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Abstract: Humans can flexibly use metacognition to monitor their own knowledge and
strategically acquire new information when needed. While humans can deploy these skills across
a variety of contexts, most evidence for metacognition in animals has focused on simple situations,
such as seeking out information about the location of food. Here, we examine the flexibility,
breadth, and limits of this skill in chimpanzees. We tested semi-free-ranging chimpanzees on a
novel task where they could seek information by standing up to peer into different containers. In
Study 1, we tested n = 47 chimpanzees to assess if chimpanzees would spontaneously engage in
information-seeking without prior experience, as well as to characterize individual variation in this
propensity. We found that many chimpanzees engaged in information-seeking with minimal
experience, and that younger chimpanzees and females were more likely to do so. In two
subsequent studies, we then further tested chimpanzees who initially showed robust information-
seeking on new variations of this task, to disentangle the cognitive processing shaping their
behaviors. In Study 2, we examined how a subset of n = 12 chimpanzees applied these skills to
seek information about the location versus the identity of rewards, and found that chimpanzees
were equally adept at seeking out location and identity information. In Study 3, we examined
whether a subset of n = 6 chimpanzees could apply these skills to make more efficacious decisions
when faced with uncertainty about reward payoffs. Chimpanzees were able to use information-
seeking to resolve risk and choose more optimally when faced with uncertain payoffs, although
they often also engaged in information-seeking when it was not strictly necessary. These results
identify core features of flexible metacognition that chimpanzees share with humans, as well as
constraints that may represent key evolutionary shifts in human cognition.
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1. Introduction

Humans can monitor their own knowledge states and then strategically act to acquire new
knowledge to reach their goals, a set of abilities for thinking about thinking termed metacognition.
Metacognition is crucial in many domains of human life, including in social interactions (Frith,
2012; Heyes, Bang, Shea, Frith, & Fleming, 2020), formal schooling (Isaacson & Fujita, 2006;
Ohtani & Hisasaka, 2018), medical decision-making (Huang & Yang, 2020), and political belief
formation (Fischer & Said, 2021; Rollwage, Dolan, & Fleming, 2018). Across these contexts,
human metacognitive skills are deployed flexibly to deal with diverse problems ranging from
school performance to cultural learning, and typically involve a rich integration of metacognitive
awareness with multiple other skills, including language.

Yet there is also an emerging consensus that both human infants and other animals possess
some foundational metacognitive abilities that allow them to monitor their own knowledge state
and act appropriately (Goupil & Kouider, 2019). Specifically, a variety of non-verbal paradigms
have been developed to assess if animals or young children distinguish between situations where
they do or do not know something, serving as evidence for metacognitive capacities in these
populations. For example, many species of animals have been tested on uncertainty paradigms
where they have experience making a perceptual or memory judgement, and then sometimes are
faced with a more difficult choice (for example, once animals can consistently assess if dots on a
screen are densely versus sparsely distributed, they are then presented with an intermediate density
that is difficult to discriminate). On those trials, they can either make the judgement, or choose an
‘opt-out’ option to avoid making the hard choice (Fujita, 2009; Iwasaki, Kuroshima, & Fujita,
2019; Perry & Barron, 2013; Smith, 2009; Smith, Beran, Cosuchman, & Coutinho, 2008; Smith,
Redford, Beran, & Washburn, 2010), or pay greater costs to complete trials when they are more
confident (Beran et al., 2015; Kepecs & Mainen, 2012; Kepecs, Uchida, Zariwala, & Mainen,
2008; Shields, Smith, Guttmannova, & Washburn, 2005). In information-seeking paradigms,
another commonly used method, animals are faced with a choice between tubes or containers that
may contain a reward. In some cases, they see which was baited, whereas in other cases they do
not. In fact, some species will seek out missing information needed to solve this problem by
changing their physical position to view the problem from a new perspective (for example, bending
down to peer into the tubes before making a choice response; Beran, Smith, & Perdue, 2013; Call,
2010; Call & Carpenter, 2001; Marsh & MacDonald, 2012b; Perdue, Evans, & Beran, 2018;
Roberts, McMillan, Musoline, & Cole, 2012; Santos & Rosati, 2015). Similarly, young infants
have been tested in parallel paradigms to assess their metacognitive inferences. For example,
infants will persist longer in searching for a toy hidden in a box when they are confident it was
previously placed there (Goupil & Kouider, 2016). In a parallel version of the information-seeking
paradigm, they will request help from an adult when they are unsure of a toy’s location but make
a direct choice when they are sure (Goupil, Romand-Monnier, & Kouider, 2016). Overall, this set
of results suggests that both animals and babies have some underlying abilities to monitor
uncertainty and act accordingly when they lack information.

This work with infants and animals shows that different components of metacognition do
not necessarily require language or other human-specific traits that are associated with
metacognitive abilities in adult humans. Comparative evidence from animals specifically can
inform our understanding of human metacognition in several ways. First, animals not only lack
language, formal schooling, and the kinds of cultural learning seen in humans—they likely lack
the cognitive foundations for these skills in the first place. As such, studies of animals can provide
a crucial line of evidence for assessing the foundations for metacognition, and generally for



understanding the structure of different metacognitive processes and therefore differentiating
between core processes that are more widely shared and those processes that build on those
foundations (Carruthers & Williams, 2019; Goupil & Kouider, 2019; Hampton, 2019; Heyes et
al., 2020; Proust, 2019). For example, current work suggests that some forms of uncertainty
monitoring—detecting when one has little information—may be widely shared across taxa ranging
from primates to rodents and even insects (Castro & Wasserman, 2013; Foote & Crystal, 2012;
Hampton, 2001; Kornell, Son, & Terrace, 2007; Perry & Barron, 2013; Shields, Smith, &
Washburn, 1997; Smith, 2009; Smith et al., 1995; Smith, Shields, Allendoerfer, & Washburn,
1998; Smith, Shields, Schull, & Washburn, 1997; Terrace & Son, 2009). In contrast, information-
seeking behaviors that allow an individual to acquire information when needed may be seen in
only some species, especially some primates (Basile, Hampton, Suomi, & Murray, 2009; Beran et
al., 2013; Brauer, Call, & Tomasello, 2004; Call, 2010; Call & Carpenter, 2001; Hampton, Zivin,
& Murray 2004; Marsh & MacDonald, 2012b; McMahon, Macpherson, & Roberts, 2010; Paukner,
Anderson, & Fujita, 2006; Roberts et al., 2012; Rosati & Santos, 2016).

Comparative studies can also help distinguish between potential mechanisms supporting
metacognition. For example, one emergent quality of human metacognition is that people can
apply these skills across a wide range of different behavioral contexts. As such, a key question is
not only whether other animals have some capacity for metacognition at all, but also how animals
apply and extend their skills across different contexts (Marsh, 2019). Some work has addressed
this by testing whether animals make patterns of metacognitive errors similar to humans. For
example, much like humans, rhesus monkeys’ uncertainty judgements are affected by a concurring
working memory task, and their post-decision confidence is impacted by the clarity of the stimuli
in a memory task (Ferrigno, Kornell, & Cantlon, 2017; Smith, Coutinho, Church, & Beran, 2013).
Other studies have used more information-seeking tasks to test how animals apply their abilities
to different novel contexts, suggesting that reward value, the effort needed to engage in
information-seeking, the time delay before making a decision, and the riskiness of making a wrong
choice (Beran et al., 2015; Call, 2010; Call & Carpenter, 2001; Hampton et al., 2004; Marsh &
MacDonald, 2012b; Mulcahy, 2016) can all influence the responses of primates in a logical way
paralleling humans. Finally, although much work on animal metacognition has focused on the
presence or location of a reward, chimpanzees also will engage in information-seeking to acquire
information about the properties of tools needed to solve a problem (Bohn, Allritz, Call, & Voelter,
2017; Mulcahy, 2016), and language-trained chimpanzees will seek our information about a
reward’s identity in a task using lexigram responses (Beran et al., 2013), although apes do seem
limited compared to humans in using social feedback to reflect on their knowledge (O'Madagain
et al., 2022). Overall, this suggests that at least some species may be able to exhibit more flexible
metacognition across some different contexts.

A final potential contribution of comparative work is to integrate both evolutionary and
ontogenetic approaches to disentangle how different experiences and biological predispositions
shape mature metacognition. For example, while human infants show some core capacities for
metacognition (Ghetti, Hembacher, & Coughlin, 2013; Goupil & Kouider, 2019), this complex
skillset continues to be refined into adulthood. Studies in children and adolescents show an
increase in metacognitive abilities over time, with interdependence over development on executive
functions, language and mindreading abilities (e.g. Kuhn, 2000; Roebers, 2017; Schneider, 2008;
Veenman, Wilhelm, & Beishuizen, 2004). Furthermore, social interactions with caregivers and
peers (e.g. Brinck & Liljenfors, 2013; Whitebread & O'Sullivan, 2012) as well as formal schooling
experience (Lee & Schmitt, 2014; Michalsky, Mevarech, & Haibi, 2009; Veenman, Van Hout-



Wolters, & Afflerbach, 2006) can shape patterns of metacognitive performance. Thus, several
facets of potentially human-unique social and cultural experiences seem to promote the
development of metacognitive abilities (Dunstone & Caldwell, 2018; Goupil & Kouider, 2019;
Heyes et al., 2020; Shea et al., 2014). Yet humans also exhibit an extended period of brain
development which could further contribute to these development shifts (e.g. Clark & Dumas,
2016; Weil et al., 2013). Studies of other species with different life history characteristics can
therefore help to distinguish these possibilities. For example, other great apes also possess an
extended life history with a long period of juvenile brain development (Bianchi et al., 2013;
Charvet, 2021; Leigh, 2012; Sakai et al., 2011; Teffler et al., 2013). Thus, studies of ape cognitive
development can help parse the contributions of these characteristics to ontogenetic changes in
human metacognition and thus the mechanisms underlying these changes.

In the present set of studies, we aimed to address these questions by developing a novel
information-seeking paradigm to examine the development and breadth of chimpanzee
information-seeking. In particular, we presented apes with choices between two containers whose
contents could be accessed by pulling a string so that the containers came within reach. Crucially,
the inside of the containers could not be viewed from the chimpanzees’ normal sitting position,
but could be seen if chimpanzees stood or climbed up to peer into the containers from above.
Across three studies, we then tested chimpanzees’ willingness to engage in this information-
seeking response when they were ignorant and lacked some information about the rewards placed
in the containers that was needed to most effectively solve the problem, versus when they were
already knowledgeable of the container’s contents.

We tested chimpanzees from two semi-free-ranging populations on different versions of
this task to understand the psychological processes underpinning chimpanzee metacognition. In a
first study, we examined a larger sample of n = 47 chimpanzees ranging from juvenility to
adulthood to assess which individuals would spontaneously adopt an information-seeking strategy,
without prior experience, to locate hidden food. In the second study, we examined how a subset of
n = 12 chimpanzees, who showed high rates of spontaneous information-seeking in the first study,
then applied these skills to identify the location of a reward versus the identity of the reward, in
order to test whether this was a flexible skill they could apply across contexts. If information-
seeking represents a general searching response that is active when the location of food is not
known (Carruthers, 2008; Crystal & Foote, 2011; Hampton, 2009; Marsh & MacDonald, 2012b),
then chimpanzees should be more likely to seek information specifically in the location condition.
In contrast, if chimpanzees can flexibly information-seek when they are ignorant more generally,
then chimpanzee should be equally skilled in both contexts. In the final study, we examined
whether a subset of n = 6 chimpanzees could apply these information-seeking skills to make more
efficacious decisions when faced with uncertainty about reward payoffs. Here, chimpanzees could
reduce the risks associated with their decisions by viewing the actualized payoffs of different
probabilistic options. While chimpanzees have well-demonstrated understanding of probability
and responses decisions under uncertainty (De Petrillo & Rosati, 2021), it is unclear if they can
integrate metacognitive skills with risky decision-making to strategically look for information to
reduce their uncertainty and maximize their rewards. Across these three studies, we therefore
assessed the emergence and flexibility of chimpanzees’ information-seeking responses.

