossible events as impossible.

Finally, even the youngest children in our study (5- to 6-year-
olds) categorized a greater proportion of unlikely events as pos-
sible than impossible events. However, children across both
ages groups continued to underperform on this task: younger
children still judged about half of the unlikely events to be
impossible, and even older children judged about a third to be
impossible.
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Figure 2 Experiment 1. Percentage of scenarios judged as possible and
likely, possible but unlikely, or impossible by younger and older children.

Experiment 2

The results of Experiment 1 suggest that children are more open
to possibility in the future than in the past, at least for some
types of events. However, children’s judgments were affected by
the order in which they considered events in the past and in the
future. Thus, in Experiment 2 we attempted to replicate this effect
using a between-subjects design.

Additionally, in Experiment 1, children in both age groups cor-
rectly distinguished between events that were impossible and
those that were possible but unlikely. However, they nonetheless
judged a substantial number of unlikely events to be impossible,
even when given the option of classifying them as possible, but
unlikely. Thus, it is not obvious from the results of Experiment
1 whether the addition of the “possible, but unlikely” response
option led to any improvement in children’s possibility judg-
ments. Experiment 2 explores this by comparing children’s possi-
bility judgments when given only a dichotomous choice between
possible and impossible, and when given a third option for cate-
gorizing events that were possible, but unlikely.

Finally, since “poor performance” on this task is typically deter-
mined in contrast with the judgments made by adults, Experiment
2 also investigated how adults judged these scenarios, in order to
investigate whether children’s categorizations indeed differed
from those of adults.

Method

Participants

One hundred and sixty children aged 5-8 years (eighty 5- to 6-year-
olds, mean age=5.48 years, 81% female; 80 7- to 8-year-olds,
mean age ="7.48 years, 58% female) were recruited through a lab
database containing families from across North America. Data
were collected from July 2021 to July 2022. Parents optionally
reported demographic information; 43% opted to do so. Of these,
50% percent were identified by their parents as White, 28% were
identified as Asian, 3% were identified as Latin American, 1% were
identified as Black, 1% were identified as Middle Eastern, 1% were
identified as Indigenous, 1% were identified as “other” and 13%
were identified as belonging to two or more races. An additional
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51 participants were tested but excluded due to failing at least
one warm-up question (N=45, see below) or experimental error
(N=6).

A sample of 550 adults were recruited via Amazon Mechanical
Turk (mean age=39.43 years, 42% female), and completed the
study through the Qualtrics platform. We received demographic
data from 99% of adult participants. Of these, 79% of partici-
pants identified as White, 8% identified as Black, 6% identified as
Asian, 2% identified as Hispanic/Latinx, 1% identified as Native
American, and 4% identified as belonging to two or more races.
An additional 329 participants were tested but excluded for fail-
ing at least one warm-up question (N=193) or attention check
(N=136). Children received a $5 gift certificate for their participa-
tion, and adults received a small monetary payment.

A sensitivity analysis indicated that our sample (N=710) pro-
vided 95% power to detect small effects of f=0.09 for both the
2 x 3 repeated measures ANOVA and the 2 x 3 logistic GEE (approx-
imated through ANOVA, «=0.05).

Procedure

Children participated via a synchronous Zoom call as in
Experiment 1. Experiment 2 used the same stimuli and scenar-
ios as Experiment 1, except that in Experiment 2, children were
randomly assigned to answer questions about either the past or
the future. In addition, half of the participants were given two
response options (possible or impossible) and the other half
were given three response options (possible and likely, possible
but unlikely, or impossible) to judge the possibility of each event.
Response options in both conditions were defined as they were in
Experiment 1.

Children completed the same three warm up phases as in
Experiment 1, with response options catered to the condition they
were assigned to. The preregistered exclusion criteria were iden-
tical to Experiment 1. Fourteen children were excluded for not
correctly identifying images of the past or the future, 10 children
were excluded for not correctly repeating response options, and
21 children were excluded for not correctly distinguishing past
and future events. Additionally, adults were given two attention
checks which looked similar to the test questions but directed
adults to select a specific response. If adults failed to answer as
prompted, they were excluded from the analysis (N=136). An
additional 193 adult participants were excluded for incorrectly
answering one or more warm-up questions.

