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Abstract — Social evaluation — inferring individual characteristics of others from their past behaviors — is an adaptive
strategy that helps to inform social decisions. However, how nonhuman primates form and use impressions about
others to select their social partners strategically is still unclear. In this study, we investigated whether Tonkean
macaques, Macaca tonkeana, can spontaneously use information, acquired by observation, to choose the optimal
human partners for cooperation in two co-action tasks from the same domain. The subjects (N=5) did not prefer to
cooperate with the skillful human partner compared to the unskilled human partner, irrespective of the task or how
much attention they paid to the human partners’ actions solving a solo version of one task prior to the test. The
probability of optimal choices did not increase through trials either, indicating no learning by experience with the
human partners across the 16 test trials. Our results contradict findings of previous studies that tested monkeys in
different domains of competence and contexts, and thus encourage further investigation on monkeys’ social evaluation
abilities. Our experimental design presents a promising way to investigate different contexts, the inter-individual
differences, the different types of social information involved, and the cognitive mechanisms underlying social
evaluation and partner selectivity in nonhuman primates.

Keywords — Social evaluation, Cooperation, Partner choice, Nonhuman primates, Social cognition, Co-action tasks

Many nonhuman primates live gregarious lifestyles in which they are confronted with social
decisions on a daily basis. For example, they choose conspecific partners in agonistic contexts such as
recruitments for coalitions (Perry et al., 2004; Silk, 1999; Silk et al., 2004; Slocombe & Zuberbiihler, 2007;
Young et al., 2014), in affiliative contexts such as grooming (Mielke et al., 2018) as well as for cooperation
(Molesti & Majolo, 2016; Suchak et al., 2014), or to learn foraging techniques from (Horner et al., 2010;
Kendal et al., 2015). Such decisions may be based on existing social bonds and the individual’s knowledge
of its group members’ relationships (Borgeaud et al., 2013; Whitehouse & Meunier, 2020; Wittig et al.,
2007, 2014). In addition, social decisions may be based on the assessment of other individuals’
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characteristics. For example, knowing about physical strength or skills of a conspecific is advantageous for
deciding whether to enter a competition over resources. In some situations, such as recruiting a partner for
cooperation, picking a model to learn from, or choosing a partner to form coalitions with, individual
characteristics may be as important as relationship status for optimal outcomes. Information about others
can be obtained from interactions, observations, or, specifically in humans, gossip from third-party
individuals (Sommerfeld et al., 2007). Social evaluations are an important part of human cognitive
capacities and inform decisions on whom to trust, whom to work with, whom to learn from, or whom to
compare to in current as well as future encounters (Festinger, 1954; Hermes et al., 2016, 2018). Yet, whether
and to what extent social information is gathered by nonhuman primates and how it affects their partner
selectivity is not yet fully understood.

Several nonhuman primates seem to possess social evaluation skills at least to some degree. For
example, they differentiated between prosocial/cooperative and antisocial/uncooperative individuals.
Chimpanzees (Pan troglodytes) preferentially chose “nice” over “mean” experimenters (Herrmann et al.,
2013; Russell et al., 2008; Subiaul et al., 2008), brown capuchins (Sapajus apella) preferentially avoided
non-helpful experimenters (Anderson et al., 2013), and common marmosets (Callithrix jacchus) preferred
to approach individuals who engaged in positive cooperative vocal interactions (Briigger et al., 2021).
Common marmosets, brown capuchins, and squirrel monkeys (Saimiri sciuerus) also discriminated against
non-reciprocators by accepting less food from a human who refused to exchange food with a third party
before (Anderson et al., 2016; Anderson et al., 2013; Kawali et al., 2014). This preference for prosocial and
cooperative social agents supports the hypothesis that partner choice based on social evaluation is a key
adaptive strategy promoting and maintaining cooperation (Manrique et al., 2021; Wu et al., 2016). For
successful cooperation, however, skillfulness in the task at hand is also important; consequently, it’s
advantageous to evaluate and consider other individuals’ skill sets when recruiting collaborators.

Nonhuman primates indeed seem to form impressions about the expertise of others and target their
attention towards these ‘experts’ in non-cooperative contexts. For example, long-tailed macaques (Macaca
fascicularis), vervet monkeys (Chlorocebus pygerythrus), and Guinea baboons (Papio papio) changed their
behavior toward the only individual in the group that was able to provide food in experimental situations
(Fruteau et al., 2009; O’Hearn et al., 2025; Stammbach, 1988). Long-tailed macaques also differentiated
between an experimenter who repeatedly proved capable of opening a box with food rewards and an
unsuccessful experimenter who failed at it (Placi et al., 2019). Brown capuchins preferentially observed the
more skillful nutcrackers within their group, rather than the lesser skilled ones, independently of social
affiliations or social proximity (Ottoni et al., 2005; Resende et al., 2004), and chimpanzees preferentially
copied the most expert members of their group at a foraging technique (Horner et al., 2010; Kendal et al.,
2015). Yet, whether nonhuman primates can evaluate the skillfulness of partners to select them strategically
for cooperation is still an open question. Only chimpanzees have been tested in this context and they
strategically selected a conspecific cooperator who had successfully helped them in the same situation in
the past (Melis et al., 2006, 2008). A recent study extended these findings by showing that directly
experiencing outcomes of successful interactions was not necessary for chimpanzees to evaluate
conspecifics’ skills in cooperative tasks (Keupp & Herrmann, 2024).

Despite these findings, the cognitive mechanisms underlying nonhuman primates’ social evaluation
skills require further investigation. Particularly, it is still an open question whether primates can infer future
behavior only for similar matching behaviors or whether they can make wider generalizations of a model’s
characteristics and resulting behaviors across contexts. From the human literature, we know about at least
three inference types that play a role in social decision-making: behavior matching, i.e., inferences based
on the similarity of the past and current situations; global impression formation, i.e., making wider
generalization of a model’s characteristics across contexts; and rational trait reasoning, i.e., rational trait-
like inferences in context-specific ways (Fusaro et al., 2011; Hermes et al., 2015, 2016; Titchener et al.,
2023). For nonhuman primates, it is difficult to disentangle whether they express social reasoning skills
corresponding to either of these inferences or rather to associative learning strategies from their past
interactions (Heyes, 2012). For instance, the response pattern of chimpanzees in Melis et al. (2006) spoke
in favor of decisions based on success in the previous trial rather than in favor of a general evaluation of
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skillfulness. Chimpanzees indeed appeared to rely on both direct interactions (Melis et al., 2006) and
indirect third-party observations (Herrmann et al., 2013; Russell et al., 2008; Subiaul et al., 2008). By
prompting chimpanzees to recruit conspecific partners to perform with at different co-action tasks in
cooperation as well as competition, Keupp & Herrmann (2024) recently provided evidence that
chimpanzees can draw domain-specific inferences about conspecifics’ skills.

In the current study, we investigated whether Tonkean macaques (Macaca tonkeana) can choose
optimal partners in cooperative co-action tasks and whether they spontaneously (i.e., from the first trials)
use information acquired by observation to do so. Subjects had several opportunities to sample information
about two human partners’ skillfulness (demonstration phase). One human partner was a skillful performer
whereas the other failed most of the time. Subjects then had to choose one of the human partners to
cooperate with on a familiar co-action task (subjects observed the human partners operating this task) and
on a novel one (subjects had never seen the human partners operating this task before). We were interested
in their partner choices — the optimal strategy to maximize reward outcomes being to pick the human partner
who was formerly skillful. Optimal choices from the first trial on would indicate a spontaneous preference
for the skillful human partner based solely on observation, suggesting an evaluation of the human partners’
skills, while optimal choices increasing with trials would indicate a learning effect based on direct
experience with the human partners. We also investigated whether the subjects’ attention during the
demonstration phase was predictive of the probability to make optimal partner choices. Contrasting
subjects’ partner choices in a novel task condition and a familiar task condition allowed us to investigate
whether they generalized their social evaluation across different tasks from the same domain.