2. Study 1: Spontaneous information-seeking
This study examined a larger sample of chimpanzees on an information-seeking paradigm
in which individuals could stand up to look inside containers and see their contents when they



initially lacked information about the location of a hidden reward. We had two main goals. First,
we aimed to identify which individuals spontaneously produced these information-seeking
responses, in order to characterize patterns of individual variation and developmental change in
information-seeking. Second, we used their responses to identify individuals who showed
consistent information-seeking responses, who were then tested in one of the subsequent studies
examining how these skills are used in different contexts.

2.1 Ethics statement

This research occurred at two accredited members of the Pan African Sanctuary Alliance:
Ngamba Island Chimpanzee Sanctuary in Uganda, and Tchimpounga Chimpanzee Sanctuary in
Republic of Congo. All behavioral studies at Ngamba Island Chimpanzee Sanctuary were
approved by Ngamba Island Chimpanzee Sanctuary / Chimpanzee Trust, the Uganda Wildlife
Authority, and the Uganda National Council for Science and Technology. Behavioral studies at
Tchimpounga Chimpanzee Sanctuary were approved by the Jane Goodall Institute and the
Ministry of Scientific Research and Technological Innovation in Republic of Congo. All research
had Institutional Animal Care and Use Committee ethics approval from Harvard University and
University of Michigan.

2.2 Participants

We tested a total of 47 semi-free-ranging chimpanzees (23 females and 24 males; mean
age 17.7 years, range: 10-33 years) from two African sanctuary sites. Both sanctuaries are
accredited member of the Pan-African Sanctuary Alliance, and animal care complied with PASA
standards. Apes in African sanctuaries are typically wild-born and arrive at the sanctuary between
1-3 years of age. Age estimates were based on estimated age on arrival, in some cases adjusted
based on data from weight and dental emergence, following prior work (Rosati, 2019; Rosati,
Emery Thompson, Atencia, & Buckholtz, 2023; Wobber, Wrangham, & Hare, 2010).

Chimpanzees at both sites spend most of their time in large forest enclosures in species-
appropriate social groups. Prior work shows typical cognition, behavior, and physiology in these
populations (Cole et al., 2020; Dunay et al., 2022; Rosati et al., 2013; Rosati, Sabbi, et al., 2023;
Wobber & Hare, 2011). Chimpanzees had ad libitum access to water, were never food deprived
for testing, and were tested in familiar night dormitories. All tasks were voluntary; if the subject
stopped participating for more than three trials, the session was halted. All chimpanzees were naive
to the basic information-seeking paradigm.

2.3 General setup

The experimenter and the ape sat across from each other at a table (approximately 68 cm
wide, 52 cm deep, 37 cm tall) with a sliding top, separated by wire mesh or bars. In the basic setup,
there were two upright bowls places on the table on the far side from the chimpanzees, with short
strings attached that chimpanzees could access if the table was pushed forward (see Figure 1 and
Video S1). Across trials, the experimenter placed food into these bowls either visibly (such that
the ape knew what was inside each) or behind an occluder (so the ape did not know where various
rewards had been hidden). Crucially, chimpanzees could not see into these bowls from their typical
sitting position in the task, but could see into the bowls if they stood up or climbed up. After a
period in which the chimpanzee could move to peak into the containers, the experimenter would
push the table forward so the chimpanzee could choose a container by pulling one of the strings.



2.4 Session overview

All chimpanzees completed a single primary session where they first completed a series of
introductory trials to familiarize them with the basic setup, and then completed four long look test
trials in which they could locate hidden food if they stood or climbed up. These trials were
designed to assess the degree to which individuals independently discovered this behavioral
response without any prior demonstration of this looking responses. Animals who showed at least
one looking response in those trials went on to additionally complete 10 short look test trials
(which were similar to the long trials but involved a shorter time cutoff for looking). Some
individuals did not initially meet criterion in the first session, so they completed an additional
repeat session with a similar structure and had to meet this criterion to progress to a later study, as
detailed below (see Figure 2 for a diagram of how animals progressed through the different trial
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Figure 1: Basic setup for studies. A chimpanzee stands up and looks inside
containers in the task. Chimpanzees could not see into the containers from their
typical position (seated in front of the table), but they could see if they stood or
climbed up. When the tabletop was pushed forward, the ends of the strings were
within reach so they could choose a container by pulling its attached string.

2.5 Trial types and procedures

In the introductory phase, chimpanzees first completed six warmup trials in which they
could choose between an empty container and one with a piece of food, to make sure they were
comfortable with the string-pulling responses. On each trial, the experimenter first picked up the
two bowls to show that they were empty, and then placed them on the left and right sides of the
table. She then held up a piece of food and visibly placed it in one container on one side of the
table, and then immediately pushed the table forward to allow the chimpanzee to choose by pulling
a string. Chimpanzees experienced trials with three food types (two total per type, side
counterbalanced): a highly preferred food (a grape at one site, and a banana slice at the other); and
intermediately preferred food (a peanut at both sites); or non-preferred food (a cucumber slice at
both sites; note that cucumbers are a non-preferred food type, but are a normal component of the
chimpanzee diets that they routinely eat in other contexts). Next chimpanzees completed six food



preference trials. These had an identical procedure to the warmups, except that both bowls were
baited with different foods (left side always first, as mentioned above). Apes made pairwise
choices between the preferred, intermediate, and non-preferred food (two trials per possible
pairing). This was because these three different food types were used in the subsequent studies that
contrasted food values (for example, in Study 3 we directly contrasted low-, intermediate-, and
highly-preferred foods in the risky choice task). Finally, apes completed four show food versus no-
food trials where they chose between a visibly baited versus empty container. Here, the
experimenter always placed five peanuts into one of the bowls, and then subsequently held both
containers close to the wire mesh, so that the chimpanzee could look inside and compare the
contents of both bowls without standing up. The experimenter then pulled back the bowls to their
normal position so that the chimpanzees could only access the string, and immediately pushed the
table forward, enabling the subject to choose by pulling one of the strings. This phase aimed to
show that chimpanzees could identify baited locations after seeing the contents of the bowls.
Across trials, the side assignment for the baited locations was counterbalanced and quasi-
randomized, with no more than three trials in a row with the same baited location, and the left
container was always baited first when both containers were baited.

Introductory Phase (16 trials)

1. 6 warmup trials (familiarize pulling containers using strings)
Study 1: Spontaneous 2. 6 food preference trials (select between different food types)
information-seeking 3. 4 show food vs no food trials (familiarize viewing containers)

n =47, one session

Individuals who met criteria were eligible
to participate in a subsequent study

Test Phase (4-14+ trials)
4a. 4 long look trials (discover looking response within 3 min)
4b. Could repeat some long look trials (if they ever looked)
5. 10 short look trials (if they ever looked; here 10s to respond)

*could repeat session to meet criteria for subsequent studies

Introductory Phase (6 trials)
) 1. 2 show food versus no food trials (identical to Study 1)
Study 2: Location 2. 4 short look trials (identical to Study 1)
versus identity
n =12, one session Test Phase (24 trials)
3. 24 test trials (visible vs. hidden baiting; information-seeking
for location versus identity information)

Introductory Session (28 trials)
6 food preference trials (identical to Study 1)
6 short look trials (identical to Study 1)
8 risk exposure trials (introduce risk choice procedures)
4 visible risk control trials (task comprehension check)
4 comprehension control trials (task comprehension check)

nuhwN e

Study 3: Information-

seeking under risk
n = 6, two sessions Test Session - Introductory Phase (14 trials)
. 2show food versus no food trials (identical to Study 1)
2. 4 short look trials (identical to Study 1)
3. 8risk visibility exposure trials (visible vs. hidden risk baiting)

Test Session - Test Phase (16 trials)
4. 16 risky choice trials (choices between visible vs. hidden risk
baiting, and safe alternative)

Figure 2: Overview of studies and trial types. All individuals first completed
Study 1; individuals who met criteria in this study were eligible to proceed to
subsequent studies (they completed either Study 2 or Study 3). Sessions typically
comprised an initial introductory phase that introduced key aspects of the task or
confirmed basic comprehension of the setup (such as pulling the container using
strings, or preferences for different kinds of foods), and then presented the key trials
for the study in a subsequent test phase.



The next phase comprised four long look trials, the key trials of focus for this study (see
Video S1). The goal of this phase was to assess if chimpanzees spontaneously discovered the
information-seeking response when now faced with a new situation where they did not see which
container was baited. If they did not discover this on their own, the experimenter prompted this
insight by holding up the bowls to encourage them to change their body position in response. In
these trials, the experimenter again baited one of the bowls with 5 peanuts, but here did so behind
an occluder (61 wide, 42 cm tall) so that the chimpanzee did not know which container had been
baited. In trials, she first showed the chimpanzee that the bowls were empty, and then moved the
two bowls to the center of the table before putting up the occluder and baiting to further obscure
which held the food. After the experimenter then removed the occluder, she moved the bowls to
the sides of the table, and then waited to assess if the chimpanzees would spontaneously stand up
to look into the containers of their own accord. For the first minute (timed with a stopwatch), the
experimenter remained seated at the table while looking downwards. If the chimpanzee did not
look in this period, the experimenter left the testing arena and monitored it from about 2m away
for another 2 minutes, in case the absence of the experimenter prompted the chimpanzees to try
different kinds of responses to obtain the food. Chimpanzees who stood or climbed up within this
initial three-minute period were scored as having spontaneously looked into the bowls. If the
chimpanzee still did not look in this period, the experimenter returned and lifted the bowls above
the chimpanzees’ head, thereby encouraging them to climb the wire mesh to see inside the bowls
(while these chimpanzees thus did see into the bowls, they were not scored as producing a look on
these trials). Once the chimpanzee stood up (either spontaneously or by experimenter prompting),
the experimenter pushed the table forward with the bowls to enable a choice. In our analyses, we
only counted looks independently generated by the chimpanzees in these four trials, not those
prompted by the experimenter holding up the bowls.

A second goal of this study was to identify individuals who consistently showed
information-seeking to participate in the subsequent studies, where we probed aspects of their
understanding further. Thus, individuals who looked at least once across the four initial /ong look
trials were tested in these further phases, whereas those who never produced a looking response
were not tested further. First, chimpanzees who looked at least one time in their first four long look
trials could receive repeated (identical) long look trials, to give them more opportunities to engage
in this behavior with the longer 3min time cut-off. Then, individuals who looked at least once on
the long look trials further completed 10 short look trials (see Video S1). These were quite similar
to the long look trials, except that here the experimenter waited only 10 seconds after baiting, and
then pushed the table forward regardless of whether the chimpanzee looked or not. Here, we set a
criterion that chimpanzees should produce a looking response on at least five of these short look
trials to be eligible for a subsequent study, that is, showing a rate of looking at least half the time
when doing so was necessary to solve the problem. This phase also allowed us to test whether
chimpanzees made more correct choices after looking compared to when they did not look (since
all chimpanzees saw inside the bowl in the initial long look trials because the experimenters held
up the bowls if the chimpanzee did not generate the response themself, we could not analyze this
in the long look trials). Chimpanzees who never initially looked in the long look trials, or did not
meet the criteria of looking on at least half of the trials on the short look trials, could be later
retested in this session to meet criteria and proceed to subsequent studies; two individuals
successfully passed on a second session and later participated in Study 3. However, note that we
analyzed their performance from their first session for Study 1 for results reported here. Individuals
who participated in later studies needed to both meet criteria from Study 1 and still be available



for testing (some individuals did met criteria, but could not be tested in later studies for reasons
unrelated to the present research).