Results

We preregistered the below analyses; preregistration materials
can be found at https://aspredicted.org/H4Z_7S2.

To examine openness to possibility, we again created a pos-
sibility score. Participants who saw three response options
were scored as in Experiment 1 (impossible=0, possible but
unlikely=1, possible and likely=2). Participants who saw two
response options were scored using the same scale (impossi-
ble=0, possible=2), so that both scales had a mean of 1. We con-
ducted a 2 (time period: past or future)x2 (number of response
options (2 or 3)x3 (age group: 5- to 6-year-olds, 7- to 8-year-olds,
adults)x3 (event type: possible likely, possible unlikely, impossi-
ble) repeated measures ANOVA with event type as a within-sub-
ject variable and time period, number of response options, and

age group as between-subject variables. There was no main effect
of the number of response options on openness to possibility, F
(1,698)=1.90, p=.168, n><.01, and no interactions involving the
number of response options and time period (all ps>.170), so we
removed the response option variable from this model. Tables
summarizing the ANOVAs can be found in the Supplementary
Materials.

Did children and adults view event types
as intended?

Participants’ possibility scores again depended on the category of
event they were judging, F (1, 1408)=1852.01, p<.001, #*>=.73,
confirming our manipulation. All three age groups judged likely
events as more possible than unlikely events and unlikely events
as more possible than impossible events (all ps <.001). This effect
was stronger for adults than older children, F (2, 1252)=26.57,
p<.001, n>=.04, and stronger for older children than younger
children, F (2,312)=10.71, p<.001, ?=.06. Adults judged events
to be overall more possible than older children, F(1, 626) =27.23,
p<.001, #*=.042 and older children rated events as overall
more possible than younger children, F(1, 156)=14.57, p <.001,
17%=.085.

All age groups reliably distinguished between events that were
possible but unlikely and impossible events. Adults rated unlikely
events (M=1.15 out of 2) to be more possible than impossible
events (M=.17), t(549) =41.16, p <.001. Likewise, older children
rated unlikely events (M=.78) as more possible than impossible
events (M=0.21), t(79) =10.34, p <.001. Finally, younger children
also rated unlikely events (M=0.45) as more possible than impos-
sible events (M=0.23), t(79) =6.01, p <.001. Item level responses
can be found in the Supplementary Materials.

Do children and adults see events as more
possible in the future than in the past?

Overall, participants judged events as more possible in the future
(M=0.97 out of 2) than in the past (M=0.76), F(1, 698)=11.90,
p<.001, n>=.02, see Figure 3. However, there was a signifi-
cant three-way interaction such that the effect of time period
depended on the participant’s age group and what event type
they were considering, F(4, 1408)=3.13, p=.014, n*=.01. To
explore this further, we examined judgments of each event type
for each age group and time period separately.

Adults judged future events (M=1.11) to be overall more possi-
ble than past events (M=1.05), F(1, 548) =8.44, p=.004, *=.02,
but this depended on the type of event, F(2, 1096)=13.08,
p<.001, n>=.02, see Figure 3. Specifically, adults judged likely
and unlikely events to be equally possible in the past and future
(both ps>.724) but judged impossible events to be more possible
in the future (M=0.26) than in the past (M=0.08), t(548)=7.43,
p<.001.

Older children made similar judgments, judging future events
(M=.99) to be more possible than past events (M=.86), F(1,
78)=5.55, p=.021,#?=.07, and the difference in these judgments
also depended on the type of event, F(2, 156)=4.67, p=.011,
7%= .06. Like adults, they judged likely and unlikely events equally
as possible in the past and future (both ps>.365) but judged
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Figure 3 Experiment 2. Mean possibility score for each event type in the past and future by each age group.

impossible events as more possible in the future (M=0.38) than in
the past (M=0.05), t(78) =4.53, p<.001.

However, while younger children’s possibility scores were
also numerically higher in the future than in the past, unlike in
Experiment 1 younger children’s openness to possibility was not
significantly affected by whether they were considering the past
(M=0.72) or the future (M=0.80), F(1, 78) = 1.61, p=.209, *>=.02,
and this did not interact with the event type, F(2, 156)=1.74,
p=.178, n*=.22. This difference from Experiment 1 may have
resulted because of increased power in Experiment 2, as power in
Experiment 1 was reduced by the unexpected order effect.

