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Abstract

Primate cognition research allows us to reconstruct the evo-
lution of human cognition. However, temporal and contex-
tual factors that induce variation in cognitive studies with great
apes are poorly understood. Here we report on a longitudinal
study where we repeatedly tested a comparatively large sam-
ple of great apes (N = 40) with the same set of cognitive mea-
sures. We investigated the stability of group-level results, the
reliability of individual differences and the relation between
cognitive performance and individual-level characteristics. We
found results to be relatively stable on a group level. Some, but
not all, tasks showed acceptable levels of reliability. Cogni-
tive performance across tasks was not systematically related to
any particular individual-level predictor. This study highlights
the importance of methodological considerations – especially
when studying individual differences – on the route to building
a more robust science of primate cognitive evolution.
Keywords: Primate Cognition; Stability; Reliability; Individ-
ual Differences.

Introduction
Primate cognition research can inform us about the evolu-
tion of human cognition. This research has contributed sig-
nificantly to our understanding of the shared and unique as-
pects of human cognition (Laland & Seed, 2021). But, like
all other branches of cognitive science, primate cognition re-
search faces some critical challenges: Because cognitive pro-
cesses cannot be observed directly, they must be inferred from
behavior. This kind of inference requires strong methods
which specify the link between behavior and cognition. In
this paper, we report on a longitudinal study that focuses on
the stability, reliability and predictability of great apes’ per-
formance in a range of cognitive tasks.

To allow for generalization, study results need to repli-
cate. That is, comparable results should be obtained when
applying the same method to a new population of individu-
als. Psychological science has been riddled with problems
of non-replicable results (Collaboration, 2015). Animal cog-
nition research shows many of the characteristics that have
been identified to yield a low replication rate in other psy-
chological fields (Farrar et al., 2020b; Stevens, 2017). Fur-
thermore, replication attempts are rare in animal cognition re-
search (Farrar et al., 2020a). A recent review of experimental
primate cognition research between 2014 and 2019 found that
only 2 % of studies included a replication (ManyPrimates,
Altschul, Beran, Bohn, Caspar, et al., 2019). Replications
are rare, in part because researchers only have access to one

sample of study participants and therefore cannot test a new
sample. Nevertheless, in such conditions, we can ask a more
basic question: how repeatable are the results of a study. That
is if we test the same animals multiple times, do we get sim-
ilar results? Repeatability could be seen as a pre-condition
for replicability. In this study, we investigate the stability of
results by repeatedly testing the same sample of great apes
on the same tasks. This will allow us to estimate how sta-
ble group-level performance is and thus how representative a
single data collection point is for a group of great apes.

One way to explain cognitive evolution is to study how
cognitive abilities cluster in different species. This approach
needs reliable measures (Volter, Tinklenberg, Call, & Seed,
2018). Reliability refers to the stability of individual dif-
ferences as opposed to group-level means. Reliability is
paramount if a study’s goal is to relate cognitive performance
to individual characteristics or external variables: a measure
cannot be stronger related to a second measure than to it-
self. Recent years have seen an increase of individual differ-
ences studies in animal cognition research (Shaw & Schmelz,
2017). In these studies, the reliability of the tasks is rarely
assessed. Therefore, it is difficult to say if the absence of
a relation between two variables is real or merely a conse-
quence of low reliability. As part of this study, we investigate
the re-test reliability of a range of commonly used cognitive
tasks for great apes.

Researchers in animal cognition often assume that per-
formance in cognitive tasks can (in part) be explained by
individual-level characteristics such as age, sex, rank or rear-
ing history. In many cases, such predictors are included with-
out a specific hypothesis, either to control for potential effects
or because they are implicitly assumed to influence cognitive
performance in general. Habitually including these predic-
tors without a theoretical indication is problematic because
– in combination with selective reporting – it may increase
the rate of false-positive results (Simmons, Nelson, & Simon-
sohn, 2011). As part of the study reported here, we investi-
gated whether individual characteristics influence cognitive
performance on a broad scale.