2.6 Coding

All sessions were video recorded and coded from video; a primary coder scored all trials,
and a second coder who was blind to study goals and hypotheses coded 20% of sessions for
reliability. Our primary dependent measure concerned whether the chimpanzee produced a looking
response by standing or climbing up, and our second dependent measure was their subsequent
choice. We coded looking responses when a chimpanzee stood up or climbed up and looked down
into the bowls before they made a choice by pulling a string on one of the containers. In the long
look trials, we only counted looks that happened spontaneously before the 3min mark (e.g., before
the experimenter intervened by lifting the containers to prompt the chimpanzee to stand up, if they
had not already done so in the time limits of these trials). In the short look trials, we coded instances
where they did so after the table was pushed forward so that the strings were within their reach,
but before they had actually made a choice by pulling a string. We also measured the latency to
look, using the moment the baiting ended (when the last reward was placed) as the trial start
reference, and calculated latency to the moment the chimpanzee stood up. In some cases, the
chimpanzees stood up and looked while the baiting procedure was still in progress, in which case
we treated this as a latency of 0s. If a chimpanzee looked after making their choice, we did not
count this as a look on that trial. For coding, we used the program MPEG Streamclip, advancing
through each video frame-by-frame and subsequently converted the frames back into seconds.
Interrater agreement was excellent for all three dependent variables (looks: Cohen's k = 0.99;
latency to look: rp = 0.99; choice: Cohen's k = 0.97).

2.7 Statistical analyses

Our primary analyses used mixed models to examine chimpanzees’ trial-by-trial responses
in the long look and short look trials, respectively. For looking responses and choices (both binary
measures), we implemented general linear mixed models (GLMMs) with a binomial error structure
in R (R Development Core Team, 2022) using the glmer function of the Ime4 package (Bates,
2010). All models included a random intercept for subject identity to account for repeated trials,
and trial number for that phase of the study (e.g., the models examining looks in the first four long
look trials included trial numbers 1 through 4). Then, we successively added the factors of age (in
years), sex, and their interaction to test their importance. Models used age in years as a continuous
predictor, but some figures and additional checks used age cohorts in which we contrasted
juveniles (less than 15 years; n = 14) with adults (15 years and up; n = 33) using a common age
cut-off for adulthood in the wild (Emery Thompson & Sabbi, 2024). We then compared model fit
using likelihood ratio tests (Bolker et al., 2009), and used the emmeans package for post-hoc
comparisons of predictors (Lenth, 2018). Latencies were analysed with linear mixed models using
the Imer function in a similar fashion. As some trials had Os latencies as noted above (e.g., trials
in which chimpanzee started looking into the bowls before the experimenter completed the entire
baiting procedure), we also checked for the robustness of the latency results by also running these
models after removing these trials. Finally, to assess if performance on pretest trials, as well as
choice responses in the main trials following looks or no looks, we one-sample t-tests to examine
chimpanzees’ choice patterns with respect to chance.



2.8 Data availability
Data from these studies is archived in Dryad Digital Repository.

2.9 Results and discussion

We first confirmed that chimpanzees showed appropriate responses to the pretest phases
of the session. In the initial warmup trials, where chimpanzees simply had to pick the container
they had previously seen baited (with varying food types across trials), they chose correctly on
mean = 95.4 £ SE = 1.3% of trials where they made a choice [ta6 = 35.72, p <0.0001]. Chimpanzees
refused to make a choice on a small subset of trials, all of which involved the non-preferred food
(i.e., on 21 trials where the only option available was a cucumber slice, they refused to pull any
container). They also showed expected performance on the food preference trials: they chose the
preferred food over the non-preferred on 95.7 £ 3.0% of trials [tasc = 15.37, p <0.0001]; the
intermediate food over the non-preferred food on 93.6 + 2.5% of trials [tas = 17.73, p < 0.0001]
and the preferred food over the intermediate food on 66.0 = 5.7% of trials [tas = 2.79, p < 0.01],
indicating that these were overall appropriate food options to contrast in the subsequent studies.
Finally, they choose the baited bowl on 94.7 + 2.0% of trials in the show food vs. no food trials,
which were similar to the initial food vs. no food trials but where the experimenter showed them
the inside of the bowls before choosing [tas = 22.31 p < 0.0001]. Overall, this indicates that
chimpanzees could appropriately track and choose baited bowls in this setup, and also showed the
expected food preferences over the different items used in subsequent studies.

We next examined responses in the first four long look trials, our primary measure of
interest in this study. In their first trial, before any subsequent exposure, 72.3% of the chimpanzees
spontaneously produced a look within three minutes (see Figure 3a for breakdown by age and sex),
and chimpanzees looked spontaneously across mean = 64.2% + SE = 6.1% of all trials. This
indicates that chimpanzees were able to spontaneously infer that they can solve this novel problem
by engaging in information-seeking by moving to change their view of the setup. Yet there was
also variation across individuals in their propensity to respond like this: whereas juveniles looked
on in 98.2% £ 1.8% of their trials, adults did so on only 49.7% % 7.3% of trials. To analyze this
individual variation, we constructed a base GLMM accounting for ¢trial number and subject, which
revealed no overall change in looking across trials. We then added age, which improved model fit
[x* = 13.70, df = 1, p < 0.0005]: younger individuals looked more often than older individuals.
Inclusion of sex further improved fit [y* = 7.46, df = 1, p < 0.01]: females looked more than males.
Finally, the inclusion of age X sex interaction also improved fit [¥*> = 7.12, df = 1, p < 0.01; see
Figure 3b and Supplemental table S1 for model parameters]. Post-hoc tests showed that there was
steeper age-related decline in males than in females [p < 0.05], indicating variation in spontaneous
information-seeking both with age and by sex.

We also examined latency to look on long look trials (for those trials where chimpanzee
did produce a look on their own, without being prompted by the experimenter first raising up the
bowls). Overall, chimpanzees took an average of mean = 47.4 £ SE = 6.4s to look on these trials,
with individual averages ranging from 3s to 149s. We analyzed these data using LMMs taking the
same approach as for producing a looking response. The base model with #rial number indicted no
significant change in latencies over trials, and neither the inclusion of age [}*=1.71,df=1,p >
0.19, n.s.], sex [¥*> = 1.85, df = 2, p > 0.39, n.s.], nor their interaction [y*>=2.47,df =3, p>0.48,
n.s.; see Supplemental Table S2 for model parameters] improved fit compared to this base model.
This indicates that when chimpanzees did produce a look, the speed of their response were fairly
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similar across different ages and sexes. Additional checks removing four trials with Os latencies
showed the same results (e.g., trials where the chimpanzee looked before the experimenter
completed the entire baiting process; see Supplemental Materials). Finally, we confirmed that
chimpanzees chose the baited option in 89.4 + 2.2 % of these trials, above chance [ta6 = 17.51, p <
0.0001]. As noted earlier, chimpanzees had seen into the bowls on all of these trials before
choosing (either because they had looked on their own, or because the experimenter held up the

bowls to prompt a look), so this was the expected response.
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We then examined responses in the 32 individuals who completed the short look phase
(using only first session data for subjects who repeated the session). In contrast to the initial long
look trials, these trials only provided a short ~10s period when animals could look before the table
was pushed forward for their choice, and therefore allowed us to confirm that chimpanzees made
more accurate responses when they produced looking responses versus when they did not. Here,
chimpanzees looked on an average of mean = 54.5 + SE = 6.0% of trials. As only individuals who
had already looked spontaneously in the long look phase proceeded to this part of the test, we did
not expect major individual differences in production of looking responses in this phase (i.e., this
data only existed for individuals who already demonstrated that they would produce some looks
spontaneously), and accordingly there was no improvements relative to the base model including
trial number by adding age [¥* = 1.69, df =1, p=0.19, n.s.], sex [¥* = 1.99, df =2, p = 0.37, n.s.]
or their interaction [y*> =2.42, df = 3, p = 0.49, n.s.]. That is, individuals that already showed a high
propensity to look in the earlier phases of the session did not show major individual variation in
their responses in these subsequent trials. As in the analyses of long look trials, there were also not
major differences in latencies by sex or age when individuals did look (see Supplemental
Materials). Finally, these trials crucially allowed us to compare likelihood of correct responses
when the chimpanzees did versus did not produce a look, to confirm that information-seeking in
this context did improve subsequent decision-making. Here, we found that chimpanzees chose the
baited container above chance on trials where they looked first before choosing [82.1 + 4.7%, t27
= 6.82, p < 0.0001], but chose at chance levels when they did not first look and thus remained
ignorant about the reward’s location [45.3% + 4.8%; t2e= -0.97; p = 0.34, n.s.]. This pattern was
true for both juveniles and adults tested in these trials (see Figure 3¢). This indicates that looking
responses did provide necessary information to correctly solve the task.

As a final check to confirm that our setup in the long look and short look phases induced
more information-seeking responses compared to baseline rates of these behaviors, we finally
examined looking responses across all phases of the session—that is, also examining any such
looking behaviors that chimpanzees exhibited in the initial warmup, preference, or food versus no-
food trials in the session, all trial phases where such looking behavior was unnecessary given that
the animals directly saw the containers baited. Because trial length varied across these different
trial types (e.g., the long look trials could last up to three minutes, unlike the other trials), here we
examined only looking responses that occurred within 10s after the demonstration was complete,
in order to equate the time animals could have produced this looking response across the different
trials. We found that in fact looking responses in the three initial pretest phases was generally quite
low, averaging from 0.5% of trials in the food versus no food trials, to 5.3% in the warmup trials
(see Figure 3d for breakdown by cohort). In contrast, chimpanzees looked within 10s on an average
of 23.4% of long look trials, and on 45.2% of trials in the short look trials (for those who proceeded
to this phase). To analyze this, we constructed a base GLMM of looks accounting for subject, trial
number (within trial type), age, and sex, and then added trial type in a second model. Here, we
lumped all pretest trials as one category (warmup, preference, and show food vs. no food) given
the few trials and overall low rates of looking in this initial phase of the session. In fact, this
improved model fit [}*> =235.32,df =1, p <0.0001; See Table S3 for parameters from this model].
Posthoc tests showed that chimpanzees looked more in both the long look trials and short look
trials compared to the pretest trials [p < 0.0001]. Overall, this indicates that chimpanzees rarely
engaged in this kind of looking response when it was not necessary to solve the task, but rather
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started producing it at much higher rates in the phases of the session, where doing so could provide
useful information for solving the problem.

Overall, Study 1 first validated the general method by showing that chimpanzees could
participate in this novel task (e.g., by easily pulling the containers) and needed to engage in
information-seeking by standing up to look into the containers in order to successfully locate
rewards. Second, we showed that many chimpanzees can spontaneously engage in such looking
behaviors with minimal prior experience: the majority of individuals showed a looking response
on their first long look trial (the first trial where such looks provided useful information), whereas
few individuals engaged in this sort of behavior at baseline, as assessed in the initial pretest trial
phases. Finally, we found individual variation in the propensity to engage in information-seeking:
while both males and females showed fairly high levels of spontaneous information-seeking in
juvenility, adults are less likely to do so, with a steeper decline in males. Importantly, the results
from the short look trials also show that individuals who did produce a look tended to then exhibit
more accurate responding when selection a container, whereas individuals who did not look chose
the baited container at chance, indicating that such information was necessarily to make correct
choices in this context. Our subsequent studies then built on these initial results to test how
chimpanzees flexibly deploy these information-seeking responses across different contexts.

3. Study 2: Location versus identity information

Previous comparative information-seeking tasks have often assessed if animals can use
information-seeking to locate a hidden food reward—that is, to solve spatial problems. For
example, in the original study by Call and Carpenter (2001), great apes were confronted with two
tubes—only one was baited with a reward—and could bend down to peer into the tubes to see
which had the treat. Several additional studies have built on this result to examine patterns of
information-seeking for food locations across different species (Basile et al., 2009; Bréuer et al.,
2004; Hampton et al., 2004; Marsh & MacDonald, 2012b; McMahon et al., 2010; Paukner et al.,
2006; Roberts et al., 2012; Rosati & Santos, 2016). However, some critiques have suggested that
this information-seeking behavior is not truly metacognitive, but may rather represent a more
general ‘searching response’ that is activated when the location of food is not known (Carruthers,
2008; Crystal & Foote, 2011; Hampton, 2009; Marsh & MacDonald, 2012b). That is, if animals
do not know where to find food they start looking around, but do not specifically infer that they
need to seek new information in order to resolve their uncertainty. In this interpretation,
information-seeking would be prompted by situations that involve generally not knowing where
any food rewards are located. Specifically, when animals know the location of food they might
quickly produce a choice response, whereas if they do not know a location then they might
experience response conflict and, eventually, develop an alternative looking strategy through trial-
and-error (Marsh & MacDonald, 2012a).

