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A B S T R A C T

The social interactions between primates is drawn by their ability to predict others’ behaviours, to learn from
others’ actions and to represent others’ intentions. It allows them to extract information by observation to un-
derstand which action is leading to which outcome and to maximize the efficiency of their own future beha-
viours. These processes have mainly been investigated studying non-human primates observing conspecifics, but
more recently an increasing body of work has adopted a human-monkey paradigm, and some have now con-
vincingly shown that macaque monkeys understand human choices, consider them and can act accordingly. Two
main hypotheses have been developed to explain macaque monkeys’ ability to learn from humans: 1) the si-
milarity between the behaviours of both species 2) the presence of a non-ambiguous link between the observed
action and its outcome. Based on the literature examined the recent evidence appears to supports the second.
The non-social observational learning, meaning the learning by observation of an inanimate agent, can be a
powerful tool to understand the mechanisms underlying the social interactions.

1. Introduction

Over the last century, the term ‘social learning’ has received nu-
merous definitions and encompassed several social behaviours. The
pioneering dissertations of Romanes (1884), Morgan (1900) and
Thorndike (1898, 1911) built the history of social learning. In the An-
imal Intelligence of Edward Thorndike (1911) were proposed two defi-
nitions of imitation based on which clues the observer uses to reproduce
the demonstrator behaviour. One defined the imitation referring to the
ability to learn from the results of the demonstrator’s actions and the
other to learn from the demonstrator’s actions themselves. Over years,
the word imitation has been associated to diverse social behaviours and
lost a part of its substance, encouraging the introduction of the generic
‘social learning’ term by Box (1984). Today, the term social learning
refers to ‘learning that is influenced by observation of, or interaction
with, another (typically a conspecific) or its products’ (Box, 1984;
Galef, 1988; Heyes, 1994). This definition was largely re-used to define
how animals (observers) can extract information from other animals
(demonstrators/actors). In this review, we carry out a brief review of
the social learning in macaque monkeys before focussing on the human-
monkey paradigm and its relevancy to study social interactions. We
then discuss the role of the vicarious aspect and the mere presence of
the reward in social learning behaviours and hypothesize on its role in

social learning processes in comparison to non-social learning that can
be studied in the so-called ‘ghost display’ condition. Finally, we con-
clude by considering the possibility offered by the human-monkey
paradigm and the non-social learning for the study of the neural bases
of social behaviours.

2. Observational learning in macaque monkeys

2.1. Interaction with a conspecific

The very first studies on social learning in macaque monkeys used
an apparatus made of two restraining cages and a sliding test-tray be-
tween them (Darby and Riopelle, 1959; Riopelle, 1960). Two objects,
one rewarded and the other not, were placed on the tray. A demon-
strator monkey attempted to find the rewarded object, based on its
identity (Darby and Riopelle, 1959) or location (Riopelle, 1960). The
second monkey, the observer, witnessed the choice of the demonstrator
and later could make its own choice between the two objects. The au-
thors demonstrated that the observer monkey was able to learn which
was the rewarded object, particularly after the observation of the error
of the demonstrator monkey. These findings provided the initial evi-
dence that macaque monkeys could benefit from the observation of a
conspecific performing an action, learning which choice led to the
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reward. Further evidence of the macaque observational learning ability
was provided by Myers (1970) in a study that ruled out the effect of
social facilitation on learning in stumptail and rhesus monkeys. Myers
observed an increase of the learning rates and a decrease of the la-
tencies on the acquisition in a multiple schedule task after observation.
Importantly, in this study, the observers could neither perform the re-
sponse nor receive reinforcement while the demonstrators were
showing the pattern of behaviour to be learned and were tested alone
later. Among the important factors for the observational learning, a key
role in the extraction of information from others’ actions has been as-
signed to the ability of macaque monkeys, as for other species of non-
human primates, to follow the visual gaze of conspecifics (Emery et al.,
1997; Tomasello et al., 1998; Goossens et al., 2012) even if it represents
a space outside their own visual field (Goossens et al., 2012). Moreover,
macaques seem to be capable of following gaze in order to take the
visual perspective of a conspecifics (Canteloup et al., 2016), which has
been defined as one of the key components necessary to be able to
represent and assess mental states of others, a cognitive ability known
as Theory of Mind (Meunier, 2017). More recently, three studies have
demonstrated the social transmission of knowledge and the ability of
monkeys, macaques and capuchins, to glean information from the ob-
servation of a conspecific performing different kinds of task (Brosnan
and de Waal, 2004; Subiaul et al., 2004; Meunier et al., 2007). In the
first study, Brosnan and de Waal (2004) tested the ability of capuchin
monkeys to learn a token’s value by witnessing a conspecific partner
token exchange. The exchange was defined as an action of giving an
uneatable token to the experimenter and receiving food in return. The
authors showed that, based on information acquired by watching a
conspecific receiving different rewards during several exchanges, ca-
puchin monkeys were able to acquire and even change the preference
for tokens. In the second study, Subiaul et al. (2004) investigated
cognitive imitation in rhesus monkeys using a simultaneous chains task,
designed to rule out the possibility of an imitation of the actions of the
other animal. The animals were trained to respond in a prescribed order
to a set of pictures displayed on a touchscreen. In the social learning
condition, the ‘student’ monkey could observe an ‘expert’ monkey
through a plexiglass panel separating both testing chambers. The ‘stu-
dent’ monkeys benefited from such observation and were able to learn
vicariously some of the list items after previously monitoring the choice
of the expert. By separating cognitive rules from motor actions, the
imitation process studied by Subiaul et al. (2004) was clearly not simply
motor, demonstrating for the first time the ability of cognitive imitation
in macaque monkeys. In the third study, confirming the former results
of Darby and Riopelle (1959), Meunier et al. (2007) demonstrated that
rhesus monkeys learned novel lists of objects faster after the observa-
tion of a demonstrator conspecific than alone by trial-and-error (Fig. 1,
modified from Meunier et al., 2007). The authors reported that other
members of a monkey group outside of a laboratory setting sponta-
neously observed when a conspecific was tested nearby and not simply
sporadically as reported previously (Custance et al., 2006). Indeed,
contrary to Custance et al. (2006), who questioned the possibility of
social learning in macaques, Meunier et al. (2007) provided evidence
that they could learn new habits by observation of conspecifics when
using the appropriate paradigm. The contribution of the work of
Meunier et al. (2007) was to show that non-deprived macaque monkeys
can apply abstract rules acquired by observation also in a semi-natural
setting and in some cases also immediately after sporadic glances to the
demonstrator.