How did children and adults categorize
events?

Following Experiment 1, our second set of analyses focused on
categorical judgments about whether an event was impossi-
ble or not. We again explored whether participants judged each
event type as impossible using a GEE, with event type as a with-
in-subject variable, and age group (younger children, older chil-
dren, adults) and number of response options (two or three) as
between-subjects variables. This revealed a significant interac-
tion between age group and event type, y*(4) = 106.75, p <.001, as
well as age group and number of response options, y?(2) =12.04,
p=.002, so we examined judgments separately for each age
group. Tables summarizing the GEE analyses can be found in the
Supplementary Materials.

How did each age group judge each event
type?

Adults’ judgments about whether events were impossible
depended on the type of event they were judging, y*(2) =1472.41,
p<.001. Overall, they categorized 88% of impossible events as
impossible, compared to 32% of unlikely events, y*(1)=938.15,

p<.001 and 3% of likely events, y?(1) = 1268.32, p <.001.

Older children’s judgments about whether events were impos-
sible also depended on the type of event they were judging,
1*(2)=183.01, p<.001. Overall, they categorized 84% of impos-
sible events as impossible, compared to 50% of unlikely events,
1*(1)=64.75, p<.001 and 7% of likely events, y?(1)=182.45,
p<.001.

Finally, younger children’s judgments about whether events
were impossible also depended on the type of event they
were judging, y%(2)=199.01, p<.001. Overall, they categorized
85% of impossible events as impossible, compared to 69% of
unlikely events, y?(1)=30.60, p<.001 and 15% of likely events,
22(1)=173.33, p<.001.

Age group comparisons

We next compared the judgments of our three age groups. A main
effect of age group, y%(2) =51.16, p <.001, resulted because adults
were overall less likely to judge events as impossible than older
children, y*(1)=7.24, p=.007, and older children were overall
less likely to judge events as impossible than younger children,
7*(1)=12.18, p<.001. There was also a significant interaction
between age group and number of response options, y%(2) = 12.04,
p=.002, so we investigated the effects of age group and event
type for each response set separately.

Categorizing events dichotomously, as
possible or impossible

When participants were required to categorize events dichoto-
mously, as either possible or impossible, the pattern of results
resembled that seen in previous studies. Overall, adults judged
fewer events to be impossible than older children, y?(1) =22.57,
p<.001, but the two age groups of children did not differ,
24(1)=1.09, p=.298.

Age group also interacted with event type, y?(4) =57.85,p <.001,
see Figure 4. For likely events, adults (3%) were less prone than
older children (12%) to judge them impossible, y?(1)=20.69,


http://academic.oup.com/chidev/article-lookup/doi/10.1093/chidev/aacaf013#supplementary-data

Child Development, 2026, Volume 00, Issue 00

Younger Children Older Children Adults
3 Options 66 23 11 85 13 2 93 43|
3 g Possible & Likely Possible & Unlikely Impossible Possible & Likely Possible & Unlikely Impossible Possible & Likely Possible & Unlikely Impossible
- 2 Options 82 18 88 12 97 3]
3 3 Options |9 33 58 23 43 34 30 46 24
< g Possible & Likely Possible & Unlikely Impossible Possible & Likely Possible & Unlikely Impossible Possible & Likely Possible & Unlikely Impossible
&
2 Options 20 80 34 66 61 39
£ 3 Options |6 13 81 3 21 76 2 14 84
i g Possible & Likely Possible & Unlikely Impossible Possible & Likely Possible & Unlikely Impossible Possible & Likely Possible & Unlikely Impossible
&
2 Options | 10 90 7 93 8 92

0 20 40 60 80 100 0 20

40 60 80 100 0 20 40 60 80 100

Percentage of events judged as falling into each category

Figure 4 Experiment 2. Percentage of scenarios judged as falling into each category by each age group, comparing three response options with two

response options.

p <.001, but older and younger children (18%) were equally likely
to judge them impossible, y?(1)=1.46, p=.228. Nonetheless, all
three age groups were well above chance in judging likely events
to be possible (all ps <.001).

