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ABSTRACT
We regularly make decisions under uncertainty, but the same decision can feel different when made under physical uncertainty,
where a decision maker must guess at an outcome that has not yet occurred, and epistemic uncertainty, where the outcome has
occurred but is unknown to the decision maker. Past research suggests that children prefer epistemic to physical uncertainty,
but findings are conflicted as to whether this preference diminishes or even reverses over the course of development. We
examined children’s and adolescents’ uncertainty preferences in three populations: urban communities in Iran (N = 100) and
the United States (N = 56), and hunter-horticulturalist Tsimané communities in Bolivia (N = 54). In Bolivia and the United
States, children preferred epistemic uncertainty, choosing games where they guessed an unknown outcome after it occurred,
rather than before. Children in Iran showed the same pattern but no significant preference. Importantly, there were no age-related
differences in preferences, challenging the idea that there may be a developmental shift toward preferring physical uncertainty.
The observed consistency across participants, including those with no exposure to dice, suggests cultural familiarity with these
artifacts may not be a major factor influencing decisions. Future research should examine whether apparent differences in adults’
and children’s preferences in prior studiesmight reflect a difference between hypothetical and in vivo decision-making rather than
a developmental difference.

1 Introduction

Many of the decisions we make on an everyday basis are made
with incomplete information. Sometimes, a situation is uncertain
because the outcomewe care about hasn’t happened yet.We don’t
know if it will storm during an outdoor wedding when we’re
planning it or the outcome of a die roll before we roll it. This form
of uncertainty—known as physical uncertainty—arises from the
fact that the event of interest has not yet occurred (Robinson et al.
2006).

On the other hand, we may also lack information about events
that have already occurred. For example, in an election, after all
the votes have been cast, the outcome remains uncertain until
the election has been called. Similarly, if a die is rolled under
a cup without an observer seeing it, the result of the roll has
been determined physically, but the outcome remains unknown
until the die is revealed. This type of uncertainty—where an
outcome has occurred but is unknown—is called epistemic
uncertainty (Beck et al. 2012). Here, epistemic refers to a state of
knowledge, meaning the uncertainty pertains to our knowledge
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Summary
∙ Past research suggests that children prefer guessing
unknown outcomes after rather than before they occur.

∙ It was unclear whether this preference reverses during
development, howmuch it varies across cultures, and how
it’s related to experience with artifacts like dice.

∙ In the USA, Iran, and among Tsimané foragers in Bolivia,
we found a preference for guessing outcomes before they
occur and no evidence of reversal.

∙ This research clarifies the (lack of) relationship between
age and uncertainty preferences and suggests that physical
uncertainty preferences may be more context-sensitive
than previously believed.

of the event, as opposed to its physical manifestation in the
world.

Convergent lines of evidence suggest that people may prefer one
type of uncertainty over another when making decisions, but
which type is preferred seems to depend on features of the task
or on the age of participants. For example, Brun and Teigen
(1990) asked Norwegian adults to imagine guessing the outcomes
of uncertain events, including a dice toss and the winner of a
soccer game. When they imagined betting on these outcomes,
participants preferred to make their guesses before the die had
been thrown or the game had been played. In other words, they
preferred physical to epistemic uncertainty. These and similar
results (e.g., Chow and Sarin 2002; Rothbart and Snyder 1970)
have been interpreted as reflecting adults’ discomfort with being
relatively incompetent (Heath and Tversky 1991). That is, adults
would rather bet on outcomes that are unknowable than on
outcomes that could be known but about which they themselves
are ignorant.

Robinson and colleagues (Robinson et al. 2009) similarly found
that British adults preferred to guess the outcome of a hypothet-
ical dice toss before the die had been thrown. They expected
that children would develop an adult-like preference for physical
uncertainty around age 7, when they were able to counterfac-
tually contrast their knowledge with what they could know.
However, using a real rather than hypothetical dice throw, they
found that children (5- to 9-year-olds), teenagers (15-year-olds),
and adults (17-year-olds) all preferred epistemic uncertainty—
guessing the outcome of the dice toss after the dice had been
thrown. They frame this finding as adults behaving “like chil-
dren” with live events, but it could as easily be argued that a
preference for epistemic certainty is the norm, with adults only
preferring physical uncertainty in chance events under specific
conditions, such as in hypothetical scenarios and when there is a
threat of being perceived as incompetent (Harris et al. 2011).