We studied this question in Tonkean macaques, a species living in multi-male multi-female
societies which is characterized as highly tolerant and can display cooperative behaviors (Petit et al., 1992;
Riley, 2010; Thierry et al., 1994). In a tolerant social system, individuals can frequently interact with group
members, also outside their own matriline, without risking severe aggression (Duboscq et al., 2013; Thierry
et al., 1994, 2000). Consequently, they can interact with a broad range of individuals in diverse situations,
where knowledge about characteristics of these individuals might come in handy. Tonkean macaques have
also demonstrated good knowledge of individuals’ social relationships in their group (Whitehouse &
Meunier, 2020) as well as expressed other social cognitive skills (Canteloup et al., 2016, 2017; Canteloup
& Meunier, 2017). In light of the social and cognitive characteristics of this species and previous findings
revealing social evaluation abilities in other nonhuman primates, we predicted that our subjects would
preferably choose the skillful human partner from the very first trial on, in both tasks. We also expected
that the more an individual observed the human partners during the demonstration phase, the more relevant
information this individual can obtain and, therefore, the greater the probability that this individual makes
optimal choices afterward.

Methods
Ethics Statement

This study respects the European ethical standards and regulations (Directive 2010/63/UE) and has
been approved by the internal ethical committee of the Centre de Primatologie — Silabe de 1’Université de
Strasbourg (SBEA 2022-03, registration n® B6732636). We only used positive reinforcement and all
individuals participated on a voluntary basis, i.e., they were never forced to enter, be isolated, or to perform
the tasks in the experimental rooms. Their daily feeding regime was not affected by cognitive testing and
water was available ad [libitum at all times.

Subjects and Study Site
This study was conducted at the Centre de Primatologie — Silabe de 1’Université de Strasbourg, in

France, between March 2022 and July 2023. All the subjects lived in one social group of 31 individuals (17
females), aged from three months to 27 years, living in a wooded outdoor enclosure of 3788 m? with
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constant access to an indoor room of 20 m?. Individuals were fed once per day with dry pellets and once
per week with fruits and vegetables, and had access to water ad libitum. They participated in cognitive
experiments on a voluntary basis in experimental rooms situated next to their outdoor enclosure (see Figure
S1 in the Supplementary Materials). All the individuals in the group could participate in the experiment
without specific criteria, with the exception of being comfortable being separated from their group in the
experimental rooms. 15 individuals (7 females) started the training phase (information on the training
procedure in the Supplementary Materials). These 15 individuals were aged from 2 to 23 years at the start
of the training, all captive-born and mother-raised in their social group in the same enclosure at the Centre
de Primatologie — Silabe de 1’Université de Strasbourg (Table S1). Only five of them (one female; age range
at the start of the experiment: 10-24 years; Table 1) were coming regularly enough in the experimental
rooms and managed to pass all training steps to be tested as subjects in the experiment. The tested
individuals had participated in several ethological studies before (e.g., Ballesta & Meunier, 2023; Canteloup
& Meunier, 2017; Hirel et al., 2020; Miss et al., 2022; Whitehouse & Meunier, 2020), but they had never
been tested with social evaluation experiments before.

Table 1

Overview of the Subjects and their Choices

Initial

Name  Sex Age Proference Skillful First Test qusion 1 Test qusion 2 Averages_i SDs
(Years) (# Skillful) Partner Task (# Skillful) (# Skillful) of # Skillful
Abricot M 10 2/8 Actor A Novel 4/8 6/8 5+14
Alaryc M 10 1/8 Actor A Familiar 2/8 3/8 2.5+0.7
Barnabé M 9 4/8 Actor B Novel 2/8 6/8 4+28
César M 8 3/8 Actor B Familiar 3/8 4/8 3.5+0.7
Néréis F 24 3/8 Actor B Novel 6/8 6/8 6+0

Note. Presented are subject characteristics, the identity of the human partners, test condition (familiar or novel), and how often
subjects chose the skillful partner during initial preference assessment and test trials.

Materials
Puzzle Box Tasks

Subjects were tested with two different types of puzzle boxes: the Slider task and the Cog task
(Figures 1a and 1b). These tasks were the same as those used in the study on chimpanzees by Keupp &
Herrmann (2024). These tasks required subjects to navigate a ball inside the boxes from top to bottom and
to decide where to move the ball to overcome obstacles and traps. The subjects were rewarded with a piece
of fruit once the ball fell into an aluminum tray at the bottom of the box. The apparatuses had a size of 0.25
m x 0.25 m and were fixed to the mesh of the experimental rooms from the outside. The monkeys could
use their fingers to operate the ball through the mesh (size of the apertures in the mesh: 5 x 5 cm). A ball
of 28 mm diameter could be inserted on top of the boxes.

The puzzle boxes required different actions. The Slider task was a transparent puzzle box with three
levels. On each level, the ball was caught on a slider. By moving the slider to the left or to the right, the ball
could be transported towards a gap that let it fall down to the next level. Under each level, traps could be
inserted on either side to block the ball from falling down to the next one. If the ball was navigated to the
blocked side, it was trapped and the attempt was considered a failure. The Cog task required moving the
ball from the top level into the middle level, where a cog wheel had to be turned left or right to move the
ball further down. Traps could be inserted on either side of the cog wheel: once placed, they blocked the
ball from falling down on the respective side and the ball could not be retrieved.
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Figure 1

Single and Cooperative Co-Action Setups of the Puzzle Box Tasks

Slider (familiar) task Cog (novel) task

a)

Note. The single setup (a) of the Slider (familiar) task and (b) of the Cog (novel) task, and the cooperative co-action setup (c) of
the Slider (familiar) task, and (d) of the Cog (novel) task. For the Slider task, traps could be inserted in the box under each level,
on either side, to block the ball from falling down to the next level. For the Cog task, a trap could be inserted in the box under either
side of the cog wheel to block the ball from falling down.

Cooperative Testing Setups

A cooperative setup consisted of two puzzle boxes connected by a transparent hose (Figure 1c¢).
One box was mounted slightly higher such that a ball could roll from the upper box into the lower box. If
the ball was navigated successfully to the bottom of the upper box, it rolled into the lower box. If the ball
was navigated into a trap in the upper box, it never reached the lower box. The two boxes of a cooperative
setup were accessible from different positions/rooms, such that each player only had access to one of them
and the overall success depended on both players’ successful task performance. During the test phase, two
cooperative setups of the same task were mounted on each side of the experimental room (approximately 4
m apart; Figure 2). The subjects had to decide with which of two human partners they wanted to perform
the task by approaching the respective location and touching the target presented by the human partner.
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Figure 2

Schematic Depiction of the Enclosure at the Start of a Test Trial

N
\ subject

a cooxeraﬁva setup experimenter a coo erative setup
with a parther with a parther

Note. Two cooperative setups were fixed on the left and right side, the experimenter and the subject were situated in the middle
equidistant to the two setups, the two human partners moved in front of the setups and presented their target (yellow pane). The
subject then had to move toward one of the human partners and touch the target, indicating its choice to perform the task in
cooperation with this human partner. Illustration by J. Desriac.

Procedure and Design

Subjects underwent an extensive training phase with comprehension checks to ensure they
understood the tasks (for details, see the Supplementary Materials). Specifically, they learned to operate
the single setups (i.e., individual box), to navigate the cooperative setup by operating the boxes sequentially,
and to indicate their choice between two cooperative setups associated with one human partner each by
touching a target at the desired location. They also had to demonstrate their principal understanding of the
consequences of choosing a cooperative setup with or without a co-action human partner in place by
choosing the correct setup, i.e., they had to reliably choose the location with a human partner who could
access the upper box of the cooperative setup rather than the location with no partner in place. The humans
who acted as partners during the training phase were different from those used during the experiment.