Likewise, the observation of a conspecific is involved in the acqui-
sition of many primates’ fear and phobias. The body of work developed
by Mineka and colleagues demonstrated that a vicarious classical fear
conditioning can drive the establishment of a persistent fear. They
showed that rhesus monkeys who observed conspecifics behaving
fearfully in the presence of real or fake snakes developed a persistent
fear of snakes (Mineka et al., 1984; Cook et al., 1985). Moreover, ex-
tensive prior exposure to non-fearful monkey behaving non-fearfully

with snakes suppressed this behaviour. This ‘immunization’ resulted in
similar responses to snake and non-snake stimuli after the prior ex-
posure (Mineka and Cook, 1986). The authors, in a further study, tested
the reactions of observer monkeys to a conspecific reacting fearfully to
snakes or to neutral objects (Mineka and Cook, 1993; Experiment 1).
The observer’s disturbance behaviours, evaluated through 12 different
measures which included for example, fear withdrawal, eye aversion or
threat, during this observation phase were highly correlated with the
model monkey’s disturbance behaviours. Thus, as for the observation of
a behaviour leading to a positive outcome, social learning extends also
to the significance of negative stimuli.

2.2. Interaction with a non-conspecific human agent

In the previous section we presented evidence that macaque mon-
keys are able to monitor and learn from the behaviour of their con-
specifics. We ask now whether monkeys are also able to learn from
other animals in particular from other primate species, such as humans.
The first studies, on very simple behaviours, offered contradictory re-
sults on the possible use of interactive paradigms involving monkeys
and humans. Taking as an example the ability to follow the gaze of
others, Anderson and colleagues observed that capuchin (Anderson
et al., 1995) and rhesus monkeys (Anderson et al., 1996) were unable to
use the position of the experimenter’s gazing on the rewarded object as
a cue to make their choice. Using head and eye cues, monkeys are able
to follow the human gaze (Ferrari et al., 2002) and to co-orient visually
with humans (Anderson and Mitchell, 1999), but failed to extract useful

Fig. 1. Performance of 4 monkeys over 12 lists of 10 object-reward associations
learned through individual learning by trial-and-error (T&E) and over 12 lists
learned through social learning after having had the opportunity to observe a
conspecific’s individual learning session (LeO). The reported scores are the
numbers of errors (means ± SEM) to reach a defined criterion (9/10 correct
responses). All four monkeys benefited from observation in the same way with a
mean decrease of 39% of errors to reach criterion. These results show the ability
of macaque monkeys to extract information and benefit from the observation of
conspecifics.
Modified from Meunier et al. (2007).
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information about what they see and know (Anderson et al., 1996).
Itakura et al. (1996) reached the same conclusion, observing that when
no pointing was combined with the gaze, only 1 of the 40 non-human
primates tested, including great apes, responded to or followed the
direction of the human gaze. In the same way, macaque monkeys that
observed a human opening different puzzle boxes (Rigamonti et al.,
2005) or executing tool-use actions (Fattori et al., 2000) showed only
very weak evidence of socially mediated learning. However, adopting a
more naturalistic paradigm in the context of the free-ranging rhesus
macaques’ colony of Puerto Rico (Rawlins and Kessler, 1986),
Flombaum and Santos (2005) reported the first evidence that rhesus
macaques can not only follow the gaze of the experimenter but also
reason about their visual perception. They suggested that macaque
monkeys are able to extract information about the direction of a hu-
man’s gaze and to extrapolate what they can or cannot see. In their
experiment, they offered the opportunity to the subject to take a grape
from two human ‘competitors’. In all six declinations of their experi-
ment, one human was looking at the grape and the other looked else-
where or had the eyes covered. In most of the case, monkeys ap-
proached the human whose gaze was directed away from the food item,
to take the grape without being detected. Monkeys used the human’s
gaze information to make task-relevant decisions. The authors hy-
pothesized that their positive results depended on how well their
paradigm matched the natural conditions in which monkeys use visual
perception. These results were further confirmed by a series of studies
which investigated the ability of different species of macaque to dis-
criminate among several attentional states of a human agent, in a more
complex task in which they had to point to the reward location to the
experimenter in order to receive it (Canteloup et al., 2015a,b).

Based on the results of these previous works, Genovesio and col-
leagues developed a human-monkey interaction paradigm in which
monkeys and humans interacted switching turns in a common work-
space represented by a touch screen (Falcone et al., 2012a). In the Non-
Match-To-Goal (NMTG) task, different objects were presented in cou-
ples on the touch screen. The task rule required the macaque monkeys
to switch from their choice on the previous trial to a different one
(Fig. 2; modified from Falcone et al., 2012a). Performing the task alone,
the monkeys were able to understand the task’s rule that is to reject the
object previously chosen and to select the other one (noninteractive
trials). In a subset of trials, a human partner located beside the monkey
in front of the touchscreen performed the task. The human performed
one or more consecutive trials and when he concluded his last trial of a
sequence, the monkeys were required to follow the same rule, which is
to discard the object the human chose in the previous trial and to select
the other one (interactive trials). In this experiment, the human partner
always performed correctly, and the monkeys obtained the reward after
both type of correct trials, performed by themselves or by the human.
The task was not designed to study the observational learning in
monkeys but to test a more basic ability to interact with humans that is
to observe and to consider the human’s choices to perform correctly in
interactive trials. The experiment illustrated that in addition to the
monitoring of their own choices, the monkeys were able to shift easily
between observer and actor roles, to monitor the human partner
choices and to perform the task accordingly. They showed good per-
formance in both noninteractive and interactive conditions, respec-
tively after a self-acquired goal and after a human partner-acquired
goal. This work brought clear evidence regarding monkeys’ ability to
interact socially with humans and promoted new learning studies with
humans as the model because the ability to interact could be considered
a prerequisite for being able to learn from humans. This result was in
contrast with the idea that observational learning could take place only
from conspecifics advanced by Brosnan and de Walls (2004) and by
Meunier et al. (2007).

Later, Falcone et al., 2012b and Monfardini et al. (2014) challenged
the notion that observational learning was limited to conspecifics in-
troducing new learning paradigms. While Falcone et al., 2012b

emphasized the importance of a vicarious reward, Monfardini et al.
(2014) considered the similarity between both species as the critical
factor to promote social learning. Monfardini et al. (2014) compared
three different conditions of observational learning, one in which
monkeys observed a conspecific and two in which they observed a
human model. The ‘stimulus-enhancing’ human model captured the
animal’s attention and uncovered one of two objects to show to the
monkey the presence or the absence of a reward below the object
without consuming it if uncovered. Differently, the ‘monkey-like’
human model mimicked the behaviour of a conspecific and without
tempting to capture the monkey’s attention, displaced one of the two
objects and ate the reward when uncovered. Using this paradigm, the
‘stimulus-enhancing’ human was detrimental for the following trial-
and-error learning whereas observing a conspecific or a ‘monkey-like’
human significantly enhanced the monkeys’ performance.