Likewise, all age groups did quite well at judging impossible
events. Adults (92%) and older children (93%) were equally likely
to judge them to be impossible, ¥?(1)=.02, p=.891, and older
and younger (90%) children were also equally likely to judge
them impossible, y?(1)=6.72, p=.010. All age groups were well
above chance in judging impossible events to be impossible (all
ps<.001).

For possible but unlikely events, as in past studies, adults (39%)
were less likely than older children (66%) to judge them to be
impossible, y*(1)=33.14, p<.001, and older children were less
likely than younger children (80%) to judge them to be impossi-
ble, y*(1)=6.72, p=.010. Adults were more likely than chance to
judge unlikely events to be possible, t(287)=6.50, p <.001, and
both age groups of children were more likely than chance to judge
unlikely events to be impossible (both ps<.001). Although this
pattern is consistent with the age trend seen in previous studies,
we note that the adults judged over a third of the unlikely events
to be impossible—substantially more than has previously been
found. We return to this point in the general discussion.

Categorizing events as possible and likely,
possible but unlikely, or impossible

When participants had three response options, both age groups of
children had more adult-like judgments (see Figure 4). Adults and
older children judged a similar number of events to be impossi-
ble overall, y?(1)=.26, p=.613, while older children judged fewer
events to be impossible than younger children, y?(1)=15.879,
p<.001. This suggests that overall, older children’s performance
was comparable to that of adults when both groups made use
of a third category of possibility, corresponding to “possible, but
unlikely.”

For likely events, adults (3%) and older children (2%) were
equally likely to judge them to be impossible, y*(1) =.40, p=.527,
but older children were less likely than younger children (11%)

to judge them impossible, y?(1) =12.23, p <.001. Nonetheless, all
age groups judged likely events to be possible most of the time
(all ps <.001).

Likewise, all age groups did quite well at judging impossible
events (all ps<.001). Adults (84%) and older children (76%) were
equally likely to judge them to be impossible, y*(1) =3.51,p=.061,
and older and younger children (81%) were also equally likely to
judge them impossible, y?(1)=.72, p=.397.

Of special interest was the performance of each age group
when judging possible but unlikely events using three catego-
ries. Here, adults (24%, t(261) =6.45, p <.001) were still less likely
than older children (34%, t(39)=.19, p=.847) to judge these
events to be impossible, y?(1)=6.18, p=.013. However, we note
that this is a fairly small effect, and the overall pattern of judg-
ments across the three categories was quite similar for older
children and adults such that the majority of unlikely events
were categorized as “possible, but unlikely” for both age groups.
Younger children, however, were still substantially more likely
to judge unlikely events to be impossible than older children,
2A(1)=12.92, p<.001.

How did the number of response options
affect the judgments of each age group?

Adults were overall less likely to judge events to be impossible
when they had three response options than when they had two
response options, y*(1)=19.86, p <.001. The interaction between
the type of event and the number of response options was not
significant, ¥2(2) =4.79, p=.091. However, the main effect of the
number of response options appears to be driven by a decreased
tendency to judge both unlikely events, y?(1)=40.58, p<.001,
and impossible events, y%(1)=22.59, p<.001, to be impossi-
ble when given three response options. Likely events were not
affected by this manipulation, y?(1)=.31, p=.577. Comparing the
response option effect between unlikely and impossible events
shows that the effect of adding a third option was significantly
stronger for unlikely events (15% reduction in judgments that
they were impossible) than for impossible events (8% reduction),
22(1)=28.14, p<.001.
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Likewise, older children were less likely overall to judge events
to be impossible when they had three response options than
when they had two response options, y?(1)=35.69, p<.001.
The interaction between the type of event and the number of
response options was not significant, y*(2)=1.16, p=.561; older
children were less likely to judge all event types to be impossible
when they had three response options, all ps<.002. Comparing
the response option effect between unlikely and impossible
events shows that the effect of adding a third option was signif-
icantly stronger for unlikely events (32% reduction in judgments
that they were impossible) than for impossible events (17%
reduction), y*(1)=7.40, p <.001.