The experiment was split into three different steps conducted on five consecutive days: the initial
preference assessment, the demonstration phase, and the test phase (Figure 3). Humans rather than
conspecifics were used as partners for logistic reasons and to allow us to control for the potential effects of
pre-existing relationships between subjects and partners on their choices during the experiment. Two
humans played the role of the partners, who were the same throughout the experiment and for all the
subjects. They had never interacted with the subjects before and were equally unfamiliar to them. Before
starting the experiment, we checked that each subject was comfortable enough to approach and take food
from the hands of these humans. The attribution of the role of the skillful or the unskilled partner to these



Hirel et al. 336

humans depended on each subject on the initial preference assessment (see below). The experimenter was
the same person for all the subjects throughout the training phase and the experiment and was equally
familiar to all the subjects.

Figure 3

Chronological Order of the Experimental Steps
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Initial Preference Assessment

To assess whether subjects had an initial preference for one of the human partners, we conducted
eight initial preference trials prior to experimental manipulation. The experimenter lured the subject in the
middle of the test room before each trial (to be at an equal distance from the partners). Then, both human
partners approached the mesh and presented a raisin on the palm of their hand. The subject could approach
one of the human partners to take their raisin; this approach was considered as a choice for this human
partner. The partners’ position was randomized across trials, with an equal number of times on each side.
If the subjects demonstrated no preference for one human partner, the role of the human partners was
randomly assigned to the subjects and counterbalanced between subjects. If the subject chose one human
partner five times or more out of the eight trials, we assigned to this ‘preferred” human partner the role of
the unskilled partner for this subject. In this way, the subjects had to change their preference toward the
other human partner to succeed in the cooperative test. As no group’s initial preference for the same person
was found, the roles of the human partners could be counterbalanced between subjects (Table 1).

Demonstration Phase

Subjects were able to observe the human partners individually performing at the single setups of
the Slider task to gather information on the human partners’ skills. Therefore, the Slider task is later referred
to as the “familiar” task, whereas the Cog task is referred to as the “novel” task — subjects had no information
about human partner performance at the Cog task. Our decision on the amount of exposure to human
partners’ skills was based on other studies such as Melis et al. (2008) and Subiaul et al. (2008), in which
chimpanzees required at least 12 trials of interactions with each partner. Since we were specifically
interested in whether monkeys spontaneously use information acquired merely by observation to pick a co-
action human partner, we went beyond this minimum amount and used 24 information sampling events per
human partner. These demonstration events were divided into three sessions of eight demonstration trials
per human partner, with one session conducted per day on three consecutive days (Figure 3).

During each demonstration session, the human partners were playing alone on the single setups of
the Slider task — in contrast to the co-action setups used for the cooperative testing condition. Four single
setups of the Slider task were mounted — a bottom box and a top box on each side of the experimental room.
Subjects could only access the boxes at the bottom, while the human partners only operated the boxes at
the top. A session started with one human partner moving in front of a single setup on one side and with
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the experimenter attracting the subject toward this same side and inserting the ball into the subject’s box
(i.e., bottom box). The subject and the human partner took alternating turns with each performing the task
twice in a row (i.e., subject (2x), partner (2x), subject (2x), partner (2x)). Subject and human partner
performed at the task alternatingly to keep subjects motivated and spatially close to the human partners,
and thus to maximize their attention. This procedure was repeated twice with both human partners, such
that each subject could observe each human partner performing four times at each location, eight times in
total, in a demonstration session. The presentation order and location of the human partners were alternated
across blocks and pseudo-randomized across sessions. The first and the last human partner observed were
also counterbalanced across subjects.

In each demonstration session, the skillful human partner was successful in all eight trials whereas
the unskilled human partner was instructed to fail in seven out of eight trials, e.g., by navigating the ball
into a trap (Videos S1 and S2; order and location of successful trials were randomly assigned at each
session). Hence, by the end of the third session, subjects observed the skillful human partner succeeding in
24 out of 24 (100%) trials and the unskilled human partner succeeding in three out of 24 (12.5%) trials.
Once the skillful human partner successfully navigated the ball through the puzzle box, the experimenter
uttered her praise and excitement to emphasize the positive and desired outcome and boost the difference
between successful and unsuccessful trials, followed by a provision of a reward (one grape) to the skillful
human partner. The unskilled human partner had 30 s for trying to navigate the ball down without success,
followed by the experimenter removing the ball manually from where it was stuck and verbally emphasizing
the negative outcome.

Test Phase

Subjects had to choose one of the two human partners (skillful vs. unskilled) to cooperate at the co-
action tasks. They were tested for two test sessions of eight trials each: one session with the Slider task
(familiar condition) and one session with the Cog task (novel condition). We presented one test session per
day on two consecutive days (Figure 3). The presentation order of novel and familiar sessions was
counterbalanced across subjects: two subjects were first tested with the familiar task, and three subjects
were first tested with the novel task (Table 1). During each test session, two cooperative setups of one of
the two tasks were installed, one on each side of the experimental room, and the two human partners were
present simultaneously, one in front of each cooperative setup (Figure 2). A trial refers to the choice of the
subject to perform the co-action task with one of the human partners for one ball. Each subject could choose
to cooperate with a human partner eight times per session and task, i.e., a total of 16 test trials. The location
in front of the left or right cooperative setup of the skillful and unskilled human partners on the first test
trial of each test session was counterbalanced between subjects and then was pseudo-randomized across
trials (i.e., with an equal number of times on each side during a session).

A trial began with the experimenter luring the subject to a central position equidistant to each
cooperative setup. Then, both human partners moved simultaneously to their designated cooperative setup
and presented a target (a long wooden stick with a yellow square at the end). The subjects indicated their
choice to cooperate with a human partner by approaching their preferred location and touching the
respective target. Only then, did the experimenter move in front of the chosen cooperative setup and insert
the ball into the human partner’s box (i.e., the top box). The unchosen human partner moved away from the
mesh and returned to their initial position. Therefore, once a choice was made, the subject could not switch
to the other human partner within a single trial. The subjects were given a maximum of one minute to make
a choice, otherwise the trial was aborted. In this case, the same trial (with the same human partners’ side
configuration) was repeated.

If the skillful human partner was chosen, subject and human partner successfully navigated the ball
through the cooperative setup and received a reward (a grape) from the experimenter (Video S3). The
skillful human partner received the same reward as the subject to emphasize the cooperativeness of the task.
If the unskilled human partner was chosen, the human partner failed at navigating the ball successfully and
the ball never reached the subject’s part of the cooperative setup (i.e., bottom box). The experimenter waited
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for 30 s after the insertion of the ball before ending the trial. In this case, neither the unskilled human partner
nor the subject were rewarded (Video S4). The skillful human partner was always successful (100%) during
these two test sessions whereas the unskilled human partner was never successful (0%).

Data Coding

All sessions were videotaped with one to four cameras (GoPro Hero8) depending on the
experimental step to obtain different views of the subjects, the human partners, setups, and experimental
rooms. Two different observers, including one who was unaware of the study design and hypothesis, coded
independently frame by frame all the videos of the three experimental phases using Behavioral Observation
Research Interactive Software (“Boris”; Friard & Gamba, 2016). Videos were coded for: (a) the partner
choices of the subjects at the initial and test sessions (inter-coder reliability: Cohen’s kappa, k = 1, N =
118), and (b) the duration of looking behaviors of the subjects (i.e., head orientation, or eye orientation
when visible) directed toward a human partner (face, body, or hands) during each demonstration trial (inter-
coder reliability: /CC = 0.893, N = 240). A choice was defined as approaching and taking the food from the
human in the initial preference session or touching the target presented by the human partner in the test
phase. During the demonstration phase, only one human partner was present at a time. We only coded
subjects’ looking time when the human partner was performing the task, not when it was the subject’s turn
(for more details, see the Supplementary Materials).

Data Analyses
Did the Subjects Prefer the Skillful Human Partner over the Unskilled Human Partner?

