
Vol.:(0123456789)1 3

Animal Cognition 
https://doi.org/10.1007/s10071-022-01662-0

ORIGINAL PAPER

Social cognition and metacognition in great apes: a theory

Michael Tomasello1,2

Received: 27 April 2022 / Revised: 13 July 2022 / Accepted: 19 July 2022 
© The Author(s) 2022

Abstract
Twenty-five years ago, at the founding of this journal, there existed only a few conflicting findings about great apes’ social-
cognitive skills (theory of mind). In the 2 ½ decades since, we have discovered that great apes understand the goals, inten-
tions, perceptions, and knowledge of others, and they use this knowledge to their advantage in competitive interactions. 
Twenty-five years ago there existed basically no studies on great apes’ metacognitive skills. In the 2 ½ decades since, we 
have discovered that great apes monitor their uncertainty and base their decisions on that, or else decide to gather more 
information to make better decisions. The current paper reviews the past 25 years of research on great ape social cognition 
and metacognition and proposes a theory about how the two are evolutionarily related.
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In the 1960s Psychology experienced a cognitive revolution. 
The result was what came to be called Cognitive Science, 
a multidisciplinary field including psychology, philosophy, 
linguistics, neuroscience, and artificial intelligence. The 
study of cognitive processes in non-human animals did 
not play a significant role in this early history. This was, 
first, because much of the early work in cognitive science 
was focused on language and the concepts and knowledge 
that could be represented in language and, second, because 
the study of animal behavior at the time was dominated by 
Behaviorism and Ethology, neither of which was much inter-
ested in cognitive processes. Even today, most textbooks 
on cognitive science have more coverage of artificial intel-
ligence and robotics than of animal cognition.

The breakthrough came in the late 1970s with the pub-
lication of two papers in the journal Behavioral and Brain 
Sciences that served to connect the study of animal behavior 
with human cognitive development. First, Parker and Gibson 
(1979) proposed a theory of the evolution of human cogni-
tion and language that used Piaget’s developmental theory 
as the overarching framework, supporting their account with 
experimental studies of various primate species on such 

things as object permanence, tool use, and spatial cognition. 
Second, Premack and Woodruff (1978) reported a study that 
asked the question” Does the chimpanzee have a theory of 
mind?”, which later helped to spawn a vast body of work on 
the development of human children's skills of social cog-
nition. The connection to developmental psychology was 
crucial in incorporating animal behavior into the cognitive 
revolution because developmental work was mostly not lan-
guage-centric. This developmental perspective was central to 
Tomasello and Call’s (1997) account of primate cognition, 
which they characterized as comprising skills for under-
standing the physical world (based on Piaget’s account of 
human children’s understanding of space and objects, tools 
and causality, and quantities) and skills for understanding 
the social world (based on work in cognitive-developmental 
psychology on human children’s cooperation, communica-
tion, social learning, and theory of mind).

The first issue of Animal Cognition was published 1998, 
and the authors of this 25th anniversary issue have been 
asked to choose an area of research and summarize the pro-
gress made in these last 2 ½ decades. I have chosen an area 
descending directly from Premack and Woodruff’s original 
(1978) paper: great ape social cognition (theory of mind). In 
the context of an historical account of progress in the field, 
I outline a theory of how great apes have come to have such 
remarkable social-cognitive skills. The key in my account 
is their connection with another set of skills, namely, skills 
of metacognition in which individuals executively monitor 
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their own cognitive processes as they seek to make effective 
behavioral decisions. The claim will be that great ape skills 
of social cognition and metacognition are intimately inter-
related both evolutionarily in species and ontogenetically in 
individuals.

Status Quo 1997

Because our book Primate Cognition was published at 
around the same time as the first issue of Animal Cogni-
tion, it provides a well-documented starting point for the 
status quo ante. The question in 1997 was not whether 
great apes could predict the behavior of others based on 
various behavioral cues—that was clear—but whether 
in doing so they operated with an understanding of the 
underlying mental states involved. In addition to natural-
istic observations (e.g., de Waal 1982; Byrne and Whiten 
1988), by 1997 researchers had developed several ingen-
ious experimental paradigms to investigate questions of 
great ape social cognition. Already at this early date, there 
were experimental studies of how great apes understand (i) 
goals and intentions, and (ii) perception and knowledge.

With regard to goals, in their original study Premack 
and Woodruff (1978) presented a single, language-trained 
chimpanzee with pictures of humans struggling with prob-
lems, for example, opening a shuttered door. She could 
choose among an array of other pictures potentially sug-
gesting a solution, for example, a picture of a key. She did 
this reasonably well, but it was only a single, language-
trained ape and she might have just been relying on an 
association between doors and keys. Then, Povinelli et al. 
(1998) gave chimpanzees the opportunity to distinguish 
intentional from accidental actions, and they basically 
failed to do so: they had no preference for a human who 
spilled their juice accidentally from one who poured it 
out onto the floor intentionally. And Tomasello (1996) 
reviewed a number of studies of great ape social learning 
and concluded that there was no good evidence that indi-
viduals understood the goals and intentions of the agents 
performing the actions; when learning from social models 
they were simply using their own strategies for reproduc-
ing environmental results (emulation).

With regard to perception, a number of studies provided 
evidence that chimpanzees understood when others were 
looking at or attending to them, for example, they used vis-
ually based gestures only when others were already look-
ing at them (Tomasello et al. 1994). However, Povinelli 
and Eddy (1996a) found that chimpanzees did not seem 
to distinguish between more subtle differences between 
different recipients of a communicative gesture involving 
the eyes in particular, for example, they did not distinguish 
between the visual capabilities of a human who wore a 

blindfold over his eyes from one who wore one over his 
forehead. Povinelli and Eddy (1996b) found that chimpan-
zees followed a human’s gaze direction, but again they did 
not seem to understand the role of the eyes in the process.