Whereas findings on adults’ uncertainty preferences are mixed,
children more consistently prefer epistemic uncertainty. They
prefer to guess the location of a hidden toy after its hiding place
has been determined, rather than before (Beck et al. 2011), and
prefer to guess the number on a die after it has been rolled
(Robinson et al. 2009;McColgan et al., as cited in Beck et al. 2012).

One hypothesis as to why children prefer epistemic uncertainty
is that it is easier for them to imagine one outcome that may
have occurred than to imagine multiple outcomes that may
occur. Indeed, children report fewer possibilities under epistemic
uncertainty (Beck et al. 2012), and they are more likely to plan for
multiple possibilities under physical uncertainty. For example, 4-
to 8-year-old British children were more likely to place multiple
trays to catch a block that could fall in one ofmultiple placeswhen
the location of the block hadn’t yet been determined than when
it had been determined but was unknown to the child (Robinson
et al. 2006).

Philips and Kratzer (2024) argue that children’s tendency to
ignore multiple possibilities under epistemic uncertainty is due
to their developingmetacognitive abilities. Under physical uncer-
tainty, children choose an anchor in the physical world: the two
possible blocks that can be chosen by the experimenter. Under
epistemic uncertainty, to succeed at the same task, they must
choose an anchor based on their ownmental state of uncertainty.
Whereas older children and adults are able to represent both
possible blocks as well as their uncertainty as to which was
chosen, younger children still rely on outside anchors that
represent the state of the world where one block has been chosen
and do not represent their own uncertainty. In other words,
under epistemic uncertainty, children may simulate one possible
outcome and mistake it for the real outcome (Leahy and Carey
2020). If so, epistemic uncertainty may feel more certain than
physical uncertainty and thus be preferred in games where prizes
can be won (see Beck et al. 2012 for a more thorough review).
Because of the mixed results with adults, whether children
outgrow this preference with age and, if so, why, is an open
question.

Beck and colleagues (2011) compare children’s overconfidence
under epistemic uncertainty to fluency effects in adults. The
existence of such biases suggests that even in adulthood, the ease
with which we can imagine an outcome can affect our likelihood
judgments. Indeed, adults’ likelihood estimates tend to be more
extreme the more they see uncertainty surrounding an event as
epistemic rather than physical (Tannenbaum et al. 2017). Thus,
a preference for epistemic uncertainty may not be outgrown as
metacognitive abilities develop but may be a stable tendency
carried into adulthood, at least when the stakes are real and the
outcome is based on chance.

Another as-yet-unexplored possibility is that the developmental
trajectory of uncertainty preferences might vary cross-culturally.
If children’s preferences for epistemic uncertainty are due to the
ease of imagining an outcome or their nascentmetacognitive abil-
ities, we would not expect cultural variations in this preference. If
adult preferences aremore situationally variable, children around
the world might diverge at some point, with some growing up to
prefer physical and others growing up to prefer epistemic uncer-
tainty. Importantly for this paper, exposure to randomization
aids like dice might influence uncertainty preferences when such
items are used in experimental tasks, because games have their
own rules and norms, which can be invoked by using the games’
artifacts. Most games involving dice involve physical uncertainty
such that players bet on outcomes (or have desirable outcomes
in mind) before the dice are rolled. Because of this, guessing
before the dice are rolled may feel like the “right” way to play.
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If so, children in cultures with dice might switch from preferring
epistemic uncertainty to preferring physical uncertainty over the
course of development, whereas children in cultures without
familiarity with dice should not. However, if no variation in
preferences is observed based on familiarity with dice, this would
suggest that children’s preferences and any developmental trends
are not driven by specific artifacts but are more general.

In this report, we investigate potential cultural variation in and
development of preferences for epistemic versus physical uncer-
tainty. We adopt a cross-cultural, developmental approach so that
we can simultaneously assess (1) how these preferences develop
and (2) where cultural differences arise and how children adopt
the preferences of their own cultures (Amir and Bornstein 2024;
Amir and McAuliffe 2020). To do this, we asked children and
adolescents aged 6-19 in three diverse cultures (urban Iran, urban
United States, and hunter-horticulturalist Bolivian Tsimané) to
choose between a Roll-Then-Guess (epistemic uncertainty) and a
Guess-Then-Roll (physical uncertainty) dice game.