One set of studies partially addressed this interpreation by integrating information-seeking
paradigms involving locating hidden food, with other contextal cues that might allow animals to
infer the location even though they did not directly see the food hidden. For example, in the original
study by Call and Carpenter (2001) involving two tubes, apes would sometimes look into only the
empty tube and then make a choice without checking the other tube, suggesting they had used
inference by exlcusion to guess the location of the food in the other tube although they had not
directly seen it. Similarly, orangutans look more under a clear table top when there are multiple
opaque cups that could be the hiding location of food, compared to situations where only one of
the possible cups is opaue and the rest are transparent and thus it can be inferred by exclusion
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where the food was placed without peering underneath (Marsh & MacDonald, 2012a). This
suggests that apes may not be using such a simple generalized search strategy, or at least that they
do not need to directly perceive food to inhibit such a strategy but can rather use inferences about
location to drive their choices. In contrast, lion-tailed macaques may indeed use such a generalized
search strategy, as they show information-seeking responses if there is no food in sight even if the
location of the food could be clearly inferred by exclusion (Marsh, 2014).

Another way to assess this is to examine if animals can engage in information-seeking
outside of the context of locating a specific reward—that is, in a context where the location is
already known, but other information needed to effectively solve the problem is lacking. To date,
few studies have examined information-seeking for non-spatial information, likely because
implementing such setups is more challenging. Two studies of note adapted the basic premise of
the study by Call and Carpenter (2001) to examine whether chimpanzees and orangutans would
seek information about the functional properties of tools (Bohn et al., 2017; Mulcahy, 2016). Here,
the tools had been placed into a similar apparatus such that aspects of their characteristics were
out of view. However, this is a setup that would only be relevant to species (like chimpanzees) that
use tools. Another notable study examined whether chimpanzees would seek information about
what type of reward was placed in a container when they needed to report the identity of the food
on a lexigram touch pad to receive it (Beran et al., 2013). These results suggest that some animals
can extend their metacognitive abilities to seek needed information about the specific
characteristics of food or tools, not only their presence or absence in particular spatial locations
(see also Perdue et al., 2018 for a follow-up study). However, both of these studies involved three
chimpanzees who had prior extensive training with an artificial symbolic language which taught
them to communicate with humans using a lexigram keypad, and the setup of the initial study also
hinged on this unusual reading experience as their responses about reward identity were made
using the lexigram buttons. Importantly, there is some evidence that such language training
experiences, and human enculturation more generally, may re-structure a variety of cognitive skills
in apes (Bandini et al., 2021; Beran, Perdue, Bramlett, & Menzel, 2012; Buttelmann, Carpenter,
Call, & Tomasello, 2007; Carpenter & Tomasello, 1995). As such, it is unclear if this skill would
generalize to chimpanzees more broadly. Finally, no studies have directly compared animals’
information-seeking responses when reasoning about the location of a reward versus the identity
of a reward in a matched context, which is important because the ‘general search strategy’
interpretation predicts that information-seeking will be most common in response to missing
location information, but not necessarily when other kinds of information are lacking.

Here, we tested this by adapting the information-seeking task validated in Study 1, allowing
for a more general setup that did not require language-training to assess information-seeking for
identity information. Specifically, we either baited one of two bowls with a preferred food type (in
the location condition), or baited both bowls with different items, one which was preferred and
one which was non-preferred (in the identity condition). We further contrasted whether the
chimpanzees observed the baiting or not (hidden versus visible baiting). The premise of this setup
was that while information-seeking was necessary to successfully choose the single baited
container in the location condition, both containers were always baited in the identity condition
and thus any choice would always result in a food treat. Information-seeking in this context was
therefore only necessary to ensure the choice was for the better type of food. We had two main
predictions. First, we predicted that chimpanzees would generally engage in more information-
seeking when the baiting was hidden compared to when baiting was visible—a basic confirmation
that they understood the premise of the setup and modulated their searching responses such that
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they produced them more when actually necessary to solve the task. We then contrasted two views
concerning responses in the hidden location trials versus the hidden identity trials. If chimpanzees
rely on general search heuristics to prompt information-seeking—such that they produce a looking
response whenever they do not know the location of food—we predicted that they should engage
in more information-seeking in the location condition. Conversely, if chimpanzees can flexibly
deploy their metacognitive skills across different kinds of information contexts, then they should
be similarly proficient at information-seeking in both conditions, as information-seeking in the
identity condition allowed them to obtain the more preferred food.

3.1 Participants

We tested 12 chimpanzees from Tchimpounga Chimpanzee Sanctuary (7 females, 5 males;
mean age 16 years, range: 10-23 years) in this study. These individuals had all participated in
Study 1 between 1 and 14 days earlier, and had passed our criterion of producing a looking
response in at least 5 of the 10 short look trials in that study to proceed to this second study.

3.2 Session overview

Chimpanzees completed a single session using the same basic setup as in Study 1 (see
Figure 2 for a diagram of the study sequence and trial types). They first completed a series of
introductory trials to again familiarize them with the basic setup, and then completed 24 primary
test trials where we used a 2x2 within-subject design to vary whether (1) whether one reward was
baited in only a single location, versus two rewards of differing identity were baited in each of the
containers; and (2) whether the baiting process was visible or hidden to the chimpanzees, such that
they either knew or did not know what rewards were placed where in advance.

3.3 Trial types and procedures

In the introductory phase, we first presented subjects with two show food versus no food
trials to remind them of the basic setup. These were identical to those in Study 1: the experimenter
placed five peanuts into one of the bowls, and then subsequently held both containers close to the
wire mesh, so that the chimpanzee could look inside and compare the contents of both bowls before
choosing. They then completed 4 short look trials which also followed the same procedure as in
Study 1, where the experimenter baited one location with 5 peanuts behind an occluder, and then
pushed the table forward after 10s.

Chimpanzees then completed 24 test trials contrasting information type (reward location
versus reward identity) and baiting visibility (hidden or visible baiting). Chimpanzees experienced
the four possible trial types in blocks of six trials (e.g., six trials with hidden baiting of location
information in a row), with the order of these trial blocks counterbalanced across individuals. As
in the previous short look trials, the experimenter baited the bowls and then waited 10 seconds
while looking down before pushing the table forward and allowing the participant to make a
choice. As such, when the baiting was hidden chimpanzees had to engage in information-seeking
in order to locate the only piece of food in the location trials. While they were ensured to receive
some reward regardless of which container they chose in the identity trials, they needed to engage
in information-seeking to ensure they would obtain the higher-quality reward but not to determine
whether any food was present (see Video S2).

In the location condition, the experimenter always baited only one of the two bowls with a
preferred reward (banana piece). The general procedure for these trials was similar to the short
look trials in Study 1. In the case of the visible baiting trials, the experimenter first showed the
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chimpanzee that the bowls were empty, and then placed both bowls at the center of the table. The
experimenter showed the chimpanzee a banana in her open hand, visibly placed it in one of the
two bowls, and then moved the bowls to the side locations for the chimpanzee’s response. In the
hidden baiting trials, her actions were identical except the bowls were occluded during the baiting.
Here, the experimenter showed the preferred food in her hand above the occluder, but then the
chimpanzees could not observe which specific bowl it was placed in behind the occluder.

In the identity condition, the chimpanzees experienced that one container was baited with
a preferred reward (banana) and the other with a non-preferred reward (cucumber). As the goal in
this condition was to ensure that the chimpanzees clearly saw that both containers had been baited
and thus contained something, we used a slightly different procedure than in the location trials.
Specifically, the experimenter always initially showed the chimpanzee both the two available food
items (e.g., one slice of cucumber and one slice of a banana) a in separate ‘outcome’ bowl, tipping
it towards them so they could initially look inside and see these food items. She then moved the
bowl’s orientation away from them so the chimpanzee could not see into it, visibly reached into
the bowl and removed one item to bait the left bowl, and then did the same for the right. In the
visible baiting trials, the experimenter used her open hand to bait the bowls, such that the food was
visible in her fingers after she pulled it out the option bowl. In the hidden baiting trials, in contrast,
her actions were the same except she used a closed hand to complete this action such that the
specific food was not visible. As such, the chimpanzees saw the experimenter place something in
both bowls in both situations, but could only directly see what it was in the visible baiting trials

3.4 Coding and analysis

All sessions were video recorded, and looking behavior, latencies, and choice responses
were coded from video in the same way as Study 1. A primary coder scored all trials, and a second
coder who was blind to study goals and hypotheses coded 25% of sessions with excellent interrater
agreement (looks: Cohen's k = 0.91; look latency: rp = 0.97, choices: Cohen's k = 0.98). Our
analysis approach was similar to that in Study 1. We again examined trial-by-trial binary looking
and choice responses in the primary fest trials by fitting GLMMSs with a binomial error structure
in R (R Core Team, 2013) using the glmer function of the Ime4 package (Bates, 2010). In the base
model we accounted for subject identity as a random effect, age (in years), sex, and trial number.
To test our main hypotheses about chimpanzees’ information-seeking performance across
contexts, we then added baiting visibility (hidden versus visible), information type (identity versus
location), and their interaction to test their importance as predictors of propensity to look. We then
compared model fit again using likelihood ratio tests. As in Study 1, latencies to looks were
analysed with linear mixed models using the /mer function, and we again examined results by
running another set of models removing trials with Os latencies (i.e., where the chimpanzee
initiated their look before the experimenter had fully completed the baiting process).

3.5 Results and discussion

We first checked that chimpanzees’ responses during the introductory trials were
appropriate. All individuals chose the correct option on all show food vs. no food trials, indicating
that they could still correctly select containers they had viewed being baited. Similar to the results
from Study 1, the chimpanzees in the four short look trials produced an information-seeking
response on an average of mean = 62.5% = SE = 9.0% of trials. After looking, participants almost
always made a correct choice on 92.4% + 5.2%, above chance [tio = 8.15, p <0.001]. In contrast,
their choice trended to be below chance level when they did not first produce a looking response
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[31.5% + 8.1%; ts =-2.29; p = 0.051]. This again validates the premise of the task, as it shows that
the chimpanzees need to engage in information-seeking to correctly respond in this setup.

We then examined chimpanzees’ performance in the main test trials, to assess if
chimpanzees engage in more information-seeking when the baiting was hidden, as expected; as
well as to compare patterns of information-seeking for location information compared to identity
information. Overall, apes looked more often when the baiting was hidden and thus they were
ignorant about the reward’s location or identity (mean = 58.3% =+ SE = 8.5%) compared to when
the baiting was visible (19.4% = 6.1%; see Figure 4a). We then analyzed patterns of looking across
these conditions using GLMMs. The base model included age, sex, and trial number, and revealed
that males in this sample looked more than females overall, and there was a decline in looking
over trials. To address our main questions, we then added baiting visibility to a second model,
which improved model fit [y* = 57.31, df = 1, p < 0.0001]: chimpanzees looked more often when
they had not seen the baiting and therefore were ignorant about the location or identity of the food
treat, compared to when they had seen the baiting. However, subsequent inclusion of information
type [¢> = 2.35,df =1, p = 0.13, n.s; .see Supplemental Table S4 for parameters] as well as the
interaction of baiting visibility and information type [x*=3.42, df =2, p=0.18, n.s.] did not further
improve model fit. Thus, chimpanzees looked more when they lacked information and were
similarly proficient at engaging in information-seeking when they lacked information about the
location of a single reward versus the identity of the best reward.
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Figure 4: Information-seeking about reward location versus identity (Study
2). (a) Chimpanzees looked more often after hidden baiting compared to visible
baiting, and did so at similar rates for information about the location of a reward
and information about the identity of available rewards. (b) Across both conditions,
chimpanzees selected the correct option at high rates when baiting was visible
regardless of whether they looked. After hidden baiting, they also chose at high
rates after looking, but chose at chance if they did not look. Error bars indicate SE,
and dashed line indicates chance.
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We also examined the /atency of looking responses on those trials where chimpanzees did
produce a look (both when baiting was visible and hidden). Overall, chimpanzees were quicker to
look on trials with hidden baiting where they needed to produce a look to make an optimal choice
(mean = 2.6s = SE = 0.7s) compared to trials with visible baiting where this was not strictly
necessary (3.5s = 0.9s). To model this, we used LMMs with a base model that again included age,
sex, and frial number, and revealed faster latencies over trials. Inclusion of baiting visibility in a
second model significantly improved model fit [y> = 4.09, df = 1, p = 0.04], indicating that
chimpanzees were quicker to look on trials with hidden versus visible baiting. However, there was
no further improvement by adding information type [x* = 0.98, df = 1, p = 0.32; see Supplemental
Table S5 for parameters], nor the interaction between information type and baiting visibility [y* =
1.48, df = 2, p = 0.48, n.s.]. Overall, these latencies patterns then match the general pattern in
production of looks. We also checked results when removing all Os latencies where the
chimpanzees initiated their looking response while the baiting process was still ongoing. Here,
there were no differences between baiting conditions (see Supplement for details). However, in
this study there were many such looks initiated before the baiting process was complete (39%; 44
out of 112 trials with a look; 37 of these instances occurred in the hidden condition specifically),
so this may be a sample size issue. Interestingly, this also suggests that chimpanzees were generally
looking more rapidly than they were in the first study, perhaps due to their increased experience
with the problem.