In the following, we describe the first results from a lon-
gitudinal study with great apes. We ask how stable perfor-
mance is on a group level, how reliable individual differences
are and to what extent these individual differences can be ex-
plained by a common set of predictors. We chose five tasks
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Figure 1: Results from the five cognitive tasks across time points. Black crosses show mean performance at each time point
across species (with 95% CI). Colored dots show mean performance by species. Transparent grey lines connect individual
performances across time points, with the lines width corresponding to the number of participants. Dashed line shows the
chance level inference whenever applicable. The panel for switching includes triangles and dots showing the mean performance
in the two phases from which the overall performance score was computed (see main text).

that cover a broad range of cognitive abilities: causal infer-
ence, inference by exclusion, gaze following, quantity dis-
crimination, and switching flexibility. We tested a sample of
individuals from four great ape species: Bonobos (Pan panis-
cus, Chimpanzees (Pan troglodytes), Gorillas (Gorilla gorilla
and Orangutans(Pongo abelii) on regular intervals.

Methods
Participants
A total of 40 great apes participated at least once in one of the
tasks. This included 8 Bonobos (3 females, age 7.3 to 38), 21
Chimpanzees (16 females, age 2.6 to 54.9), 6 Gorillas (4 fe-
males, age 2.7 to 21.6), and 6 Orangutans (4 females, age 17
to 40.2). The sample size at the different time points ranged
from 22 to 38. We tried to test all apes at all time points but,
due to construction work and variation in willingness to par-
ticipate, this was not always the possible. All apes participate
in cognitive research on a regular basis. Many of them have
ample experience with the very tasks we used in the current
study.

Apes were housed at the Wolfgang Khler Primate Re-
search Center located in Zoo Leipzig, Germany. They lived
in groups, with one group per species and two chimpanzee
groups. Research was noninvasive and strictly adhered to the
legal requirements in Germany. Animal husbandry and re-
search complied with the European Association of Zoos and
Aquaria Minimum Standards for the Accommodation and
Care of Animals in Zoos and Aquaria as well as the World
Association of Zoos and Aquariums Ethical Guidelines for
the Conduct of Research on Animals by Zoos and Aquari-
ums. Participation was voluntary, all food was given in ad-
dition to the daily diet, and water was available ad libitum
throughout the study. The study was approved by an internal
ethics committee at the Max Planck Institute for Evolutionary
Anthropology.

Design, Setup and Procedure

We tested apes on the same five tasks every other week. The
tasks we selected are based on published procedures and are
commonly used in the field of comparative psychology. The
original publications often include control conditions to rule
out alternative, non-cognitive explanations. We did not in-
clude such controls here and only ran the experimental con-
ditions. Here we report the data from the first eight time
points. The tasks were presented in the same order and with
the same positioning and counterbalancing (to keep condi-
tions constant between individuals and across occasions).

Apes were tested in familiar sleeping or observation rooms
by a single experimenter. Whenever possible, they were
tested individually. For each individual, the tasks at one
time point were usually spread out across two consecutive
days with causality and inference on day 1 and quantity and
switching on day 2. Gaze following trials were run at the be-
ginning and the end of each day. The basic setup comprised
a sliding table positioned in front of a clear Plexiglas panel
with three holes in it. The experimenter sat on a small stool
and used an occluder to cover the sliding table.
Causality The causality and inference tasks were modeled
after (Call, 2004). Two identical cups with a lid were placed
left and right on the table. The experimenter covered the table
with the occluder, retrieved a piece of food, showed it to the
ape, and hid it in one the cups outside the participant’s view.
Next, they removed the occluder, picked up the baited cup
and shook it three times, which produced a rattling sound.
Next, the cup was put back in place, the sliding table pushed
forwards, and the participant made a choice by pointing to
one of the cups. If they picked the baited cup, their choice was
coded as correct, and they received the reward. If they chose
the other cup, they did not. On each time point, participants
received 12 trials.
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Figure 2: Posterior distributions for τ from the meta-analytic models for each task. Numbers denote mean and 95% HDI for τ.
Insets show the posterior distribution for the model intercept estimate at each time point and the overall estimate at the bottom
(separated by the black line).

Inference Inference trials were identical to causality trials,
but instead of shaking the baited cup, the experimenter shook
the empty cup. Correct choice was again coded when the
baited (non-shaken) cup was chosen. On each time point, par-
ticipants received 12 trials. Inference trials were intermixed
with causality trials.

Gaze Following The gaze following task was modeled af-
ter (Brauer, Call, & Tomasello, 2005). The experimenter sat
opposite the ape and handed over food at a constant pace.
That is, the experimenter picked up a piece of food, briefly
held it out in front of her face and then handed it over to the
participant. At some point, the experimenter looked up (i.e.,
moving her head up) while holding up the food in front of
her head. After 10s, the experimenter looked down again and
handed over the food. We coded whether the subject looked
up during the 10s interval. Participants received a total of 8
trials, spread out across the two test days.

