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Do capuchin monkeys (Sapajus apella) use exploration to form intuitions about
physical properties?
Eleanor Jade Jordana, Christoph J. Völterb and Amanda M. Seeda

aSchool of Psychology & Neuroscience, University of St Andrews, St Andrews, UK; bComparative Cognition, Messerli Research Institute,
University of Veterinary Medicine Vienna, Medical University of Vienna, University of Vienna, Wien, Austria

ABSTRACT
Humans’ flexible innovation relies on our capacity to accurately predict objects’ behaviour. These
predictions may originate from a “physics-engine” in the brain which simulates our environment.
To explore the evolutionary origins of intuitive physics, we investigate whether capuchin monkeys’
object exploration supports learning. Two capuchin groups experienced exploration sessions
involving multiple copies of two objects, one object was easily opened (functional), the other
was not (non-functional). We used two within-subject conditions (enrichment-then-test, and
test-only) with two object sets per group. Monkeys then underwent individual test sessions
where the objects contained rewards, and they choose one to attempt to open. The monkeys
spontaneously explored, performing actions which yielded functional information. At test, both
groups chose functional objects above chance. While high performance of the test-only group
precluded us from establishing learning during exploration, this study reveals the promise of
harnessing primates’ natural exploratory tendencies to understand how they see the world.

ARTICLE HISTORY
Received 13 August 2021
Revised 6 June 2022
Accepted 7 June 2022

KEYWORDS
Exploration; curiosity;
physical cognition; learning;
capuchin monkeys

It has been suggested that one way in which humans
make accurate predictions about how objects will
behave is by having a “physics engine” in the brain
(Battaglia et al., 2013; Fischer et al., 2016). There is evi-
dence that humans make predictions about how
objects will behave in a way that is remarkably
similar to the kind of physics engines employed in
computer games (Fischer et al., 2016; Ullman et al.,
2017). From an evolutionary perspective, an ability
to simulate the environment, to make predictions
and design interventions, would seem to be of par-
ticular adaptive value to organisms like humans,
which exploit the environment in innovative and
flexible ways. There is evidence to suggest that our
primate relatives are also capable of making infer-
ences about object-object interactions, for example,
to locate food rewards based on indirect information
such as an inclined board or a noisy shaken cup
(Völter & Call, 2017), or to anticipate how one object
will affect another to avoid a trap or choose an
effective tool (e.g., Jordan et al., 2020). However, in

the context of a task where good performance is
rewarded with food, it can be difficult to rule out
other explanations for successful performance, such
as learning which perceptual features are associated
with reward. To understand the evolutionary origins
of intuitive physics, it is therefore desirable to study
how non-human primates learn about the physical
environment outside of the context of locating or
releasing food rewards. One possibility is to examine
their natural tendency to explore objects.

From the child development literature, there is evi-
dence to suggest that some of our basic intuitions
about the physics of the world are present from
birth (Spelke & Kinzler, 2007). However, our intuitions
about how objects in the environment will behave are
being constantly fine-tuned by the information gath-
ered via our life experiences. Due to our seemingly
innate desire to explore, from the moment we are
born human curiosity drives us towards new infor-
mation in the environment. It has been proposed
that children are able to generate their own learning
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opportunities (Weisberg et al., 2016) and almost from
birth, human infants naturally show systematic atten-
tion towards the most learnable parts of an environ-
ment. In response to novel environments and
objects, an infant’s motor activity will increase and
become more variable (de Almeida Soares et al.,
2013; Molina & Jouen, 2004; Ruff, 1984). When
shown events in which objects act in unexpected
ways, infants will look longer than at events without
irregular or unexpected movements (Spelke, 1991;
Wang et al., 2016) and in some cases even tailor
their object manipulation to investigate the strange
behaviour (Stahl & Feigenson, 2015). By three years
of age, humans appear to seek out explanations;
leading some researchers to describe children as
“mini scientists” (Gopnik et al., 1999). There is now a
large body of evidence to show that when provided
opportunities to freely explore, pre-schoolers will
spontaneously choose to explore confounded or
belief-violating objects (Bonawitz et al., 2012; Cook
et al., 2011; Gopnik et al., 2001; Schulz & Bonawitz,
2007; Sim & Xu, 2017; Stahl & Feigenson, 2015,
2017; van Schijndel et al., 2015) and that the new
information is incorporated into their knowledge of
the world (Bonawitz et al., 2012; McCormack et al.,
2016; Schulz et al., 2007; Sim & Xu, 2017).