With regard to knowledge, Povinelli et al. (1990) and 
Povinelli et al. (1994) reported a series of studies in which 
chimpanzees were sometimes successful and sometimes 
unsuccessful in attempting to distinguish between a human 
experimenter who was knowledgeable about the location 
of food from one who was ignorant. Again, they did not 
seem to understand the role of the eyes in particular in 
humans’ potentially coming to have knowledge about a 
situation. Woodruff and Premack (1979) conducted a study 
in which chimpanzees had the opportunity to mislead a 
human experimenter—enabling them to obtain some oth-
erwise inaccessible food—and they learned to do so but 
only after many dozens of trials, suggesting that they may 
have just been learning to manipulate the behavior of the 
human communicatively in profitable ways. The same 
behavioral interpretation is also possible for the anecdotal 
observations of nonhuman primate “deception” reported 
by Menzel (1974) and Byrne and Whiten (1992).

On the basis of these experimental studies, as well as 
other observational studies, Tomasello and Call (1997, p. 
329) concluded that “There is currently no solid evidence 
that nonhuman primates understand the intentionality or 
mental states of others”. To be clear, they claimed that many 
nonhuman primates understood much about the actions of 
others, for example, they understood who in their group was 
dominant to whom and who was friendly or not friendly with 
whom. And these same primates could predict the behavior 
of others based on a knowledge of how they had behaved 
in such situations in the past, the current cues present in 
the environment, and so forth. But they were seemingly 
not doing this based on an understanding of any underlying 
intentional or mental states. Interestingly and importantly, 
almost nothing was known in 1997 about the executive or 
metacognitive capacities of great apes or any other nonhu-
man primates.

In the 25 years since Primate Cognition was published 
significant progress has been made on all of these research 
topics. In what follows, I look first at great ape skills of 
social cognition and then at great ape skills of metacogni-
tion. I conclude with a proposal about how the two might be 
related evolutionarily.

Great ape social cognition

Few areas of research in primate cognition have seen more 
progress in the last 25 years than the study of great ape 
social cognition (theory of mind). We look first at how great 
apes understand perception and knowledge and then at how 
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they understand goals and intentions (reflecting the histori-
cal order of progress).

Understanding perception and knowledge

Studies of great ape gaze following are suggestive of an 
understanding of the perception of others (see Call and San-
tos 2011), but they are not definitive because the individual’s 
response—looking in the same direction as another—could 
just be a response to a cue. More diagnostic are studies in 
which the individual must engage in an action that demon-
strates that they understand the content of what the other 
perceives.

In a series of five studies, Hare et al. (2000) placed a sub-
ordinate and a dominant chimpanzee into rooms on opposite 
sides of a third room. Each had a guillotine door leading into 
this middle room which, when opened at the bottom, allowed 
them to observe two pieces of food at various locations—and 
to see the other individual looking under her door. After the 
food had been placed, the doors for both individuals were 
opened, and they were allowed to enter the middle room. 
The basic problem for the subordinate in this situation is that 
the dominant will take all of the food she can see. However, 
in some cases things were arranged so that the subordinate 
could see one piece of food that the dominant could not 
see, for example, by placing it on the subordinate’s side of 
a small barrier (with the other piece of food in the open). 
The question was, thus, whether the subordinate knew that 
the dominant could not see a particular piece of food, and 
so it was safe to go for it. The basic finding was that the 
subordinates did indeed go for the food that only they could 
see much more often than they went for the food that both 
they and the dominant could see. Importantly, there were 
no differences between the early trials and later trials, thus 
ruling out that individuals were learning during the experi-
ment the most effective way to get the food. One possibility 
is that subordinates in these studies may have been moni-
toring the dominant’s behavior, rather than their perceptual 
access to the food, and reacting to that. But this possibility 
was ruled out by giving subordinates a small headstart and 
forcing them to make their choice between the two pieces of 
food before the dominant was released into the middle room. 
Moreover, in an additional control condition the dominant’s 
door was lowered before the two competitors were let into 
the room (and again the subordinate got a small headstart), 
so that the subordinate could not see the dominant at all at 
the moment of choice—and so could not react to her behav-
ior—and subordinates still targeted the piece of food the 
dominant could not see. In still another control condition 
food was placed on the subordinate’s side of a transparent 
barrier, and subordinates—understanding that the domi-
nant's view of the food was not blocked by this clear bar-
rier—chose equally between the two pieces of food.

In addition to discerning what a competitor could 
and could not see, in another set of studies great apes 
attempted to actually manipulate what a competitor could 
and could not see—a design which eliminates associative 
learning of cues as an alternative explanation because the 
subject is actually implementing an active behavioral strat-
egy. Hare et al. (2006) and Melis et al. (2006) had chim-
panzees compete with a human (sitting in a booth) for two 
pieces of food. In some conditions, the human could see 
the ape equally well if it approached either piece of food 
(one on each side of the booth). In these cases, the ape had 
no preference for either piece. But in the key condition, a 
barrier was in place so that the apes could approach one 
piece of food without being seen. And this is exactly what 
they did. They even did this in a variation in which the 
choice confronting them was to reach for food from behind 
a barrier (such that the human could not see their body) 
but either through a clear tunnel (where the human could 
potentially see their reaching arm) or an opaque tunnel. 
They imagined what the human could see of their reaching 
arm. In a follow-up study, these same individuals pref-
erentially chose to pursue food that they could approach 
silently—so that a distracted human competitor could not 
hear them—as opposed to food which involved making 
noise en route. This generalization to a completely differ-
ent perceptual modality—audition versus vision—speaks 
to the power and flexibility of the cognitive skills involved.