Finally, we examined the chimpanzees’ choice patterns across the test trials (see Figure
4b). As expected, chimpanzees chose correctly when baiting was visible regardless of subsequent
looking behavior: they did so on mean = 87.5% = SE = 12.5% of trials where they produced a look
[t7 = 3.00, p = 0.02], and on 90.01% =+ 3.4% of trials where they did not [ti1 = 11.74, p <0.001].
This is not surprising, since on these trials looking was not necessary to solve the problem because
of the visible baiting procedure. Conversely, in the hidden baiting trials looking was necessary to
make a correct choice. Here, chimpanzees chose at chance if they did not engage in information-
seeking [52.4% £ 5.5%; to = 0.43, p = 0.68, n.s.] indicating that they could not otherwise detect
where the higher-value reward was, but chose the preferred reward above chance after a hidden
baiting when they stood up to look [92.1% =+ 2.7%; ti1 = 15.50, p < 0.0001]. Overall, this shows
that chimpanzees generally selected the correct option if they had initially seen the baiting
procedure, but needed to engage in information-seeking to choose correctly in the hidden baiting
condition.

The results from Study 2 provide evidence for two main conclusions. First, the direct
comparison of responses in the hidden versus visible baiting conditions showed that chimpanzees
need to engage in information-seeking to solve this basic problem, aligning with conclusions from
Study 1 based on performance in the short look trials. More importantly, the results show that
chimpanzees are similarly adept at engaging in information-seeking to locate a single hidden piece
of food but also to differentiate the identity of different possible rewards when they have seen both
locations baited with food of unknown type. Unlike the predictions of the generalized searching
hypothesis, chimpanzees here showed similar facility with information seeking for both location
and identity information. Rather, chimpanzees seem to be able to apply their metacognition skills
in a more flexible fashion to solve different kinds of problems. 3 builds on this result by testing
whether chimpanzees can not only engage in information-seeking for different types of
information, but also integrate assessments of reward probability to produce optimal responses.
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4. Study 3: Information-seeking under risk

At its core, information-seeking aims to reduce uncertainty, or lack of knowledge about
possible outcomes. Individuals lack some information they need to solve a problem and therefore
are unsure of the best course of action, and seeking more information can resolve this uncertainty.
Yet most animal metacognitive tasks to date have involved reward contingencies that are
essentially fixed—one location provide a treat whereas another does not. However, converging
evidence suggests that animals may be sensitive to their degrees of knowledge about different
courses of action, and some forms of information-seeking may be engaged when faced with
decisions under uncertainty. For example, studies of ambiguity aversion—or preferences for
known over unknown risks—show that both macaques and apes prefer options where the possible
set of probabilistic outcomes is known, compared to options where probabilities are ambiguous,
even if the expected value is the same (Hayden, Heilbronner, & Platt, 2010; Rosati & Hare, 2011).
Second, macaques prefer options that provide some information about future rewards (such as
about the amount of an upcoming reward), over options that result in the exact same outcome but
do not provide this information upfront, suggesting that animals place intrinsic value on obtaining
information (Blanchard, Hayden, & Bromberg-Martin, 2015; Bromberg-Martin & Hikosaka,
2009, 2011; Kidd & Hayden, 2015). Finally, some work on animals’ understanding of
counterfactual events—events that did not occur but could have if one chose differently—shows
that macaques are willing to give up potential rewards to obtain information about counterfactual
outcomes (Wang & Hayden, 2019). Overall this aligns with an emerging view from evolution and
ecology that information used by animals may represent a core aspect of adaptive decision making
(Bergman & Beehner, 2023; Dall, Giraldeau, Olsson, McNamara, & Stephens, 2005).

An open question, however, is whether animals can actively infer available opportunities
to engage in information-seeking responses to resolve uncertainty, as these prior tasks involved
choosing between options that either did or did not provide additional information. Indeed, a core
aspect of prior work examining animal information-seeking (e.g., Beran et al., 2013; Call &
Carpenter, 2001) is that the information-seeking response is a new form of behavior that animals
can choose to adopt of their own accord—that is, changing their position before making a choice
to see more information—distinct from the presented choice between available options. As noted
by Wang and Hayden (2019), many studies mentioned above where monkeys might gain
information also involve extensive training that could have reinforced this pattern of behavior—a
point that echoes more general critiques of metacognitive uncertainty paradigms involving an ‘opt-
out’ choice option (Carruthers, 2008; Jozefowiez, Staddon, & Cerutti, 2009; Le Pelley, 2012). To
date, one study has explicitly tested how assessments of risk (or probabilistic variation in reward
outcomes) impacts ape information-seeking in this way. In particular, three orangutans were
presented with a task where they could seek out information about which of several possible
containers covered a reward, by looking underneath a see-through table to see which container had
the reward (Marsh & MacDonald, 2012b). In fact, the orangutans were more likely to look
underneath when there were four possible containers that that could contain the food item,
compared to when there were only two, suggesting some sensitivity to risk or the overall likelihood
that a particular container might hold the food treat.

As such, our goal in this study was to present chimpanzees with a risky choice task where
they could independently decide to engage in the information-seeking response. Importantly,
chimpanzees’ patterns of decision-making under risk have been well characterised in a variety of
tasks (De Petrillo & Rosati, 2021). In many of these tasks, chimpanzees face a choice between a
risky option that provides some probability of a good payoff versus a bad payoff, or can choose a
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safe option that provides a certain reward (Haun, Nawroth, & Call, 2011; Haux, Engelmann,
Arslan, Hertwug, & Herrmann, 2022; Heilbronner, Rosati, Hare, & Hauser, 2008; Rosati & Hare,
2012, 2013; Rosati & Hare, 2016; Sanchez-Amaro, Tan, Kaufhold, Fernandez-Navarro, &
Rossano, 2021). That is, they can gamble on the possibility of receiving the good payoff, or play
it safe by choosing a certain but less-preferred alternative. Here, we adapted that basic setup to
examine if chimpanzees integrate their assessments of reward likelihood in a risky decision-
making context with information-seeking behaviors to generate optimal responses.

In particular, we presented chimpanzees with a choice between a risky option (providing a
preferred food 50% of the time but non-preferred food the other 50%) and a safe option (that
always an intermediately preferred food). While in a typical risky choice task decision-makers do
not know which reward outcome will be provided by the risky choice (by definition), here we
additionally manipulated whether chimpanzees had seen the resolution of the risk outcome before
making their choice by varying whether the risky option was baited using a visible versus hidden
procedure similar to that used in Study 2’s identity trials. We then examined whether chimpanzees
were more likely to engage in information-seeking specifically when they faced unresolved risk,
in effect cheating the risk paradigm by looking to see what reward it would provide before making
their choice. We finally examined chimpanzees’ choice patterns to assess if they could use this
information to behave optimally, by choosing either the risky or safe option on a trial-by-trial basis,
depending on which option provided the best reward on that particular trial.

4.1 Participants

We tested six chimpanzees from Ngamba Island Chimpanzee Sanctuary (5 females, 1 male;
mean age 15 years, age range: 12-19 years). These individuals all participated in Study 1 between
1 and 4 days earlier, and had passed our criterion of producing a looking response in at least 5 of
the 10 short look trials in Study 1; note that these chimpanzees were a different sub-sample of
chimpanzees than those who participated in Study 2. Two additional males also met the criteria in
Study 1 and completed the initial introductory session in Study 3, but did not complete the
subsequent test session (this was due to the social dynamics of the group, unrelated to the study).
These individuals’ data were not included in the final sample, including in the analyses of the
introductory session.

4.2 Session overview

This study consisted of two sessions completed on two consecutive days (see Figure 2 for
a diagram of how animals progressed through the different trial types and studies). The initial
introductory session started with trials to re-familiarize the chimpanzees to the basic information-
seeking task (similar to those in Study 1 and 2), and then presented an introduction to the risky
choice procedure as well as several risk comprehension controls to ensure chimpanzees understood
the risk paradigm. The second session was the primary test session that we focused on in most
analyses. This included additional introductory phases, and then was followed by the key trial
types we focus on: (1) risk visibility exposure trials (where only the risky option was available,
but which manipulated hidden versus visible baiting as in the choice trials), and (2) risky choice
trials, in which animals choose between the risky and safe options and we varied whether the
animals had seen the baiting of the risky option or not. As such, chimpanzees could engage in
information-seeking on hidden bating trials to ‘resolve’ the risk and discover the particular reward
provided by the risky option on that trial, in order to make the most efficacious choice.
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4.3 Procedures for introductory session

The initial session started with 6 additional food preference trials (two for each possible
food combination). These were identical to those implemented in Study 1, except that two
chimpanzees were tested with banana slices rather than grapes as the high value food (as they
showed a weak preference for grapes in their original Study 1 session). This was followed by 6
short look trials that were identical to the procedure in Study 1, aimed at confirming these
individuals continued to make information-seeking responses.

In the second half of the session, chimpanzees were then introduced to the basic risk
paradigm, which emulated several prior studies (Rosati & Hare, 2011, 2012, 2013; Rosati & Hare,
2016). Here, apes chose between a safe option that always provided the intermediately preferred
food, and a risky option that provided the highly preferred or the non-preferred food with 50%
probability. In 8 initial risk exposure trials, only one container was available to choose on the table,
in order to introduce the contingences of the risky option. The experimenter first showed the
chimpanzee two potential outcomes in a risk outcome container: the preferred food (banana slice
or grape, depending on the individual) and the non-preferred food (a cucumber slice). Then the
experimenter reached into the risk outcome container, picked up one of the possible items in closed
hand (so that the chimpanzee could not see which item she had picked up), and placed it in the
container that the chimpanzee could choose (again by pulling the attached string, as in the prior
studies). Chimpanzees experienced half of these trials with a good risk outcome (i.e., they received
the preferred reward) and half with a bad risk outcome, with the order pseudo-randomized.

Chimpanzees next completed several control trials to ensure they understood the basic risk
paradigm that would be implemented in the main test session. In 4 visible risk control trials they
could choose between two containers, one which was the risky option (as described above for the
risk exposure trials) and the other the safe option (a peanut). Here, the key factor was that both
options were baited in view of the participant because the experimenter visibly held the food when
placing it in the relevant choice container. The experimenter would show the chimpanzee both
possible risky outcomes in the risk outcome container, but then would pick one up with an open
hand (rather than a closed fist) so the chimpanzee could see which risk outcome was being baited
on that trial. As such, chimpanzees should here choose the risky option if it provided the good risk
outcome, but choose safe if the risk option provided the bad risk outcome on that trial, as a check
that they were tracking the baiting process and comparing available options.

Chimpanzees finally completed 4 comprehension control trials that manipulated which
items were available from the risky and safe options, again to confirm that chimpanzees understood
the logic of the procedure and made optimal responses when they could do so. Here chimpanzees
always saw two identical pieces of the highly preferred food in the risk outcome container, and the
experimenter placed one of them in the risky choice container using a closed fist. This was
contrasted against a known alternative, which was either a single piece of the non-preferred food,
or two pieces of the highly preferred food. If chimpanzees tracked this complicated baiting
procedure, and understood that they would only receive one item from the risk outcome container
despite seeing two items in it originally, they should choose the risky option when the alternative
was nonpreferred, but chose the alternative when it provided two pieces of the preferred food.