Yet humans are not the only animals living in
complex environments, nor are we the only species
with a strong tendency to explore. Most animals
exhibit some form of exploration, and although in
many instances non-human animals’ exploration
behaviour can be explained by either a foraging strat-
egy or some other search for valuable resources, in
some cases their exploration appears to be intrinsically
motivated. Within captive environments, studies have
shown that the complexity of an enclosure has a
more significant effect on welfare than its size (Kerl &
Rothe, 1996) and that primates prefer to interact with
novel and complex objects (Boinski et al., 1999;
Brunon et al., 2014; Snowdon & Savage, 1989; Woolver-
ton et al., 1989). Ballesta et al. (2014) showed that inde-
pendently of any food or social motivation, macaques
treat novel objects as valuable resources. Further work
has shown that both barbary macaques and capuchin
monkeys will spend more time exploring responsive vs
unresponsive objects (Polizzi di Sorrentino et al., 2014;
Vick et al., 2000). In chimpanzees, after spending time
interacting with sticks, all the individuals tested were
better able to use similar sticks to solve a tool use

problem (Birch, 1945). It seems that, just like the
findings with human infants, primates preferentially
interact with objects which provide the greatest poten-
tial for learning. Perhaps, as has been suggested to be
the case for children, their intrinsically motivated
exploration is driven by a desire to gather information
about the world.

Despite the evidence that in humans, intrinsically
motivated exploration plays a key role in how an indi-
vidual builds up their intuitive understanding of the
world, animal exploration has rarely been tested for
learning. Many animal cognition paradigms revolve
around food rewards in order to promote partici-
pation. In addition, exploration under controlled con-
ditions can be difficult to elicit. There is some work to
suggest that non-human animals are not intrinsically
motivated to explore objects and their properties
and will only do so in response to either perceptual
novelty or an extrinsic motivator (capuchin
monkeys: Edwards et al., 2014; chimpanzees: Povinelli
& Dunphy-Lelii, 2001). However, in a recent study with
macaques they have been shown to sacrifice rewards
in order to obtain counterfactual information (Wang &
Hayden, 2019); suggesting they were motivated to
gather information or explanations. Moreover,
recent studies with apes and capuchin monkeys,
have shown that these non-human primates are not
only intrinsically motivated to explore objects and dis-
cover their properties, but that they are then able to
use the information discovered during problem
solving (Ebel & Call, 2018; Polizzi di Sorrentino et al.,
2014; Taffoni et al., 2017). When given the opportu-
nity to explore an unbaited collapsible platform box,
individuals from all four species of great ape explored
it and discovered the mechanism. Consequently,
when a food reward was placed into the box, those
who had had the opportunity for exploration
retrieved the reward faster (Ebel & Call, 2018). Simi-
larly, when capuchin monkeys were presented with
a mechatronic board which they could freely
explore, they were motivated to spontaneously
engage with the board and discovered that manipu-
lation of specific modules of the box led to a reward
chamber opening (despite no rewards being
present inside the chamber). Once rewards were
introduced to the board in the test phase, the
monkeys were then able to retrieve the rewards
faster than a control group (Taffoni et al., 2017). Simi-
larly, in an experiment with capuchin monkeys, Polizzi
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di Sorrentino et al. (2014) showed that after experien-
cing action-outcome contingencies in an unrewarded
setting, capuchin monkeys were able to act on these
contingencies to retrieve rewards during a test phase.
These studies provide support for the idea that
reinforcement is not always necessary for exploration
and learning, and that primates can use exploration to
update their knowledge. However, in these studies it
is difficult to know what has been learned by the par-
ticipants, as the dependent variable is often speed of
action production (for an exception, see Polizzi di Sor-
rentino et al. (2014) who also recorded the number of
rewards retrieved). One study attempted to address
this by including both an exploration and problem-
solving component involving discrimination
(Lambert et al., 2017). Kea and New Caledonian
crows were given objects to explore before experien-
cing a problem-solving task where some of the
objects could be used as tools. Following this experi-
ence, the birds were presented with two tests; one
where they could use the objects explored to solve
a tool-use task, and a second where they had to
solve the tool-use task using novel objects. The
authors found that the birds performed better on
the test when it involved the objects they had
explored compared to novel objects. These results
suggest that Kea and New Caledonian crows are
able to learn about object properties during their
exploration and then apply their knowledge to
problem solving. In this experiment, we aimed to
use a similar method with capuchin monkeys to
examine whether exploration could lead to an
ability to discriminate between objects on the basis
of their physical properties.