One other aspect to consider in observational learning is the cor-
rectness of the demonstrator performance. Most observational learning
studies converge upon one conclusion: alone, humans and animals learn
more from their own successes than from their own errors. On the
contrary, the observation of others’ mistakes appears to be more in-
formative than others’ correct choices (Templeton, 1998; Kuroshima
et al., 2008; Monfardini et al., 2012, 2014; Isbaine et al., 2015).
Monfardini et al. (2012) compared the performance of 14 humans and 6
macaque monkeys to learn which one of two pictures or objects was the
rewarded one after a first choice made by chance. Both species learned
better from positive than negative outcomes. Otherwise, when monkeys
or humans observed first a conspecific’s choice, the opposite is observed
— both species learned better from a negative than a positive outcome
in the social condition. In one of their subsequent studies, Monfardini
et al. (2014) provided evidence that the observational learning across
species, with monkeys observing humans, followed the same pattern.
Monkeys observing a ‘monkey-like’ human model learned more from its
error than from its success. In a recent study (Ferrucci et al., 2019), this
effect was confirmed. The authors tested the observational learning in
the context of the Object-In-Place (OIP) learning task (Fig. 3A–C,
modified from Ferrucci et al., 2019). This task was previously used to
study a peculiar form of individual learning, so-called one-trial
learning, and the effect of lesions on this behaviour (Gaffan, 1994;
Gaffan and Parker, 1996; Charles et al., 2004; Browning et al., 2005;
Browning and Gaffan, 2008; Wilson et al., 2010). In this task, the ani-
mals exploit a number of clues composing a background scene to learn
which one of two objects was the rewarded one. This background scene
is essential for one-trial learning (Gaffan et al., 1994) and has the
function of a retrieval cue that enhances the animal’s performance in
the second presentation of the same couple of objects. Ferrucci et al.
(2019) used a modified version of the OIP task in which monkeys ob-
served a human partner choosing randomly between two objects in five
successive problems. After these five problems, the first run ended, and
the second run began with the presentation of the five identical pro-
blems in the same order. The monkeys received a reward at the end of
correct trials in both versions of the task. Using this paradigm, their
findings confirmed the conclusion of previous works: monkeys learned
better from human errors than from a human’s correct choices (Fig. 3E,
modified from Ferrucci et al., 2019). The similarities of monkey’s be-
haviours when they observe a conspecific and when they observe a
human partner (i. e. the ability to learn from both species, mainly from
their errors) lead to think that the social interaction processes and their
neural substrates can be studied using human agents in a human-
monkey interaction paradigm (Falcone et al., 2016, 2017; Cirillo et al.,
2018).

3. Vicarious versus non-vicarious reward in observational
learning

As defined in the Merriam-Webster, the adjective vicarious is related
to something ‘experienced or realized through imaginative or
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sympathetic participation in the experience of another’. It corresponds
to something ‘experienced or felt by watching, hearing about or reading
about someone else rather than by doing something yourself’.
Following the results of Flombaum and Santos (2005) and their pre-
vious study (Falcone et al., 2012a), Falcone et al. (2012b) specifically
tested the possibility to learn vicariously from human models through a
very simple task. Indeed, the negative results of previous studies in
macaque monkeys (Fattori et al., 2000; Meunier et al., 2007) and ca-
puchin monkeys (Brosnan and de Walls, 2004) contrasted with the
ability to interact with and monitor humans described by Falcone et al.
(2012a) and deserved further study. In these previous studies (Fattori
et al., 2000; Brosnan and de Walls, 2004; Meunier et al., 2007), the
human models executed different actions such as tool-use actions, a
token exchange or an object-discrimination task, but they had all in
common that the food was not consumed by the experimenter. Instead,
in the study of Falcone et al. (2012b), the human model grasped the
positive object, made the reward visible for the monkey and consumed
the piece of apple beneath the object during the monkey observation
phase. In this latter case, both monkeys used in the study were able to

vicariously learn from a human model and to perform above chance
level in the subsequent test phase. Therefore, vicarious rewards ap-
peared to be the key factor necessary to promote learning. Monkeys
observed a human model performing a behaviour leading to the reward
and, importantly, consuming food below the object. As further evi-
dence, Bevacqua et al. (2013) with an experiment similar to the one of
Brosnan and de Walls (2004) showed that monkeys can also learn the
symbolic meaning of tokens from human models through vicarious
reward. They observed human models exchanging both tokens asso-
ciated with zero value (neutral tokens) and tokens rewarded with a
piece of apple. In the latter case, monkeys observed the human model
consuming the reward rather than simply watching, as in the experi-
ment of Brosnan and de Walls (2004). During the test phase, monkeys
chose more frequently the token associated with the reward vicariously
than the neutral token.

Using a monkey-monkey paradigm, Chang et al. (2011) confirmed
that observing another monkey receiving a reward is vicariously re-
inforcing. The error rates of the actor monkey during an instrumental
task were lower when the cue predicted a fluid reward to a second

Fig. 2. Sequence of events in the Non-Match-
to-Goal task and behavioural results in Falcone
et al., 2012a. A. Sequence of a monkey trial.
The white circle represents the central sti-
mulus. The disappearance of the grey rectangle
represents the go signal. The purple polygon
and the green cross represent the two possible
response goals. In the illustrated example trial,
that could be the first trial of a behavioural
session, the response choice is toward the
purple polygon. B. Sequence of successive trials
during a human interaction session. Numbers
indicate the trial position after the trial de-
picted in A. Each panel represents a response
choice (phase highlighted by the dashed rec-
tangle in A). The rule of the task was the fol-
lowing, the correct goal was always the goal
that differed from the goal of the previous trial
acquired either by the monkey in the non-in-
teractive condition and by the human partner
in the interactive condition. In the human
trials, monkeys had to monitor the human
choices in order to act consequently in their
following trials as an actor. The human partner
performed one to four trials successively, re-
moveed his hand from the front of the
touchscreen and let the monkey perform his
own trials. C. Behavioural performance. Bars
represent the percentage of correct response of
two monkeys for interactive (blue) and non-
interactive trials (red). The interactive trials
are sorted depending on the number of trials
previously made by the human partner (from 1
to 4).
Modified from Falcone et al. (2012a).
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monkey than when it predicted a fluid reward to no one. Moreover, the
authors tested the monkey’s behaviour in the same but non-social
paradigm, in which the second monkey was replaced with a collecting
bottle, and the error rates of the actor monkey were identical in both
conditions. In summary, the studies in which the human’s behaviour
was clearly associated with the consumption of the food after a correct
response and its absence in case of error (Falcone et al., 2012b;
Bevacqua et al., 2013; ‘monkey-like’ human condition in Monfardini
et al., 2014) showed evidence of observational learning, showing a
higher learning rate in non-rewarded than in rewarded vicarious

condition. Conversely, the other studies that never included food con-
sumption by the human model, but that were limited to the presenta-
tion of the correct or erroneous response without a clear association
with a received or missed reward, produced negative results (Fattori
et al., 2000; Brosnan and de Waal, 2004; Meunier et al., 2007, ‘sti-
mulus-enhancing’ human condition in Monfardini et al., 2014). It is
however important to note that in the study of Fattori et al. (2000), the
failure to learn by observation could be also attributed to the difficulty
of the actions required, for example, to bring a piece of food out of
reach by hand using a rack.