A further question now was whether great apes are 
able to discern not only what another individual sees but 
also what he knows, in the sense that he has perceived 
something in the past in a way that still influences his 
behavior. Hare et al. (2001) thus used the conspecific food 
competition paradigm of Hare et al. (2000), but with only 
one piece of food. The food was always hidden from the 
dominant behind one of two barriers (which the subordi-
nate subject could always see). The key manipulation was 
that the dominant either did or did not witness the hiding 
process (subordinates always saw the entire hiding proce-
dure and could monitor the visual access of the dominant 
competitor as well). The main finding was that subordi-
nates preferentially went for the food that dominants had 
not seen being hidden, whereas they stayed away from it if 
the dominant had witnessed the hiding process. They knew 
not only what the dominant could and could not see, but 
also what he had and had not just seen in the immediate 
past—and so knew. In another condition, just before the 
moment of choice the dominant individual was switched 
for another dominant individual (who had seen nothing); 
in this case subordinates now felt free to go for the food no 
matter what had transpired earlier, presumably based on 
their knowledge of what the particular individuals involved 
(the two dominants) had and had not seen previously—
and so knew. This is important because it rules out the 
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possibility that subordinates only used the mere presence/
absence of a dominant, any dominant, during the baiting 
process as a behavioral cue.

In another experimental paradigm, Kaminski et al. (2008) 
ruled out the possibility that subordinate chimpanzees in 
the Hare et al. (2001) study were just avoiding the food that 
the dominant had seen at any time (the so-called “evil eye” 
hypothesis. They exposed chimpanzees to a back-and-forth 
game in which a subject and a competitor took turns choos-
ing from a row of three opaque buckets, two of which con-
tained food. The game began with a hiding event, which 
established one piece of food as a "known" to both subject 
and competitor—since both saw it being hidden in one of 
the buckets (and both saw the other watching)—and another 
piece of food as "unknown" to the competitor (but known 
to the subject)—since only the subject saw it being hid-
den in another bucket. The third bucket stayed empty. In 
the Competitor First condition, the competitor then got to 
make the first choice by selecting a bucket from behind an 
occluder, and then the subject got her turn to choose. If she 
had noted which of the two pieces of food the competitor had 
watched being hidden (the known piece), then in her choice 
she should avoid that one, since by the time of her choice it 
should be gone. In the control condition, the Subject First 
condition, the subject chose first. In this case, it was reason-
able for the subject to choose either bucket that she knew to 
have food. The main finding was that in the Competitor First 
condition, when the competitor had already chosen first, 
subjects avoided the known food, presumably because they 
knew that the competitor knew its location and had already 
taken it (whereas in the control condition, subjects chose 
randomly between the buckets with food). The chimpanzees 
knew what their competitor knew (i.e., what he had seen 
in the recent past) and used this to predict what choice he 
would make. In still another impressive skill of social cogni-
tion, in a similar find-the-food game, chimpanzees knew that 
their competitor would choose a board that was lying slanted 
on a table (as if some food were underneath) rather than a 
flat board (under which there could be nothing); they knew 
what kind of inference he would make from the perceptual 
situation (Schmelz et al. 2011).

It is still controversial whether great apes understand 
beliefs as distinct mental states. Krupenye et al. (2016) 
report two studies suggesting that great apes understand oth-
ers’ beliefs. But they used experimental paradigms that are 
controversial in developmental psychology because they do 
not require the organism to express its knowledge in effec-
tive actions. The studies focus only on individuals’ looking 
patterns, specifically, anticipatory looking. The understand-
ing of a belief per se is an understanding that the individual’s 
current perspective on the situation is potentially different 
from the objective situation. But studies based on looking 
patterns do not involve in any way the organism referencing 

an objective situation, such that the individual’s perspective 
may be correct or incorrect. So-called explicit studies of 
false belief, requiring the individual to respond appropriately 
to another’s false belief, have consistently found negative 
results for great apes. Tomasello (2018) reviews this evi-
dence and argues that an understanding of beliefs requires an 
individual to coordinate its perspective with that of another 
individual, as well as with the objective situation as best she 
can determine it. Great apes’ understanding of mental states 
does not involve this comparison but rather is essentially an 
understanding of what others are registering of the world 
perceptually.

A variety of different studies, using a variety of differ-
ent experimental paradigms, thus suggest that great apes 
are able to understand in some situations what others see, 
hear, know, and infer. They use this understanding flexibly, 
especially in situations of competition, to predict what others 
will do. Whether or not they understand others’ beliefs is a 
controversial issue in need of further research.

Understanding goals and intentions

Understanding what others see and know is only useful in 
social life if it enables the prediction of what others will do. 
But to predict what others will do in novel situations one 
needs, in addition, to know what their goal is.

Premack and Woodruff’s original (1978) study of one 
chimpanzee’s ability to discern the goals of others pro-
duced, as noted above, equivocal results. Call et al. (2004), 
therefore, took a different approach. A human experimenter 
gave a chimpanzee food repeatedly through a glass panel. 
Then, on some trials, he did not give it. The experimental 
manipulation was that sometimes he did not give it because 
he was unwilling whereas at other times he did not give it 
because he was unable. The methodological advance was 
that the failure to give the food was actually accomplished 
in several different ways within each of these two broad cat-
egories. Unwillingness was instantiated in three different 
ways: the experimenter either simply stared at the food on 
the table in front of him without giving it, he ate it himself, 
or he teased the ape with it. Yoked to each of these three 
unwilling actions were two unable actions that resembled 
its counterpart fairly closely behaviorally with respect to 
exactly how and where the food moved and exactly where 
the experimenter looked. Thus, yoked to the unwilling-teas-
ing action were (i) an unable-clumsy action, in which the 
human dropped the food accidentally en route to the chim-
panzee (and it rolled back to him) and (ii) an unable-trying 
action, in which he attempted unsuccessfully to force the 
food through a small hole in the glass (and then brought it 
back to himself). The point is that the unwilling and unable 
goals or attitudes were instantiated in ways that differed from 
one another on the surface rather starkly. And yet, beneath 
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the surface, in terms of goals, the one thing in common to 
the three different unwilling actions was that the experi-
menter did not want to give the food to the ape, and the one 
thing in common to the six different unable actions was that 
the experimenter did want to give the food to the ape and 
was trying to do so. The main result was that the chimpan-
zees reacted similarly to the various unwilling actions by 
expressing in some way frustration or impatience, whereas 
they reacted similarly to the various unable actions by being 
patient. The obvious conclusion is that the apes’ differen-
tial reaction in the two experimental conditions was due to 
the chimpanzees understanding of the two different goals 
involved no matter how they were expressed behaviorally.

