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Abstract

Humans are perhaps the most curious animals on earth, but to what extent our innate moti-
vations for discovering new information are shared with our closest relatives remain poorly
understood. To shed light on this question, we presented great apes with two experimental
paradigms in which they had to initially choose between an empty opaque cup and a baited
opaque cup with rewards invisible to the ape in study 1, or to choose between a transparent
cup with rewards or a baited opaque cup with rewards invisible to the ape in studies 2 and 3.
We also presented young children with scenarios comparable to the second paradigm (stud-
ies 4 and 5). Notably, after the initial choice phase, we presented participants with potential
alternatives providing better rewards than the previously secured options. Importantly,
those alternatives shared some features with the uncertain options, giving subjects the pos-
sibility to relate both options through analogical reasoning. We found that most great apes
were not curious about the uncertain options. They only explored those options after they
were presented with the alternatives. Children, instead, explored the uncertain options
before the alternatives were presented, showing a higher degree of curiosity than the great
apes. We argue that differences between children and apes mostly lay in motivational dispo-
sitions to explore the unknown.

Introduction

Animals constantly need to make decisions relevant to their survival and well-being. These
decisions are often well informed, i.e. animals are fully aware of their options (e.g., a primate
sees food on a tree 30 meters away or a child can choose between two balloons to play with).
On other occasions, individuals cannot visualize the consequences of their decisions before-
hand but can still infer the probabilities associated with each potential outcome, for instance,
by recalling their experiences [1]. For example, chimpanzees can consider multiple factors to
plan their next foraging travels to maximize food intake [2, 3] (e.g., a primate learns over years
when certain fruits are ripe). In these situations, animals’ decisions are still informed, but they
entail risks—they may not get what they aimed for [4-6]. However, it might also be the case
that probabilities about future outcomes remain entirely unknown to them. In these situations,
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animals are uninformed and thus make decisions under uncertainty [7, 8]. Decisions under
uncertainty can occur when individuals encounter new objects or scenarios. Imagine, for
instance, when a child interacts for the first time with a surprise box. The outcome of the
box is unknown.

Nonetheless, children might still be attracted to interact with the box because it may look
beautiful, colorful, or simply because they want to discover how it works and the secrets it
hides. Children might have a motivation to explore and discover. Some authors have broadly
defined this innate drive for information and discovery as curiosity [9-13].

Curiosity may serve to enhance learning by reducing uncertainty [9, 14]. Recent accounts
from the developmental literature suggest that children focus more their attention towards sti-
muli of intermediate complextity over highly predictable stimuli and very complex stimuli,
which will require significant cognitive resources [15]. Relatedly, play help children channel
their curiosity to reduce uncertainty about the causal structure of the world around them [16].
In addition, the development of curiosity has also been studied using exploration-exploitation
dilemmas [17-19]. In these situations, individuals are presented with the possibility to either
exploit an already known option or explore other unknown alternatives. Despite the plethora
of individual, social and environmental factors that can affect individuals’ decision-making
strategies in exploitation-exploration dilemmas, a general finding from the developmental lit-
erature suggests that children and adults employ different strategies for exploration. According
to Gopnik and colleagues [20, 21], young children are predisposed to sample options more
randomly than adults (the cool off effect). However, a recent study by Schulz and collaborators
[22] suggested that children reduce their directed exploration as they grow, and children’s
exploration becomes more generalizable with age. The authors found that in comparison to
adults, children (7 to 11yo) generalized less than adults and relied more often on direct explo-
ration but found no differences in how randomly they explored the environment. The combi-
nation of strategies resulted in more but less efficient exploration since the children obtained
fewer rewards than the adults (see also [23]).

From an evolutionary perspective, curiosity is undeniably important to help organisms
learn about their environment and maximize their fitness. In the context of human evolution,
it has been recently hypothesized that high curiosity towards new information was a crucial
driver that facilitated cumulative human culture and the early human expansion Out-of-Africa
[24]. Interestingly, one of our closest living relatives, the orangutan, usually shows low curios-
ity levels when presented with novel items unless expert and trustworthy individuals have
interacted with the items before [25, 26]. That is when they can make informed decisions after
having observed others. In addition, recent studies have found that extensive contact with
humans helps orangutans become more curious [27].

However, the concept of curiosity is a hotly debated topic in the cognitive sciences [9, 28].
Curiosity can be understood as a drive to seek information and resolve uncertainty from the
world around us, and it seems to be pervasive in humans. From trying new culinary recipes to
everyday routines such as checking the news, we constantly look for information to feed our
curiosity. Importantly, curiosity in humans is often motivated by internal representations of
the need for information [7, 10, 29, 30]. According to Oudeyer and colleagues [31] (see also
[32]), only curiosity driven by internal motivations is inherently satisfactory (e.g., the motiva-
tion may be the joy of exploring in itself). In contrast, curiosity driven by external motivations
involves fulfilling separable outcomes (e.g., the motivation may be related to some potentially
achievable result) and not just information for the sake of obtaining it.