Finally, younger children were also less likely overall to judge
events to be impossible when they had three response options
than when they had two response options, y*(1)=9.05, p=.003.
The interaction between the type of event and the number of
response options was not significant, y?(2) =3.07, p=.216, how-
ever, this difference appears to be driven by younger children’s
tendency to judge fewer unlikely events to be impossible when
they had three response options, »?(1)=13.99, p<.001, while
likely and impossible events were not significantly affected
by this manipulation, both ps>.075. Comparing the response
option effect between unlikely and impossible events shows that
the effect of adding a third option was not significantly different
for unlikely events (22% reduction in judgments that they were
impossible) and forimpossible events (9% reduction), y*(1) =2.10,
p=.148.

Discussion

There were four main findings from Experiment 2. First, replicat-
ing and strengthening the conclusions of Experiment 1, partici-
pants were overall more open to possibility in the future than in
the past. Unlike Experiment 1, however, this effect was only signif-
icant for older children and adults.

Second, we found that participants were less likely to judge
unlikely events to be impossible with age. For unlikely events,
with three response options, older children’s pattern of categori-
zations became more similar to those of adults, while the younger
children performed more poorly, albeit notably better than when
they only had two response options. With two response options,
we saw a more extended developmental pattern, as in past
research, with adults doing better than older children and older
children doing better than younger children.

Third, participants of all ages were less likely to classify events
asimpossible when they were given the option of classifying them
as possible but unlikely instead. However, one concern here is that
even if participants were simply guessing, then they would still be
expected to judge fewer events to be impossible when given three
response options than when given two response options, because
they should classify events as impossible 33% of the time in the
3-response condition, and 50% of the time in the 2-response
condition.?

However, we note that a statistically significant move away
from “impossible” when given the additional response option
occurred most frequently for the unlikely events, providing some

3 Our preregistration also included an analysis using only a subset of the data
to attempt to avoid this problem, but on reflection the analysis was not cor-
rect, so we have omitted it here.

reassurance that this shift reflects considered judgments. Also,
participants who failed checks on their attention and comprehen-
sion were excluded, suggesting that the remaining participants
were attending to the questions and not guessing or answering
randomly.

A main question of interest here was whether the addition of
a third response option selectively improved children’s judg-
ments about unlikely events. The lack of a significant interaction
between event type and number of response options for any
age group suggests that this was not the case; the “possible but
unlikely” response option was used for all event types, for all age
groups.

Nonetheless, an exploratory analysis does reveal some sug-
gestive differences. As shown in Figure 4, both age groups of
children were less likely to categorize likely events as impossible
when given three response options, a reduction of 7% for younger
children, and 10% for older children, while adults did not differ.
And all age groups were also less likely to categorize impossible
events as impossible when given three response options, a reduc-
tion of 9% for younger children, 17% for older children, and 8% for
adults. But critically, we see the biggest shift for unlikely events,
with younger children being 22% less likely to call them impossi-
ble, older children being 32% less likely to call them impossible,
and even adults being 15% less likely to call them impossible. One
speculative possibility, then, is that the decrease in judgments of
impossibility for all event type reflects two separate effects: an
effect of “noise” for all event types, created by simply introduc-
ing a third option, and an effect that is more specific to catego-
rizing unlikely events as unlikely. However, additional research is
needed to test this hypothesis.

Finally, a surprising finding was that everyone, including the
adults, classified a significant proportion of the unlikely events
as impossible. Even when they had the option of classifying them
as “possible, but unlikely,” adults judged events such as drinking
onion juice to be impossible 24% of the time and the children
did so more frequently (older children: 34%; younger children:
58%). In the two-option condition, performance was even worse:
younger children judged unlikely events to be impossible 80% of
the time, older children 34% of the time, and adults 39% of the
time. We return to this finding in the discussion below.

General discussion

Across two experiments, we examined whether children are more
open to possibility in the future than in the past. In Experiment 1,
we that children were overall more likely to judge events as possi-
ble in the future than in the past. However, this was driven by an
increase in possibility score for the likely and impossible events,
while the unlikely events were judged equally possible in the past
and future. In Experiment 2, we explored the past/future contrast
as a between-subjects variable and found that older children and
adults (but not younger children) were more likely to judge events
to be possible when they were in the future than when they were
in the past. This was again not specific to unlikely events; in fact
the effect was especially strong for impossible events.