The experiment consisted of two within-subject
conditions (enrichment-then-test, and test-only).
During the enrichment stage, we presented two
groups of capuchin monkeys with unrewarded
objects which differed in their physical properties
and analysed their exploration behaviour. Following
exploration, we then presented the monkeys with a
test in which rewards were added to the objects, and
we investigated whether or not monkeys that had
had the opportunity to explore the objects (those in
the enrichment-then-test condition) would be more
successful in selecting the object from which a
reward could easily be extracted than monkeys to
whom the objects were novel (those in the test-only
condition). Capuchin monkeys are renowned for their

tool use in the wild and exhibit object manipulations
as complex as that of the great apes (Torigoe, 1985;
Truppa et al., 2019). This combination of high rates of
object manipulation alongside their ability to exploit
the functional properties of the objects involved in
their tool use (e.g., the weight of stones to crack
nuts, Visalberghi et al., 2009; Visalberghi & Neel,
2003), makes capuchins a good candidate species to
look for evidence of learning via intrinsically motivated
exploration. If, like humans, the capuchin monkeys are
capable of some level of intuitive physics, then it is
likely that this intuition is built up via similar mechan-
isms of using exploration to gather information
which leads to updated intuitions and predictions.
Therefore, we predict that the capuchin monkeys in
this study will be motivated to explore the objects
and that their exploration behaviour will enable
them to discover and learn the objects’ properties
required to retrieve a reward.

Method

Subjects and housing

All the monkeys participating in the study were
housed at the University of St Andrews’ “Living
Links to Human Evolution” research centre located
within the Royal Zoological Society of Scotland’s Edin-
burgh Zoo. At the centre, the monkeys live in two
mixed-species communities made up of common
squirrel monkeys (Saimiri sciureus) and brown tufted
capuchin monkeys (Sapajus apella) Both groups’
enclosures consist of an indoor capuchin area (7 m
by 4.5 m by 6 m high), to which both species have
access; an indoor squirrel monkey enclosure (5.5 m
by 4.5 m by 6 m high), to which only the squirrel
monkeys have access; and a large shared outdoor
area (approximately 900 m2), consisting of natural
vegetation and climbing structures. Situated
between the indoor areas is a research room where,
at specified research times, the monkeys have
access to their testing cubicles which they enter
voluntarily and are able to leave at any time.

Enrichment sessions took place within the monkey’s
outdoor area once a week between 11.15 am and
12.45 pm on either a Monday, Tuesday, or Wednesday.
Test sessions took place in their testing cubicles up to
five days a week, twice a day between 11.15 am–12.45
pm and 2.15 pm–4 pm Monday to Friday. Participants
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came from both of the groups at the research centre:
the East group and the West group. The groups live
in adjacent enclosures that are mirror images of each
other, under identical housing conditions and in simi-
larly sized social groups. All participation in exper-
iments was voluntary and all food rewards provided
(peanuts, raisins, and sunflower seeds) were sup-
plemental to the monkeys’ daily diet.

We tested both groups of capuchin monkeys in
March 2019, with the entirety of both groups partici-
pating in enrichment sessions in their outdoor enclo-
sures. Participation in the test sessions was voluntary
and so we tested only those monkeys who chose to
enter the testing room and participate. The sample
size per condition and object-type was as follows:
enrichment-then-test: bottle-bunting: n = 10, water-
bottles: n = 14, plastic-tubs: n = 10, cardboard-boxes:
n = 14; test-only: bottle-bunting: n = 11, water-
bottles: n =12, plastic-tubs: n = 14, cardboard-boxes:
n = 11. Fifteen monkeys from each group (N = 30;
mean age: 10.8 years, range: 5–23 years; 12 females,
18 males) participated individually in at least one
test session in the testing cubicles.

Apparatus

We designed 4 paired sets of objects (Figure 1):
“bottle-bunting”, “water-bottles”, “plastic-tubs”, and
“carboard-boxes”. The objects were filled with non-
food material (sawdust, straw and blue stones). Each
pair contained one set of “functional” objects which
could have material extracted easily from them, and
one set of “non-functional” objects from which the
material could not be extracted easily.

For the bottle-bunting and water-bottle sets, the
functional objects had holes in either the top or
sides of the bottles so that spinning the objects
enabled the monkeys to retrieve their contents. The
non-functional objects had no holes, so the filling
was difficult to access. The bottle-bunting set con-
sisted of 1 L plastic bottles filled with sawdust and
strung up with 4 bottles of the same type per string
and two strings of each type provided in the enrich-
ment session (a total of 16 objects: 8 functional and
8 non-functional). The functional and non-functional
bottles differed in their texture, shape and markings
(Figure 1). The water-bottle set consisted of 5 L
water containers filled with straw and skewered
onto a bamboo cane with 2 containers of the same

type per cane, and 2 canes of each type provided in
the enrichment session (a total of 8 objects: 4 func-
tional and 4 non-functional). The functional and
non-functional bottles differed in their transparency
and flexibility, the colour of the lids, and the shape
of the bottles (Figure 1).