Fig. 3. The Object-in-Place task and behavioural results in Ferrucci et al. (2019). A. Examples of stimuli displayed as objects in a problem and as feedbacks around the
selected object. B. Temporal sequence of a trial. After an intertrial interval, the Central Target (CT) appears and the animal has to hold it to let the background scene
and the two objects appear. The disappearance of the CT serves as a go signal for the monkey to choose one of the two objects. After a period of pre-feedback, the
feedback, positive or negative, appears and the reward is delivered when appropriate. C. Example of a temporal sequence of the six runs. Five problems comprised the
first run and were presented consecutively for six times. All six runs comprised one complete session. D. Learning curves for an example monkey (Monkey S). The
curves show the mean percentage of correct choices for the six runs in the 60 sessions for the three different conditions (MA: Monkey Alone, HI: Human Interaction,
CI: Computer Interaction. Vertical bars represent the separation between runs always performed by the monkeys (on the right) and first runs performed by different
agents depending on the experimental condition (on the left). Dashed lines represent chance level (50%). As expected, the first run of performances do not differ from
chance in any case. The mean percentage of correct choices in the second run is above chance in all conditions and for all three monkeys, illustrating that learning
occurred after a single trial. Error bars represent standard error means (SEM). E Performance in the second run after correct responses and errors made during the first
run. The scatterplot shows the percentage of correct responses in the second run for the three monkeys in the three conditions, MA, HI, and CI. Trials were divided
into two groups based on the performance in the first run, correct response or error. AC: after correct; AE: after error. Stars indicate significant differences (*,
p < 0.05 two-sample test for equality of proportions with continuity correction; **, p < 0.01, two-sample test for equality of proportions with continuity cor-
rection).
Modified from Ferrucci et al. (2019).
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Ferrucci et al. (2019) used a paradigm in which the human’s correct
choices were associated with the reward delivery to the observer
monkey, i.e. non-vicarious reward. The monkeys had to associate the
human choice with the reward they received themselves at the end of
the trial. In the specific case of the OIP task, the monkeys were able to
monitor and extract the information about the human model’s choice.
They managed to repeat the choice of the same object after a human’s
correct response and to shift to the other object in case of human error.
The body of work of Monfardini and colleagues (Meunier et al., 2007;
Monfardini et al., 2014) led to think that the main factor of success of
the studies using a human-monkey interaction paradigm was the si-
milarity of the model. The authors argued that the reward consumption
only ensures the knowledge transmission from human to monkey be-
cause it helps to create the ‘like-me-ness’ between the actor and the
observer and that the reward was not mediating social learning per se.
Indeed, macaque monkeys can imitate human actions (Kumashiro et al.,
2003) since their first days of life (Ferrari et al., 2006) and capuchin
monkeys can copy the action of a conspecific without reward (Bonnie
and de Waal, 2007), suggesting that identification, bonding and inter-
action with the other are fundamental for knowledge transmission.
Studying the ability to learn by observation from conspecifics or hu-
mans sharing different degrees of affinity with the subject could help to
understand the importance of these processes in knowledge transmis-
sion and more generally in social cognition. Bonnie and de Waal (2007)
illustrated that after observation of an actor monkey choosing repeti-
tively the same empty box of three possible boxes, the observer mon-
keys chose more often the box previously chosen by the actor monkeys.
Their results demonstrated that imitation is possible without any out-
come. However, in such conditions, it does not imply that the observer
monkeys extracted information from the actor monkeys and learn from
its behaviour, but that they copied the observed behaviour. Indeed, the
studies requiring an understanding of the other’s action showed that
monkeys can go beyond copying and can learn from others’ mistakes by
changing the incorrect choice after observing an error (Monfardini
et al., 2014; Ferrucci et al., 2019). We will examine in the next section
another possible explanation of the monkey’s success to learn by ob-
servation. Table 1 summarizes all studies that, to our knowledge, tested
explicitly or as a control, the ability of macaque monkeys to extract
information from a human partner behaviour.

4. Ghost display condition and the role of the agent in the learning
process

The differences in the observational learning highlighted by
Monfardini et al. (2014) between ‘monkey- like’ and ‘stimulus-enhan-
cing’ human models and the evidence that monkeys can extract in-
formation from human models also in other paradigms (Falcone et al.,
2012a; Ferrucci et al., 2019) has raised the question of the role of the
social agent in observational learning. Which aspects of an observed
behaviour are essential to extract information from the model? Is the
similarity between monkeys and humans sufficient to explain it? An
alternative explanation has to be considered. Indeed, the clear relation
between the observed choice and the outcome could be the key com-
ponent for the extraction of information from the agent and introducing
non-social conditions such as the ‘ghost display’ can help to answer the
question. The ‘ghost display’ condition was initially studied in an ex-
perimental paradigm in which the experimenter moved a manip-
ulandum appearing to move by itself, without the intervention of an
external physical agent, without being seen by the animal (Fawcett
et al., 2002). The study of such a ‘non-social’ agent is a very interesting
tool to study better the role of the social aspects of the agent in the
observational learning processes. This question was addressed mainly
using great apes or children (Hopper et al., 2007, 2008; Tennie et al.,
2006) and reached contrasting results (for a review, see Hopper, 2010).
It depended on the experimental parameters, the nature of the task and
the complexity of the behaviour to be executed, from an observed

choice to the observation of the utilization of a tool. To our knowledge,
only two studies have examined the ability of macaque monkeys to
learn in such conditions, providing contrasting results (Subiaul et al.,
2004; Ferrucci et al., 2019). Subiaul et al. (2004) were the first to report
cognitive imitation in macaque monkeys, as mentioned in the previous
section. However, when they tested the ability of the same monkeys to
learn only from visual and auditory feedback, they failed to report
evidence of learning in this non-social observational condition. Ferrucci
et al. (2019) tested whether macaque monkeys were able to learn not
only from humans as we described before but also from a computer’s
choices in the specific context of the OIP task that measures one-trial
learning. In this paradigm, the monkeys received the reward at the end
of the computer correct choices and in this context, they found evidence
of one-trial learning in non-social observational conditions. They
showed that monkeys were able to learn from choices generated
without social agents and that was possible even after a single ob-
servation (Fig. 3D; modified from Ferrucci et al., 2019). The key factor
to promote learning may be the reward delivery that occurred even
after a computer’s correct choice in the study of Ferrucci et al. (2019).
In contrast, the absence of reward delivery might have made it difficult
for the monkeys to establish a link between the computer’s action with
the visual and auditory feedback in the study of Subiaul et al. (2004).
Ferrucci et al. (2019) have suggested that building an unambiguous
association between a computer’s choice and a monkey’s reward con-
sumption could be critical to allow learning even as fast as in one trial
in the ‘ghost display’ condition. This learning can take place only when
the animals are enabled to grasp the link between the observed action
and the reward or its absence (received by the ‘monkey-like’ human in
Monfardini et al. (2014), by the human in Falcone et al. (2012b);
Bevacqua et al. (2013) and Isbaine et al. (2015) and by the monkey
himself in Falcone et al. (2012a, 2016, 2017), Cirillo et al. (2018),
Ferrucci et al. (2019)). However, an additional factor to be considered
comparing the results of Ferrucci et al. (2019) with the negative finding
of Subiaul et al. (2004) is related to the peculiarity of the OIP task
which offers a myriad of clues forming the scene. In the OIP task, the
learning process is thought to be enhanced thanks to the background
scene that represents a retrieval cue for each problem encountered
previously. The absence of such a cue in the conditional discrimination
task in fact has been shown to prevent one-trial learning (Gaffan, 1994).
In summary, the important factor for the understanding of another’s
action for Ferrucci et al. (2019) is the construction of a clear association
between the observed action and its outcome.