Quantity Discrimination For this task, we followed the
general procedure of (Hanus & Call, 2007). Two small plates
were presented left and right on the table. The experimenter
placed 5 small food pieces on one plate and 7 on the other.
Then they pushed the sliding table forwards, and the subject
made a choice. We coded as correct when the subject chose
the plate with the larger quantity. There were 12 trials per
time point.

Switching This task was modeled after (Haun, Call,
Janzen, & Levinson, 2006). Three differently looking cups
(metal cup with handle, red plastic ice cone, red cup without
handle) were placed next to each other on the table. There
were two conditions. In the place condition, the experimenter
hid a piece of food under one of the cups in full view of the
participant. Next, the cups were covered by the occluder and
the experimenter switched the position of two cups, while the
reward remained in the same location. We coded as correct
if the participant chose the location where the food was hid-
den. Participants received four trials in this condition. The
place condition was run first. The feature condition followed
the same procedure, but now the experimenter also moved the
reward when switching the cups. The switch between condi-
tions happened without informing the participant in any way.
A correct choice in this condition meant choosing the loca-

tion to which the cup plus the food were moved. Here, par-
ticipants received eight trials. The dependent measure of in-
terest for this task was calculated as: [proportion correct
place] - (1 - [proportion correct feature]). Pos-
itive values in this score mean that participants could quickly
switch from choosing based on location to choosing based on
feature. High negative values suggest that participants did not
or hardly switch strategies.

Analysis and Results
We had no specific hypothesis about species differences for
any of the following analysis. What is more, the unequal
sample sizes between species does not warrant strong claims
about differences between species. As a consequence, we
will present and discuss the results from a generic “great ape”
perspective. However, we accounted for the nesting of sub-
jects in species (groups) as part of the random effect structure
of our models. The interested reader may compute species-
specific estimates from the data and analysis code in the as-
sociated repository (see below). All analyses were run in
R (R Core Team, 2018). Bayesian multilevel models were
implemented using the package brms (Burkner, 2017) and
default priors. All models included random intercepts for
participants nested within group and random slopes for trial
(trial|group/subject).

Stability
First, we looked at group-level stability in performance. That
is, we asked how much performance varied across time points
in the different tasks. For this analysis, we ignored the tempo-
ral order of the different time points and treated them as repe-
titions of the same experiment (i.e., time point was treated as
a factor instead of a numerical variable). As such, we asked a
meta-analytic question: how much variation is there between
different instances of the same experiment? To answer this,
we fitted a mixed model with a random intercept term for time
point to the data from each task1. As part of each model, we

1We modeled the trial by trial data using a binomial distribution
in a logistic GLMM for all tasks, except switching. Here we mod-
eled the score (by time point) as a truncated normal distribution. As
mentioned above, these models included random intercept terms for
individuals nested within groups
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Figure 3: (A) Distribution of correlations between time points for each task. Dots represent the mean of the distribution with
95% HDI. Numbers denote mean and 95% HDI. (B) Correlations between re-test reliability and time span (in time points)
between the testing time points.

estimated a standard deviation of the random intercept term
(τ), which reflects the variation between time points.

Figure 1 visualizes performance across time points. For
causality, inference and quantity, we can evaluate group-level
performance by comparing it to chance (50% correct = in-
tercept of 0 in link space). Group-level performance was reli-
ably above chance for causality and quantity but at chance for
inference. There is no such reference level for gaze follow-
ing, and we can simply say that at least some individuals of
all species followed the experimenter’s gaze. The switching
score was consistently negative, suggesting that - on a group
level - apes did not switch strategies.

Figure 2 shows the posterior distribution of τ for each task.
While performance was very stable for inference, quantity
and switching (τ very close to 0), performance was slightly
more variable for causality and varied substantially for gaze
following. For causality, variation did not seem to follow a
clear temporal pattern. On the other hand, for gaze following,
there seems to be a downward trend with apes (as a group)
becoming less likely to follow the experimenter’s gaze. We
explore this temporal pattern in more detail below. Taken to-
gether, we may say that 4 out of 5 measures yield stable mea-
sures of group-level performance. For inference, however,
stability corresponds to a stable performance at chance level,
which suggests that the task was rather difficult. Whether that
meant that participants simply guessed on each trial, we will
explore in the next section.