We aimed to investigate whether Tonkean macaques could spontaneously use information acquired
by observation to choose optimal partners to cooperate with at a familiar and a novel co-action task. A
spontaneous preference for the skillful human partner would manifest in optimal choices at the first trial
and no effect of sessions or trials on subjects’ choices. A transfer of social evaluation of human partners’
skills across the two different tasks would manifest in no effect of task on subjects’ choices. However,
estimating the effects of task (novel, familiar), session (1, 2), trials, and their potential interaction on the
probability of choices of the skillful human partner led to a model too complex for our small final sample
size. We hence revised our analysis plan to investigate whether the subjects chose the skillful human partner
more often in both test sessions, regardless of the task, and how their choices developed across trials (i.e.,
with increasing direct experience with the actors). We fitted a model in R (version 4.3.2; R Core Team,
2022) using Generalized Linear Mixed Models (GLMM; Baayen, 2008). We used the function glmer of the
package Ime4 (version 1.1-35.1; Bates et al., 2015) and a binomial error structure with logit link function
(McCullagh & Nelder, 1989). We estimated the effect of session (test session 1, test session 2) on the
probability to choose the skillful human partner. To control for their potential effects, we included into this
model subjects’ initial partner preference and trial number as fixed effects, with trial number in an
interaction with session. The reason for including the interaction between session and trial number was that
we expected the effect of learning through trials to be more pronounced in the first session than in the
second. For instance, while only having information on the human partners’ skills from observations when
starting the first session, subjects then obtained additional information from direct interactions with the
human partners at each trial of the first session that they could use for the next trial. Since the same subjects
were tested several times in both sessions and in order to avoid overconfident model estimates and to keep
type I error rate at the nominal level of 5%, we included subject ID as a random intercepts effect and all
identifiable random slopes (Barr et al., 2013; Schielzeth & Forstmeier, 2009), namely those of trial number
and session. As an overall test of the fixed effects and to avoid cryptic multiple testing (Forstmeier &
Schielzeth, 2011), we conducted full-null model comparisons using likelihood ratio tests (Dobson, 2018).
We compared this full model with a null model lacking the effect of session and its interaction with trial
number in the fixed effects part but being otherwise identical. We tested the effect of individual fixed effects



Hirel et al. 339

by comparing the full model with a reduced model lacking the interaction in the fixed effects’ part (Barr et
al., 2013). We obtained confidence intervals of model estimates and fitted values by means of a parametric
bootstrap (N = 1,000 bootstraps; function bootMer of the package Ime4). We checked all the relevant model
assumptions and transformed some variables when needed to ease the interpretation of the model estimates
and convergence (for more details, see section 5 in the Supplementary Materials).

Was the Attention of the Subjects Predictive of their Partner Choices?

We fitted a similar model except that we estimated the effect of attention during the demonstration
on the number of choices of the skillful human partner in the test phase. To potentially obtain the relevant
information on the human partners’ skills, subjects needed to observe both human partners during the
demonstration phase. As a measure of the subjects’ attention to both human partners, we hence chose the
minimum looking time per subject to the skillful and unskilled human partner, i.e., the time during which
each subject observed each human partner, and used this for the following analysis. Into the model, we
included the attention during the demonstration as a fixed effect, test session (test session 1, test session 2),
and their interaction. The reason for including the interaction between attention and session was that we
expected the effect of learning through sessions to be less pronounced for subjects with a higher level of
attention during the demonstration sessions compared to less attentive subjects, as attentive subjects could
already know at the first test session which human partner is the optimal choice and then do not have to
learn from direct experience. We again included subject ID as a random intercepts effect and test session
as a random slope within subject. We compared this full model with a null model lacking the effect of
proportion of total attention and its interaction with session in the fixed effects part but being otherwise
identical and with a reduced model lacking the interaction (for more details, see section 6 in the
Supplementary Materials).

Results
Did the Subjects Prefer the Skillful Human Partner over the Unskilled Human Partner?

Subjects chose the skillful human partner 17 out of 40 times (42.5%) in Test session 1 and 25 out
of 40 times (62.5%) in Test session 2 (see Table 1 for results for each subject). Overall, their probability to
choose the skillful human partner was not significantly influenced by session and its interaction with trial
number (full-null model comparison: y? = 4.55, df = 2, p = .103; Tables 2 and 3), indicating that our
subjects’ probability to choose the skillful human partner did not change over the course of trials and
sessions (i.e., with the acquisition of direct experience with the human partners). Although all subjects
chose the skillful human partner more often in the second test session, this increase was marginally non-
significant (p = .069; Table 3, Figure 4 and Figure S2 in the Supplementary Materials). In addition, the
probability to choose the skillful human partner at the very first trial was not different from chance (Figure
4). Post-hoc additional analysis also revealed no significant effect of the choices on the first trial on the
probability of the subjects of choosing the skillful human partner during the rest of the test session (full-
null model comparison: y? = 0.802, df = 1, p = .371; Supplementary Materials section 6, Table S6).
However, one subject stood out in choosing the skillful human partner in six out of the eight trials in both
test sessions (i.e., familiar and novel tasks), and beginning from the first trial. This subject was presented
with the novel task at her first test session. She also successfully reversed her actors’ preference from the
initial preference session in which she had chosen the human who would play the skillful actor three out of
eight times (Table 1). On a group level, the strength of the subjects’ initial preference for one actor did not
significantly influence their probability to make optimal choices after (Table 3). Post-hoc additional
analysis also revealed that there was no significant effect of the location on the left or right setup of the
human partners on the probability of the subjects of choosing the skillful human partner (full-null model
comparison: y2 = 0.0005, df = 1, p = .982; Supplementary Materials section 7, Table S7).
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Table 2

Results of the Subjects’ Partner Choices Full Model (Estimates Together with Standard Errors, 95% Confidence Limits,
Significance Tests, and the Estimates’ Range After Excluding Individuals One at a Time)

Term Estimatet SE = CLiower CLupper % d p
(Intercept) -0.322 0358 -1.177  0.377
Session 0.856  0.473 0.083 1.984
Trial number 0307 0334 -0.369 1.150
Initial preference 0.259 0275 -0286 0951 0826 1 .3064

Session X Trial number  -0.527 0476 -1.694 0447 1245 1 264

Note. Trial number and Initial preference were z-transformed to a mean of 0 and a standard deviation of 1 (original means and
standard deviations were 4.5 &+ 2.31 and 0.325 + 0.13, respectively). Session was dummy coded with test session 1 being the
reference level.

Table 3

Results of the Subjects’ Partner Choices, Reduced Model (Estimates Together with Standard Errors, 95% Confidence Limits, and
Significance Tests)

Term Estimatt SE = CLrower CLupper i d p
(Intercept) -0.315 0.352 -1.166  0.437
Session 0.843 0.468 0.103 2.018 3304 1 .069
Trial number 0.048 0.234 -0.455 0.577 0.041 1 .839

Initial preference  0.254 0.270 -0.339  0.848 0.826 1 363

Note. Trial number and Initial preference were z-transformed to a mean of 0 and a standard deviation of 1 (original means and
standard deviations were 4.5 &+ 2.31 and 0.325 + 0.13, respectively). Session was dummy coded with test session 1 being the
reference level.

Figure 4

Probabilities Of Subjects’ Choices For The Skillful Human Partner
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Note. The raw data and fitted model and its 95% confidence limits are shown for both sessions for initial preference being at its
average. Each data point represents the mean probability of choosing the skillful human partner for the five subjects at each trial.
Note that at the first trial, the confidence intervals of both sessions encompass the value of 0.5 indicating that the performance in
the first trial did not significantly deviate from chance.
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Was the Attention of the Subjects Predictive of their Partner Choices?