5. Perspectives in primate electrophysiology

The capability of macaque monkeys to apply abstract rules by ob-
servation was exploited in a number of electrophysiological studies, as
in the role-reversal task developed by Yoshida and colleagues (Yoshida
et al., 2011, 2012). Their objective was to investigate the neural sub-
strate for the representation of the action of another agent. In their task,
two monkeys changed their role of actor and observer and to maximize
the quantity of reward they can receive, it was important to monitor
their partner’s choice. They reported that a population of neurons of the
medial frontal cortex selectively encoded the other’s action (Yoshida
et al., 2011) and, interestingly, also took part in the monitoring of
others’ erroneous actions at the single-cell level (Yoshida et al., 2012).
Although the representation of others’ actions and the reward have
been investigated in the last two decades since the discovery of the
fronto-parietal mirror system (Gallese et al., 1996, 2004; Rozzi et al.,
2008; Caggiano et al., 2009; Bonini et al., 2010; Yoshida et al., 2011;
Azzi et al., 2012; Hosokawa and Watanabe, 2012; Chang et al., 2013;
Baez-Mendoza et al., 2013; Lanzilotto et al., 2017), it is only recently
that the study of anticipatory or predictive signals of others’ behaviour
started to represent a topic of interest (Haroush and Williams, 2015).
The use of a human-monkey paradigm to study the representation of
others’ behaviour offers the possibility to remove the uncertainty of the
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animals about others’ intention and allows the study of the predictive
behaviour when a delay is introduced before the human choice. Indeed,
in the experiments that used the NMTG task, no errors were made by
the human agent and this unambiguous behaviour favoured the mon-
key’s prediction of the next human choice. By using this paradigm,
several frontal areas have been studied. In a first study in the lateral
prefrontal cortex, the presence of neurons with predictive or antici-
patory activity for the human agent’s future choice emerged (Falcone
et al., 2016). Some of these neurons lacked specificity and were in-
volved similarly in the representation of the monkey’s choice and may
represent a covert mental simulation, others encoded only the human
future choice and could represent an agent-specific prediction of the
other’s agent choice. In the medial prefrontal cortex (area 9), a large
group of cells showed during the delay a predictive activity for the
human future choice but not the monkey’s choice (Falcone et al., 2017)
while other neurons encoded both. These cells however also exhibited
an independent predictive activity in terms of their spatial tuning,
meaning that a single cell could participate in a different computation
depending on who prepared and performed the action; for example,
coding with a greater activity the left target in the human trials and the
right target in the monkey trials. The switch between actor and ob-
server in the NMTG paradigm allowed also to reveal specific features of
the role of the dorsal premotor cortex as the presence of different
neuronal substrates that differentiate self and others’ behaviours
(Cirillo et al., 2018), a result which is different from the passive ob-
servation used in other studies (Cisek and Kalaska, 2004; Tkach et al.,
2007).

Combined with the possibility to use the monkey’s ability to learn
from a computer’s choice, the human-monkey interaction paradigm
opens a promising new line of research that aims to understand the
neural bases of observational learning. It could be a powerful tool for
investigating the neural bases of individual and observational learning
from both humans and artificial agents. The control of the agents’
performance allows to generate confidence in prediction and can be
used to study the predictability of others’ social and non-social beha-
viours.

Declarations of interest

None.

Funding

This work was supported by the ERC 2014 grant (European
Research Council, 648734-HUMO).

References

Anderson, J.R., Mitchell, R.W., 1999. Macaques but not lemurs co-orient visually with
humans. Folia Primatol. 70, 17–22. https://doi.org/10.1159/000021670.

Anderson, J.R., Sallaberry, P., Barbier, H., 1995. Use of experimenter-given cues during
object-choice tasks by capuchin monkeys. Anim. Behav. 49, 201–208. https://doi.
org/10.1016/0003-3472(95)80168-5.

Anderson, J.R., Montant, M., Schmitt, D., 1996. Rhesus monkeys fail to use gaze direction
as an experimenter-given cue in an object-choice task. Behav. Processes 37, 47–55.
https://doi.org/10.1016/0376-6357(95)00074-7.

Azzi, J.C.B., Sirigu, A., Duhamel, J., 2012. Modulation of value representation by social
context in the primate orbitofrontal cortex. Proc. Natl. Acad. Sci. 109, 2126–2131.
https://doi.org/10.1073/pnas.1111715109.

Baez-Mendoza, R., Harris, C.J., Schultz, W., 2013. Activity of striatal neurons reflects
social action and own reward. Proc. Natl. Acad. Sci. 110, 16634–16639. https://doi.
org/10.1073/pnas.1211342110.

Bevacqua, S., Cerasti, E., Falcone, R., Cervelloni, M., Brunamonti, E., Ferraina, S.,
Genovesio, A., 2013. Macaque monkeys can learn token values from human models
through vicarious reward. PLoS One 8, e59961. https://doi.org/10.1371/journal.
pone.0059961.

Bonini, L., Rozzi, S., Serventi, F.U., Simone, L., Ferrari, P.F., Fogassi, L., 2010. Ventral
premotor and inferior parietal cortices make distinct contribution to action organi-
zation and intention understanding. Cereb. Cortex 20, 1372–1385. https://doi.org/
10.1093/cercor/bhp200.

Bonnie, K.E., De Waal, F.B.M., 2007. Copying without rewards: socially influenced

foraging decisions among brown capuchin monkeys. Anim. Cogn. 10, 283–292.
https://doi.org/10.1007/s10071-006-0069-9.

Box, H., 1984. Primate Behaviour and Social Ecology. Chapman & Hall, London.
Brosnan, S.F., De Waal, F.B.M., 2004. Socially learned preferences for differentially re-

warded tokens in the brown capuchin monkey (Cebus apella). J. Comp. Psychol. 118,
133–139. https://doi.org/10.1080/09670879309371780.

Browning, P.G.F., Gaffan, D., 2008. Impairment in object-in-place scene learning after
uncinate fascicle section in Macaque monkeys. Behav. Neurosci. 122, 477–482.
https://doi.org/10.1037/0735-7044.122.2.477.

Browning, P.G.F., Easton, A., Buckley, M.J., Gaffan, D., 2005. The role of prefrontal cortex
in object-in-place learning in monkeys. Eur. J. Neurosci. 22, 3281–3291. https://doi.
org/10.1111/j.1460-9568.2005.04477.x.

Caggiano, V., Fogassi, L., Rizzolatti, G., Thier, P., Casile, A., 2009. Mirror neurons dif-
ferentially encode the peripersonal and extrapersonal space of monkeys. Science 324,
403–406. https://doi.org/10.1126/science.1166818.

Canteloup, C., Bovet, D., Meunier, H., 2015a. Do Tonkean macaques (Macaca tonkeana)
tailor their gestural and visual signals to fit the attentional states of a human partner?
Anim. Cogn. 18, 451–461. https://doi.org/10.1007/s10071-014-0814-4.