For the plastic-tub and cardboard-box sets, the
functional objects were built to ensure they were
easy to rip open so that pulling open the objects
enabled the monkeys to retrieve their contents. The
non-functional objects were made of stronger
materials, so the filling was difficult to access. The
plastic-tub set consisted of clear plastic tubs with a
volume of 500 ml, filled with sawdust and attached
to a bamboo cane 6 of the same type per cane, with
2 canes of each type provided in the enrichment
session (a total of 24 objects: 12 functional and 12
non-functional). The functional and non-functional
tubs differed in their shape and markings (Figure 1.).
The cardboard-box set consisted of cardboard contain-
ers with a diameter of 10 cm, filled with straw and
attached to a bamboo cane 6 of the same type per
cane, with 2 canes of each type provided in the enrich-
ment session (a total of 24 objects: 12 functional and
12 non-functional). The functional and non-functional
boxes differed in their shape and colour (Figure 1.)

Although the number of individual objects pro-
vided varied between the object sets, the objects
were always presented to the monkeys on 4 canes
(2 functional and 2 non-functional). The size of the
objects determined how many copies were present
on the cane as we wanted to ensure that all
monkeys had access to the objects either due to
there being multiple copies of the smaller objects,
or due to objects being large enough for multiple
monkeys to interact with each object at one time.

During enrichment phases, the objects were pre-
sented in the outdoor enclosure with the addition
of blue stones inside them in order to attract the
attention of the monkeys. During test phases, the
objects were presented in the research rooms, on
the experimenter’s side of the research cubicles,
with the addition of a raisin and flaked maize inside
them to act as a reward for the monkeys.

Experimental design & procedure

The experiment consisted of two conditions (enrich-
ment-then-test, and test-only) with each of the
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monkey groups receiving each condition twice with
different object sets. For the east group, the enrich-
ment-then-test conditions involved the bottle-
bunting and plastic-tub object pairs and the test-
only conditions involved the water-bottles and card-
board-boxes object pairs. The object pairs were
reversed for the west group.

The enrichment-then-test condition involved an
initial morning enrichment session (11.30 am–
12.30pm), followed by test sessions at 2.15 pm–3.45
pm the same day and 11.15 am–12.45 pm the follow-
ing morning. The test-only condition involved just
one test session without the monkeys having any
prior experience of the objects. This allowed us to
compare learning after experience with the objects,
to a baseline without this prior experience. This was
important because the monkeys may have had
biases for one object of the pair or may have been
able to learn over the 10 trials of experience which

one was rewarded. Using multiple object pairs
meant that we could make this comparison without
confounding the question with cohort differences.

Enrichment sessions consisted of one of the object
sets being set up in the monkeys’ outdoor enclosure
at 4 pre-determined locations. Locations were
chosen based on their visibility from the observation
balcony whilst making sure locations were spread
equally between areas where low- and high-ranking
individuals were often found; see supplementary
material S1 for the location of each enrichment site
in the enclosures as well as the location of the
cameras based on a figure from Leonardi et al.,
(2010). The cameras were all started before the
outdoor enclosure was entered in order to capture
the monkeys’ initial reactions to the objects. The
monkeys’ behaviour was recorded for a maximum of
1 h, however, if a period of 10 min passed with no
individuals interacting with the objects, the session

Figure 1. The enrichment objects. For each pair of objects there was a functional and non-functional object which differed in some
perceptual properties.
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ended early. The enrichment objects were removed at
the end of every session.

Test sessions were identical for the enrichment-then-
test and test-only conditions. At the beginning of a
session, the monkey voluntarily entered the testing
cubicles and was isolated by the experimenter in a
cubicle with two holes in the window located equal dis-
tance from the centre, at hip height for a sitting
monkey. A table was positioned in front of the
window and the experimenter held up one functional
and one non-functional object (of the pair). The
monkey’s name was called and the objects were then
shaken 3 times to show themonkey that they both con-
tained food. The objects were then placed on the table
simultaneously and in one smooth movement so that
they were now within reach of the monkey, one in
front of each of the window’s holes. The experimenter
said the command “choosing” and themonkey reached
out for one of the objects. The verbal command was
used as in a previous task the monkeys had been
trained that this command signalled a demonstration
phase was over and they were now able to interact
with objects on the table. In most cases the chosen
object was then moved to the next window (with a
bigger hole) to enable the monkey to interact with
the object to try and retrieve the rewards (in some
cases the monkeys were so enthusiastic that they
refused to let go of the objects for them to be placed
at the larger hole window and so continued to manip-
ulate them through the smaller hole). If the functional
object was chosen the monkeys were able to retrieve
the rewards, however, if the non-functional object
was chosen the monkeys were given up to 30 s to inter-
act and experience that they could not retrieve the
reward before moving onto the next trial. Although a
small number of individual monkeys had managed to
persevere and open these non-functional objects
during the enrichment sessions, the setup of the
testing cubicles prevented them from getting the
correct grip during testing and all monkeys gave up
trying to retrieve rewards from these objects within
the 30 s interaction time. Subjects were given one
session of 10 trials for each of the object pairs.