Other evidence that chimpanzees understand goals then 
came from studies aimed at other questions. For example, 
Tomasello and Carpenter (2005) found that three young, 
human-raised chimpanzees imitated not what a human actu-
ally did, but what he was trying but failing to do or what 
he did intentionally as opposed to accidentally. Also rel-
evant are studies of chimpanzees’ helping behavior (e.g., 
Warneken et al. 2007; Yamamoto et al. 2012) showing that 
when chimpanzees see an agent trying and failing to reach 
a goal—for example, reaching for an out-of-reach object or 
trying to open a locked door—they often discern his goal 
and help him to achieve it. In another paradigm, Buttelmann 
et al. (2008a) found that all four great ape species knew 
which of two plastic eggs contained food when a human 
attempted unsuccessfully to open one of them (e.g., by bang-
ing it or biting at it) but simply manipulated the other one 
disinterestedly (and they showed no such preference when 
they knew ahead of time that the eggs were empty). Relat-
edly, Buttelmann et al. (2009) found that individuals from all 
four great ape species were able to predict a human’s actions 
based on his emotional expression toward different objects; 
that is, they predicted he would choose an object toward 
which he expressed positive emotions and not choose one 
toward which he expressed negative emotions.

In all of these studies, the behavior of the human experi-
menter changed in subtle ways when he was pursuing dif-
ferent goals. Buttelmann et al. (2012) conducted two stud-
ies in which a human’s actions during the test phase were 
completely identical in the experimental and control con-
ditions; what differed was only the context leading up to 
those actions, which could, potentially, lead to two different 
interpretations of what the human was doing. In the first 
study, with all four great ape species, during the test phase 
the human—identically in the experimental and control con-
ditions—twirled a piece of metal on top of a box that the ape 
knew contained food, an action that in some contexts could 
be seen as trying to open the box. The difference between 
conditions was that in the experimental condition the apes 
had previously observed the human manipulating locks and 
latches on tops of other boxes and then opening them (and 

giving the food from inside)—so setting up the expecta-
tion that he would be trying to open the final target box as 
well—whereas in the control condition they had previously 
observed the human simply manipulating locks and latches 
on tops of boxes without opening them (giving food then 
from his pocket). The main finding was that the apes tended 
to wait longer in the experimental than in the control condi-
tion—presumably because only in this condition did they see 
the human’s action as trying to open the box.

In the second study (with chimpanzees only), a human 
sat on a stool giving the subject food. Some meters away 
there was a second bucket with food from which the subject 
had previously received food as well. In the test phase of the 
experiment—identically in experimental and control condi-
tions—the human stood up from his stool and turned his 
body in the direction of the second bucket. In this situation, 
chimpanzees quite naturally anticipated what the human was 
doing and, in the absence of other information, assumed that 
he was headed for the second bucket, and so they rushed 
there first in anticipation. The trick was that there was also 
an experimental condition in which something happened 
prior to the human standing up, for example, a call came 
from a walkie-talkie in the same direction as the second 
bucket, or another human threw a clipboard to the experi-
menter and it landed short (again, in the same direction as 
the second bucket). In this condition, subjects stayed longer 
in their current location, presumably because they under-
stood that the human’s goal in standing up was not to go 
to the second bucket but rather to fetch the walkie-talkie 
or clipboard. They interpreted the exact same behavior dif-
ferently depending on their understanding of the goal the 
human was beginning to pursue by standing up. We may 
thus say that whereas the unwilling-unable and intention-
accident studies demonstrate an understanding of goals-in-
action, these studies demonstrate an understanding of prior 
goals (i.e., goals operative prior to action).

Other evidence for the understanding of goals has come 
from studies examining great apes’ looking patterns when 
watching goal-directed actions. Myowa-Yamakoshi et al. 
(2012) found that when observing an agent’s reaching 
actions chimpanzees anticipate his external goal—by look-
ing to the intended object in anticipation—in the same way 
as do human infants. Further in this direction, Kano and 
Call (2014) examined all four species of great apes’ looking 
patterns in a similar situation, but they controlled spatial 
variables. Thus, they found that apes proactively looked 
to the intended target of a human’s reaches independent of 
spatial location. That is, specifically, after learning that a 
human typically reached for a particular object, they antici-
pated him continuing to reach for that object even when that 
object changed locations (and another object was in the old 
location). In contrast, the apes did not make any predictions 
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when viewing a mechanical claw performing the same action 
in the same situation.

Finally, there is a pair of studies suggesting that great 
apes may understand something about the action plans of 
others as they are pursuing goals, that is, their intentions. 
First, Buttelmann et al. (2007) found that human-raised 
chimpanzees imitated certain highly unusual actions on 
objects, like turning on a light switch with one’s foot. But 
when the human demonstrator seemingly was using his 
foot only because his hands were occupied, the chimpan-
zees (whose hands were not occupied) did not imitate this 
action. They seemingly understood why the human chose 
the unusual behavioral means that he did (he was con-
strained by his hands’ occupation) and that he would have 
chosen another behavioral means if his hands were free. 
The chimpanzees understood not only what the experi-
menter was trying to do, his goal, but also the rationality 
behind the choice of action plan toward the goal, which 
represents an understanding of his intention. Second, But-
telmann et al. (2008b) extended this methodology to all 
four great ape species (all mother-raised) in a tool choice 
paradigm. For example, they saw a human choose a tool 
either freely or when one of the tools was physically inac-
cessible, and then they had a choice of tool. Orangutans, 
but not the other apes, understood that when there were 
no constraints the agent was making his action plan for 
tool choice freely, based on the tool’s qualities, but when 
there were constraints the agent took account of these in 
formulating his action plan. Again, this tuning in to the 
rational decision making of others may be seen as repre-
senting an understanding of their intention.