In humans, several studies have shown that humans are willing to sacrifice resources in
exchange for information for no apparent benefits [14, 33]. Though, whether this internal
motivation to resolve uncertainty is shared with other non-human animals is currently

PLOS ONE | https://doi.org/10.1371/journal.pone.0285946 May 31, 2023 2/18


https://doi.org/10.1371/journal.pone.0285946

PLOS ONE

Comparative curiosity: How do great apes and children deal with uncertainty?

Table 1. Summary of key study differences.

Experimental
paradigm

1
2

https://doi.org/10.1371/journal.pone.0285946.t001

Study | Participants

1 Great Apes
2 Great Apes

3 Great Apes
4 Children

5 Children

debated. In fact, some authors propose that the term curiosity, understood as the drive to seek
information per se, can only apply when 1) animals sacrifice rewards in exchange for informa-
tion, 2) the information obtained is not strategically beneficial for the individual and 3) there
is a correlation between the amount of resources they are willing to pay and the information
available for them [34]. Yet, such strict definition of curiosity is restricted to very specific sce-
narios [34, 35]. For example, usual tests to determine the role of curiosity in apes problem solv-
ing abilities include responses to novel stimuli [36, 37]. However, under the previous
definition of curiosity, information obtained from eating a novel food stimuli can be used stra-
tegically—they have learned about the food. In addition, their motivation to explore the food
in the first place might be extrinsic (a by-product of their exploration tendencies to obtain
rewards in the given environment) and they do not need to pay a cost to gain information.
Likewise, in uncertainty tasks individuals may only fulfill the first of the three criteria (sacrifice
a secure reward to discover another one [8]), but they may then use that information strategi-
cally in future events—at the very least, they may have an intuition that the uncertainty option
is rewarding as well.

Therefore, given our comparative framework, we deviate from stricter definitions of curios-
ity (see also [37]) and instead define curiosity as exploration aimed at reducing uncertainty,
irrespective of the underlying motivation to do so and the potential future benefits accrued
from exploring the unknown. Specifically, we are interested in the moment in which partici-
pants decide to sample an uncertain option while foregoing a secure option. This is important
because once the uncertain option is sampled, its content is predictable as it does not change
across time. That is, although unobservable, participants have the possibility to learn their
value over time. In addition, we are interested in exploring whether participants would use
strategies such as analogical reasoning (i.e., find a common relationship between two systems,
objects, or events [38]) to guide their decisions (see key study details in Table 1).

For that purpose, the current study present captive non-human great apes and 3- to 5yo
children with two distinct experimental paradigms across five experimental studies.

In our first experimental paradigm (study 1), great apes learned to discriminate between
two different colored cups [39]. Only one of the colors signaled a reward. After learning the
perceptual association, individuals participated in a short priming phase where they associated
new colors with either more rewards or zero rewards. Finally, great apes participated in two
test sessions, including trials in which they had to decide between the initial colored cup with a
reward and a new positive or negative color association. We expected that only those individu-
als that had previously experienced the positive priming would be willing to explore new
ambiguous possibilities.

The previous experimental paradigm required individuals to learn an arbitrary rule based
on color. In line with our first study, previous studies show that apes take several sessions of

Research materials Methodological contingencies
Opaque cups only /food rewards Apes had to learn an arbitrary rule to access phase 2
Opaque and transparent cups /food Apes had to choose transparent cups in phase 1 to access phase 2 / cups only
rewards differed in color
Opaque and transparent cups /food No need to choose transparent cups in phase 1/ cups differed in color,
rewards material, and shape
Opaque and transparent cups Children received information hints to find stickers/ cups only differed in
/stickers color
Opaque and transparent cups No information hint/ cups differed in color, material, and shape
/stickers
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multiple trials to learn the relationship [39-41]. Studies 2 and 3 facilitated the task by present-
ing great apes with a decision between an opaque cup containing three unknown rewards and
a transparent cup containing only one reward. Afterward, individuals participated in an expe-
rience phase to obtain three rewards underneath a different type of opaque cup. Finally, apes
were again presented a decision between the initial set of transparent and opaque cups. Previ-
ous work has found that apes effectively use relational similarity concerning the spatial loca-
tion of an object, but not so often object similarity in a searching task [42]. We hypothesized
that apes would use relational similarity to explore the colored cup significantly more often
after the experience phase. In other words, through analogical reasoning, they would become
more willing to explore the content underneath the initial opaque cup (see Table 1 for differ-
ences between studies 2 and 3).

Studies 4 and 5 use the previous paradigm to test children’s curiosity under conditions of
uncertainty. We expected children to choose the opaque cup more often before the experience
phase compared to great apes. In other words, we expected children to prefer the opaque cup
in uninformed situations already (see Table 1 for differences between studies 4 and 5). Finally,
given their similarity, we directly compared the performance of apes and children in studies 3
and 5. To our knowledge, no studies have directly contrasted children’s and great apes’ uncer-
tainty reduction tendencies in comparable experimental settings.