Coding

All enrichment sessions were videotaped and coded by
a single experimenter using the same coding scheme
(see supplementary material S2 for the coding

scheme and video examples of each of the beha-
viours). We coded 11 different behaviours which fell
into 4 broader categories of behaviour. (1) Sensory
exploration. This included visual inspection, licking
and sniffing the objects. (2) Object manipulation. This
included banging, spinning, biting, and pulling apart
the objects. (3) Filling manipulation. This included
removing or attempting to remove the filling material
from the objects. (4) Other. This included transporting
the objects and any other behaviour the monkeys
directed towards the objects. Of the object manipu-
lation behaviours, the critical manipulation for
gaining access to the objects filling differed between
objects. For the bottle-bunting and water-bottles the
monkeys were required to spin the bottles to retrieve
the filling, whereas for the carboard-boxes and
plastic-tubs the monkeys needed to pull open the
objects to access the contents. A second coder
scored 25% of all trials from the recorded video
material to establish inter-observer reliability. Fleiss’
kappa was calculated, and according to Landis and
Koch (1977), inter-observer reliability was “almost
perfect” (correct choice: K = 0.97, p < 0.001).

All test sessions were videotaped and coded by a
single experimenter. Trials were coded as correct if
the monkey reached out towards the functional
object, and incorrect if they reached out towards the
non-functional object. As with enrichment sessions, a
second coder scored 25% of all trials from the recorded
video material to establish inter-observer reliability.
Fleiss’ kappa was calculated, and according to Landis
and Koch (1977), inter-observer reliability was “almost
perfect” (correct choice: K = 0.97, p < 0.001).

Analysis

The analysis was carried out in RStudio (R Studio
Team, 2019) using R (version 3.6.2; R Core Team,
2019). To analyse the monkeys’ exploration, we
looked at the average length of time spent interacting
with the objects, and what proportion of the time
spent manipulating the monkeys spent doing each
of the manipulation actions.

To assess whether the monkeys had learnt any-
thing during the enrichment sessions we took the
scores from the test sessions and ran one-sample t-
tests to compare their performance to chance. Fol-
lowing this, we investigated the effects of condition
(enrichment-then-test and test-only), object-type
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and trial number on the performance of the monkeys
using generalized linear mixed models (GLMMs). All
GLMMs had binomial error structure and logit link
function with choosing the functional object as the
dependent variable (DV) and included monkey ID as
a random effect. In all cases, trial number was z-trans-
formed to a mean of zero and a standard deviation of
1. GLMMs 1–3 used the data from all four object types
and included the test predictor variables condition
(test-only, or enrichment-then-test), object type
(bottle-bunting, water-bottles, plastic-tubs or card-
board-boxes), and trial number, as well as the
random slopes of object type within monkey ID. We
first attempted to fit the maximal model with
random slopes of trial number and condition,
however, after encountering convergence issues
these were removed. GLMM 1 included a three-way
interaction between the predictors, however, this
interaction was not significant and so we fitted
GLMM 2 which included only the 2-way interactions
between the predictors. Again these 2-way inter-
actions were not significant and so we fitted GLMM
3 which included only the interaction between
object type and trial number with condition included
as a main effect. GLMMs 4–7 acted as post hoc tests to
investigate the effect of condition within each object-
type. We subset the data into the four object types
and fitted a model with condition and trial number
as the test predictors, as well as monkey ID as a
random effect. All the models were fitted using the
R function lmer of the package lme4 (Bates et al.,
2015) and we tested the effect of the fixed effects
using likelihood ratio tests comparing the full model
with reduced models lacking the respective fixed
effect. We assessed model stability by comparing
the estimates of the model that was based on the
complete data set with estimates obtained from
models with each subject excluded one at a time.
All models were stable for all fixed effects and the var-
iance inflation factors confirmed there was no pro-
blems of collinearity (for all models VIF = 1 for all
fixed effects).