4.4 Procedure for test session

The second session started with additional warm-ups: 2 show food versus no food trials (as
in Study 1), 4 short look trials (as in Study 1), and then 8 risk visibility exposure trials. This final
trial type was similar to the risk exposure trials in the introductory session, except that we also
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varied whether the baiting of the choice bowl was visible (where the risky outcome was transferred
in an open hand, as in those original exposure trials) versus hidden (item transferred in a closed
hand). This aimed to introduce this element of the procedure—the fact that the baiting of the risky
option could be hidden or visible—for the primary risky choice trials that came after.

Finally, we presented the participants with 16 key risky choice trials. Here, participants
chose between a risky option (that provided the highly preferred versus non-preferred outcomes
with equal probability) and a safe option that always provided the intermediately preferred food.
Here, we pseudo-randomly varied the visibility (visible or hidden) of the baiting from the risk
outcome container; the safe option was always baited visibly as this is designed as a known
outcome. Our key question was whether chimpanzees would selectively engage in information-
seeking when the risky baiting was hidden (because they needed information to make the optimal
choice), as well as whether they could flexibly shift between choosing the risky versus safe options
depending on which provided the highest value option on that trial.

4.5 Coding and analyses

All sessions were video recorded, and looks, latencies, and choices were coded as in the
prior studies. A second coder blind to study questions and hypotheses coded 20% of all sessions
with high reliability (looks: Cohen's k = 0.98; look latency: rp = 0.97; choices: Cohen's k = 1.0).
As in the prior studies, we analysed the test trial-by-trial binary looking and choice behavior with
GLMMs. To account for repeated measures, base models included a random intercept for subject
identity as well as the effects of age, sex and test trial number (1-16). To investigate whether
participants looked more often when the baiting was hidden versus visible, we then added the
baiting visibility of the risk outcome as a factor. We used LMMs to analyze latencies using a
similar procedure, as in the prior studies. To assess participants’ choices, we again compared
performance to chance, assessing whether animals made optimal choices on that trial as described
in more detail below.

4.6 Results and discussion

We first examined performance in the first introductory and control trials to ensure
chimpanzees understood the various components of the task. In the food preference test, the
chimpanzees chose the highly preferred food over the non-preferred food 100% of the time, chose
the highly preferred food over the intermediate food on 83.3% of trials, and chose the intermediate
food over non-preferred food 100% of the time. This indicates that animals had appropriate food
preferences for the subsequent risk task. In the short look trials, the subjects produced a look on
an average of mean = 86.1% + SE = 5.1% of trials in the introductory session, and on 91.7 + 8.3%
of these trials in the test session. After looking, participants always made a correct choice, but they
performed at chance when they did not look before choosing in both sessions. This aligns with the
patterns from Studies 1 and 2. We then checked performance on the control trials to confirm that
the chimpanzees understood the risky choice procedure. Chimpanzees chose the correct (value-
maximizing) option across 83.3% of the visible risk control trials [t5 = 6.32, p < 0.005], and on
95.8% of the comprehension control trials [t5 = 11.00, p < 0.0005], indicating that chimpanzees
understood the risk task setup, and could make optimal choices in these contexts.

We then examined performance in the primary test session. The key question for this
session was performance on the risky choice trials, where chimpanzees had to choose between the
risky and safe option, and we varied across trials whether the risky baiting was visible. We first
examined propensity to look on these test trials. Chimpanzees looked on mean = 64.6% =+ SE =
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15.6% of trials when baiting was hidden, compared to 54.2% + 13.6% when it was visible (see
Figure 5a). In the base GLMM model accounting for age, sex, and trial number, we found a decline
in overall looking with increasing age. However, including baiting visibility in a second model did
not significantly improve model fit [y> = 1.72, df = 1, p = 0.19, n.s.; see Table S6 for model
parameters], indicating there was no difference in overall propensity to look. Rather, chimpanzees
seemed to show fairly high rates of looking across both the hidden and visible baiting contexts.
However, there was a difference in latency to produce these looks across conditions. In fact,
chimpanzees looked after an average of 4.9 £1.9s when the baiting had been hidden, but after 8.2
+ 1.9s when it was visible (see Figure 5b). LMM analyses of latencies took a similar approach as
for choices. The base model included trial number, age, and sex, and the inclusion of baiting
visibility in a second model improved fit [y> = 8.71, df = 1, p = 0.003; see Table S7 for model
parameters]: individuals looked more quickly when the baiting procedure was hidden compared
to when it was visible. This result also held when excluding the 7 trials in this study with a latency
of Os [y*> = 6.78, df = 1, p = 0.009]. This shows that while chimpanzees had a generally high
propensity to look on these (fairly complicated) risk trials, they did so more quickly on those trials
where they actually needed the information to make an optimal choice, compared to trials with
visible baiting.

As a further check of whether chimpanzees distinguished between the hidden and visible
baiting in the risk task, we then examined their looking responses on the risk visibility exposure
trials that immediately proceeded the choice trials. These involved the same basic procedure as
the risky choice trials, except that only the risky option was available (e.g., there was no safe
alternative). As such, while looking was not necessary to make a ‘correct’ choice, it could allow
the chimpanzee to discern if the container had been baited with the high versus low value food
prior to pulling the container. In fact, chimpanzees produced a looking response on mean = 62.5%
+ SE = 15.5% of hidden baiting trials, but only 37.5% £ 15.5% of visibly baited trials (see Figure
5¢). We analyzed this using the same approach as for the risky choice trials and found that inclusion
of baiting visibility in a second model improved fit [¥*> = 5.37, df = 1, p = 0.02; see Table S8 for
model parameters]: individuals looked more on these trials when the baiting procedure was hidden
compared to when it was visible. Overall, this provides converging evidence that the chimpanzees
did discriminate the hidden and visible baiting contexts concerning the risky option.

We finally examined the chimpanzees’ choice patterns in the risk task. Given our question
about whether chimpanzees could use information-seeking to ‘resolve’ risk, we examined correct
choices in terms of the likelihood that the chimpanzee chose the option providing the best available
outcome on that trial. The correct option was therefore defined as the risky option on those trials
where it provided the good food outcome, but the safe option when the risky alternative provided
the bad food outcome. As expected, chimpanzees chose above chance in trials with visible baiting,
regardless of whether they looked or not [overall correct choice: 89.6%; ts=5.83, p <0.005]. They
also selected the correct option on hidden baiting trials when they looked [95.5% correct; ts =
16.07, p <0.001], but they were at chance on hidden trials when they did not look [36.9 % correct;
t3 =-0.75, p=0.51, n.s.; see Figure 5d]. That is, chimpanzees produced optimal responses when
they either saw the baiting, or produced a look when they did not see the baiting, and thus knew
whether the risky versus safe option provided the best outcome. Conversely, if the baiting was
hidden and they did not look, they chose similarly between the risky and safe options.
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Figure 5: Looking and choice patterns in response to risky outcomes in Study
3. On risky choice trials, chimpanzees showed (a) a similar propensity to look
across bating conditions, but (b) they were faster to look after hidden compared to
visible baiting of risky outcomes. (c) On risk visibility exposure trials, which were
identical to risky choice trials except that only the risky option was available,
chimpanzees produced more looks following hidden baiting. (d) Chimpanzees
selected the correct option on risky choice trials (that is, the option that provided
the optimal reward on that trial, which depended on the risky outcome) at high rates
when baiting was visible regardless of whether they looked, and when they looked
after hidden baiting, but chose at chance if they did not see the baiting and did not
produce a look. Error bars indicate SE, and dashed line indicates chance.

The results from Study 3 provide evidence for two main conclusions. First, patterns of
looking show that chimpanzees look more quickly on trials where the outcome of the risky option
was not known in advance. In the main risky choice trials, they showed high rates of looking
regardless of whether the risky baiting was visible (that is, they also produced unnecessary looks),
but they were faster to produce this response on the hidden trials where it was necessary to make
an optimal response. Performance on the test session’s risk visibility exposure trials (which were
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less complex as there was only one option) also shows that chimpanzees distinguished these
situations, as they produced more looking responses after hidden baiting. This also aligns with the
results from Study 2 showing that animals will engage in information-seeking to ascertain the
identity of a reward. In this case, such looking was not necessary to select an option (as only one
was available), but could reveal the contents of the container before the chimpanzee chose to pull
it. Finally, these results show that chimpanzees can flexibly integrate these various sources of
information to resolve risk and act optimally. Here, chimpanzees had to integrate assessments of
reward probability to decide whether to look, and then produce an optimal response—either
choosing the risky versus the safe alternative on a trial-by-trial basis depending on which outcome
the risky option provided.

5. General Discussion

Across three studies, we examined patterns of flexible information-seeking and
metacognitive inference in chimpanzees. First, in Study 1 we adapted the basic premise of prior
work where animals could bend down to peer into tubes or under cups (Call, 2010; Call &
Carpenter, 2001; Marsh & MacDonald, 2012b; Rosati & Santos, 2016), here with a modified setup
where animals could stand up to look into containers from the top and access those containers by
pulling a string. We used this setup to examine spontaneous information-seeking responses, and
tested a large sample of chimpanzees spanning the late juvenile and adult periods. We found that
a majority of chimpanzees would spontaneously change their position to look into containers on
their first experience with this problem, showing that chimpanzees can discover metacognitive
solutions to problems in the absence of training. However, there were also clear individual
differences: younger chimpanzees and females were more likely to engage in information-seeking.
In subsequent studies we further tested individuals who showed these information-seeking
responses in order to disentangle how they used these skills. In Study 2, we found that chimpanzees
were similarly proficient at engaging in information-seeking both to obtain new information about
the location of a reward and about the identity of rewards, suggesting that these skills can
generalize to some degree across different contexts. Finally, in Study 3, we examined whether a
smaller subset of chimpanzees could use information-seeking to resolve risk in a dynamic trial-
by-trial fashion. We found that while chimpanzees produced looks at similar rates for both hidden
versus visible baiting conditions in this complex context, they were faster to do so when this
information was needed, and they could also use this information to make optimal choices.
Performance on the simpler risk exposure trials further showed that they did distinguish between
hidden and visible baiting of the risky option. Across all three studies, additional checks showed
that chimpanzees needed to engage in information-seeking to effectively solve these problems
when baiting events were hidden, as they choose randomly when they did not information-seek.
Taken together, these results show that several core features of flexible information-seeking in
humans are shared with chimpanzees.