Why do events seem more possible if they occur in the future? In
the introduction, we raised two possibilities. One is that a future
context might encourage children and adults to consider a wider
notion of possibility since the future is associated with new inven-
tions, discoveries, and social practices. As an illustration of this,
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consider these two questions: Is it possible that there will be a
fully conscious artificial intelligence system in 21007 Is it possible
that there existed a fully conscious artificial intelligence system 75
years ago? One might answer both questions in the negative (per-
haps you believe that conscious Al is impossible—only brains can
be conscious), but to the extent that intuitions differ in the two
cases, future sentient Al seems more likely to be possible, because
technology improves over time. This logic applies more generally
to allinnovations and discoveries, though perhaps less so for unu-
sual social practices such as drinking onion juice.

The second explanation draws on the proposal of Shtulman
and Carey (2007) that children and adults make possibility judg-
ments in fundamentally different ways. Adults judge whether the
event accords with general causal principles of how the world
works; children make their judgements based on a narrow assess-
ment of the specific event and the conditions that could lead to
it happening. Building from this framework, Bowman-Smith et al.
(2018, p. 5) speculate that “considering a distant country could
lead children to recognize that the events they normally call to
mind are unlikely to be informative and to change their approach
for assessing possibility ... thinking about distant countries could
prompt children to put more emphasis on their causal knowledge
and to ask themselves whether there are principled reasons why
a hypothetical event cannot happen.” In other words, thinking
about distant countries—and about dreams and stories (Goulding
& Friedman, 2020), and about the future (our current studies)—
might make children think more like adults.

Bowman-Smith et al. (2018) note, however, that their own
results were not entirely consistent with this hypothesis. Most
notably, asking about distant lands made children more likely to
judge that impossible events are possible and less likely to judge
that possible events are possible—and neither of these findings
accords with the proposal that children are becoming mature
causal reasoners through these manipulations. They propose
a third theory (elaborated in Goulding et al., 2022; Goulding &
Friedman, 2021, 2023) which is that children, and sometimes
adults as well, reason about the probability of events not with
broad causal principles, but by assessing their similarity to other
events that they know to be possible. They suggest further that
“in thinking about distant lands, children could stick with the
approach of calling events to mind, but they might call to mind
a wider range of events than normal or be more lenient in grant-
ing that the events called to mind resemble the target event.”
(Bowman-Smith et al. 2018, p. 6).

However, our results are not entirely consistent with either of
these “distant lands” hypotheses, because both the distant past
and the distant future are equally removed from the present day,
and so should lead participants to take this broader set of pos-
sibilities into account in both conditions. Instead, we found that
older children and adults specifically view impossible events, like
becoming invisible, or flying in the sky, as more possible in the
future than in the past. It’s potentially relevant that our impos-
sible events were of a more futuristic or “science fiction” nature
(such as flying, shrinking, and becoming invisible). This raises the
possibility that these events were more associated with the future
than the other types of events, and suggests that future research
should attempt to disentangle this technological contrast from
the unlikely/impossible contrast and, more generally, to compare
these different theories of why children and adults are more open
to possibility in the future.

Our findings also raise the question of how far into the future
events must be set in order to make unlikely and impossible
events seem more possible. We described the time period in our
studies as occurring “a very long time ago, in the past” and “a very
long time from now, in the future,” and the images in the warm-up
phase implied time points that were significantly far in the past or
future (e.g., several hundred years as opposed to just a few months
or years). However, we did not explicitly state exactly how far into
the past or future our events took place, and other aspects of the
warm-up phase (e.g., viewing a young child changing into either a
baby or an adult) might have suggested a shorter time period. It is
possible that participants who were thinking about a few years or
decades into the future viewed events as less possible than par-
ticipants thinking a century or more into the future. It would be
interesting for future research to explore the effect of nearer and
more distant future time points on possibility judgments.

Finally, we note that the current study did not include a con-
dition asking about the present. We intentionally compared the
past and future to hold constant the “distance from today,” to
isolate the effect of the future specifically. However, that leaves
open the possibility that both past and future setting produced
elevated possibility judgments compared to events set in the
present day, and it would be interesting to explore this further in
future research.