We selected these communities based on responses to a call for
cross-cultural collaborators, with the aim of including samples
with varying exposure to dice. We ended up with four participant
populations: two urban populationswhere nearly all children had
seen dice (the United States and Iran) and two rural populations
where no children had seen dice (Bolivia and Nicaragua; see sup-
plement for data from Nicaragua and more detailed descriptions
of field sites).

2 Methods

The study and primary analysis were pre-registered on AsPre-
dicted (https://aspredicted.org/FK9_VLW).

2.1 Participants

Participants were 210 children (109 girls, 99 boys) from three
cultures with different degrees of familiarity with dice. The mean
age across samples was 10.81 (SD = 3.20).

Children of Tsimané hunter-horticulturalists (N = 54, ages
7–19, mean age = 12.15, SD = 3.53, 26 girls, 28 boys), a semi-
nomadic Indigenous group residing in the Bolivian Amazon. All
participants were ethnically Tsimané.

Children living in urban areas in Iran (N = 100, ages 7–16,
mean age = 11.49, SD = 2.88, 50 girls, 50 boys) and the United
States (N = 56, ages 6–12, mean age = 8.32, SD = 1.76, 33 girls, 23
boys). We did not collect data on participants’ ethnicity.

No participants were excluded from the analyses based on
our pre-registered exclusion criteria. Due to logistic and access
constraints, we did not reach our preregistered target sample
sizes in Bolivia or the United States. We also conducted this
study among the Indigenous Mayangna in Nicaragua, but due
to inadvertent deviations from the experimental protocol, we
decided to report these data in the supplement, although they
replicate the findings reported here.

2.2 Materials

We used an identical set of materials across cultures to ensure
consistency: (1) A six-sided white die with easily distinguishable
dots on each side, (2) an opaque cup large enough to conceal
the die after rolling to prevent participants from knowing the
outcome before making their choice, and (3) appropriate rewards
(such as stickers or candies) given to participants at the end of the
experiment.

2.3 Procedure

We followed a structured protocol to ensure consistency across
participants and cultural contexts. Prior to the experiment, the
researcher set up a video camera to capture the participant’s
interactions during the task. Participants’ parents signed consent
forms, and children gave verbal assent to participate. Study
protocols were approved by the IRB boards at UC Berkeley,
Arizona State University, and the University of Tabriz.

The researcher began by presenting a six-sided die and inquiring
if the participant had seen one before. The researcher showed
each side of the die and counted the dots from one to six along
with the participant to ensure the participant understood the
numbering. The researcher then demonstrated rolling the die
twice, explaining that the top number determines the outcome.
The participant then rolled the die twice to become familiar with
rolling and identifying the outcome.

Next, the researcher explained the main task and demonstrated
shaking the die in the cup, flipping it over, and looking at the
result. The cup remained upside down so that the participant
could not see the actual number rolled. The researcher explained
that the participant would choose a number between one and
six. If their chosen number matched the hidden number on the
die, they would receive a reward. As a comprehension check, the
researcher verified that the participant understood the winning
condition and restated the explanation if the participant answered
incorrectly. Most participants (79%) passed the comprehension
check on the first try, and 20% passed on the second try. Only
1% failed both attempts. All participants were included in the
analyses.

Next, the researcher presented a printed diagram in counterbal-
anced order explaining the two gameoptions: (1)Roll-Then-Guess,
where the researcher rolls the die first, then the participant
chooses a number and (2)Guess-Then-Roll, where the participant
chooses a number first, then the researcher rolls the die (see
Figure 1).

The researcher conducted two practice rounds, one of each game
version, in random order, recording the participant’s guesses and
the outcomes of the die rolls.

Finally, the experimenter told the participant that they were
about to play the main task. There was one critical test trial: the
participant chose which version of the game they preferred to
play, and the researcher conducted the chosen game, recording
the participant’s guess and the outcome. The researcher then
thanked the participant and gave them the promised reward.
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FIGURE 1 The two versions of the dice task (presented in a
counterbalanced order). The top panel shows Roll-Then-Guess. The
bottom panel shows Guess-Then-Roll.