Results

Exploration

In all enrichment sessions, the monkeys were motiv-
ated to interact with the objects with 16/17 monkeys

interacting with the bottle-bunting, 17/18 monkeys
interacting with the water-bottles, 14/17 monkeys
interacting with the plastic-tubs, and all 18 monkeys
interacting with the cardboard-boxes. In all cases, the
monkeys first performed some form of sensory
exploration (e.g., sniffing, licking, or visually inspecting
the objects) before some individuals then going on to
perform object manipulations and interacting with the
contents of the objects. However, in all enrichment ses-
sions the average amount of time individuals spent
interacting with the objects was low as only a small
number of individuals spent a large amount of time
with the objects (interaction times: bottle-bunting:
mean 242 s, range 2–1575 s; water-bottles: mean 190
s, range 2–551 s; plastic-tubs: mean 66 s, range 6–
247 s; cardboard-boxes: mean 344 s, range 33–1697 s).

Whilst interacting with the objects the monkeys
performed several different manipulations; biting,
banging, spinning and pulling-apart the object.
However, although biting the object occurred at
high rates in all four enrichment sessions, the occur-
rence of the other object manipulations varied
between the enrichment sessions (Figure 2). In both
the bottle-bunting and water-bottle sessions, biting
was accompanied by spinning and pulling. Whereas,
in the plastic-tubs and cardboard-boxes sessions,
biting was accompanied by banging and pulling.

The affordances of the objects differed between
the enrichment sessions, and for each object pair
there was a “critical action” which the monkeys
needed to perform to release the contents of the
functional object. For the bottle-bunting and water-
bottles, the critical action was to spin the objects,
whilst for the plastic-tubs and the cardboard-boxes,
the critical action was to pull the objects apart. Of
the monkeys who manipulated the enrichment
objects, spinning was seen in 67% (n = 8) of
monkeys in the bottle-bunting sessions and 53% (n
= 8) of monkeys in the water-bottle sessions and
pulling was seen in 90% (n = 9) of monkeys in the
plastic-tubs sessions and 67% (n = 12) of monkeys in
the cardboard-boxes sessions.

Learning

Overall, monkeys chose the functional object above
chance in both conditions (enrichment-then-test:
mean ± se = 0.73 ± 0.03, one-sample t-test: t(24)
9.02, p < 0.001, 95% CI [0.68, 0.79]; test-only: mean ±
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se = 0.69 ± 0.03, one-sample t-test: t(27) 6.21, p <
0.001, 95% CI [0.63,0.76]). This remained the case
when broken down into the 4 separate object types
(see supplementary material S3 for the results of indi-
vidual t-tests).

GLMM1 contained the 3-way interaction between
condition (test-only, or enrichment-then-test), object
type (bottle-bunting, water-bottles, plastic-tubs or
cardboard-boxes), and trial number, as well as the
random effect of ID and the random slope of object
type within ID. The model fitted the data significantly
better than a null model containing only the random
effects (LRT: χ2 = 56.99, df = 15, p < 0.001). However,
the three-way interaction was not significant (LRT:
χ2 = 0.88, df = 3, p = 0.83).

For GLMM2, we removed the three-way interaction
and ran a reduced model containing only the two-
way interactions between the main effects, along
with the random effect of ID and the random slope
of object type within ID. The model fitted the data sig-
nificantly better than a null model containing only the
random effects (LRT: χ2 = 56.11, df = 12, p < 0.001).
and revealed a significant interaction between
object type and trial number (LRT: χ2 = 11.28, df = 3,
p = 0.01; see supplementary data S4 for the GLMM2
output). The interaction between condition and
object type was not significant (LRT: χ2 = 4,24, df = 3,
p = 0.24), nor was the interaction between condition
and trial number (LRT: χ2 = 3.33, df = 1, p = 0.07).

To check for any main effect of condition, we ran a
third GLMM (GLMM3) which included condition as a
main effect as well as the object type by trial
number interaction and the random effect of ID and
the random slope of object type within ID. The
model was significant when compared to a null
model containing only the random effects (LRT: χ2
= 48.88, df = 8, p < 0.001) and revealed a significant
interaction between object type and trial number
(LRT: χ2 = 9.72, df = 3, p = 0.02; see supplementary
data S5 for the GLMM3 output), but no significant
effect of condition (LRT: χ2 = 0.91, df = 1, p = 0.34).

To investigate the interaction between object type
and trial number we subset the data into the separate
object types and ran four further GLMMs (one for each
object type). All four models contained the predictor
variables condition and trial number with monkey
ID as a random effect.