Taken together, these various studies strongly suggest 
that great apes do not attend to just the behavior of oth-
ers, but also to the goals and, perhaps to some degree, the 
intentions underlying and structuring that behavior. They 
use this understanding flexibly to predict what others will 
do.

Summary

Predicting the behavior of a competitor flexibly in novel 
situations requires an understanding of them as agents who 
pursue their goals and attend to things in the environment 
that are relevant to their goal pursuit. The term ‘theory 
of mind’ is not really felicitous in describing these skills; 
if great apes have a theory (or an understanding), it is 
a theory of agentive action that includes various mental 
states as underlying causal factors. In any case, whatever 
we call it, it is fair to say that in the animal cognition 
community, after a period of controversy, there is now 
a general consensus that great apes understand others as 
agents whose actions are driven by their goals/intentions 
and perceptions/knowledge. This consensus is built not 

on any single study, but on a variety of studies using a 
variety of different methodologies which all come to the 
same basic conclusion.

Great ape metacognition

Like other successful organisms, great apes are evolved 
to make good behavioral decisions, that is, decisions that 
are effective in goal pursuit. But, sometimes it is difficult 
to make a decision because of a lack of sufficient infor-
mation about the alternatives, or because the alternatives 
are difficult to distinguish perceptually, in which case 
the organism feels some kind of uncertainty. Organisms 
that have some kind of executive access to this feeling of 
uncertainty can take it into account and attempt to make 
the best decision in the given situation. Various mammals 
and primates have shown the ability to monitor and deal 
with their uncertainty, but primates, and perhaps espe-
cially great apes, may have some special skills of so-called 
metacognition.

Monitoring uncertainty: opting out

The classic opt-out task is a discrimination or memory task 
in which the individual has a choice: it may either solve 
a problem and get a large reward or, if it is anticipating 
failure, opt out and get a small reward for free. When the 
problem is easy, monkeys and a few other species typically 
choose to solve the problem and get the larger reward. 
But when the problem is difficult, and so failure is likely, 
they learn over many trials to opt out and go for the free 
smaller reward (e.g., Hampton 2001; Smith et al. 2010; 
see chapters in Beran et al. 2012, for different viewpoints).

The classic opt-out task typically takes many hundreds 
of trials for subjects to begin using the opt-out response 
strategically. Researchers have, therefore, chosen not to 
test great apes; in precise this experimental paradigm, but 
rather similar ones based on the same general logic. Suda 
and Call (2006) looked closely at the behavior of chimpan-
zees, bonobos, and orangutans in a cognitive task present-
ing varying levels of difficulty. In particular, they exam-
ined subjects’ tendencies to hesitate when the problem 
was of moderate difficulty. In general, when the problem 
was either extremely easy or extremely hard (i.e., the apes 
were either extremely successful or unsuccessful) subjects 
responded relatively quickly. But when the problem was 
of intermediate difficulty, they hesitated significantly. The 
investigators note that, unlike the opt-out task, this is a 
spontaneous measure that is not connected to rewards, and 
therefore, explanations in terms of associative learning 
and reward contingencies are not applicable. Allritz et al. 
(2021) strengthened this finding by observing that when 
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chimpanzees were presented with difficult (versus easy) 
problems on a touchscreen, their hand more often hov-
ered over the screen as a natural and endogenous expres-
sion of their uncertainty. From the other direction, Beran 
et al. (2015) gave chimpanzees a discrimination task for 
which they would be rewarded for correct performance, 
but from a reward dispenser that was some meters away 
with the reward only briefly available. When the discrimi-
nation was easy, they went quickly to the dispenser so as 
to get the reward while it was still available, whereas if 
the discrimination was difficult, they typically went more 
slowly or not at all. Their moving to the reward dispenser 
was governed by their confidence that they had chosen the 
correct answer.

Suda-King (2008) devised a more natural opt-out task 
for orangutans requiring little or no training. A large reward 
was hidden in one of two blue cups, and a small reward was 
placed (always in full view of the subject) in a yellow cup. 
If subjects saw the large reward being hidden, they chose the 
blue cup containing it. But if they did not witness the hiding 
process, they often opted for the safe choice, the yellow cup. 
Suda-King et al. (2013) replicated the same basic findings 
with gorillas, and Neldner et al. (2015) replicated them with 
both chimpanzees and young human children. Haun et al. 
(2011) presented this same basic task to all four great ape 
species but varied both the probability of success and the 
relative value of the risky versus the safe choice. They also 
attempted to manipulate subjects’ level of uncertainty by 
varying the amount of information available to them. They 
replicated the basic results of the previous studies—subjects 
went for the safe choice when they had not seen the hid-
ing process—but, in addition, they found that subjects were 
more prone to choose the safe option when its value was 
increased and/or when the probability of success in the risky 
option decreased. Consistent with their foraging proclivities 
and previous research, chimpanzees and orangutans were 
more risk-prone, whereas bonobos were more risk-averse 
(with gorillas in between). But all species were seemingly 
monitoring something associated with the decision-making 
process—perhaps feelings of uncertainty for certain behav-
ioral choices—to maximize their rewards in the situation.

Monitoring uncertainty: seeking information

Experiments investigating the opt-out response to uncer-
tainty suggest that many nonhuman primates know when 
their decision-making process is uncertain. But another 
experimental paradigm has gone beyond this simple 
response to see whether and how great apes actually diag-
nose the source of their uncertainty—typically, a lack of 
information—and seek to do something about it, for exam-
ple, gather further information. Interestingly, research with 

several species of nonprimate mammal suggests that they do 
not engage in this particular type of executive or metacogni-
tive monitoring (Roberts et al., 2012).