During the demonstration phase, subjects looked on average 6.1 £2.9 s out of 16.3 s (37.8%) per
demonstration trial at the skillful human partner and 11.1 £ 6.9 s out of 26.7 s (40.9%) at the unskilled
human partner. In total, they looked on average 145.4 s (37.2%) at the skillful human partner (range across
individuals: 125.5 s to 182.9 s, 31.5% to 44.7%), 265.5 s (41.3%) at the unskilled human partner (range
across individuals: 209.9 s to 370.4 s, 34.2% to 47.7%), and 410.9 s (39.8%) at both human partners (range
across individuals: 335.4 s to 505 s, 33.1% to 46.2%) across all demonstration trials. Overall, the probability
to choose the skillful human partner was not significantly influenced by attention and its interaction with
session (y2=2.123, df=2, p=.346; Tables S4 and S5 in the Supplementary Materials). This result indicates
that neither the attention of the subjects to both human partners during the demonstration phase (i.e., the
minimum total looking time per subject to the skillful and unskilled human partner) nor its interaction with
test session influenced their partner choices. Therefore, contrary to our expectation, the individuals who
observed the human partners more during the demonstration did not make more optimal partner choices in
the test sessions.

Discussion

We investigated whether Tonkean macaques can choose optimal human partners for cooperation
in two co-action tasks. Subjects had several opportunities to observe a skillful and an unskilled human
partner performing individually at a solo version of a task (familiar task) and then had to choose one of
them to cooperate with in the familiar task and a novel task from the same domain. During each test trial,
the subjects obtained information on the human partners’ skills through direct experience — receiving food
only if they chose the skillful human partner. Optimal choices from the first trials would then indicate a
spontaneous preference for the skillful human partner based solely on observation, suggesting an evaluation
of the human partners’ skills. Optimal choices increasing with trials would indicate a learning effect based
on direct experience with the human partners. Contrasting subjects’ partner choices in a novel task condition
and a familiar task condition allowed to investigate whether they generalized their social evaluation across
different tasks from the same domain.

We found that Tonkean macaques did not prefer to cooperate with a skillful human partner
compared to an unskilled human partner. Overall, they did not spontaneously use information acquired by
observation prior to the test to choose optimal human partners, indicating no evaluation or use of knowledge
on the human partners’ skills. Even though they tended to choose the skillful human partner more often in
their second test session compared to the first session, this increase in optimal choices across sessions was
marginally non-significant. This result indicates no learning by experience with the human partners across
the eight or 16 presented test trials. Our subjects’ choices emerged irrespective of how much attention they
paid to the human partners’ actions when they observed the human partners solving solo versions of the
task in the demonstration phase. Contrary to our predictions, Tonkean macaques who observed the human
partners the most during the demonstration then did not make more optimal choices thereafter.

These findings must be carefully interpreted as resulting from a small sample size and with
noticeable inter-individual differences in our subjects’ partner choices. Three subjects chose the skillful
human partner six out of eight times only in the second test session and two subjects did not make more
than four optimal choices in both sessions. One individual stood out by choosing the skillful human partner
above chance at both test sessions and from the first trial on. This choice pattern could indicate that she
transferred her knowledge from the observation phase to the test phase and the two co-action tasks, but it
could also be the result of chance. However, this Tonkean macaque chose again six out of eight times a
skillful over an unskilled human actor at opening containers in another experiment (Hirel et al., 2025). This
inter-individual variation in performance should be investigated in the future by testing the same individuals
in different settings. Our paradigm presents a promising way to address this question, as being suitable to
test individuals with different partners pairs (humans as well as conspecifics) differing in their degree of
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competence or social relationship and with different tasks and in different contexts, like competition (see
Keupp & Herrmann, 2024).

In addition, our subjects were attentive to the human partners’ actions less than 50 % of the time.
This lack of interest in the human partner performance is in accordance with previous findings showing that
long-tailed macaques only paid close attention to conspecific partner performance if it had directly relevant
consequences for themselves (Keupp et al., 2019, 2021). Indeed, in our study, the human partners’
performance during the demonstration phase did not affect the subjects’ food intake, which might have led
to a lack of sufficient interest in our subjects. However, we had no predictions on how much time Tonkean
macaques should observe the human partners’ actions as we still do not know how many seconds of
demonstrations primates need to observe to obtain the relevant information about others. This question
would have to be assessed in the future with a different study design that systematically varies the amount
of information provided.

The particular characteristics of our subjects should also be considered (see STRANGE-related
biases; Webster & Rutz, 2020). Our selection protocol may have influenced which Tonkean macaques in
the group participated in our experiment and how they behaved during the test. Only individuals who were
not anxious of being separated from their group and who came regularly to the experimental rooms could
complete the training and be tested as subjects. Dominant individuals also tended to monopolize the access
to the experimental rooms while females carrying infants tended to avoid being inside the experimental
rooms. Our pool of subjects was then biased toward adults, males, dominants, bold, and highly motivated
and experienced individuals to experimental testing with human experimenters. Individual features such as
sex, age, social rank, rearing history, as well as personality, have been found to influence the use of social
information (e.g., Canteloup et al., 2021; Carter et al., 2014; Kendal et al., 2015; Watson et al., 2018).
Consequently, the particular individual characteristics of our subjects may have influenced their
performance in the experiment, and our results may not be representative of the species’ abilities. The
overall lack of optimal partner selectivity in our experiment stands in contrast with previous findings with
monkeys (Anderson et al., 2016, 2013, 2013; Kawai et al., 2014). However, contrary to our experiment,
these previous studies presented a larger amount of test trials, each including an observation of the human
actors’ actions and, directly after, a choice to take a food piece from one of the human actors. For example,
capuchins and squirrel monkeys had to choose between a reciprocator and a non-reciprocator in twelve
sessions of twelve trials each (Anderson et al., 2016, 2013). In addition, their subjects’ choices had no effect
on their food intake as they always got the same piece of food no matter which human actor they chose.
Therefore, these monkeys may not have used associative learning despite the large trial number, but they
had 144 opportunities to observe each human actor compared to 24 possible observations in our study.
Except for one study indicating no change in capuchins’ choices against non-helpers through sessions
(Anderson et al., 2013), information on how the choices of these monkeys developed through trials is not
provided in the respective papers. Knowing the development of these monkeys’ choice pattern would help
us understand whether we did not offer sufficient opportunities for Tonkean macaques to acquire relevant
knowledge about the human partners’ skills, or whether other reasons may explain our contrasting findings.
One possible reason for the differences in monkeys’ social evaluative performance between our experiment
and previous studies may also be the investigation of different domains of competence and contexts. Indeed,
these previous studies tested monkeys on prosocial behaviors which relate to a different domain than
foraging or cooperative skillfulness and may require different cognitive capacities. The monkeys in
previous studies could observe human experimenters interacting with each other prosocially or not and then
decide who they will accept food from. In contrast, Tonkean macaques in our experiment observed the
human partners individually performing the task and then decided which human partner they wanted to
cooperate with. Taking food from an actor’s hand might be a less cognitively challenging situation than
having to choose a partner for a cooperative activity. Indeed, choosing a cooperative partner can be complex
as it may involve taking into account not a single but a broad range of social information as well as
interacting and coordinating with another individual (Hermes et al., 2016).

Another possibility is that skillfulness might not be a salient feature at all to assess others’ value
for cooperative tasks for monkeys as for apes or humans. To our knowledge, evidence of active cooperative



Hirel et al. 343

foraging in wild monkey species populations has never been described. However, monkeys pay attention
to the foraging behaviors of others and adapt their own behaviors toward the foraging experts of their group
in non-cooperative contexts (Fruteau et al., 2009; O’Hearn et al., 2025; Ottoni et al., 2005; Stammbach,
1988; Tan et al., 2018). Skillfulness of others might then be a relevant characteristic for monkeys to consider
in contexts other than cooperation. For example, being able to evaluate individuals’ skills and use it to
selectively learn new behaviors from the best experts can be truly advantageous. However, social learning
in primates has mainly been studied with a focus on the learning mechanisms (what to learn) or the social
aspects (who to learn from), but only taking into account the social relationships between individuals and
never the individual characteristics (Fragaszy & Visalberghi, 2004; Kendal, 2021; Laland, 2004). Future
research could investigate whether monkeys form and use impressions of others’ expertise to choose from
whom to learn new behaviors and how this selective learning through social evaluation might affect the
evolutionary dynamics of innovation and culture (e.g., see model-based biases in vervet monkeys and
chimpanzees: Canteloup et al., 2021; Kendal et al., 2015).