Reliability
Next, we asked how stable performance was on an individ-
ual level. This question also relates to each task’s reliability
- how well suited it is to capture differences between indi-
viduals. In general, reliability is high if individuals are con-
sistently ranked across measurement instances. One way to
assess reliability is to correlate performance from two time
points (re-test reliability). Because we had multiple time
points, we computed pairwise correlations for all combina-
tions of time points (total of 28 unique correlations per task).
This resulted in a distribution of correlations, which we vi-

sualize in Figure 3A. We evaluate these correlations in light
of meta-analytic estimates from them animal cognition liter-
ature (Cauchoix et al., 2018). Results suggest good re-test
reliability for gaze following, causality and inference, vari-
able reliability for quantity and poor reliability for switching.
This pattern is interesting in light of the group-level perfor-
mance we reported above: stable performance on a group
level (stability) does not imply stable individual differences
(reliability). We come back to this point in the discussion.
Figure 3B shows the relation between the time span (in time
points) between the testing time points and the re-test relia-
bility measure. As expected, the further apart the two mea-
surement time points, the lower the correlation tended to be
(see Uher, 2011 for a more detailed discussion of this phe-
nomenon).

Predictors
In the final set of analysis, we investigated if variation in cog-
nitive performance could – in part – be explained by partic-
ipant characteristics. We chose to look at variables that are
commonly analyzed in the primate cognition literature: age,
sex, rank and rearing history. Rank was rated by animal keep-
ers at every time point, and rearing history was classified as
“mother reared”, “human reared” or “unknown”.

For each task, we ran the same five models2: A baseline
model predicting performance by time point (numerical) and
trial as well as four models, each with one of the predictors
(age, sex, rank and rearing history), added to the baseline
model. We did not investigate any interaction models (in-
teractions among the predictors or with time point) because
we had no specific hypothesis in that direction. We used
Bayesian model comparison based on WAIC (widely appli-
cable information criterion) scores and weights (McElreath,
2016). This comparison tells us which of the models consid-
ered makes the best out-of-sample predictions. If the model
with one predictor (e.g., age) were consistently assigned the

2We used the same response distributions as in the stability anal-
ysis.
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highest weight across tasks, we would conclude that partici-
pants’ age best predicts cognitive performance.

Table 1 gives WAIC scores and weights for each model
and task. Figure 4 shows the posterior distribution of the test
predictors (as well as for time point). The baseline model
was ranked highest across tasks (first or second for all tasks),
suggesting that none of the test predictors was consistently
related to performance. Within the baseline model, the esti-
mate for time point was close to 0 for all tasks except gaze
following, for which it was mostly negative (reflecting the
downward trend we saw in Figure 1).

For gaze following, the model including sex as a predictor
was ranked highest: males were somewhat less likely to fol-
low the experimenter’s gaze. For quantity and switching, the
rank model was rated highest with lower-ranking individuals
showing better quantity discrimination or switching abilities.
In the case of switching, however, the model results should be
interpreted with caution. The low re-test correlations suggest
that the task does not reliably measure the cognitive ability in
question. Thus, the variation in performance that the model
tries to explain might not have a cognitive origin and could
equally well be due to factors we did not capture.

Discussion
We tested the same sample of great apes repeatedly on five
cognitive tasks. This design allowed us to address some
pressing questions in primate cognition research: How sta-
ble is group-level performance in cognitive tasks? How reli-
able are the results of these tasks? How much do individual
characteristics influence performance? Below we discuss the
results in light of these questions.

Performance was relatively stable for all tasks except gaze
following. This result is somewhat surprising given that in-
dividuals were differentially reinforced in all tasks – except
gaze following. Furthermore, counterbalancing and position-
ing were exactly the same at each time point. Together, this
creates a potentially ideal learning scenario. How can we
interpret this lack of improvement in the tasks other than
gaze following? One explanation could be that the differ-

ent routes to solving the task constitute incompatible infor-
mation sources. For example, in the case of causality, apes
could spontaneously solve the task by inferring that the food
caused the sound. Alternatively, they could learn that food is
under the cup the experimenter touches whenever they hear
a rattling sound. In principle, these two information sources
could easily be integrated and supplement one another, result-
ing in improved performance over time. The absence of im-
provement could mean that apes rely on spontaneous causal
inferences alone, thereby ignoring repeating contingencies.
However, many alternative explanations are possible. For ex-
ample, many apes in Zoo Leipzig have had years of experi-
ence with the kind of tasks we included in the study. Thus,
the absence of improvement might indicate that they already
reached an individual performance maximum. The continu-
ation of this project might help to shed light on these ques-
tions. For now, we may conclude that short term improve-
ments based on learned arbitrary relations are unlikely to oc-
cur in great apes. In support of this, when primates had to
learn arbitrary relations in previous studies, they either failed
(Hanus & Call, 2008, 2011) or it took a very long time and
an elaborate training regime (e.g. Allritz, Call, & Borkenau,
2016).