Call and Carpenter (2001) presented chimpanzees and 
orangutans with a situation in which they either did or did 
not see the process of food being hidden inside of one of the 
two opaque tubes. When they witnessed the hiding process, 
subjects of all three species chose a tube more or less imme-
diately. But when they did not witness the hiding process, 
they went to some trouble to bend their bodies down to look 
into the tubes to discover where the food was located before 
choosing. The apes knew when they did not know, or at least 
when they were uncertain, but in this case they reflected 
on the decision-making process to identify the problem and 
fashion a solution. However, it is also possible to interpret 
these results as a function of a simple search strategy not 
involving metacognition: when I see the food’s location, I go 
for it, and when I do not see the food’s location, I search for 
it. But subsequent studies have rendered this simple alterna-
tive hypothesis insufficient.

Call (2010) followed up on these results with all four 
great ape species. He replicated the basic result with all spe-
cies but went beyond it in several important ways. First, he 
found that the apes were more likely to seek extra infor-
mation if the reward was highly valuable or if it had been 
longer since they acquired information about its location—
both variables that also affect human decision-making in 
search tasks. Moreover, he found that if apes heard food 
as it was being placed inside of one of the tubes (E shook 
it), they did not seek further information because they 
already had the needed information from another source. 
Also, if they looked in the empty tube and saw no food, they 
immediately chose the other without looking (reasoning by 
exclusion), again because they had the needed information 
already. Apes’ behavior in both of these task variations mir-
ror human behavior in the same situations (see Call 2010, 
for references). In a further variation on this theme, Bohn 
et al. (2017; see also Mulcahy 2016) found that when apes 
needed a tool of a certain type and did not know its location, 
they would seek that information before acting. In a series 
of studies with orangutans, Marsh and MacDonald (2012a, 
2012b) again found that the apes looked for information only 
when it was needed, dispensing with looking into the tubes 
when they could infer its location (by exclusion). Moreover, 
they searched for information most often when it was ener-
getically cheapest, when the odds of making an error were 
greatest, when the reward was largest, and when the benefit/
risk trade-off was most favorable. Their information seek-
ing was thus highly flexible, tailored to the particularities 
of the situation. In general, across all of these studies, great 
apes were extremely flexible and skillful at diagnosing what 
information they were missing and how best to obtain it.
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Finally, O’Madagain et al. (2022) gave chimpanzees, 
bonobos, and orangutans the opportunity to visually locate 
the best food in a situation at location X. The apes did this, 
indicating their belief by choosing that location (though not 
receiving the food as a result). Then, they were exposed to 
new information that called their initial belief into question: 
the new information suggested that the best food might be in 
location Y. The apes had the possibility at this point to seek 
further information (or not) that could either confirm or dis-
confirm their initial belief. Many apes then actively sought 
more information to resolve the discrepancy between their 
original belief and the new information by looking again into 
location X to check their initial judgment a second time. The 
apes were self-monitoring and controlling their decision-
making after they had already made an initial decision to 
make the best final decision; they were reflecting on their 
initial decision in the light of newly obtained information 
and discerning the need to possibly revise that decision. For 
many philosophers, examining one's own knowledge criti-
cally and adjusting it in the light of new evidence, is best 
called rational decision making.

Summary

Great apes are, thus, capable not just of monitoring and con-
trolling their behavior but also of monitoring and controlling 
their decision-making metacognitively (see Carruthers and 
Williams 2022, for the view that they are not monitoring 
cognitive states per se, but rather certain feelings such as 
uncertainty and effort). Tomasello (2022) proposed that we 
should think of such metacognitive monitoring as involving 
a second tier of executive processes, what he calls reflec-
tive processes, requiring metacognition. Many mammalian 
species sometimes feel uncertain about a decision, and their 
subsequent decision making takes that uncertainty into 
account. But great apes can go beyond simple uncertainty 
monitoring to determine, at least in some cases, that the 
cause of their uncertainty is a lack of some relevant piece of 
information—they monitor and troubleshoot the decision-
making process—and devise an appropriate strategy to 
ameliorate the problem. And, finally, they can even monitor 
their own beliefs about a situation metacognitively and make 
adjustments in the light of new information.

A theory

Advocates of a so-called meta-representational approach to 
social cognition (the locus classicus is Perner 1991) have 
long pointed out that understanding one's own mental states 
and understanding the mental state of others are potentially 
the same or similar processes. Simulation accounts of mental 

state understanding are explicit in this regard, positing that 
human individuals use their own mental states to understand 
others’ mental states by explicitly simulating them.

Tomasello (2022) uses this insight to propose an evolu-
tionary account of the origins of great apes’ social-cognitive 
and metacognitive skills. The basic idea is this. Executive 
monitoring of one’s own behavior is common among mam-
mals. This is accomplished with a single tier of executive 
functioning that supervises the operational level of percep-
tion and action, and does such thing as inhibit prepotent 
responses when they are not appropriate. Great apes, in addi-
tion, engage in executive monitoring of their own mental 
decision making involving various mental processes such 
as goals and perceptions, as just reviewed. This is accom-
plished with a second-order tier of executive functioning—
metacognitive or reflective functioning—that supervises the 
first-order executive tier. In the context of social competition 
in which understanding the mental states of others would 
be helpful, at some point in their evolution great apes, if not 
another primates, attributed the same mental states that they 
were monitoring in themselves to others. The reason that 
primates, and perhaps especially great apes, have evolved 
to make such attributions is because of increased food com-
petition relative to other mammals. In particular, a focus on 
fruit, as a patchily distributed clumped resource, leads to 
strategies by subordinates to get around dominants monopo-
lizing the fruiting tree (see Tomasello 2022, for a review).

It is possible that important in this evolutionary process as 
well were skills of social learning or imitation in which indi-
viduals were required to establish a correspondence between 
the behavior of others and their own behavior. Great apes’ 
special skills of social learning in comparison with those of 
other mammals and primates might suggest why they are 
particularly skillful at understanding the mental states of 
others. Once again, the relevant ecological conditions may 
be increased food competition. In this case, individuals 
would be able to obtain more and better food—including in 
the context of habitual tool use, which is mostly confined to 
great apes among primates—if they could exploit the behav-
ioral strategies of others for their own benefit (again see 
Tomasello 2022, for a review).