3 Results

Consistent with previous studies, 60.48% of participants chose
the epistemic (Roll-Then-Guess) version of the game and 39.52%
chose the physical (Guess-Then-Roll) version, 𝛸

2 = 36.92, p <

0.001.

For our primary analysis, we fit a linear probability model
predicting the binary game choice (coded as Guess-Then-Roll =
0 and Roll-Then-Guess = 1) by age and country (both factored)
using the lm function in R. We also ran exploratory models
that included prior experience with dice and success on practice
rounds. The primary analysis was preregistered, while all others
were exploratory.

3.1 Primary Analysis

We found no age-related differences in game preference, b =
0.02, t(206) = 1.70, p = 0.090, or differences in game preferences
by country. There was no significant difference in preferences
between the United States and Iran (b=−0.15, t(206)=−1.64, p=
0.102), the United States and Bolivia (b = −0.07, t(206) = −0.704,
p = 0.482), or Iran and Bolivia (b = 0.07, t(206) = 0.90, p = 0.369).
Amodel including the interaction term for age and country found
no significant interactions (see Figure 2).1

3.2 Game Choice in Each Country

To determine whether participants preferred the epistemic game
in each of our samples, we also conducted chi-squared tests for
each sample. Participants in the United States, Bolivia, and Iran
chose the Roll-Then-Guess (epistemic) game 64%, 65%, and 56%
of the time, respectively. This preference was significant in the
United States (𝛸2 = 95.48, p < 0.001) and Bolivia (𝛸2 = 95.46, p
< 0.001) but not Iran (𝛸2 = 1.21, p = 0.271), although the pattern
was the same in all research sites (see Figure 3).

FIGURE 2 Preferences for the epistemic (Roll-Then-Guess) game
by age and country. The shaded area represents the 95% confidence
interval. Regression lines do not always extend to the end of the age range
because some age groups consist of only one or two individuals who chose
the same game (i.e., 12-year-olds in the United States and 19-year-olds in
Bolivia).

FIGURE 3 Preferences for physical uncertainty (Guess-Then-Roll
game) and epistemic uncertainty (Roll-Then-Guess game) in each
country.

3.3 Dice Exposure and Game Choice

Whereas all children from the United States and all but one
child from Iran had seen dice, none of the Tsimané children in
Bolivia had seen them. Importantly for the question of cultural
familiarity with dice, when we included dice exposure in the
model (hadn’t seen dice = 0, had seen dice = 1), we observed no
significant differences in game preferences between participants
who had or hadn’t seen dice prior to the study, b = 0.49, t(207) =
0.10, p = 0.321.

3.4 Practice Trial Performance and Game Choice

Finally, we assessed the impact of practice trials on game choice.
Recall that there are four possibilities when it comes to perfor-
mance on the twopractice trials: they guessed correctly onneither
trial (N= 146), they guessed correctly on theRoll-Then-Guess trial
(N= 27), they guessed correctly on the Guess-Then-Roll trial (N=
26), or they guessed correctly on both trials (N= 8).We ran a linear
model predicting game choice (Guess-Then-Roll = 0, Roll-Then-
Guess = 1) from practice trial performance (a factor with levels
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“neither,” “Roll-Then-Guess,” “Guess-Then-Roll,” and “both”).
Guessing correctly on the Roll-Then-Guess (epistemic) practice
round didn’t influence participants’ choices, b = 0.05, t(203) =
0.54, p = 0.590. However, participants who guessed correctly on
the Guess-Then-Roll (physical) practice trial were more likely to
choose the Guess-Then-Roll game, b = −0.45, t(203) = −4.59,
p < 0.001. When we re-ran our primary analysis excluding
participants who matched on one practice trial but not the other
(N= 53), we found the same pattern of results, with no age-related
differences (b = 0.01, t(150) = 0.84, p = 0.405) and no differences
by country. With these exclusions, participants chose the Roll-
Then-Guess game 65% of the time, the same preference we
observed with these observations included, 𝛸

2 = 3.47, p = 0.062.