Methods great ape studies
Study 1

Participants. We tested 29 great apes: 15 chimpanzees (10 females; mean age 30 years
old), three gorillas (3 females; mean age 14 years old), six bonobos (4 females; mean age 22
years old), and five orangutans (3 females; mean age 26 years old) (see S1 Table in S1 File). The
following details apply to studies 1-3. All apes were housed at the Wolfgang Kohler Primate
Research Center in Leipzig (Germany). Chimpanzees were housed in large semi-natural
indoor and outdoor enclosures and the research was conducted in their sleeping rooms. Apes
had regular feeding schedules, daily enrichments and water ad libitum. Apes were never food-
or water-deprived and could voluntarily participate in the test by entering their sleeping
rooms. During the test sessions chimpanzees had access to water ad libitum. After the test they
return to their enclosures and reunite with the groupmates.

Materials. The apparatus consisted of a rectangular platform (78 x 33 cm) attached to a
Plexiglass panel (73 x 64 cm) installed on the front side of the apes’ sleeping room. The plat-
form could be slid forward against the panel. The panel had two equidistant holes in the oppo-
site bottom corners (60 cm apart, 3.2 cm diameter). We used varying quantities of grapes as a
food reward and thin plastic cups of diverse colors to cover the food rewards. Besides, we used
a plastic lid (approx. 75 cm wide, 25cm deep, and 25 cm tall) to cover the surface of the plat-
form from the apes’ view while the experimenter hid the food rewards underneath the cups.

Procedure. At the beginning of a trial, the experimenter (hence E) sat in front of the slid-
ing platform and covered it with a plastic lid. Next, E baited some grapes on the sliding plat-
form and covered them upside down with the plastic cups. The number of grapes varied
depending on the condition presented. Afterward, E moved the plastic cups towards the edges
of the sliding platform—each cup in front of a panel hole. E then removed the plastic lid and
pushed the sliding platform towards the Plexiglas panel. We considered a choice when the ape
touched one of the two cups, pointed at it, or put her mouth next to the hole. If the subject
chose more than one cup simultaneously, E pulled the sliding platform back and repeated the
procedure. After the ape chose one of the cups, E uncovered the food under the cup and
handed it to the ape through the panel hole. The content baited under the unchosen cup was
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Fig 1. Schematic representation of study 1 conditions.

https://doi.org/10.1371/journal.pone.0285946.9001

uncovered in some of the conditions presented (see below). After the subject obtained the
reward, E pulled back the platform and prepared for the subsequent trial.

The study was divided into three phases (see Fig 1). During the pre-test phase, each ape partici-
pated in a maximum of six 12-trial sessions on separate days. Apes that were successful during the
pre-test phase participated in the priming and the test phases. The priming phase and the first test ses-
sion were conducted on the same test day. The second test session was conducted on a separate day.

Phase 1: Pre-test phase. During the pre-test phase, apes had to learn the association
between the color of the cup and the hidden reward. In every trial, apes could choose one of
two plastic cups. These plastic cups were identical except for their color (e.g., red vs. yellow).
Only one of the two cups was baited with a single grape. Importantly, we always baited the
same colored cup. This way, the color of the cup indicated the presence or absence of a reward
(e.g., the red cup was baited with a grape and the yellow cup was empty). Each cup was located
in front of a panel hole on either side of the sliding table. The location of the cups was pseudo-
randomized between trials. The location of the cups was not repeated for more than two con-
secutive trials within a session. Apes had to choose the baited cup in at least 10 of 12 trials for
two consecutive sessions to advance to the study’s second phase. After the apes chose one of
the cups, the content of both cups was revealed at the same time. Only eight great apes (four
chimpanzees, two bonobos, one orangutan, and one gorilla) advanced to the priming phase
(see S1 Table in S1 File). All other apes did not reach the criteria within six sessions.

Phase 2: Priming phase. The priming phase consisted of one single session of four trials.
On every trial, the subjects were presented with a single colored cup on the left or the right
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side of the sliding table. In two trials, apes were presented with the previous positive cup (PPC)
used during the pre-test phase (e.g., the red cup baited with one grape). In the other two trials,
the apes were presented with two new colored cups (e.g., one trial with a green cup and
another with a blue cup). These cups were either empty (negative priming) or baited with
three grapes (positive priming). The location of the cups varied pseudo-randomly—the apes
faced each type of cup only once on each side of the table. Four subjects experienced the posi-
tive priming, and another four experienced the negative priming.

Phase 3: Test phase. The test phase consisted of two 12-trial sessions. As in the pre-test
phase, apes had to choose one of two different colored cups on each trial. In eight test trials,
apes faced the PPC (e.g., the red cup with one grape) and a completely new colored cup they
had never interacted before in the experiment (e.g., a purple cup). Depending on whether the
subject experienced a positive or a negative priming, the new cup could either be baited with
three grapes (after the positive priming) or empty (after the negative priming). This cup
remained the same during the test phase. In addition, all apes faced four control trials that
were the same as those presented during the pre-test phase. As in the pre-test phase, the loca-
tion of the cups was pseudo-randomized. After the apes chose one cup, the content of the
other cup was never revealed.