One study in particular provides important evidence for 
apes’ ability to use their own mental states to understand 
those of others. Karg et al. (2015) had chimpanzees compete 
with a human for food. Experimenters arranged things so 
that a chimpanzee subject first experienced a situation in 
which it could see through a screen lid on a box to detect 
what was inside. Another box had an opaque lid. The boxes 
were then relocated and re-oriented, so that now from the 
ape’s new slanted viewing angle, the screen lid (as well as 
the other lid) was opaque—but there were holes underneath 
so that she could actually see inside both boxes. The human 
competitor then approached the boxes and looked straight 
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into them, from the viewing angle that the chimpanzee sub-
ject had used originally. When the two of them now com-
peted for the food inside the boxes, the chimpanzees knew 
that the human could see through the screen lid to the food 
inside even though she herself could not at that moment—so 
she should not go for that food but rather the food in the 
other box. The only way the subject could know this was 
from her own previous experience of having looked directly 
through the screen lid into the box from the original viewing 
angle, which she was now attributing to the human. Impor-
tantly, Kano et al. (2019) report similar findings using other 
ape subjects and an anticipatory looking version of this same 
basic method (see also Schmelz et al. 2013).

In all, then, current research on great ape social cognition 
and metacognition suggests that they have evolved somewhat 
special skills in both of these domains. An interesting further 
hypothesis is that they are related in the sense that their skills 
of social cognition derive from a confluence of their skills of 
metacognition and social learning, enabling an attribution 
of mental states to others. Ecological conditions that might 
have led to this different way of functioning are unknown, of 
course, but it could be that the especially intense food com-
petition among early great apes led to greater skills of meta-
cognition, social learning, and, ultimately, to their ability to 
use these skills to attribute underlying mental states to others 
and thereby to predict their behavior better in the context 
of intense food competition. This hypothesis would predict 
that across species (and possibly in ontogeny within a spe-
cies) skills of social cognition and metacognition should be 
intimately related—and perhaps related to skills of social 
learning and to the intensity of food competition.

Conclusion

The past 25 years have seen immense progress in the study 
of animal cognition, and Animal Cognition has been an 
important contributor to that progress. Because of Premack 
and Woodruff’s (1978) seminal explorations, the study of 
great ape social cognition has been one important strand of 
research in this overall program. We have gone from a situ-
ation in which we did not have experimental demonstrations 
of great ape social cognitive skills to a situation in which 
we have multiple experimental paradigms in which we can 
study various dimensions of these important skills. And the 
study of metacognition in great apes and other primates has 
added a critically important dimension to our understand-
ing of how our nearest primate relatives understand vari-
ous mental states and how they work. The hypothesis that 
great ape skills of metacognition and social cognition are 
intimately related is one that should be further explored in 
great apes and other species. More specifically, the current 

hypothesis would make the following five predictions, all of 
which could potentially be tested.

1. Across primate species—and perhaps across nonprimate 
species as well—there should be a correlation between 
self-regulatory and social cognitive skills.

2. Specifically, species that are skillful at behavioral inhibi-
tion should also be skillful at predicting and controlling 
the behavior of others.

3. Also, species that are skilful at metacognition (e.g., 
information seeking in the face of uncertainty) should 
also be skillful at the attribution of mental states to oth-
ers, although this may be confined to species that are 
also skillful at social learning and/or behavioral imita-
tion.

4. Species that have these correlated skills of self-regula-
tion (or metacognition) and social cognition—at what-
ever level—should engage in more and/or more intense 
food competition than related species.

5. Possibly, though this is more speculative, the two sets 
of skills are interdependent during cognitive processing 
such that disrupting metacognitive monitoring—e.g., 
overburdening it with a distract or task—should nega-
tively affect social cognitive skills in the moment.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

Allritz M, McEwen E, Call J (2021) Chimpanzees (Pan troglodytes) 
show subtle signs of uncertainty when choices are more dif-
ficult. Cognition 214:104766

Beran J, Brandl P, Perner J, Proust J (2012) Foundations of Meta-
cognition. Oxford Univeristy Press, Oxford

Beran M, Perdue B, Futch S, Smith D, Evans T, Parrish A (2015) Go 
when you know: Chimpanzees’ confidence movements reflect 
their responses in a computerized memory task. Cognition 
142:236–246

Bohn M, Allritz M, Call J, Völter C (2017) Information seeking 
about tool properties in great apes. Sci Rep 7(1):1–6

Buttelmann D, Carpenter M, Call J, Tomasello M (2007) Encultur-
ated chimpanzees imitate rationally. Dev Sci 10(4):F31–F38

http://creativecommons.org/licenses/by/4.0/


 Animal Cognition

1 3

Buttelmann D, Call J, Tomasello M (2008a) Behavioral cues 
that great apes use to forage for hidden food. Anim Cogn 
11(1):117–128

Buttelmann D, Carpenter M, Call J, Tomasello M (2008b) Rational 
tool use and tool choice in human infants and great apes. Child 
Dev 79(3):609–626

Buttelmann D, Call J, Tomasello M (2009) Do great apes use emotional 
expressions to infer desires? Dev Sci 12(5):688–698

Buttelmann D, Schütte S, Carpenter M, Call J, Tomasello M (2012) 
Great apes infer others’ goals based on context. Anim Cogn 
15(6):1037–1053

Byrne RW, Whiten A (1988) Machiavellian intelligence: social exper-
tise and the evolution of intellect in monkeys, apes, and humans. 
Oxford University Press, Oxford

Byrne RW, Whiten A (1992) Cognitive evolution in primates: evidence 
from tactical deception. Man 27:609–627