4 Discussion

In this study, we investigated children’s preferences for physical
versus epistemic uncertainty in three diverse cultural groups:
BolivianTsimané, Iranians, andUSAmericans. Contrary to previ-
ous findings, which suggest a developmental shift in preferences
from epistemic to physical uncertainty, we found a consistent
preference for epistemic uncertainty across age groups. These
results suggest that people might prefer epistemic uncertainty in
live games of chance across development.

Notably, past research has found that adults, but not children,
prefer physical uncertainty in chance events when they have
some control over the outcome (Harris et al. 2011) and that
adults prefer physical uncertainty in hypothetical situations
(Brun and Teigen 1990; Robinson et al. 2009). Future research
should test children’s preferences in hypothetical scenarios and
other circumstances where adults prefer physical uncertainty to
better understand when children’s preferences might be sensitive
to context and uncover possible developmental trends in such
contexts.

We found no significant cross-cultural differences in uncertainty
preferences, including among Tsimané children with minimal
exposure to dice. This suggests that exposure to such gamesmight
not be a significant factor influencing uncertainty preferences.
Nevertheless, it is possible that cultural differences exist in
societies not sampled in this research, or that norms within
specific groups (e.g., frequent players of dice-featuring games)
may influence uncertainty preferences. Additionally, although
we did not find significant differences by culture, we did find
that Iranian participants didn’t prefer epistemic uncertainty
significantly more than physical uncertainty, whereas American
and Tsimané participants did. It is unclear whether children in
Iran have no preference or a weaker preference for epistemic
uncertainty, and more research is necessary to fully understand
uncertainty preferences in this context.

Participants’ success on practice trials predicted their preferences
such that participants who had successfully guessed on the
Guess-Then-Roll (physical uncertainty) practice trial were more
likely to choose the Guess-Then-Roll game. Interestingly, guess-
ing correctly on the already more preferred Roll-Then-Guess
practice trial was unrelated to game preferences. This finding
suggests new avenues for future research regarding the impact
of personal history on uncertainty preferences. For example,

as mentioned above, sub-populations who use dice frequently
in structured settings might have extensive histories of success
and failure under physical uncertainty but few experiences with
epistemic uncertainty. How this may impact preferences is an
open question. Of course, researchers should be cautious about
unintended effects of practice trials, for example, by excluding
participantswho succeeded on one practice trial but not the other,
as we and other researchers have done (Robinson et al. 2009).

Finally, future research should aim to recruit older children in the
United States, as we were unable to do this, and should examine
uncertainty preferences in younger children. In recent research
that tested success on tasks requiring children to plan formultiple
outcomes (catching a ball dropped into an inverted-Y-shaped tube
and preparing a snack for one of two animals that might slide
down a slide), 3- to 4-year-olds succeeded at both epistemic and
physical versions of the tasks (Turan-Küçük and Kibbe 2025).
Whether they prefer one type of uncertainty to another at this age
remains an open question.

The results of this research support the idea that, across diverse
settings, children and adolescents tend to prefer epistemic to
physical uncertainty, with no evidence of developmental shifts.
As discussed previously, it is possible that both children and
adults find it easier to simulate one possible outcome, and
imagine it to be the correct one, than to simulate multiple
outcomes simultaneously. As a result, decisions under epistemic
uncertainty seemmore certain and therefore easier to make. The
circumstances under which children and adults might prefer
different types of uncertainty remain an interesting avenue for
future research (Supplementary Information).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data and analysis code are available at https://osf.io/8fa54/.

Endnotes
1Note that our sample in the United States did not include children
older than 12. As a robustness check, we repeated our primary analysis
regressing game choice on age and country, this time restricting the age
range for all countries to ages 6-12. We find the same pattern of results,
with no significant effect of age (b = 0.02, t(141) = 0.90, p = 0.370). There
was a marginal difference in game choice between the United States and
Iran, such that children in Iran chose the epistemic game slightly less
than those in theUnited States, b=−0.18, t(141)=−1.93, p= 0.056. There
were no differences between the United States and Bolivia (b = −0.01,
t(141) = −0.08, p = 0.938) or between Bolivia and Iran (b = −0.18, t(141)
= −1.57, p = 0.118).
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