Study 2

Participants. We tested 15 captive great apes: 9 chimpanzees (5 females; Mean age 30yo)
and six bonobos (4 females; Mean age 22yo) housed at the Wolfgang Kohler Primate Research
Center in Leipzig, Germany (See S1 Table in S1 File).

Materials and procedure. The apparatus and trial presentation were the same as in study
1. However, the study phases differed from the previous paradigm. In particular, apes did not
need to learn an arbitrary rule to obtain the reward (i.e., the color of the rewarded cup). In con-
trast, they always chose between an opaque colored cup containing unknown rewards and a
transparent cup containing a single reward.

The study was divided into three phases (see Fig 2). First, every ape received two 8-trial pre-
test sessions (phase 1). Afterward, apes participated in two intervention trials in which they
were presented with the same transparent cup and another opaque cup (phase 2). Opaque
cups of phases 1 and 2 only differed in their color. Finally, apes conducted two 8-trial test ses-
sions (phase 3). Phase 1 and phase 3 were identical in terms of conditions and rewards. We
conducted Phase 2 and the first test session of phase 3 on the same test day.

Phase 1: Pre-test phase. The study’s first phase consisted of two 8-trial pre-test sessions
presented on separate days. In every trial, we presented apes with the option to choose one of
two plastic cups: a transparent or an opaque cup. The opaque cup (e.g., red cup) was baited
with three grape halves, while the transparent cup was baited with one half of a grape. Each
cup was located in front of a panel hole on either side of the sliding platform. The location of
the cups was pseudo-randomized between trials. In other words, the location of the cups was
not the same for more than two consecutive trials within a session, and each cup was presented
the same number of times on each side of the platform. Subjects had to choose the transparent
cup on every trial to demonstrate a clear preference and thus advance to the study’s second
phase. The content of the opaque cup was never revealed to the subjects after choosing the
transparent cup.

Phase 2: Intervention phase. The second phase of the study consisted of two trials in
which apes were offered a choice between the same transparent cup presented in phase 1 and
another opaque cup of a different color from the one used in phase 1 (e.g., a blue cup). The
moment the apes were deciding on their preferred cup (i.e., while deliberating which cup to
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Fig 2. Schematic representation of study 2 conditions. On the right side, schematic representation of objects used in
study 3.
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choose), E revealed the content hidden under the opaque cup twice. This action allowed apes
to reconsider their choice. If apes did not change their decisions, they got the reward from
their chosen cup. If apes changed their decision, they got the reward from their last chosen
cup. The location of the cups varied between trials.

Phase 3: Test phase. The third phase of the study was identical to the first phase. We used
the same opaque cup in phases one and three.

Study 3

Participants. We tested 21 captive great apes: 11 chimpanzees (6 females; Mean age
26yo0), four bonobos (2 females; Mean age 22yo) and 6 orangutans (4 females; Mean age 25y0)
housed at the Wolfgang Kohler Primate Research Center in Leipzig, Germany (see S1 Table in
S1 File).

Materials and procedure. In study 2, only those apes who always chose the transparent
cup during phase 1 were allowed to participate in phases 2 and 3. Accordingly, only a subset of
apes participated in all the study phases. In study 3, we followed the same procedure as study
2, but we tested all participants across the three phases regardless of their choices during phase
1. We think such an approach is more inclusive and representative of the apes’ initial prefer-
ences compared to the approach used in study 2. In addition, we made some minor adjust-
ments to the methodology of the second study.

In study 3, the cups did not just differ in color as in study 2, but also in material and shape
(see Fig 2). Transparent cups were also partially colored (although the color did not prevent
apes from seeing the rewards baited underneath). We manipulated these features for two main
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reasons. First, apes could have interpreted all colored cups as the same type of cups in study 2.
To increase the differences between cups, we thus used items varying in more than one percep-
tual feature. Second, we used different items to avoid order effects, given that a subset of those
individuals who participated in study 2 until the end also participated in study 3 several
months later (10 of 21 apes). In addition, we varied the number of rewards from study 2 to
diminish potential order effects affecting some apes’ performance. We placed two grapes
underneath the opaque cups and one grape underneath the transparent cup in the third study.
Finally, in phase 2 of study 3, we revealed the content of the opaque cup after the subjects had
made a clear decision. We changed the method because, in study 2, it was sometimes difficult
to see what the apes had decided without touching the cups.

Methods children studies
Study 4

Participants. We tested 72 3- to 5yo children. All children were tested in their local pre-
schools or social institutions such as aquariums or museums in the San Diego County in the
United States. We grouped children by age (3, 4, and 5yo) and gender, resulting in 24 children
per age group (12 girls and 12 boys). For studies 4 and 5, children were only recruited for par-
ticipation after written consent from their parents or legal guardians.

Materials. We used stickers as rewards. Stickers were hidden under cups placed on a
table. The cups were either transparent or opaque, and the latter varied in their color. The cups
were similar to those used in study 2 with the apes. We used a plastic clipboard (48 cm wide X
30 cm tall) to cover the cups while the experimenter hid the corresponding stickers underneath
them. The child sat on a chair in front of the table. The experimenter sat in front of the child
on the opposite side of the table.