Bottle-bunting & plastic tubs
GLMM 4 used the data from the bottle-bunting test
sessions and GLMM 5 used the data from the
plastic-tubs test sessions. Neither model fitted the
data significantly better than their respective null
models containing only the random effects (LRTs:
Bottle-bunting: χ2 = 1.61, df = 2, p = 0.45; Figure 3(a);
Plastic-tubs: χ2 = 3.61, df = 2, p = 0.16; Figure 3(c)).
For both bottle-bunting and plastic-tubs neither test

Figure 2. The average proportion of object manipulation time which monkeys spent performing each type of manipulation in each of
the enrichment sessions.
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condition nor trial number had a significant effect on
performance.

Cardboard-boxes & water-bottles
GLMM 6 used the data from the cardboard-boxes test
sessions and GLMM 7 used the data from the water-
bottles test sessions. Both models fitted the data sig-
nificantly better than the respective null models con-
taining only the random effects (LRTs: Cardboard-
boxes: χ2 = 24.76, df = 2, p < 0.001; Figure 3(d);
Water-bottles: χ2 = 17.71, df = 2, p < 0.001; Figure 3
(b).; see supplementary material S6 & S7 for the
GLMM 6 and 7 output respectively). Both models
revealed a significant improvement over trials (LRTs:
Cardboard-boxes: χ2 = 23.56, df = 1, p < 0.001; Water-
bottles: χ2 = 16.49, df = 1, p < 0.001) but no significant
difference between conditions (LRTs: Cardboard-
boxes: χ2 = 1.32, df = 1, p = 0.25; Water-bottles: χ2 =
1.23, df = 1, p = 0.27).

Discussion

The monkeys showed spontaneous exploration of all
the enrichment objects provided and chose the func-
tional objects above chance in the test sessions in
both the enrichment-then-test and test-only con-
ditions. This finding suggests that they are intrinsically
motivated to explore objects and provides empirical
support in line with the findings of the enrichment

literature (e.g., Clark & Smith, 2013; Dubois et al.,
2005; Vick et al., 2000). The monkeys did not behave
in a way which suggested they were following an
innate exploration routine as they tailored their
exploratory manipulations to the affordances of the
different objects (spinning the bottle-bunting and
water-bottles but pulling the plastic-tubs and card-
board-boxes). However, when looking at their per-
formance in the test sessions, performance
following an opportunity to explore was not
different from the baseline sessions. In the card-
board-boxes and water-bottles sessions the
monkeys appeared to be learning during the test in
both the post-enrichment and baseline sessions
suggesting that the monkeys may not have learnt
about the object properties during their exploration.
Whilst in the bottle-bunting and plastic-tubs sessions,
high performance in the baseline sessions may have
prevented us from detecting any benefit from the
enrichment session, possibly due to the monkeys
having had prior experience with similar objects.
Future research should consider that when dealing
with visible differences, prior learning is likely to
have occurred, and attempt to use objects which
are harder to disambiguate and/or hidden properties
that the participants are less familiar with in order
keep the baseline low.

It is common knowledge that many animals,
especially primates, will explore and manipulate

Figure 3. Average score at test for each enrichment object, split into the different enrichment conditions. For each enrichment object
type, the graph shows the average score across trials split into the two conditions (enrichment-then-test, and test-only). Error bars
show the mean ±sd, with the dashed red line indicating chance.

COGNITIVE NEUROPSYCHOLOGY 9



objects. From just a few months old, baboons, capu-
chin monkeys and chimpanzees have been docu-
mented to show object manipulation (Hayashi,
2007; Westergaard, 1993; Westergaard et al., 1999)
with chimpanzees and bonobos performing a wide
array of different manipulation actions (Takeshita &
Walraven, 1996). Capuchin monkeys have been
classified as showing object manipulations as
complex as those exhibited by the apes (Torigoe,
1985; Truppa et al., 2019), which includes combing
objects with their environment or other objects
and performing object manipulations which involve
almost all body parts. In research with human chil-
dren, object play has been used as a window on chil-
dren’s understanding of the world and the processes
by which they build up their world knowledge (e.g.,
Butler & Markman, 2012; Cook et al., 2011). Despite
this, researchers interested in uncovering how non-
human primates learn about their physical world
have given little attention to their natural explora-
tory tendencies. Most research into how non-
human primates see the physical world is done via
presenting individuals with problem-solving tasks
that mirror a foraging context in which they work
for rewards. These methods have yielded many fruit-
ful results in helping us understand how primates
use their physical knowledge in problem solving
(e.g., Jordan et al., 2020; Völter & Call, 2017). Often
in these studies, the subjects’ performance is good
from the first trial onwards and shows no improve-
ment over trials (e.g., Völter & Call, 2014), suggesting
that the tasks tap into intuitive physics rather than
being learned over trials in the reinforced setting.
However, these tasks fail to uncover how primates
acquired this information. In a natural setting non-
human primates could build their physical knowl-
edge from their own un-reinforced interactions
with their environment without concepts being
scaffolded with increasingly difficult trials, or associ-
ative cues. In this study we provided the primates
with objects in a more ecologically valid setting
and showed that by harnessing their natural explora-
tory tendencies it is possible to begin to investigate
how they learn about the physical environment
outside of the context of locating or releasing food
rewards.