Our findings build on and extend evidence that some aspects of human-like metacognition
are shared with other animals. One previous line of work on animal metacognition has focused on
uncertainty monitoring where animals can choose to ‘opt-out’ of a perceptual or memory
judgement when it is too difficult. This work has found that several species will make opt-out
responses (Castro & Wasserman, 2013; Foote & Crystal, 2012; Hampton, 2001; Kornell et al.,
2007; Shields et al., 1997; Smith et al., 1995; Smith et al., 1998; Smith et al., 1997). However, this
approach has also been critiqued as these tasks often involve extensive training and responses may
reflect reinforcement of the opt-out response rather than inference about one’s own knowledge or
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ignorance (Carruthers, 2008; Jozefowiez et al., 2009; Le Pelley, 2012) (Perry & Barron, 2013).
Other work has used information-seeking paradigms that generally do not involve extensive
training and found that at least some species will change their perspective on a problem to locate
hidden food (Basile et al., 2009; Beran et al., 2013; Brauer et al., 2004; Call, 2010; Call &
Carpenter, 2001; Hampton et al., 2004; Marsh & MacDonald, 2012b; McMahon et al., 2010;
Paukner et al., 2006; Roberts et al., 2012; Rosati & Santos, 2016). However, this work has also
been critiqued as possibly reflecting a more general pattern of exploratory searching behavior
whenever animals do not know the location of food, rather than reflecting metacognitive inferences
per se (as argued by Carruthers, 2008; Marsh, 2014; Marsh & MacDonald, 2012a). Our work
addresses these points by (1) examining information-seeking in the absence of training or prior
experience in Study 1; and (2) assessing how these skills generalize to contexts where the specific
location of rewards is known, but rather their identity (or the likelihood of a given outcome) is not
known in Studies 2 and 3. Regarding point one, we found that a majority of the chimpanzees in
Study 1 (72%) could intuit how to solve a novel problem by changing their position on their first
trial, without any prior experience. Regarding point two, we found that chimpanzees will
consistently engage in information-seeking for the identity of rewards in Study 2, at a rate similar
to information-seeking for location information. They will also engage in information-seeking to
resolve risk about the quality of the provided reward when the location is already known in Study
3—including when this is not necessary to select the correct option but only to know its contents
in advance, as in the risk visibility exposure trials. Together, the results from these three studies
provide converging evidence from past work (Beran et al., 2013; Call & Carpenter, 2001; Marsh
& MacDonald, 2012a; Perdue et al., 2018) that animals are not simply engaging in simple
generalized search heuristics when they do not know where food is located, and further shows that
many individuals can discover such an information-seeking strategy without prior experience.
Along these lines, another key aspect of our work examined how information-seeking
could be applied to decision-making under uncertainty. In the real world, decision-makers often
face situations with incomplete knowledge, such as where the specific outcome of a decision is
probabilistic or ambiguous (Dall et al., 2005; Schmidt, Dall, & Van Gils, 2010). Understanding
how animals respond to such situations is thus important both from a psychological perspective—
what cognitive mechanisms do different species use when faced with uncertainty?—but also an
evolutionary perspective—what functional role do different cognitive skills play in important
behavioral contexts? It is clear that many animals in general can detect uncertainty, and apes in
particular show sensitivity to both probabilistic variation and ambiguity in payoffs in experiments
(De Petrillo & Rosati, 2021; Haun et al., 2011; Haux et al., 2022; Rosati & Hare, 2011; Rosati &
Hare, 2016; Santos & Rosati, 2015). They also engage in a variety of risk-sensitive behaviors in
the wild that involve uncertain outcomes, including decisions about when to hunt moneys or go
on territorial boundary patrols (Gilby & Wrangham, 2007; Mitani & Watts, 2005)—suggesting
that an ability to assess risk is crucial for particular behaviors this species naturally exhibits. While
one way to deal with uncertainty is to avoid it, another way is to seek out new information to
reduce it. That is, if individuals can both make metacognitive distinctions about when they lack
knowledge, and figure out how to act to increase their knowledge, they can act more effectively
when faced with uncertainty. For example some observational evidence suggests chimpanzees use
hills as elevated viewpoints to assess the number of chimpanzees present in neighbor territories
before deciding to engage in a boundary patrol (Lemoine, Samuni, Crockford, & Wittig, 2023).
Study 3 provides experimental evidence that chimpanzees can use information-seeking to resolve
economic uncertainty in this way, building on prior work in orangutans using a different approach
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(Marsh & MacDonald, 2012b). In our study, we implemented a risky choice task where individuals
could choose directly between a risky and safe option and manipulated whether chimpanzees could
see the outcome of the risky option before choosing, such that it no longer presented risk on that
trial, versus did not see this as in typical studies of risky choice. In contrast to those prior studies,
however, here animals could decide to engage in information-seeking before making a choice in
order to resolve the risk.

We found that our risky choice task presented a challenging problem for the chimpanzees,
as they also used an information-seeking strategy when it was not strictly necessary on visible
baiting trials, rather than selectively deploying it when the baiting outcome had been hidden. This
difficulty might have also been related to the fact that the baiting procedure changed trial-by-trial,
thus requiring chimpanzees to attend to this in a dynamic fashion. Aligning with this interpretation,
chimpanzees were faster to look when the baiting was hidden, showing that they did distinguish
between situations where they were knowledgeable versus ignorant of the risky option’s outcome.
Our analysis of risk visibility exposure trials further indicates that animals engaged in more
information-seeking when the outcome of the risky option was unknown. While information-
seeking was not necessary to make a correct choice on these trials (as only the risky option was
available to choose), this again shows that chimpanzees distinguished these situations, and aligns
with the idea that they engaged in more seemingly unnecessary information-seeking in the choice
trials because of their greater procedural complexity. One possibility is that the unnecessary looks
on trials with visible baiting reflected a ‘passport effect’ (Call, 2010; Call & Carpenter, 2001):
checking that you have your passport before travel, even though you know you have already
packed it. The logic of this is that while such double-checking may seem unnecessary or even
illogical, the cost of forgetting your passport is high whereas the cost of checking again is low. As
a consequence, chimpanzees may have defaulted to engage in more information-seeking than was
strictly necessary because doing so was less costly than accidentally making an incorrect choice;
this may have further been easier to implement as a simple rule that held across the dynamically
varying risky choice trials. One way to test this further would be to directly manipulate the costs
of looking, such as by requiring a more energetically costly body movement than standing up, to
see if this reduced such ‘unnecessary’ looking responses. In addition, there is evidence that the
imposition of longer delays may increase engagement of metacognitive processes because
individuals may forget (or be concerned they forgot) what they previously observed (Call &
Carpenter, 2001; Fujita, 2009; Goupil et al., 2016; Hampton, 2001). Thus, another relevant test
would be to manipulate the delays before the chimpanzees can choose, in which case longer delays
should increase looking responses compared to shorter delays.

Another consideration for these findings relates to an emerging set of findings on the
evolution of curiosity—that is, valuing information for its own sake (Gottlieb, Oudeye, Lopes, &
Baranes, 2013; Loewenstein, 1994). Across our three studies, we consistently found that
chimpanzees were more likely to engage in information seeking when it was necessary to solve a
problem (that is, obtaining the information had a functional consequence) compared to when it
was not needed—for example, chimpanzees looked more on the test trials in Study 1 compared to
the initial introductory trials, and generally looked more (or more quickly) on trials with hidden
baiting in Studies 2 and 3 such that the chimpanzees lacked some important information to make
a correct choice. Yet in Study 3, we also found that chimpanzees were sometimes willing to pay
some small energetic cost to look into the containers even when they did not strictly need to do so
to make an efficacious choice, such as in the risk visibility exposure trials (where there was only
one option available to choose). One possibility is that the chimpanzees were intrinsically
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motivated to find out the outcome of the risky gamble, even though it had no direct consequence
for their choice behavior. In fact, there is an emerging literature that animals and young children
may value information for its own sake, at least in some contexts, and further that such curiosity
may underpin metacognitive information-seeking (Forss et al., 2024; Goupil & Proust, 2023; Kidd
& Hayden, 2015). Thus, an important question for future work is whether the chimpanzees’
responses here responses reflect ‘errors’ of action selection, versus actual valuation of information
for its own sake.

Our approach also allowed us to test the responses of a large population of semi-free-
ranging chimpanzees varying in age and sex. Study 1 was purposefully designed to involve no
training, but rather assess spontaneous attempts at information-seeking without prior experience.
We then harnessed the large sample size of chimpanzees available in African sanctuaries to test
the responses of 47 individuals on this task. We found clear age differences in information-seeking:
younger chimpanzees were more likely engage in this response than older chimpanzees. In terms
of developmental change, these age effects were opposite from our predictions as humans tend to
show improvements, not decrements, in metacognition with age (e.g. Kuhn, 2000; Roebers, 2017;
Schneider, 2008; Veenman et al., 2004). One aspect of our study to emphasize is that the youngest
chimpanzees were already juveniles, so we might find developmental improvements in
metacognition if we examined younger infants. Indeed, there are clear aging-related declines in
human metacognition, with some larger comparisons suggesting that metacognitive skills show an
inverted-U shaped profile (Hertzog & Dunloscky, 2004; McWilliams, Bibby, David, & Fleming,
2023; Palmer, David, & Fleming, 2014). Yet it is important to note that many human studies
typically assess how individuals apply a particular metacognitive response to different tasks,
whereas we rather assessed if chimpanzees could in some sense ‘intuit’ a metacognitive solution
to a problem. That is, Study 1 assessed individual variation in propensity to invent a novel
information-seeking response. One possibility is then that this more ‘spontaneous’ measure of
metacognition, in contrast to many typical human studies, more strongly reflects developmental
differences in curiosity. Juvenile primates in general are well known to show high levels of curious
and exploratory behaviors, a pattern that also holds specifically in humans (Kidd & Hayden, 2015;
Liquin & Gopnik, 2022; Pereira & Fairbanks, 1993). Some forms of exploration even peak in
adolescence (Pelz & Kidd, 2020) more like the current patterns with chimpanzees. As such, one
important question concerns whether chimpanzees exhibit similar age-related differences when
they are already proficient in executing an information-seeking response. For example, we found
little individual variation in responses in Studies 2 and 3, where we tested chimpanzees that had
already demonstrated proficiency with information-seeking in Study 1 (but note that these studies
had smaller sample sizes than Study 1). Conversely, studies of ‘spontaneous’ information-seeking
in humans could address if both humans and other primates show similar shifts in their propensity
to intuit metacognitive solutions to novel problems.

We also found clear sex differences in information-seeking: females in Study 1 were more
likely to engage in information-seeking than males, and the decline in information-seeking with
age was generally less pronounced in females. This was also surprising as there is currently little
evidence for sex differences in chimpanzee cognition. For example, when a large sample of
chimpanzees were tested on a large battery of different cognitive tasks, males and females differed
on only a small minority of the tasks (Herrmann, Call, Hernadez-Lloreda, Hare, & Tomasello,
2007). However, there are some notable exceptions that might be illustrative for the current results.
First, some evidence suggests that males may be slightly more risk-seeking but also more
ambiguity-averse than females (Haux et al., 2022), which also mirrors patterns of behavior in the
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wild showing that males are more likely to engage in risky boundary patrol and hunting behaviors
(Gilby et al., 2017; Massaro et al., 2022). This might bear on their responses to problems when the
location of food is unknown (but note that there is little evidence for sex differences in primate
decision-making more generally; De Petrillo & Rosati, 2021). Second, female chimpanzees are
more successful than males in a reversal learning task assessing aspects of executive functioning
(Cantwell, Buckholtz, Atencia, & Rosati, 2022), a difference that we have suggested may be linked
to sex differences in foraging behaviors whereby wild female chimpanzees engage in more
effortful tool use behaviors (Boesch & Boesch, 1981; Lonsdorf, 2005) that require this kind of
control. Thus, it might be that implementing information-seeking responses requires some related
processes of cognitive control—in Study 1 animals could not respond in the typical fashion (by
pulling the container strings) but rather had to conceive of a new solution (standing up). An
alternative possibility is that this difference did not reflect individual variation in metacognitive
processes, but rather individual variation in the perceived benefits or physical costs of engaging in
this action. We note that all chimpanzees in these studies participated in numerous trials where
they produced an action (e.g., pulling one of the containers) to receive a food reward, as this was
common of all trials, suggesting that all of the tested chimpanzees were interested and motivated
to obtain these treats. However, we cannot exclude the possibility that standing up is more
energetically costly for larger chimpanzees (e.g., often those who are male or adults), such that
their responses here reflect a physical constraint rather than differences in cognition or problem-
solving proclivities. We do think this alternative is unlikely given that standing and climbing are
routine aspects of chimpanzees’ behavioral repertoires. Nonetheless, it is possible that the
cost/benefit tradeoff of standing up for rewards in this task were different for some individuals,
and so testing a larger sample of chimpanzees on a variety of metacognitive tasks that involve
different kinds of (physical) responses could disentangle this possibility.