Procedure. At the beginning of the session, the experimenter (E) told the child that he/
she would participate in a game to find stickers and that the stickers would be hidden under
plastic cups—while briefly showing the cups they would use in phases 1 and 3. E also told the
child to point to the cup he or she had chosen on every trial. Besides, E gave an additional plas-
tic cup to every child to store the collected stickers.

At the beginning of every trial, E used the clipboard to cover the cups in front of the child.
Next, E placed some stickers on the table and covered them with the plastic cups upside down.
E placed one plastic cup on the right side and the other on the left side of the surface covered
by the clipboard (approx. 10 cm apart from each other). E then removed the clipboard and
waited for the child to point to a cup. E reminded her to choose a cup if the child did not
point. If the child tried to grab the cup, E tried to stop the child and remind her to point to a
cup. We considered a choice when the child pointed or touched one cup. After the child chose
a cup, E gave the child the content under the selected cup and prepared the subsequent trial.

Every child received one session of 10 trials divided into three phases. First, children were
presented with four consecutive pre-test trials (phase 1). Next, they were presented with two
trials (phase 2) in which they were confronted with the same transparent cup and another
opaque cup of a different color. Finally, children conducted four test trials (phase 3) identical
to those presented in phase 1.

Phase 1: Pre-test phase. The first phase of the study consisted of four consecutive pre-test
trials. In every trial, children were presented with a choice between an opaque and a transpar-
ent plastic cup. The colored cup was baited with three stickers, while the transparent cup was
baited with one sticker. Cups were presented in a pseudo-randomized order. The location of
the cups was not repeated for more than two consecutive trials, and each cup was presented
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twice on each side of the table. The content of the opaque cup was never revealed to the sub-
jects after choosing the transparent cup.

Phase 2: Intervention phase. The second phase of the study consisted of just two trials.
Children were offered a choice between the transparent cup presented in phase 1 and another
opaque cup of a different color. The transparent cup contained one sticker, and the opaque
cup contained three stickers, as in the previous phase. If children chose the transparent cup, E
revealed the content of the opaque cup. At that moment, children were allowed to choose
again with the possibility to change their choices if they wished. The location of the cups varied
between the two trials.

Phase 3: Test phase. The third phase was identical to phase 1, and the opaque cup was the
same one we used in phase 1. After phase 3, children were allowed to choose three stickers
among those collected during the game. Children were never told to choose a number of stick-
ers before that moment. In that sense, it is very likely that their expectation was to collect and
keep all the stickers they discovered.

Study 5

Participants. We tested 52 3- and 5yo children. All children were tested in their local pre-
schools or in social institutions such as aquariums or museums in the San Diego County in the
United States. We grouped children by age and gender (12 3yo boys, 15 3yo girls, 12 5yo boys,
and 13 5yo girls).

Materials and procedure. In study 4, we told children that the game’s purpose was to find
stickers. This information could have increased children’s likelihood of exploring all possible
alternatives from the onset of the study, including the opaque cups. Additionally, the fact that
children had more information than great apes from the onset of the task could hinder com-
parisons between species. Thus, to keep our methods consistent with the studies conducted
with the great apes (studies 2 and 3 especially), in study 5, we reduced the explanations chil-
dren received prior to the task. We told the children that they would play a game "about" stick-
ers and that they should always choose one of the two cups. In addition, we made some minor
improvements to the methodology of study 4.

In study 5, we used stickers of the same type across trials of a session to control for size and
quality (i.e., emojis with different facial expressions). In the previous study, we showed chil-
dren the content of the opaque cup either during or after they chose any of the two cups, allow-
ing them to reconsider their decisions and change their choices. This reconsideration could
have been interpreted as a mistake from the children’s perspective and could have influenced
their subsequent decisions. Therefore, in phase 2 of study 5, we showed children the content of
both cups before they chose one of the two. Finally, to make our results more comparable to
great apes, we presented children with cups varying in color, shape, and material.

Ethics

An internal ethics committee approved studies 1-3 at the Max Planck Institute for Evolution-
ary Anthropology. The study complies with the Weatherfall report “The use of non-human pri-
mates in research’. The study also complies with the EAZA Minimum Standards for the
Accommodation and Care of Animals in Zoos and Aquaria, the WAZA Ethical Guidelines for
the Conduct of Research on Animals by Zoos and Aquariums and the ASAB/ABS’s Guidelines
for the Treatment of Animals in Behavioural Research and Teaching. IAUCUC approval was
not necessary to conduct this research.