Canteloup, C., Bovet, D., Meunier, H., 2015b. Intentional gestural communication and
discrimination of human attentional states in rhesus macaques (Macaca mulatta).
Anim. Cogn. 18, 875–883. https://doi.org/10.1007/s10071-015-0856-2.

Canteloup, C., Piraux, E., Poulin, N., Meunier, H., 2016. Do Tonkean macaques (Macaca
tonkeana) perceive what conspecifics do and do not see? PeerJ 4, e1693. https://doi.
org/10.7717/peerj.1693.

Chang, S.W.C., Winecoff, A.A., Platt, M.L., 2011. Vicarious reinforcement in rhesus ma-
caques (Macaca mulatta). Front. Neurosci. 5, 1–10. https://doi.org/10.3389/fnins.
2011.00027.

Chang, S.W.C., Brent, L.J.N., Adams, G.K., Klein, J.T., Pearson, J.M., Watson, K.K., Platt,
M.L., 2013. Neuroethology of primate social behavior. Proc. Natl. Acad. Sci. 110,
10387–10394. https://doi.org/10.1073/pnas.1301213110.

Charles, D.P., Browning, P.G.F., Gaffan, D., 2004. Entorhinal cortex contributes to object-
in-place scene memory. Eur. J. Neurosci. 20, 3157–3164. https://doi.org/10.1111/j.
1460-9568.2004.03777.x.

Cirillo, R., Ferrucci, L., Marcos, E., Ferraina, S., Genovesio, A., 2018. Coding of self and
other’s future choices in dorsal premotor cortex during social interaction. Cell Rep.
24, 1679–1686. https://doi.org/10.1016/j.celrep.2018.07.030.

Cisek, P., Kalaska, J.F., 2004. Neural of correlates of mental rehearsal in dorsal premotor
cortex. Nature 431, 993–996. https://doi.org/10.1038/nature03005.

Cook, M., Mineka, S., Wolkenstein, B., Laitsch, K., 1985. Observational conditioning of
snake fear in unrelated rhesus monkeys. J. Abnorm. Psychol. 94, 591–610. https://
doi.org/10.1037/0021-843X.94.4.591.

Custance, D., Prato-Previde, E., Spiezio, C., Rigamonti, M.M., Poli, M., 2006. Social
learning in pig-tailed macaques (Macaca nemestrina) and adult humans (Homo sa-
piens) on a two-action artificial fruit. J. Comp. Psychol. 120, 303–313. https://doi.
org/10.1037/0735-7036.120.3.303.

Darby, C.L., Riopelle, A.J., 1959. Observational learning in the rhesus monkey. J. Comp.
Physiol. Psychol. 52, 94–98. https://doi.org/10.1037/h0046068.

Emery, N.J., Lorincz, E.N., Perrett, D.I., Oram, M.W., Baker, C.I., 1997. Gaze following
and joint attention in rhesus monkeys (Macaca mulatta). J. Comp. Psychol. 111,
286–293. https://doi.org/10.1037/0735-7036.111.3.286.

Falcone, R., Brunamonti, E., Ferraina, S., Genovesio, A., 2012a. Monkeys monitor human
goals in a nonmatch-to-goal interactive task. PLoS One 7, e32209. https://doi.org/10.
1371/journal.pone.0032209.

Falcone, R., Brunamonti, E., Genovesio, A., 2012b. Vicarious learning from human
models in monkeys. PLoS One 7, e40283. https://doi.org/10.1371/journal.pone.
0040283.

Falcone, R., Brunamonti, E., Ferraina, S., Genovesio, A., 2016. Neural encoding of self and
another agent’s goal in the primate prefrontal cortex: human-monkey interactions.
Cereb. Cortex. https://doi.org/10.1093/cercor/bhv224.

Falcone, R., Cirillo, R., Ferraina, S., Genovesio, A., 2017. Neural activity in macaque
medial frontal cortex represents others’ choices. Sci. Rep. 7, 1–13. https://doi.org/10.
1038/s41598-017-12822-5.

Fattori, P., Breveglieri, R., Bosco, A., Marzocchi, N., Esseily, E., Fagard, J., 2000.
Observational Learning of Tool-Use in Human Infants and Macaques 26. Academy
Press, pp. 02–10.

Fawcett, T.I.M.W., Skinner, A.M.J., Goldsmith, A.R., 2002. A test of imitative learning in
starlings using a two-action method with an enhanced ghost control. Anim. Behav.
64, 547–556. https://doi.org/10.1006/anbe.2002.3092.

Ferrari, P.F., Kohler, E., Fogassi, L., Gallese, V., 2002. The ability to follow eye gaze and
its emergence during development in macaque monkeys. Proc. Natl. Acad. Sci. 97,
13997–14002. https://doi.org/10.1073/pnas.250241197.

Ferrari, P.F., Visalberghi, E., Paukner, A., Fogassi, L., Ruggiero, A., Suomi, S.J., 2006.
Neonatal imitation in rhesus macaques. PLoS Biol. 4, e302. https://doi.org/10.1371/
journal.pbio.0040302.

Ferrucci, L., Nougaret, S., Genovesio, A., 2019. Macaque monkeys learn by observation in
the ghost display condition in the object-in-place task with differential reward to the
observer. Sci. Rep. 9, 401. https://doi.org/10.1038/s41598-018-36803-4.

Flombaum, J.I., Santos, L.R., 2005. Rhesus monkeys attribute perceptions to others. Curr.
Biol. 15, 447–452. https://doi.org/10.1016/j.cub.2004.12.076.

Gaffan, D., 1994. Scene-specific memory for objects: a model of episodic memory im-
pairment in monkeys with fornix transection. J. Cogn. Neurosci. 6, 305–320. https://
doi.org/10.1162/jocn.1994.6.4.305.

Gaffan, D., Parker, A., 1996. Interaction of perirhinal cortex with the fornix-fimbria:
memory for objects and “object-in-place” memory. J. Neurosci. 16, 5864–5869.
https://doi.org/10.1523/JNEUROSCI.16-18-05864.1996.

Galef, B.G., 1988. Imitations in animals: history, definitions, and interpretations of data