In summary, we investigated Tonkean macaques’ ability to choose optimal partners in a
cooperative context using evaluation of human partners’ skillfulness acquired by observation. Even though
our subjects did not prefer to cooperate with a skillful human partner, showing no evidence of social
evaluation abilities, the inter-individual differences on our small sample size encourage to further
investigate whether and how Tonkean macaques can form impressions about others on different behaviors
and contexts. Besides, our methodology represents a promising way to investigate different contexts, the
different types of social information involved, and the cognitive mechanisms underlying social evaluation
and partner selectivity in nonhuman primates.
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Section 1: Information about Subjects and Experimental Rooms

Table S1

Demographic Information and Training Progress of the 15 Tonkean Macaques who Started the Training Phase

Age (Years) at the Start of

Training Step

Name Sex . Other Relevant Information
Training Reached

Abricot M 9 All steps validated Removed from the group during training
Alaryc M 9 All steps validated Removed from the group during training
Barnabé M 8 All steps validated Removed from the group during training
César M 7 All steps validated Removed from the group during training
Néréis F 23 All steps validated Dominant female of the group
Eric M 5 All steps validated Injury before experiment
Ficelle F 4 All steps validated Gave birth during training
Dory F 6 Step 7 Gave birth during training
Patchouli M 11 Step 7 Dominant male of the group, no regular attendance
Bérénice F 8 Step 3 Gave birth during training
Lassa F 11 Step 1 Gave birth during training
Nema F 11 Step 1 Gave birth during training
Gandhi M 3 Step 1 no regular attendance
Horus M 2 Step 1 no regular attendance
Yin F 13 Step 1 no regular attendance
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Figure S1

Configuration of the Experimental Rooms n°2
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Note. Experimental rooms where one subject has been tested and the first training steps of the four other subjects took place. The
subject was in the middle room (‘Subject room”), with all trapdoors closed. The two cooperative setups were fixed on the human
side of the mesh panels. The subject had access to the boxes at the bottom of each cooperative setup and could operate them through
the mesh. The two human partners were situated in the lateral rooms (‘Partner room’), each on one side. They could only access
and operate the top boxes from each cooperative setup. The subject room was separated from the partner rooms with mesh for the
first one and a half meter in front of the cooperative setups. In this way, the subject could perfectly see the human partners and
observe them manipulating the boxes.

Training and familiarization were carried out individually in experimental rooms situated next to their outdoor enclosure (Figure
S1). One subject was also tested in these experimental rooms. Due to animal husbandry management decisions, the four other
subjects were moved into a smaller enclosure midway through the training. Consequently, these individuals received the last
steps of training and familiarization as well as the test sessions in this different enclosure (see Figure 2).
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Section 2: Training Phase Procedure

1. How to operate the tasks. All Tonkean macaques were individually trained to perform each of
the tasks with a single setup (one box apparatus). During this training step, a single puzzle box was
presented to the Tonkean macaques in one of the four possible locations (top left, top right, bottom left,
bottom right). In this way, Tonkean macaques experienced the different locations, including the slots where
the partners will be working later on (i.e., the respective top boxes). They received one piece of fruit
(mango, apple, or two or three raisins) for each successful apparatus manipulation. We considered them to
have understood the tasks when they were able to successfully perform at each task for at least six balls in
a row, and when they had experienced at least two sessions in each of the four locations. Ten out of the 15
Tonkean macaques who started this step passed the criterion and moved on to the next step.

2. Introduction to the co-action setups. The Tonkean macaques were individually familiarized
with the cooperative setups (i.e., two boxes connected with the transparent hose) to make them understand
that the ball rolls from one box to the other and reward is obtained only once the ball reaches the aluminum
tray of the bottom box. For this and the following training steps, only the Slider task was used, unless
otherwise indicated. In this step, one cooperative setup was mounted and the Tonkean macaques had the
opportunity to access and interact with both boxes. The ball was inserted by the experimenter into the top
box. To be rewarded, the Tonkean macaques had to successfully move the ball down inside the top box
first, and then inside the bottom box. We repeated this procedure at both locations. The Tonkean macaques
had to move from one box to the other and operated successfully both boxes without being prompted by
the experimenter, for four trials in a row on both locations, to go to the next training step. All ten Tonkean
macaques passed the criterion and moved on to the next step.

3. Introduction to the human partner. One cooperative setup was mounted and one human actor
(different from the human partners in the actual test sessions) stood in front of the double setup and played
the role of the partner. The top box was made inaccessible to the Tonkean macaques either by fixing a
transparent panel on the mesh so that they could not operate the top box anymore or by closing the trapdoor
allowing access to it. We conducted sessions of eight trials, in which both the Tonkean macaque and the
human partner failed once. The idea was to familiarize the Tonkean macaques that they can fail as well as
the human partner, and the outcome was the same in any case (no reward for any of them). Tonkean
macaques performed alternatively the top and the bottom boxes on each cooperative setup’s location. Two
sessions per location per box were conducted for each Tonkean macaque (i.e., eight sessions in total). No
success criteria were used for this step. We just wanted our subjects to experience both roles (perform on
the top box or on the bottom box) with success and failures to maximize the chances for them to understand
the cooperativeness of the puzzle boxes.

4. How to indicate a choice by touching a target. All Tonkean macaques first learned to touch a
target to be rewarded, using the clicker training method. They received one raisin for each touch and moved
on to the next step when they were able to touch the target several times in a row. The two targets were two
wooden sticks with a yellow square shape at the end, and otherwise completely identical. Then, we wanted
them to learn to make a choice between two targets resulting in different outcomes. The experimenter
presented two food options (one raisin on one side vs four raisins on the other side) out of reach of the
Tonkean macaque and then simultaneously presented the targets (one above each food option). By touching
one of the targets, the Tonkean macaque could obtain the food option of the respective side. The optimal
choices for the Tonkean macaques were then to touch the target corresponding to the side with four raisins.
Sessions of eight trials were conducted, with a criterion of 100% success to go to the next training step. The
position of the food options was pseudo-randomized within sessions (i.e., equally often on both sides and
no more than twice in a row at the same one). One individual did not return to the experimental rooms
regularly to continue. Then, nine out of the ten Tonkean macaques passed the criterion and moved on to the
next step.

5. How to choose a setup. This training step we conducted for the Tonkean macaques to understand
how to choose between the two setups and experience the consequences of their choices on their food
intake. Only single puzzle boxes were used, one on each side of the experimental room (at the bottom
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positions). Experimenter 1 called the Tonkean macaque in the middle of the room, at equidistance from the
single boxes, and presented two different food options (one vs three raisins) to the Tonkean macaque. After
ensuring the Tonkean macaque had looked at both food options, Experimenter 1 placed them on each side
in front of each single box before presenting the targets. After the Tonkean macaque had touched one target,
Experimenter 2 went in front of the chosen box and Experimenter 1 gave the chosen food option to
Experimenter 2. Experimenter 2 inserted the ball into the box and gave the food reward once the Tonkean
macaque successfully navigated the ball inside the box. The location of the food options was pseudo-
randomized within sessions (i.e., equally often on each location but not more than twice in a row at the
same location). One session consisted of eight trials. The Tonkean macaques had to choose the optimal
option (i.e., the larger food option) in all trials of a session, or at least seven out of eight trials in two
consecutive sessions. All nine Tonkean macaques passed the criterion and moved on to the next step.