A final important direction for future work concerns investigating how social contexts and
social cognition intersect with metacognition in animals. In some theoretical views, metacognitive
capacities for thinking about one’s own knowledge states are conceptually interrelated—or even
identical to—the ability to think about the knowledge states of other individuals (e.g., Carruthers,
2008; Flavell, 1999; Frith, 2012; Heyes et al., 2020; Kuhn, 2000; Premack & Woodruff, 1978;
Shea et al., 2014; Tomasello, 2023). For example, some views posit that metacognition depends
on cultural learning and that there are distinct metacognitive representations for individualistic
versus shared, group-level behaviors (Heyes et al., 2020; Shea et al., 2014). Similarly, some
perspectives on animal curiosity and exploration also posit a key role for social context in
modulating these behaviors (Forss & Willems, 2022). Yet it is striking how the vast majority of
work on animal metacognition does not assess how social information and metacognition interact.
Along these lines, all of our tasks here involve forms of non-social problem solving, specifically
information-seeking in a foraging context. One notable exception is recent work examining
metacognition in apes and human children in two situations: when individual must reconcile
conflicting nonsocial information (e.g., the same object looks different from different perspectives)
versus conflicting social information (another individual as a different judgement than oneself;
O'Madagain et al., 2022). In fact, while human children were similarly able to integrate both kinds
of conflicting information and engaged in information-seeking when needed for both social and
non-social uncertainty, apes only did so for nonsocial uncertainty, suggesting that this might be a
context where animal metacognition is specifically constrained. More generally, given that humans
metacognitive skills can be applied to a variety of social interactions and problems (Fischer &
Said, 2021; Frith, 2012; Heyes et al., 2020; Huang & Yang, 2020; Isaacson & Fujita, 2006; Ohtani
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& Hisasaka, 2018; Rollwage et al., 2018), understanding the breadth and limits of animal
metacognition requires tests of this domain. Disentangling whether nonhumans do share both
social and nonsocial mechanisms for metacognition is a critical next step in illuminating the
evolution of human-like cognition.
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Electronic Supplementary Materials
Flexible information-seeking in chimpanzees
Supplemental Results: Study 1
Long Look Trials

As reported in the main text, our first set of analyses for study 1 examined predictors of spontaneous
information seeking in the long look trials, finding that younger and female chimpanzees engaged in more
information seeking. Table S1 reports the parameter estimates for the best fit model from those analyses.

Predictor Estimate S.E. t value p value
Trial Number (for trial type) -0.413 0.256 -1.613 =0.11

Age (in years) -0.313 0.182 -1.724 =0.084
Sex (reference = Females) 12.867 7.573 1.699 =0.089
Age X Sex -0.916 0.432 -2.118 =0.034

Table S1: Predictors of spontaneous looking in Study 1. Parameters are from the best-
fit model (model 4: full model); reference level is noted in the table as relevant.

As reported in the main text, our second set of analyses for study 1 examined predictors of latency
of information seeking in the long look trials, finding that when individuals did look, there were not major
individual variation in their latency to do so. Table S2 reports the parameter estimates for the full model
from those analyses. We also analyzed these latency data removing the subset of trials with Os latencies
(e.g., the chimpanzee looked before the experimenter completed the baiting demonstration), which here

consisted of only 4 trials; this did not affect the pattern of results.

Predictor Estimate S.E. t value p value
Trial Number (for trial type) -3.127 3.077 -1.016 =0.31
Age (in years) 1.164 1.518 0.767 =0.45
Sex (reference = Females) -32.040 51.275 -0.625 =0.54
Age X Sex 2.256 3.059 0.737 =0.47

Table S2: Predictors of spontaneous looking latency in Study 1. Parameters are from
the full model (model 4); note that this was the best model by AIC values but not by
likelihood ratio tests. Reference level is noted in the table as relevant.

Short Look Trials

In the main text we reported that there were no major differences in propensity to produce a look
in the short look trials; these trials were only performed with the subject of chimpanzees who had met our
criterion for producing looks in the initial spontaneous trials.

We also examined the latency to produce the looks. Overall, chimpanzees had a latency of 5.00 +
0.73s to produce a look in these trials. The base model indicted no significant change in latencies over trials.
There was a trend for slower latencies with age [y* = 3.07, df =1, p = 0.08, n.s.], but no improvement with
the inclusion of sex [¥? = 0.09, df = 1, p > 0.75, n.s.], or the interaction between age and sex [y>=0.167,
df =2, p>0.91, n.s.]. We found the same basic results when removing the subset of 49 trials (28% of the
total) where the chimpanzees had a Os looking latency (e.g., looked before the demonstration was complete).
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Looking Responses Across the Session

As reported in the main text, our final set of analyses for study 1 examined predictors of information
seeking across all trials in the session, specifically comparing initial introductory trials (collapsing across
warmup, pretest, and show food versus no food trials) compared to the subsequent long look and short look
test trials. To do so, we limited this analysis to looks that occurred within 10s of the trial start, to equate
time across trial types. We found that chimpanzees were much more likely to look in the test trial phases
than the initial introductory trials (where such looks were not necessary to make a choice). Table S3 reports

the parameter estimates for the full model from those analyses.

Predictor Estimate | S.E. z value p value
Trial Number (for trial type) -0.040 0.041 -0.959 =0.34
Age (in years) -0.141 0.050 -2.823 =0.005
Sex (reference = Females) -0.642 0.454 -1.415 =0.16
Trial Type: Introductory (ref = Long Look) -2.376 0.295 -8.049 <0.0001
Trial Type: Short Look (ref = Long Look) 1.128 0.269 4.1876 <0.0001

Table S3: Predictors of looking across the session in Study 1. Parameters are from the

best-fit model (model 2: full model); reference level is noted in the table as relevant.
Supplemental Results: Study 2

As reported in the main text, our first set of analyses for study 2 examined predictors of information
seeking across conditions, and found that chimpanzees engaged in information seeking when the baiting
was hidden, at similar rates for both location and identity information. Table S4 reports parameter estimates

from those analyses.

Predictor Estimate S.E. tvalue | p value
Trial Number (for trial type) -0.039 0.022 -1.735 =0.082
Age (in years) 0.001 0.071 0.011 =0.99
Sex (reference = Females) 1.523 0.637 2.391 =0.017
Outcome Visibility (reference = Visible) 2.257 0.332 6.801 <0.0001
Information Type (reference = Location) 0.462 0.303 1.527 =0.13

Table S4: Predictors of looking in Study 2. Parameters are from the model including
both outcome visibility and information type (location versus identity); inclusion of
information type did not improve fit.

As reported in the main text, we also examined predictors of latency to engage in information
seeking across conditions, and found that chimpanzees were also faster to look in the hidden baiting
condition. Table S5 reports parameter estimates from those analyses. When removing all Os latencies where
the chimpanzees initiated their looking response while the baiting process was still ongoing, there were no
differences between conditions. However, in this study there were many such looks initiated before the
baiting process was complete (39%; 44 out of 112; 37 of these occurred in the hidden condition
specifically), so this may be a sample size issue.
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Predictor Estimate S.E. tvalue | p value
Trial Number (for trial type) -0.113 0.046 -2.460 =0.015
Age (in years) 0.045 0.131 0.343 =0.74
Sex (reference = Females) -0.408 1.190 -0.342 =0.74
Outcome Visibility (reference = Visible) -1.432 0.709 -2.019 =0.046

Table S5: Predictors of latency to look in Study 2. Parameters are from the model
including outcome visibility; inclusion of information type did not further improve fit in

these models.

Supplemental Results: Study 3

As reported in the main text, our first set of analyses for study 3 examined predictors of information
seeking across the hidden versus visible baiting risky choice trials, and found that chimpanzees produced

looks at similar rates across conditions. Table S6 reports parameter estimates from those analyses.

Predictor Estimate S.E. tvalue | p value
Trial Number (for trial type) -0.067 0.058 -1.163 =0.24
Age (in years) -0.464 0.182 -2.545 =0.011
Sex (reference = Females) 0.785 1.411 0.556 =0.58
Risk Visibility (reference = Visible) 0.703 0.538 1.308 =0.19

Table S6: Predictors of looking responses on risky choice trials in Study 3. Parameters
are from the model including risk visibility; inclusion of this factor did not improve fit.

As reported in the main text, we also examined predictors of latency to look across the risky choice
trials, and found that chimpanzees were faster to produce looks in the hidden baiting trials. Table S7 reports
parameter estimates from those analyses. We also checked the analyses removing the 7 trials in this study
with Os latencies, and found the same results.

Predictor Estimate S.E. tvalue | p value
Trial Number (for trial type) -0.051 0.107 -0.477 =0.63
Age (in years) 0.917 0.531 1.728 =0.26
Sex (reference = Females) 1.018 3.801 0.268 =0.82
Risk Visibility (reference = Visible) -2.921 0.976 -2.991 =0.004

Table S7: Predictors of latency to look on risky choice trials in Study 3. Parameters are
from the model including risk visibility; inclusion of this factor did improve fit.

Finally, as reported in the main text, we examined predictors of looking responses in the risk
visibility exposure trials, which directly preceded the risky choice trials. These were identical to the risky
choice trials except that only the risky option was available to choose. Here, we found that chimpanzees
looked more often on hidden baiting trials. Table S8 reports parameter estimates from those analyses.
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Predictor Estimate S.E. tvalue | p value
Trial Number (for trial type) -0.192 0.176 -1.09 =0.28
Age (in years) -0.697 0.198 -3.521 =0.0004
Sex (reference = Females) -0.917 1.011 -0.908 =0.36
Risk Visibility (reference = Visible) 1.894 0.905 2.093 =0.036

Table S8: Predictors of looking responses on risk visibility exposure trials in Study 3.
Parameters are from the model including risk visibility; inclusion of this factor did improve

fit.
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Supplemental Video Captions

Video S1: Study 1 — Long and Short Look Trials. The first clip shows a long look trial. Here, the chimpanzee
first witnesses that the experimenter baited one of two possible containers with five peanuts, but does not
know which was baited as their view was blocked by an occluder. During baiting, the bowls were moved
to the center of the table to further obscure the baited location, and then moved to sides for the chimpanzee’s
responses. The chimpanzee had no prior experience with this setup, but could make an inference to stand
up and look into the containers to view which one was baited. Here, the experimenter did not push the table
forward for their choice (by pulling the string attached to one container) until the chimpanzee stands or
climbs up; if the chimpanzee does not do so within 3 minutes, the experimenter held up the bowls to prompt
this response. The second clip shows an example short look trial. These were similar to the longer trials,
but the experimenter always pushed the table forward after 10s regardless of whether the chimpanzee
looked. The baited side (left or right) was counterbalanced and quasi-randomized across the trials.

Video S2: Study 2 — Hidden and visible baiting in location and identity test trials. The first clip shows an
example location information—hidden baiting trial. These trials were similar to the short look trials from
Study 1, except that the experimenter baited the location with a highly preferred food (banana) behind the
barrier. The second clip shows an example location information—visible baiting trial. Here, the
experimenter performs the same actions as in the hidden baiting procedure, except there is no occluder was
present so the chimpanzee could directly see which container was baited in advance. The third clip shows
an example identity information—hidden baiting trial. In these trials, the experimenter first showed the
chimpanzee two pieces of food in a separate outcome bowl (one highly preferred banana slice, and on
unpreferred cucumber slice). She then tipped the bowl’s orientation away from the chimpanzee, reached
into the bowl to take one item, and placed it in the left bowl with a closed fist. She repeated the same action
to bait the right bowl. Since the bowl’s orientation was away from the chimpanzee, and the experimenter
used a closed fist to bait the bowls, the chimpanzee could not see which food was placed where without
standing up. The final clip shows an example identity information—visible baiting trial. Here, the
experimenter performs the same actions as in the hidden baiting procedure, except that she used an open
hand to place the food, such that the chimpanzee could see the food type. Across trials, the baited side (or
side baited with the preferred food) was counterbalanced and quasi-randomized across the trials. In the
identity trials, the experimenter always baited the left and then the right side.

Video S3: Study 3 — Hidden and visible baiting in risky choice trials. The first clip shows an example risky
choice—hidden baiting trial. Here, the experimenter first visibly baited the left container with the safe
option (a peanut), and then baited the right container with the risk outcome. Using the same general
procedure as in the identity trials from Study 2, she showed the chimpanzee a risk outcome bowl with two
items (the preferred and non-preferred food types), and then reached in with an closed fist to bait the risky
option. As such, the chimpanzee did not know which risk outcome was provided unless they stood up to
look into the container. The second clip shows an example risky choice—visible baiting trial. Here, the
experimenter performs the same actions as in the hidden baiting procedure, except that she used an open
hand to place the risk option such that the chimpanzee could see the food type it provided in advance.
Across trials, the side assignment of the risky option and the outcome of the risky option (preferred or non-
preferred food) was counterbalanced and quasi-randomized across the trials; the experimenter always baited
the left and then the right side.
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