S. Nougaret, et al. Neuroscience and Biobehavioral Reviews 102 (2019) 242–250

249

https://doi.org/10.1159/000021670
https://doi.org/10.1016/0003-3472(95)80168-5
https://doi.org/10.1016/0003-3472(95)80168-5
https://doi.org/10.1016/0376-6357(95)00074-7
https://doi.org/10.1073/pnas.1111715109
https://doi.org/10.1073/pnas.1211342110
https://doi.org/10.1073/pnas.1211342110
https://doi.org/10.1371/journal.pone.0059961
https://doi.org/10.1371/journal.pone.0059961
https://doi.org/10.1093/cercor/bhp200
https://doi.org/10.1093/cercor/bhp200
https://doi.org/10.1007/s10071-006-0069-9
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0045
https://doi.org/10.1080/09670879309371780
https://doi.org/10.1037/0735-7044.122.2.477
https://doi.org/10.1111/j.1460-9568.2005.04477.x
https://doi.org/10.1111/j.1460-9568.2005.04477.x
https://doi.org/10.1126/science.1166818
https://doi.org/10.1007/s10071-014-0814-4
https://doi.org/10.1007/s10071-015-0856-2
https://doi.org/10.7717/peerj.1693
https://doi.org/10.7717/peerj.1693
https://doi.org/10.3389/fnins.2011.00027
https://doi.org/10.3389/fnins.2011.00027
https://doi.org/10.1073/pnas.1301213110
https://doi.org/10.1111/j.1460-9568.2004.03777.x
https://doi.org/10.1111/j.1460-9568.2004.03777.x
https://doi.org/10.1016/j.celrep.2018.07.030
https://doi.org/10.1038/nature03005
https://doi.org/10.1037/0021-843X.94.4.591
https://doi.org/10.1037/0021-843X.94.4.591
https://doi.org/10.1037/0735-7036.120.3.303
https://doi.org/10.1037/0735-7036.120.3.303
https://doi.org/10.1037/h0046068
https://doi.org/10.1037/0735-7036.111.3.286
https://doi.org/10.1371/journal.pone.0032209
https://doi.org/10.1371/journal.pone.0032209
https://doi.org/10.1371/journal.pone.0040283
https://doi.org/10.1371/journal.pone.0040283
https://doi.org/10.1093/cercor/bhv224
https://doi.org/10.1038/s41598-017-12822-5
https://doi.org/10.1038/s41598-017-12822-5
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0150
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0150
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0150
https://doi.org/10.1006/anbe.2002.3092
https://doi.org/10.1073/pnas.250241197
https://doi.org/10.1371/journal.pbio.0040302
https://doi.org/10.1371/journal.pbio.0040302
https://doi.org/10.1038/s41598-018-36803-4
https://doi.org/10.1016/j.cub.2004.12.076
https://doi.org/10.1162/jocn.1994.6.4.305
https://doi.org/10.1162/jocn.1994.6.4.305
https://doi.org/10.1523/JNEUROSCI.16-18-05864.1996
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0190


from the psychological laboratory. Social Learning Psychological and Biological
Perspectives.

Gallese, V., Fadiga, L., Fogassi, L., Rizzolatti, G., 1996. Action recognition in the premotor
cortex. Brain 119, 593–609. https://doi.org/10.1093/brain/119.2.593.

Gallese, V., Keysers, C., Rizzolatti, G., 2004. A unifying view of the basis of social cog-
nition. Trends Cogn. Sci. 8, 396–403. https://doi.org/10.1016/j.tics.2004.07.002.

Goossens, B.M.A., Van Den Berg, L.M., Reader, S.M., Stercka, E.H.M., 2012. An analysis of
gaze following to a hidden location in long-tailed macaques (Macaca fascicularis).
Behaviour 149, 1319–1337. https://doi.org/10.1163/1568539X-00003017.

Haroush, K., Williams, Z.M., 2015. Neuronal prediction of opponent’s behavior during
cooperative social interchange in primates. Cell 160, 1233–1245. https://doi.org/10.
1016/j.cell.2015.01.045.

Heyes, C.M., 1994. Social learning in animals: categories and mechanisms. Biol. Rev. 69,
207–231. https://doi.org/10.1111/j.1469-185X.1994.tb01506.x.

Hopper, L.M., 2010. ‘Ghost’ experiments and the dissection of social learning in humans
and animals. Biol. Rev. 85, 685–701. https://doi.org/10.1111/j.1469-185X.2010.
00120.x.

Hopper, L.M., Spiteri, A., Lambeth, S.P., Schapiro, S.J., Horner, V., Whiten, A., 2007.
Experimental studies of traditions and underlying transmission processes in chim-
panzees. Anim. Behav. 73, 1021–1032. https://doi.org/10.1016/j.anbehav.2006.07.
016.

Hopper, L.M., Lambeth, S.P., Schapiro, S.J., Whiten, A., 2008. Observational learning in
chimpanzees and children studied through ‘ghost’ conditions. Proc. R. Soc. B Biol. Sci.
275, 835–840. https://doi.org/10.1098/rspb.2007.1542.

Hosokawa, T., Watanabe, M., 2012. Prefrontal neurons represent winning and losing
during competitive video shooting games between monkeys. J. Neurosci. 32,
7662–7671. https://doi.org/10.1523/JNEUROSCI.6479-11.2012.

Isbaine, F., Demolliens, M., Belmalih, A., Brovelli, A., Boussaoud, D., 2015. Learning by
observation in the macaque monkey under high experimental constraints. Behav.
Brain Res. 289, 141–148. https://doi.org/10.1016/j.bbr.2015.04.029.

Itakura, S., 1996. An exploratory study of gaze-monitoring in nonhuman primates. Jpn.
Psychol. Res. 38, 174–180. https://doi.org/10.1111/j.1468-5884.1996.tb00022.x.

Kumashiro, M., Ishibashi, H., Uchiyama, Y., Itakura, S., Murata, A., Iriki, A., 2003.
Natural imitation induced by joint attention in Japanese monkeys. Int. J.
Psychophysiol. 50, 81–99. https://doi.org/10.1016/S0167-8760(03)00126-0.

Kuroshima, H., Kuwahata, H., Fujita, K., 2008. Learning from others’ mistakes in ca-
puchin monkeys (Cebus apella). Anim. Cogn. 11, 599–609. https://doi.org/10.1007/
s10071-008-0150-7.

Lanzilotto, M., Gerbella, M., Perciavalle, V., Lucchetti, C., 2017. Neuronal encoding of self
and others’ head rotation in the Macaque dorsal prefrontal cortex. Sci. Rep. 7, 1–12.
https://doi.org/10.1038/s41598-017-08936-5.

Meunier, H., 2017. Do monkeys have a theory of mind? How to answer the question?
Neurosci. Biobehav. Rev. 82, 110–123. https://doi.org/10.1016/j.neubiorev.2016.
11.007.

Meunier, M., Monfardini, E., Boussaoud, D., 2007. Learning by observation in rhesus
monkeys. Neurobiol. Learn. Mem. 88, 243–248. https://doi.org/10.1016/j.nlm.2007.
04.015.

Mineka, S., Cook, M., 1984. Observational conditioning of snake fear in rhesus monkeys.
J. Abnorm. Psychol. 93, 355–372.

Mineka, S., Cook, M., 1986. Immunization against the observational conditioning of
snake fear in rhesus monkeys. J. Abnorm. Psychol. 95, 307–318. https://doi.org/10.
1037/0021-843X.95.4.307.

Mineka, S., Cook, M., 1993. Mechanisms involved in the observational conditioning of
fear. J. Exp. Psychol. Gen. 122, 23–38. https://doi.org/10.1037/0096-3445.122.
1.23.

Monfardini, E., Gaveau, V., Boussaoud, D., Hadj-Bouziane, F., Meunier, M., 2012. Social
learning as a way to overcome choice-induced preferences? Insights from humans
and rhesus macaques. Front. Neurosci. 6, 1–11. https://doi.org/10.3389/fnins.2012.
00127.

Monfardini, E., Hadj-Bouziane, F., Meunier, M., 2014. Model-observer similarity, error
modeling and social learning in rhesus macaques. PLoS One 9, e89825. https://doi.
org/10.1371/journal.pone.0089825.