The work conducted with children in studies 4 and 5 was approved by the University of
California, San Diego Human Research Protections Program (Project ID: #1614525X).
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Results
Study 1

In this study, we were interested in exploring how often the apes would refuse the PPC during
test trials based on the priming they had experienced before the test phase. As hypothesized,
our Generalized Linear Mixed Model (GLMM) found a main effect of the previous priming
phase indicating that those great apes who had experienced positive priming were more likely
to refuse the PPC in favor of the new ambiguous option. However, these apes were more likely
to choose the cup containing no rewards during control trials (GLMM: y* = 10.77, p = 0.001,
N = 192, Fig 3), thus missing the opportunity to obtain the hidden grape under the PPC. We
argue that apes might have generalized the idea that alternatives were better than the PPC,
which could explain their poorer performance in control trials after the positive priming. Nev-
ertheless, they still chose the PPC in most control trials (see Fig 3). In contrast, apes who expe-
rienced negative priming were more likely to continue choosing the PPC in test and control
trials alike (see model details in the S1 File).

Study 2

In our second study, we expected apes to prefer the transparent cup initially, and to become
more curious to explore the opaque cup after the intervention phase. In line with our predic-
tions, most apes always chose the transparent cup in phase 1 (Binomial test; 11 of 15; p = 0.06).
We found that those subjects who always chose the transparent cup in phase 1 dramatically
changed their choices between phases 1 and 3 (Wilcoxon paired sample test, p < 0.01). All but
one individual chose the opaque cup most times during phase 3 (average opaque choice in
phase 3 = 86%). The apes chose the opaque cup in 100% of the trials during the intervention
phase.
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Fig 3. Percentage of trials in which apes chose the PPC option after control and test trials and positive or negative
primes. The boxes represent the median and the interquartile range.

https://doi.org/10.1371/journal.pone.0285946.9003
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Study 3

As in study 2, in our third study, we were interested in whether apes would vary their choices
between phases 1 and 3 (i.e., before and after the intervention phase). In other words, we
assessed whether apes would become more willing to explore the uncertain option after the
intervention phase, especially in cases where they had a clear preference for the transparent
phase. We found that, as in study 2, a significant majority of apes only chose the transparent
cup in phase 1 (Binomial test; 16 of 21; p = 0.015). However, in contrast to study 2, in study 3
all apes participated in the subsequent phases of the study. We found that apes significantly
changed their choices between phases 1 and 3 (Wilcoxon paired sample test, p <0.001) (aver-
age opaque choice in phase 1 = 16%; average opaque choice in phase 3 = 68%). The apes chose
the opaque cup in 90.4% of trials during the intervention phase.

In addition, we fitted a GLMM to test whether great apes’ decisions (to choose the opaque
or the transparent cup) were influenced by the study phase and whether there were species dif-
ferences. We found that the full-null model comparison was highly significant (GLMM; y*5 =
16.23, p = 0.001, N = 672). Great apes chose the opaque cup significantly more often in phase 3
(GLMM; % = 11.49, p = 0.001, N = 672, Fig 4) but we found no differences between species
(GLMM; %, = 2.57, p =0.28, N = 672) (see model details in the S1 File). Interestingly, two
apes chose the opaque rewards a majority of times in study 2. These two individuals had partic-
ipated in study 2, and thus order effects could have influenced their performance in the task.
Three other apes showed side biases markedly. Consequently, they chose the opaque option
around half of the time across phases.

Study 4

In our first children’s study, we wanted to investigate whether discovering other positive alter-
natives would influence their choices during the third study phase or if, as we hypothesized,
children would be more prone to choose the opaque cup already during the first study phase.
In line with our hypothesis we found that most children chose at least once the opaque cup in
phase 1 (Binomial test; 61 of 72; p < 0.001). In general, children were curious to explore the
content underneath the opaque cup from the onset of the study (average opaque choice in
phase 1 = 52%; average opaque choice in phase 3 = 77%). Children chose the opaque cup in
85.4% of trials during the intervention phase. In another 20.1% of trials they originally chose
the transparent but switch to the opaque after we revealed the content of it. Furthermore, once
children had experience the content of the opaque cup, they continued choosing the transpar-
ent cup in 27% of the following trials on average.

As with the apes’ data, we fitted a GLMM to test whether children’s decisions to choose the
opaque or the transparent cup were influenced by the study phase and whether older children
were more curious about the content of the opaque cup. We found that the full-null model
comparison was highly significant (GLMM; y*; = 12.17, p = 0.007, N = 574). Children were
more likely to choose the opaque cup in phase 3 (GLMM; y°; = 7.43, p = 0.006, N = 574, S1 Fig
in S1 File). In addition, we found a non-significant trend for age suggesting that children
increased their choices towards the opaque cup with age (GLMM; y°, = 4.5, p = 0.1, N = 574,
S2 Fig in S1 File) (see model details in the S1 File).

Study 5. In the previous study, children were instructed to find stickers. In this study, we
did not prime them with that information. Therefore, we expected children to still explore the
uncertain option prior to the intervention, but at lower rates compared to study four. Most
children chose at least once the opaque cup in phase 1 (Binomial test; 40 of 52; p < 0.001).
However, we found more children sticking to the transparent option in phase 1 of study 5
compared to phase 1 of study 4. In addition, several children (40%) made the same choices
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Fig 4. Bubble plot depicting the number of times each ape chose the opaque option in phases 1 and 3.
https://doi.org/10.1371/journal.pone.0285946.9004

across phases (average opaque choice in phase 1 = 41%; average opaque choice in phase

3 =56%). Children chose the opaque cup in 69% of trials during the intervention phase. Fur-
thermore, after experiencing the opaque option for the first time, children still chose the trans-
parent cup in 47% of the following trials on average.