We now turn to a more general picture of how children and
adults make sense of possible and likely, possible but unlikely,
and impossible events in our two experiments. Experiment 1 used
a three-response measure, where children also had the option of
saying that the event was possible, but unlikely. Here, we found
that children did relatively well at judging likely events, rarely cat-
egorizing them as impossible (younger children: 10%,; older chil-
dren: 1%). They did only moderately well at judging impossible
events as intended (younger children: 70%; older children: 81%).
When it came to unlikely events, they were even less likely to cat-
egorize them as expected, with older children categorizing them
as impossible 33% of the time, and younger children 53% of the
time.

Although these events were designed to be categorized as pos-
sible and likely, possible but unlikely, orimpossible (and modeled
on those used in many previous studies), Experiment 2 checked
on this assumption by including a group of adult participants with
which to compare children’s judgments. This comparison led us to
view older children’s performance in a much more positive light.
When participants had three response options, older children’s
judgments of unlikely events were distributed very similarly to
those of adults, although the children did still judge slightly more
of the unlikely events to be impossible. Nonetheless, there was a
mere 10% difference between 7- to 8-year-olds (34%) and adults
(24%), which is the most adult-like performance observed from
this age group in any study that we know of to date. That said,
the fact that 39% of adults categorized unlikely events as impos-
sible when given two response options, and 24% continued to
do so even when given the option of categorizing them as “pos-
sible but unlikely” was quite unexpected, and not consistent with
other findings in this literature. Thus, we might view the similar-
ity of older children’s response to those of adults as reflecting a
fair amount of confusion and poor performance from both age
groups. We return to this issue immediately below.

Experiment 2 also allowed us to directly compare responses
using a three-response measure with responses using a
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two-response measure. We found that all age groups were less
likely to categorize all event types as impossible when they had
the option to categorize them as possible, but unlikely. Thus,
this manipulation did not have the effect of selectively improv-
ing children’s judgments of unlikely events. However, we did
see the strongest shift for the unlikely events for all age groups,
which is suggestive that there may be some selective improve-
ment achieved using this measure. This may be because children
(and adults) naturally view these unlikely events as falling into
a separate intermediate category. However, it may also be that
participants were using this option to express uncertainty, rather
than a judgment of whether the event was possible or probable.
When this response option was introduced to participants, they
were told to use it for events that “could maybe happen but prob-
ably won’t.” Nonetheless, children (and possibly adults) may have
chosen to use this category for events they just were not sure
about. That is, if a participant was asked if some unknown event
type called “zlurging” might be possible in the future, they might
hedge their bets and choose the middle category. We suggest that
future studies more narrowly focused on this hypothesis may be
warranted.

In sum, children did best overall when judging events in the
future and using three categories of possibility to respond.
However, even in this best-case scenario, older children were still
significantly more likely than adults to judge that unlikely events
were impossible, and younger children still judged over half of
these events to be impossible. Why do children continue to cat-
egorize so many of these merely unlikely events as impossible?

We reviewed several theories in the introduction, but an addi-
tional possibility is that children really do have a mature under-
standing of unlikely events but are unable to properly display this
knowledge in the experimental paradigms that have been used by
psychologists. This might be seen as analogous to an argument
sometimes made about young children’s well-known failures in
reasoning about false beliefs that they are due to performance dif-
ficulties—i.e., the competence is there, but it is difficult to tap into
(e.g., Bloom & German, 2000; Leslie et al., 2004; see Saxe et al.,
2013 for discussion).

Indeed, our own interest in this question was sparked by skepti-
cism that children really are confused about the status of unlikely
events. Do young children really believe, say, that painting polka
dots on a plane or putting their shoes in a tree is impossible? This
would imply that if they were to witness a polka-dotted airplane,
they would be stunned, unable to believe their eyes. It would
imply that no matter how important the reason might be, they
would not even consider tossing their shoes in a tree—we do not
consider doing impossible things, after all. Neither prediction
seems reasonable. And yet, in study after study, using numer-
ous manipulations and measures to try to help children succeed
(including those used in the present studies), children continue to
categorize a substantial number of unlikely events as impossible.

A compromise position is that perhaps young children do
implicitly think of acts such as drinking onion juice as possible,
distinguishing them from events such as someone drawing a
square circle, but do not yet have the mature categories of “possi-
ble” and “impossible.” For them, the category (and word) “impos-
sible” might correspond to “highly dissimilar from those | have
previously encountered” (e.g., Goulding et al., 2022) or “highly
unusual and anomalous events” (e.g.,., Phillips & Kratzer, 2024).
This is true as well for words such as “magic” and phrases such as
“couldn’t happen.” While they can accurately judge the possibility

of events that have been delineated for them (e.g., the possibility
of retrieving a pink gumball from a mostly blue gumball machine),
they begin to struggle when they have to delineate the possibili-
ties themselves.