Three out of five tasks showed acceptable levels of reliabil-
ity. Importantly, reliability is independent of group-level per-
formance (leaving aside floor and ceiling effects) (see Hedge,
Powell, & Sumner, 2018). Here, we see such a pattern for in-
ference: Group-level performance was consistently at chance
level for every time point. On a group level, one would con-
clude that great apes did not make the inference in question.
However, the task was highly reliable, suggesting that it ac-
curately captured individual differences. Together with the
observation that some individuals consistently performed at
ceiling (see grey transparent lines in Figure 1), this suggests
that the task is well suited to measure inferential abilities on
an individual level. The opposite pattern holds for quan-
tity. Here, group-level performance was consistently above
chance, but individual differences were not very consistent.
This suggests that variation was due to sources other than sys-
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tematic differences between individuals. This phenomenon is
quite common in the human adult cognitive literature (Hedge
et al., 2018). It arises when experimental tasks (optimized for
low variance in measurement) are used to study individual
differences (requiring high variance in measurement). Taken
together, we may recommend that researchers investigate the
psychometric properties of an experimental task before they
use it to study individual differences. When planning to study
individual differences by relating measures to one another, re-
searchers might be well advised to first study the reliability of
these measures. Even though this takes considerable time and
effort, it increases the chances of finding meaningful effects.

Task Model WAIC SE Weight
Causality baseline 2432.35 52.98 0.25

rank 2432.80 53.03 0.20
age 2433.05 53.09 0.18
sex 2432.56 53.07 0.23
rearing 2433.45 53.09 0.15

Gaze following baseline 1133.68 50.19 0.22
rank 1134.56 50.26 0.14
age 1134.31 50.29 0.16
sex 1132.74 50.19 0.35
rearing 1134.65 50.41 0.13

Inference baseline 2915.33 44.01 0.24
rank 2916.23 44.03 0.16
age 2915.98 44.07 0.18
sex 2915.19 44.13 0.26
rearing 2916.17 44.20 0.16

Quantity baseline 2501.47 47.63 0.23
rank 2500.65 47.74 0.35
age 2502.04 47.73 0.18
sex 2502.54 47.70 0.14
rearing 2503.18 47.75 0.10

Switching baseline 25.56 22.13 0.30
rank 25.12 21.94 0.37
age 27.20 22.27 0.13
sex 27.19 22.14 0.13
rearing 28.41 22.31 0.07

Table 1: WAIC Scores and weights for each predictor model
and task.

We did not find that one of the individual-level characteris-
tics (age, sex, rank or rearing history) was consistently related
to performance across tasks. A baseline model, predicting
performance by time variables alone, was, on average, rated
highest in the different model comparisons. The model in-
cluding rank was rated highest for two tasks (quantity and
switching). However, in the case of switching, this should be
interpreted with caution in the light of low reliability of the
task (see results section). Moving forward, we will explore
additional predictors, to see if we do find some that are re-
lated to cognitive performance more broadly. For now, we
may conclude that researchers should carefully select predic-
tors based on theoretical considerations. Including them as a

default or to control for potential effects might make models
unnecessarily complex – and might not even have the desired
effect (see Westfall & Yarkoni, 2016).

For our analysis, we combined the data from all species,
neglecting potential species differences. The reason is that
the sample size for each species was too small to really dif-
ferentiate individual- from species-level differences. This is
a common problem in primate cognition research. Species-
level inferences require data sets that are beyond the resources
of individual labs. A promising way forward to overcome
this limitation is the ManyPrimates project; a large-scale col-
laborative initiative established to create an infrastructure to
support the pooling of resources across labs (ManyPrimates,
Altschul, Beran, Bohn, Call, et al., 2019).

The data we have reported here are the first couple of waves
in a longitudinal study which we hope to continue for at least
one year. As part of it, we will record additional variables
that might explain variation in cognitive performance such as
social network data or live history variables (sickness, birth
and death of group members, etc.). We hope that this project
will contribute to our understanding of the dynamic nature of
primate cognition.

Corresponding data and code are available at
https://github.com/ccp-eva/laac
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