Morgan, C.L., 1900. Arnold; London. Anim. Behav.
Myers, W., 1970. Observational learning in monkeys. J. Exp. Anal. Behav. 14, 225–235.
Rawlins, R.G., Kessler, M.J., 1986. The Cayo Santiago Macaques. History, Behavior and

Biology. State Univ. New York Press, New York.
Rigamonti, M.M., Previde, E.P., Custance, D.M., Spiezio, C., 2005. Testing for localized

stimulus enhancement and object movement reenactment in pig-tailed macaques
(Macaca nemestrina) and young children (Homo sapiens). J. Comp. Psychol. 119,
257–272. https://doi.org/10.1037/0735-7036.119.3.257.

Riopelle, A.J., 1960. Observational learning of position habit by monkeys. J. Comp.
Physiol. Psychol. 53, 426–428. https://doi.org/10.1037/h0046480.

Romanes, G.J., 1884. Mental Evolution in Animals. AMS Press, New York.
Rozzi, S., Ferrari, P.F., Bonini, L., Rizzolatti, G., Fogassi, L., 2008. Functional organization

of inferior parietal lobule convexity in the macaque monkey: electrophysiological
characterization of motor, sensory and mirror responses and their correlation with
cytoarchitectonic areas. Eur. J. Neurosci. 28, 1569–1588. https://doi.org/10.1111/j.
1460-9568.2008.06395.x.

Subiaul, F., Cantlon, J.F., Holloway, R.L., Terrace, H.S., 2004. Cognitive imitation in
rhesus macaques. Science 305, 407–410. https://doi.org/10.1126/science.1099136.

Templeton, J.J., 1998. Learning from others’ mistakes: a paradox revisited. Anim. Behav.
55, 79–85. https://doi.org/10.1006/anbe.1997.0587.

Tennie, C., Call, J., Tomasello, M., 2006. Push or pull: imitation vs. Emulation in great
apes and human children. Ethology 112, 1159–1169. https://doi.org/10.1111/j.
1439-0310.2006.01269.x.

Thorndike, E.L., 1898. Animal intelligence, an experimental study of the associative
processes in animals. Psychol. Rev.: Monogr. Suppl. 2 (4), i-109. https://doi.org/10.
1037/h0092987.

Thorndike, E.L., 1911. Animal Intelligence. Macmillan, New York.
Tkach, D., Reimer, J., Hatsopoulos, N.G., 2007. Congruent activity during action and

action observation in motor cortex. J. Neurosci. 27, 13241–13250. https://doi.org/
10.1523/JNEUROSCI.2895-07.2007.

Tomasello, M., Call, J., Hare, B., 1998. Five primate species follow the visual gaze of
conspecifics. Anim. Behav. 55, 1063–1069. https://doi.org/10.1006/anbe.1997.
0636.

Wilson, C.R.E., Gaffan, D., Browning, P.G.F., Baxter, M.G., 2010. Functional localization
within the prefrontal cortex: missing the forest for the trees? Trends Neurosci. 33,
533–540. https://doi.org/10.1016/j.tins.2010.08.001.

Yoshida, K., Saito, N., Iriki, A., Isoda, M., 2011. Representation of others’ action by
neurons in monkey medial frontal cortex. Curr. Biol. 21, 249–253. https://doi.org/
10.1016/j.cub.2011.01.004.

Yoshida, K., Saito, N., Iriki, A., Isoda, M., 2012. Social error monitoring in macaque
frontal cortex. Nat. Neurosci. 15, 1307–1312. https://doi.org/10.1038/nn.3180.

S. Nougaret, et al. Neuroscience and Biobehavioral Reviews 102 (2019) 242–250

250

http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0190
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0190
https://doi.org/10.1093/brain/119.2.593
https://doi.org/10.1016/j.tics.2004.07.002
https://doi.org/10.1163/1568539X-00003017
https://doi.org/10.1016/j.cell.2015.01.045
https://doi.org/10.1016/j.cell.2015.01.045
https://doi.org/10.1111/j.1469-185X.1994.tb01506.x
https://doi.org/10.1111/j.1469-185X.2010.00120.x
https://doi.org/10.1111/j.1469-185X.2010.00120.x
https://doi.org/10.1016/j.anbehav.2006.07.016
https://doi.org/10.1016/j.anbehav.2006.07.016
https://doi.org/10.1098/rspb.2007.1542
https://doi.org/10.1523/JNEUROSCI.6479-11.2012
https://doi.org/10.1016/j.bbr.2015.04.029
https://doi.org/10.1111/j.1468-5884.1996.tb00022.x
https://doi.org/10.1016/S0167-8760(03)00126-0
https://doi.org/10.1007/s10071-008-0150-7
https://doi.org/10.1007/s10071-008-0150-7
https://doi.org/10.1038/s41598-017-08936-5
https://doi.org/10.1016/j.neubiorev.2016.11.007
https://doi.org/10.1016/j.neubiorev.2016.11.007
https://doi.org/10.1016/j.nlm.2007.04.015
https://doi.org/10.1016/j.nlm.2007.04.015
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0275
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0275
https://doi.org/10.1037/0021-843X.95.4.307
https://doi.org/10.1037/0021-843X.95.4.307
https://doi.org/10.1037/0096-3445.122.1.23
https://doi.org/10.1037/0096-3445.122.1.23
https://doi.org/10.3389/fnins.2012.00127
https://doi.org/10.3389/fnins.2012.00127
https://doi.org/10.1371/journal.pone.0089825
https://doi.org/10.1371/journal.pone.0089825
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0300
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0305
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0310
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0310
https://doi.org/10.1037/0735-7036.119.3.257
https://doi.org/10.1037/h0046480
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0325
https://doi.org/10.1111/j.1460-9568.2008.06395.x
https://doi.org/10.1111/j.1460-9568.2008.06395.x
https://doi.org/10.1126/science.1099136
https://doi.org/10.1006/anbe.1997.0587
https://doi.org/10.1111/j.1439-0310.2006.01269.x
https://doi.org/10.1111/j.1439-0310.2006.01269.x
https://doi.org/10.1037/h0092987
https://doi.org/10.1037/h0092987
http://refhub.elsevier.com/S0149-7634(19)30213-1/sbref0355
https://doi.org/10.1523/JNEUROSCI.2895-07.2007
https://doi.org/10.1523/JNEUROSCI.2895-07.2007
https://doi.org/10.1006/anbe.1997.0636
https://doi.org/10.1006/anbe.1997.0636
https://doi.org/10.1016/j.tins.2010.08.001
https://doi.org/10.1016/j.cub.2011.01.004
https://doi.org/10.1016/j.cub.2011.01.004
https://doi.org/10.1038/nn.3180

	Role of the social actor during social interaction and learning in human-monkey paradigms
	Introduction
	Observational learning in macaque monkeys
	Interaction with a conspecific
	Interaction with a non-conspecific human agent

	Vicarious versus non-vicarious reward in observational learning
	Ghost display condition and the role of the agent in the learning process
	Perspectives in primate electrophysiology
	Declarations of interest
	Funding
	References