6. Introduction of the two human partners. This training step was conducted to familiarize the
Tonkean macaques with the possibility to choose between two human partners to perform with at the
cooperative setups. Two cooperative setups were mounted, one on each side. Two humans (different from
the human partners used in the experiment) simultaneously moved to stand in front of the cooperative setups
and acted as skillful partners. Human partners were both skillful as we did not want the subjects to learn
anything about these actors or to begin making any association with the testing conditions with success or
failure. The experimenter presented the targets, and once the Tonkean macaque had touched one of them,
placed the ball inside the top box of the chosen setup. Choosing one side/partner or the other led to the same
food outcomes: one piece of fruit for the Tonkean macaque and the human partner. One session of four
trials was conducted, with the only criterion that the Tonkean macaques must choose both human partners
and sides at least once. If a Tonkean macaque always chose the same side or human partner, two additional
trials were conducted on the unchosen location and/or with the unchosen human partner. As these Tonkean
macaques had shown to quickly develop side biases in previous and other ongoing studies (personal
communications), we wanted them to successfully experience both sides and human partners at this step.

7. Comprehension check in the cooperative context. The Tonkean macaques had to make a choice
between the two cooperative setups, one with a human partner (‘partner setup’) and one without a partner
(‘empty setup’). The Tonkean macaques had to choose the partner setup to obtain food (optimal choice),
otherwise they went empty-handed. When a Tonkean macaque chose the empty setup, the experimenter
inserted the ball inside the top box of the empty setup and waited for 15 seconds before retrieving the ball.
As no human partner was there to operate the top box, the Tonkean macaque was unable to operate the ball
inside the bottom box. The side of the human partner was pseudo-randomized across trials. When Tonkean
macaques demonstrated at least 80% success (i.e., choosing the partner setup) in two consecutive sessions
of eight trials, we considered them to have sufficient comprehension of the test procedure. Individuals who
reached this criterion were allowed to participate as subjects in the experiment. Two individuals did not
return in the experimental rooms regularly to continue. Then, seven out of the nine Tonkean macaques
passed the criterion and moved on to the next step.

8. Preparatory step to the testing conditions. The subjects performed two sessions of four trials
with the exact same procedure as training step 6, one session with the Slider task and one with the Cog task.
This last step was to familiarize the subjects with the testing conditions before the start of the experiment,
and remind them that they can make a choice between two human partners to perform at these co-action
tasks.

At the end of this training procedure, seven out of 15 Tonkean macaques managed to pass the
criteria and showed enough motivation to come regularly to the experimental rooms. However, a few days
before the experiment, one individual was injured and another never wanted to return to the experimental
rooms. These two individuals could not be tested, giving a total number of five subjects for the experiment.
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Section 3: Video Coding

We coded the videos using the Behavioral Observation Research Interactive Software (“Boris”;
Friard & Gamba, 2016). We coded the following behaviors: (a) the partner choices of the subjects during
initial preference assessment and test sessions; and (b) the looking behaviors of the subjects (i.e., head
orientation, or eye orientation when visible) directed toward an actor or the experimenter (face, body, or
hands) during the demonstration phase. The action of the human partner (box manipulation, food handling,
or other) when observed by the subjects was also coded (see Table S2 and S3 for details). During the
demonstration phase, only one human partner was present at a time. We only coded subjects’ looking time
when the human partner was performing the task, not when it was the subject’s turn.

Inter-coder reliability was calculated using Cohen’s kappa coefficient for partner choices, and
intraclass correlation coefficients (Koo & Li, 2016) for looking behaviors based on a single rating (k = 2
ratters), two-way mixed-effects model and consistency (using the function icc from the package irr (version
0.84.1) in R (version 4.3.2; R Core Team, 2022). Due to technical problems with the cameras during Test
session 2 of the subject Barnabé, two trials of the session were not recorded and could not be coded. These
two trials were included in the data analysis but not in the reliability coding. Hence, the inter-coder
reliability test for the partner choices was based on 118 measurements (instead of 120 trials in total). For
the looking behaviors, the inter-coder reliability was based on 240 measurements.

The subjects were given a maximum of one minute to make a choice, otherwise the trial was
aborted. In this case, the same trial (with the same human partners’ side configuration) was repeated. If a
subject did not make a choice three times in a row, the session was aborted. Only one subject did not touch
a target within the minute twice in row for the third trial of the first session, but then made a choice at the
third attempt so we were able to continue the session. The reason why this subject did not touch the target
is unknown but she conspicuously moved and waited in front of one of the cooperative setups both times
instead. The experimenter then considered this “moving and waiting in front of one cooperative setup” as
a clear behavior indicating a choice and decided to accept it as a partner choice for the next trials. This
subject did not touch a target but moved and waited in front of one cooperative setup twice after that, on
the fifth and eighth trial of the first test session.
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Table S2

Definitions of Behaviors Coded for the Initial Preference and Test Phase

Behavior Definition

When the subject was in the middle, in front of the experimenter, and the two human partners stood just behind
the experimenter (before moving on each side).

When the subject touched one of the targets or took a piece of food from a human, who was then considered as

Decision the chosen actor by the experimenter and coded on videos later. For the subject in experimental room n°2:
when they touched the target or moved to a position in front of one cooperative setup.

For the initial preference sessions: when the subject took the food from the actor. For the test sessions: for an
unsuccessful trial (i.e., choice for the unskilled human partner), when the experimenter took the ball back from
the box; for a successful trial (i.e., choice for the skillful human partner), when the experimenter placed the
food bowl back on the ground after giving a food reward to the subject and the human partner.

Start of trial

End of trial

Table S3

Definitions of Behaviors Coded for the Demonstration Phase

Behavior Definition
S . When the human actor was in place, standing in front of the setup, and the experimenter had inserted the
tart of trial .
ball into the box.
Head (or eyes when possible) directed toward the human actor’s face, body, or hands. The action of the
Looking human actors while the subject was looking could fall into one of three categories: manipulation of the
box, food handling, or other context.
End of box For successful trials: when the experimenter took the ball back from the ball collector. For unsuccessful
manipulation trials: when the human actor stopped manipulating the box.

End of trial When the experimenter put the food bowl back on the ground or touched the box to take the ball back.
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Section 4: Did the Subjects Prefer the Skillful Human Partner over the Unskilled Human
Partner?

With this model, we wanted to estimate the effect of session (test session 1, test session 2) on the number
of choices of the skillful human partner. We included subjects’ initial partner preference, session number,
and trial number as fixed effects, with trial number in an interaction with session. In order to avoid pseudo-
replication and overconfident model estimates and to keep type / error rate at the nominal level of 5% (Barr
et al., 2013; Schielzeth & Forstmeier, 2009), we included subject ID as a random intercepts effect, and
random slopes of session (manually coded and then centered) and trial number within subject into the
model. Prior to fitting the model, we z-transformed trial number and initial partner preference to a mean of
zero and a standard deviation of one, to ease interpretation of the model estimates (Schielzeth, 2010) and
model convergence. Originally, we also included estimates of the correlations between the random intercept
and slopes into the model. We compared the log-likelihoods of the full model with one lacking the
correlations in the random structure. As the removal of the correlations lead only to a small decrease of the
maximum likelihood in the model fit (log-likelihoods; full model including the correlation parameters: -
52.30, df = 11; full model lacking the correlation parameters: -52.41, df = 8), we decided to remove them
from our full model. We assessed model stability by dropping individuals from the data, one at a time,
fitting the full model to each of the subsets, and finally comparing the range of model estimates, with the
model estimates we obtained for the full data set. To this end we used a function written by RM (Mundry,
2023). The model revealed to be of acceptable stability.

Figure S2

Comparison of the Proportion of Choices of the Subjects for the Skillful Human Partner in the Two Test Sessions
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Note. The raw data and the fitted reduced model and its 95% confidence interval are shown for both sessions. Five subjects have
been tested at each session, which represent ten data points in total.
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Section 5: Was the Attention of the Subjects Predictive of their Partner Choices?