It’s possible that even some adults reason this way. One sur-
prising finding from Experiment 2 is that adults also categorized
events such as drinking onion juice as impossible a whopping 39%
of the time in the two-option condition and a still troubling 24%
of the time in the three-option condition. This is sharply different
from the adults in Shtulman and Carey’s 2007 study, who made
this judgment just 1% of the time. One explanation for this dif-
ference might be the nature of the populations. Our participants
were drawn from Amazon Mechanical Turk, while Shtulman and
Carey’s were “mostly Harvard undergraduates ... recruited from
the lobby of the psychology department” (p. 1017). A mostly Ivy
League subject pool may be more likely to treat these questions
in a strict and technical way, drawing on the skills that helped
them impress their teachers and ace their SATs; perhaps a more
typical population of adults uses these terms in a more casual
way, using “impossible” to refer to items that are actually not, in a
strict sense, impossible. (This suggestion is also supported by the
observation that when adults were given the option to categorize
events as “possible but unlikely” they also shifted some events
that they would otherwise have called impossible into the pos-
sible but unlikely category.) However, more recent studies (e.g.,
Goulding & Friedman, 2023; Hu et al., 2025) that also used online
samples found that very few adults categorized unlikely events as
impossible, suggesting the different populations are at least not
solely to blame.

A second possibility is that these puzzling results are due to
other differences in the stimuli or question phrasing, such as the
use of animated cartoons to illustrate the events. Or perhaps the
temporally distant settings for these events introduced greater
uncertainty for adult participants than in previous studies. It may
be less clear whether certain types of events were possible in the
distant past than whether they are possible today, and it may
be especially unclear what sorts of events will be possible in the
future.

A final possibility is that the unlikely events in our studies dif-
fered in some important way from those used in other studies.
While some of the events were taken verbatim from other papers
(e.g., drinking onion juice), others were modified or analogous,
resulting in a full set that is unique to these studies, and may be
best described as violating social norms. The unlikely events used
across the many papers on this topic fall into different domains,
including extraordinary good or bad luck (winning the lottery 5
times in a row, bring struck by lightning), unusual biology (e.g.,
living to be 120, growing a beard to ones toes), unusual psychol-
ogy (e.g., never forgetting anyone’s name, reading a book upside
down), unusual social acts (e.g., a child giving away a toy she likes,
a boy getting into the movies for free) or unusual physics (mak-
ing an umbrella out of glass, gluing a broken eggshell back into
an egg). Are adults more likely to judge unlikely events in some
domains as less possible than those in other domains?

There is some evidence that adults’ judgments are remarka-
bly consistent across unlikely physical, psychological, and bio-
logical events (Shtulman, 2009). However, other studies have
found that up to a third of adults tested judge the violation of
social norms like “a shopkeeper giving someone all the candy in
the store for free” or “a mother agreeing to go to all her child’s
classes at school” to be impossible (requiring a little magic;
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Shtulman & Phillips, 2018). And recent studies have found that
adults distinguish the contingently impossible (that is, events
that cannot occur given the actual facts about our world, but
could occur if the world had been different—for example, lev-
itating a feather using your mind) from the truly inconceivable
(levitating a feather using the number 5; Hu et al., 2025). These
conflicting findings suggest that there may be more work to be
done to explore adults’ concept of (im)possibility across different
domains, since if we want to understand how the concept of pos-
sibility develops with age, we first need a clear picture of what it
looks like in adults.

In sum, our two experiments explored children’s developing
capacity to sort events into different categories, finding evidence
that describing events as occurring in the distant future and pro-
viding a third “possible, but unlikely” response category leads
both adults and children to judge that fewer events are impossi-
ble. But we still find that a puzzling proportion of unlikely events
are categorized as being impossible, most often by younger chil-
dren, but also by older children and adults. It remains an open
question how much of this problem is an issue of categorization
and how much reflects a deep failure to reason about possibility
and impossibility.
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