We fitted a GLMM to test whether children’s decisions to choose the opaque or the trans-
parent cup were influenced by the study phase and whether older children were more curious
about the content of the opaque cup. We controlled for learning effects (trial) and sex of the
participants (see model details in S1 File). We found that the full-null model was significant
(GLMM; %3 = 6.07, p = 0.048, N = 415). Children were more likely to choose the opaque cup
in phase 3 (GLMM; x%; = 4.42, p = 0.035, N = 574; Fig 5). We did not find an age effect suggest-
ing that 3- and 5yo explored in similar ways.

Direct comparison of studies 3 and 5

Additionally, we fitted a GLMM to test whether children and great ape decisions to choose the
opaque or transparent cups differed. In our model we tested the interaction between species

PLOS ONE | https://doi.org/10.1371/journal.pone.0285946 May 31, 2023 12/18


https://doi.org/10.1371/journal.pone.0285946.g004
https://doi.org/10.1371/journal.pone.0285946

PLOS ONE Comparative curiosity: How do great apes and children deal with uncertainty?

o

.75

0.5

Percentage of opaque cups

o

.25

Phase one apes Phase three apes Phase one children Phase three children
Fig 5. Bubble plot depicting the number of times each child chose the opaque option in phases 1 and 3.
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(“apes” and “human children”) and study phase. We controlled for trials and sex of partici-
pants as in previous models (see model details in S1 File). We found a significant two-way
interaction between specie and study phase (GLMM; x*; = 8.72, p = 0.003, N = 1087). Children
were more likely to explore the opaque option in the pre-test phase while apes mostly chose
the opaque option after the priming phase (see Fig 6).

Choices opaque opition
N

Phase 1 Phase 3

Fig 6. Percentage of trials in which apes and human children chose the opaque cup in phases 1 and 3 of studies 3
(apes) and 5 (children). The boxes represent the median and the interquartile range.

https://doi.org/10.1371/journal.pone.0285946.9006
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Discussion

Our set of five studies revealed two main findings. First, children seemed to be more willing to
explore the uncertain cup than apes in similar test situations (studies 2 and 3 vs. studies 4 and
5). While apes mainly chose the transparent cup during phase 1 of studies 2 and 3, most chil-
dren chose the opaque cup during the first phase of studies 4 and 5. This difference is of partic-
ular interest in study 5, in which children were never told to find rewards—thus resembling
more closely the scenario the apes experienced. Second, we found that children and apes
became more explorative across studies once they had experienced the intervention phase. In
study 1, apes who had experienced the positive prime were more likely to choose the ambigu-
ous option during the test phase than those who experienced the negative prime. Likewise, in
studies 2 to 5, children and apes became more explorative after the intervention phase.

Therefore, one intriguing question from our findings is why were children generally more
willing to choose the opaque options before the intervention phase than great apes?

We would argue that differences between children and apes mostly lay in motivational dis-
positions to explore the unknown. A predisposition to discover what was hidden underneath
the opaque options could have driven children, but not great apes, to select opaque cups before
the intervention phase. From the beginning of the task, curiosity could have been influenced
by external factors such as the prospect of increasing rewards or by internal motivations to
reduce uncertainty [31, 32]. This distinction could help explain the differences between studies
4 and 5. The former study explicitly told children about the game’s goal, while in the latter the
strategic gains (and thus external factors) from choosing the opaque cup only became clear
once they chose that option. Another plausible interpretation is that apes were more risk averse
than children from the beginning of the study, and only felt more confident to explore the
unknown possibilities after the intervention phase—when they changed their strategy favoring
the selection of the opaque cups.

Consequently, children were more willing to explore the opaque cup before the interven-
tion phase during study 4 than during study 5, and also maximized more the rewards during
the test phase of study 4 compared to study 5 suggesting that when children were provided
with information about the goal of the task, their decisions were more directed. Instead, chil-
dren’s exploration was more random when they had no information about the game’s purpose
[43]. Nevertheless, in study 5, most children still explored at least once the opaque option
before the intervention phase, suggesting that, overall, internal motivations strongly influenced
children’s decisions.

In any case, children were not always willing to forego secure rewards. Many children con-
tinued to choose the transparent cup even after they had experienced the content underneath
the opaque cup. This was especially the case in study 5 when they had never been prompted to
find stickers. In fact, children continued to choose the transparent cup in almost half of the tri-
als after they had experienced the content of one opaque cup. Several possibilities may account
for this result. Perhaps children did not believe that each opaque cup yielded better rewards
than transparent cups. After all, there was always some uncertainty in choosing the opaque
cup. It is also possible that children preferred to diversify rather than maximize their outcomes.
Such a strategy could explain some of the findings in study 4 since all stickers were different.
In study 5, however, stickers’ variation was drastically reduced (no differences in size or
shape). Another possibility is that children preferred to play by their own rules: trying to guess
if some order of events was in place or simply preferring to choose differently across trials.