With this model, we wanted to estimate the effect of attention during the demonstration on the
number of choices for the skillful human partner in the test phase. To potentially obtain the relevant
information on the human partners’ skills, subjects needed to observe both human partners during the
demonstration phase. As a measure of the subjects’ attention to both human partners, we hence chose the
minimum looking time per subject to the skillful and unskilled human partner, i.e., the time during which
each subject observed each human partner, and used this for the following analysis. Into the model, we
included the attention during the demonstration, test session (test session 1, test session 2), and their
interaction. In order to avoid pseudo-replication and overconfident model estimates and to keep type I error
rate at the nominal level of 5% (Barr et al., 2013; Schielzeth & Forstmeier, 2009), we included subject ID
as a random intercept effect and test session (manually coded and then centered) as a random slope within
subjects. Prior to fitting the model, we z-transformed attention to a mean of zero and a standard deviation
of one, to ease interpretation of the model estimates (Schielzeth, 2010) and model convergence. Originally,
we also included estimates of the correlations between the random intercept and slope into the model. We
compared the log-likelihoods of the full model with one lacking the correlation in the random structure. As
the removal of the correlation led to a very minor change of the maximum likelihood in model fit (log-
likelihoods; full model including the correlation parameter: -52.402, df = 7; full model lacking the
correlation parameter: -52.405, df = 6), we decided to remove it from our full model. We assessed model
stability as described above. The model revealed to be of acceptable stability.

Table S4

Results of the Full Model Using Subjects’ Choices as the Response Variable and the Attention as the Main Predictor (Estimates
Together with Standard Errors, Confidence Limits, Significance Tests and Range of Estimates when Dropping Individuals One at
a Time)

Term Estimattet SE = CLiower CLupper % d p min max
(Intercept) -0.311 0.356 -1.151 0.351 -0.752  -0.009
Session 0.824 0.469 -0.034 2.026 0.572  1.098
Attention 0.516 0.362  -0.202 1.496 -0.242  0.698

Session X Attention  -0.503 0476 -1.722 0496 1.151 1 283 -0.748 -0.273

Note. Attention was z-transformed to a mean of zero and a standard deviation of one; mean and sd of the original attention were
145.4 s and 22.3 s, respectively. Session was dummy coded with test session 1 being the reference level.

Table S5

Results of the Reduced Model Using Subjects’ Choices as the Response Variable and the Attention as the Main Predictor
(Estimates Together with Standard Errors, Confidence Limits, and Significance Tests when Dropping Individuals One at a Time)

Term Estimate  SE  CLiower CLupper % d p
(Intercept)  -0310 0351 -1.034 0412
Session 0.839 0.468 0.000 1.859 3305 1 .069
Attention 0.276 0272 -0.273 0902 0972 1 324

Note. Attention was z-transformed to a mean of zero and a standard deviation of one; mean and sd of the original attention were
145.4 s and 22.3 s, respectively. Session was dummy coded with test session 1 being the reference level.



Hirel et al. 357

Section 6: Did the Choices on the First Trial Influence the Probability of Choosing the Skillful
Partner During the Rest of the Test Session?

Following a relevant suggestion from a reviewer, we investigated whether subjects who chose the
skillful human partner on the first trial were more likely to stick with their choice and choose the skillful
human partner more often during the rest of the session. We fitted a similar model to estimate the effect of
the choice on the first trial in each session on the number of choices for the skillful human partner. Into the
model, we included the choice on the first trial (skillful, unskilled), test session (1, 2), and trial number (2
to 8). To avoid the choices on the first trial being present in the response and the predictor, we removed
trials number 1 from the dataset, which then included the choices from trials 2 to 8. In order to avoid pseudo-
replication and overconfident model estimates and to keep type I error rate at the nominal level of 5% (Barr
et al., 2013; Schielzeth & Forstmeier, 2009), we included subject ID as a random intercept effect and test
session (manually coded and then centered) and trial number as random slopes within subjects.

Prior to fitting the model, we z-transformed trial number to a mean of zero and a standard deviation
of one, to ease interpretation of the model estimates (Schielzeth, 2010) and model convergence. Originally,
we also included estimates of the correlations between the random intercept and slope into the model. We
compared the log-likelihoods of the full model with one lacking the correlation in the random structure. As
the removal of the correlation led to a very minor change of the maximum likelihood in model fit (log-
likelihoods; full model including the correlation parameter: -46.472, df = 10; full model lacking the
correlation parameter: -46.582, df = 7), we decided to remove it from our full model. We compared this full
model with a null model lacking the effect of choice at first trial in the fixed effects part but being otherwise
identical. We obtained confidence intervals of model estimates and fitted values by means of a parametric
bootstrap (N = 1,000 bootstraps; function bootMer of the package Ime4). We assessed model stability as
described above. The model revealed to be of acceptable stability.

Overall, the probability of the subjects to choose the skillful human partner was not significantly influenced
by their choices on the first trial in each test session (full-null model comparison: y2 = 0.802, df =1, p =
.371; see Table S6).

Table S6

Results of the Full Model for the Effect of the Choice on First Trial (Estimates Together with Standard Errors, 95% Confidence
Limits, Significance Tests, and the Estimates’ Range After Excluding Individuals One at a Time)

Term Estimate  SE = CLrower CLupper v d p
(Intercept) -0.477  0.406 -1.531 0.268
Session 0.734 0.498 -0.313 2.002 2187 1 .139
Trial number 0.035 0.283  -0.603 0.658 0.015 1 902

Choice first trial 0.446 0.498  -0.662 1725 0802 1 371

Note. Trial number was z-transformed to a mean of 0 and a standard deviation of 1 (original mean and standard deviation was 5 +
2.01). Session was dummy coded with test session 1 being the reference level. The reference level for the choice on the first trial
was the skillful human partner.
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Section 7: Were the Subjects’ Choices Influenced by the Location of the Human Partners?

Following a relevant suggestion from a reviewer, we examined whether the location of the human
partners on the left or right setup influenced the probability of choosing the skillful human partner. We
fitted a similar model except that we included the location of the skillful human partner (left, right), test
session (1, 2), and trial number (1 to 8) as fixed effects. In order to avoid pseudo-replication and
overconfident model estimates and to keep type I error rate at the nominal level of 5% (Barr et al., 2013;
Schielzeth & Forstmeier, 2009), we included subject ID as a random intercept effect and test session and
location (manually coded and then centered) and trial number as random slopes within subjects.

Prior to fitting the model, we z-transformed trial number to a mean of zero and a standard deviation
of one, to ease interpretation of the model estimates (Schielzeth, 2010) and model convergence. Originally,
we also included estimates of the correlations between the random intercept and slope into the model. We
compared the log-likelihoods of the full model with one lacking the correlation in the random structure. As
the removal of the correlation led to a very minor change of the maximum likelihood in model fit (log-
likelihoods; full model including the correlation parameter: -51.219, df = 14; full model lacking the
correlation parameter: -53.280, df = 8), we decided to remove it from our full model. We compared this full
model with a null model lacking the effect of choice at first trial in the fixed effects part but being otherwise
identical. We obtained confidence intervals of model estimates and fitted values by means of a parametric
bootstrap (N = 1,000 bootstraps; function bootMer of the package Ime4). We assessed model stability as
described above. The model revealed to be of acceptable stability.

Overall, the probability of the subjects to choose the skillful human partner was not significantly
influenced by the location on the left or right side of the human partners (full-null model comparison: y? =
0.0005, df =1, p = .982; Table S7).

Table S7

Results of the Full Model for the Effect of the Location of the Human Partners (Estimates Together with Standard Errors, 95%
Confidence Limits, Significance Tests, and the Estimates’ Range After Excluding Individuals One at a Time)

Term Estimattet SE = CLiower CLupper % d p
(Intercept) -0.330 0472 -1.454  0.607
Session 0.868 0.478 -0.005  2.096 3394 1 .065
Trial number 0.062 0.241 -0451 0.613 0.065 1 .799
Side skillful human partner  0.014 0.564 -1.233  1.193 0 1 982

Note. Trial number was z-transformed to a mean of 0 and a standard deviation of 1 (original mean and standard deviation was 5 +
2.01). Session was dummy coded with test session 1 being the reference level. The reference level for the location of the skillful
human partner was the left.
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