Examining this natural behaviour and its conse-
quences for learning can yield important insights
into non-human primates’ cognition as it removes

the need to reward good performance with food
and rules out any explanation of learning based on
associative learning. Within the research into non-
humans’ spatial cognition, an animal’s natural
exploratory tendencies have long been exploited,
for example, Tolman & Honzik’s, 1930 latent learning
study showed that rats could learn the layout of a
maze without any food reinforcement. Latent learn-
ing is the acquisition of information which is learned
without the presence of a reward (Shaw & Waters,
1950) and can be seen as incidental acquisition of
information and doesn’t require an individual to be
paying attention to the information they are trying
to learn (Jiang & Leung, 2005). In their classic study,
Tolman and Honzik (1930), placed rats in an unbaited
maze for ten days and left them to explore. On the
eleventh day, a food reward was placed at the end
of the maze, and after just one day the rats could navi-
gate the maze to get to the reward as quickly as rats
who had been trained with a reward for the whole 10
days. This study showed that learning was possible
without reinforcement and since the 1930s, many
variations have been carried out to show that
during unrewarded exploration of a space, both
humans and other animals are able to learn its
layout. This method has only sparsely been applied
to learning non-spatial information, however, there
is evidence to suggests that children can learn the
properties of objects during exploration (Stevenson,
1954). When children had to explore objects whilst
finding a key, they were able to latently learn about
these objects and find them faster than objects they
had not explored whilst finding the key. Similarly,
capuchin monkeys have been shown to learn
action-outcome contingencies during unrewarded
interactions with an object (Polizzi di Sorrentino
et al., 2014). Capuchins were presented with a mecha-
tronic board which they could explore unbaited
before the board was then baited and the capuchins
could work to release rewards. The monkeys were
split into two groups with one group receiving a
board where their actions had an effect on com-
ponents of the board (e.g., pressing a button caused
a box to open) whist for the other group the move-
ment of the board’s components was not contingent
with the monkeys’ actions. The group who experi-
enced contingent action-outcome relationships
retrieved more rewards and were faster at retrieving
rewards during the baited stage than the group
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who had not experienced contingency between their
actions and the movement of the board. This innova-
tive study suggests that even under unrewarded con-
ditions, experiencing action-outcome contingencies
can facilitate learning in capuchin monkeys. The
current study builds on this work by using objects
that could be presented to capuchin monkeys
within their enclosure, allowing us to get a deeper
insight into their natural exploration behaviour and
their intrinsic motivation to learn during exploration.
In addition, the test phase in Polizzi di Sorrentino
et al. (2014) contrasts monkeys who had experienced
that their actions caused an effect on the board to
monkeys who had learn that their actions did not
cause an effect on the board. This means that
rather than having an inexperienced group they
had a group who had experienced that the move-
ments of the board was random, which could
explain why during the test stage these monkeys
were slower at retrieving the rewards. By compari-
son, in the current study we compared the perform-
ance of experienced vs inexperienced monkeys,
allowing us to investigate any pre-existing biases
the monkeys had. Both Polizzi di Sorrentino et al.
(2014) and the current study show that combining
ethological approaches to investigating behaviour
with carefully controlled cognitive paradigms has
the potential to uncover insights into the ways in
which non-human primates learn the physics of the
world around them.

In conclusion, this study reveals the promise of
harnessing primates’ natural exploratory tendencies
as a tool for understanding how they see the world.
When presented with unrewarded objects that had
differing functional properties, the capuchin
monkeys seemed to be intrinsically motivated to
explore and performed actions that would yield
functional information. However, due to their high
performance in the discrimination test with and
without the experience of the exploration phase,
we were unable to conclusively determine whether
they indeed gathered functional information
through exploration. Although it remains an open
question as to whether capuchin monkeys can
learn about objects in their environments via unre-
warded exploration, this study highlights that by
combining ecology and cognition we can gather
rich data that will provide insight into how knowl-
edge is built in a real-world context.
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