Apes, in contrast, seemed to avoid the opaque cups from the beginning of the study. This
lack of exploration may be understood as an aversion toward uncertainty [8, 44]. Under uncer-
tain situations, individuals do not have prior information about any probability of obtaining a
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benefit. Therefore, the opaque cup could have been interpreted as a potential loss in contrast
to the visible and rewarding cup at the beginning of the task. Even though they knew that the
two options were available to choose from, they seldom chose the opaque cup until its content
was revealed during the intervention phase. An alternative is that apes did not interpret the
opaque cup as an option. However, we do not favour this interpretation. The apes from this
population are used to participate in choice scenarios where food rewards might be completely
or partially covered by an opaque object (see [45] for a recent longitudinal task conducted on
the same apes employing opaque cups in some of their tasks).

Interestingly, the realization that the opaque alternatives presented during the intervention
phase offered them more rewards than the transparent cups helped many apes overcome such
an initial risk aversion toward uncertain choices quickly. That is, apes generalized from just a
couple of trial presentations during the intervention phase to the content hidden in the test tri-
als—regardless of how different the items between the two phases were. We argue that this
generalization could not be driven by simple association. Previous tasks using arbitrary color
cues demonstrate that apes need several multi trial sessions to learn the relationship (as in the
pre-test of our first study) [39-41]. Instead, we argue that this generalization was most likely
supported by processes of analogical reasoning [38, 42] through which apes established rela-
tional similarities between distinct stimuli, allowing them to maximize rewards across tasks.
The same argument can be used for the results in study 1. Apes established relational similari-
ties between the cups presented during the intervention phase and the new colored cups pre-
sented during the test phase. However, the apes’ results contrast with what many children did
after exploring the opaque cups. Children often chose the transparent cup during the test
phase. This strategy mainly occurred during study 5, where no search clue incentives were pro-
vided, supporting the view that children might have employed diverse strategies other than try-
ing to maximize the number of rewards in every trial.

One could also propose that inhibitory control differences underlie children and great apes’
strategies in our tasks. However, we argue that differences in inhibitory control cannot explain
our results. First of all, apes and children were able to inhibit a prepotent response towards the
visible rewards. In that sense, both groups showed inhibition towards the direct reward, which
helped them explore the uncertain cup and discover the hidden rewards. For study 1, inhibi-
tory control does not seem a relevant explanation either since both cups were occluded from
the beginning of the pre-test phase. Instead, these inhibitory control capacities are relevant in
reverse contingency tasks where individuals must overcome a prepotent preference toward a
high-value reward. They need to exert self-control to inhibit their initial preference and choose
the less valuable option to obtain the best reward [39, 46, 47]. However, that was not the case
in our tasks since only one reward was visible and known (or known after a considerable train-
ing period as in study 1). It is also worth highlighting that previous comparative work showed
that when 3-to-5yo children and great apes were presented with a detour reaching task, there
were no practical differences between the 3yo and the same chimpanzee population that par-
ticipated in our tasks [48].

Future studies can extend these paradigms in several ways. First, the apes who participated
in our task were familiarized with the stimuli we used (e.g., plastic covers or wooden boxes).
On the one hand, this casts doubt on the possibility that novelty explains the pattern of results
observed. In addition, familiarity with human-made items facilitated the comparison between
apes and children. However, one could argue that the tasks were still more ecologically relevant
for children, who might be more used to uncovering content hidden inside items (e.g., when
they open boxes). In that sense, and at the risk of losing the possibility to compare apes with
humans, future tasks can adapt curiosity tasks into the apes’ environment, for example, by nat-
urally covering and unveiling different food possibilities within their home range across time
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to cast exploration of new food sources. Relatedly, all our ape participants were adults. Future
studies should thus aim to test comparable populations in terms of age, especially given young
apes’ proclivity to explore relatively more at younger ages (see [49] for some preliminary
results in this direction), to shed light on the comparative development of curiosity.

Second, future studies should explore in more detail children’s decisions in these scenarios.
For example, one could present the intervention phase at the beginning of the task and then
present trials where the visible rewards are better than those previously presented in the
opaque cup during the initial phase. Will children reason that the same relation holds, or will
they choose the conservative transparent option? Finally, given our finding that children did
not necessarily maximize trials after discovering the content of the opaque cups, future curios-
ity studies may incorporate questionnaires after the cognitive task to shed light on the nature
of their decisions.

In conclusion, our results suggest apparent species differences in the way children and apes
deal with uncertainty. When a visible reward is available, apes tend not to explore the other
option. Children, instead, are more curious and discover the content underneath the opaque
cups faster than great apes—in particular, before the intervention phase. However, once great
apes discover the hidden content, they often choose the opaque option, whereas children con-
tinue engaging in some level of exploration and diversify their options across trials.
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