Call J (2010) Do apes know that they could be wrong? Anim Cogn 
13(5):689–700

Call J, Carpenter M (2001) Do apes and children know what they have 
seen? Anim Cogn 3(4):207–220

Call J, Hare B, Carpenter M, Tomasello M (2004) “Unwilling” ver-
sus “unable”: chimpanzees’ understanding of human intentional 
action. Dev Sci 7(4):488–498

Call J, Santos L (2011) Understanding other minds. In: Mitani J et al 
(eds) The Evolution of Primate Societies. University of Chicago 
Press, Chicago

Carruthers P, Williams DM (2022) Model-free metacognition. Cogni-
tion 225:105117

de Waal F (1982) Chimpanzee politics. Jonathan Cape, London
Hampton R (2001) Rhesus monkeys know when they remember. Proc 

Natl Acad Sci 98(9):5359–5362
Hare B, Call J, Agnetta B, Tomasello M (2000) Chimpanzees know 

what conspecifics do and do not see. Anim Behav 59(4):771–785
Hare B, Call J, Tomasello M (2001) Do chimpanzees know what con-

specifics know and do not know? Anim Behav 61(1):139–151
Hare B, Call J, Tomasello M (2006) Chimpanzees deceive a human 

competitor by hiding. Cognition 101(3):495–514
Haun D, Nawroth C, Call J (2011) Great apes’ risk-taking strategies in 

a decision-making task. PLoS ONE 6(12):e28801
Kaminski J, Call J, Tomasello M (2008) Chimpanzees know what oth-

ers know, but not what they believe. Cognition 109(2):224–234
Kano F, Call J (2014) Great apes generate goal-based action predic-

tions: An eye-tracking study. Psychol Sci 25:1691–1698
Kano F, Krupenye C, Hirata S, Tomonaga M, Call J (2019) Great apes 

use self- experience to anticipate an agent’s action in a false-belief 
test. Proc Natl Acad Sci 116(42):20904–20909

Karg K, Schmelz M, Call J, Tomasello M (2015) The goggles experi-
ment: can chimpanzees use self-experience to infer what a com-
petitor can see? Anim Behav 105:211–221

Krupenye C, Kano F, Hirata S, Call J, Tomasello M (2016) Great apes 
anticipate that other individuals will act according to false beliefs. 
Science 354(6308):110–114

Marsh H, MacDonald S (2012a) Information-seeking by orangutans: A 
generalized search strategy? Anim Cogn 15(3):293–304

Marsh H, MacDonald S (2012b) Orangutans (Pongo abelii) “play the 
odds”: Information-seeking strategies in relation to cost, risk, and 
benefit. J Comp Psychol 126(3):263–278

Melis A, Call J, Tomasello M (2006) Chimpanzees conceal visual and 
auditory information from others. J Comp Psychol 120:154–162

Menzel Jr EW (1974) A group of young chimpanzees in a one-acre 
field. In Behavior of nonhuman primates (Vol. 5, pp. 83–153). 
Elsevier

Mulcahy N (2016) Orangutans (Pongo abelii) seek information about 
tool functionality in a metacognition tubes task. J Comp Psychol 
130(4):391

Myowa-Yamakoshi M, Scola C, Hirata S (2012) Humans and chim-
panzees attend differently to goal-directed actions. Nat Commun 
3(1):1–7

Neldner K, Collier-Baker E, Nielsen M (2015) Chimpanzees (Pan trog-
lodytes) and human children (Homo sapiens) know when they are 
ignorant about the location of food. Anim Cogn 18(3):683–699

O’Madagain C, Schmidt M, Call J, Helming K, Shupe E, Tomasello 
M (2022) Great apes and human children rationally monitor their 
decisions – but differently. Proc R Soc B 289:20212686

Parker ST, Gibson KR (1979) A developmental model for the evolution 
of language and intelligence in early hominids. Behavioral Brain 
Sci 2(3):367–381

Perner J (1991) Understanding the representational mind. MIT Press
Povinelli D, Eddy T (1996) What young chimpanzees know about see-

ing. Monographs Soc Res Child Develop 61:3
Povinelli DJ, Eddy TJ (1996b) Chimpanzees: Joint visual attention. 

Psychol Sci 7:129–135
Povinelli D, Nelson K, Boysen S (1990) Inferences about guessing 

and knowing by chimpanzees (Pan troglodytes). J Comp Psychol 
104(3):203

Povinelli DJ, Rulf AB, Bierschwale D (1994) Absence of knowledge 
attribution and self-recognition in young chimpanzees (Pan trog-
lodytes). J Comp Psychol 180:74–80

Povinelli D, Perilloux H, Reaux J, Bierschwale D (1998) Young 
and juvenile chimpanzees’(Pan troglodytes) reactions to inten-
tional versus accidental and inadvertent actions. Behav Proc 
42(2–3):205–218

Premack D, Woodruff G (1978) Does the chimpanzee have a theory of 
mind? Behav Brain Sci 1(4):515–526

Roberts WA, McMillan N, Musolino E, Cole M (2012) Information 
seeking in animals: metacognition? Compar Cogn Behav Rev 8:85

Schmelz M, Call J, Tomasello M (2011) Chimpanzees know that others 
make inferences. Proc Natl Acad Sci 108(7):3077–3079

Schmelz M, Call J, Tomasello M (2013) Chimpanzees predict 
that a competitor’s preference will match their own. Biol Let 
9(1):20120829

Smith J, Redford J, Beran M, Washburn D (2010) Rhesus monkeys 
(Macaca mulatta) adaptively monitor uncertainty while multi-
tasking. Anim Cogn 13(1):93–101

Suda C, Call J (2006) What does an intermediate success rate mean? 
An analysis of a Piagetian liquid conservation task in the great 
apes. Cognition 99(1):53–71

Suda-King C (2008) Do orangutans (Pongo pygmaeus) know when 
they do not remember? Anim Cogn 11(1):21–42

Suda-King C, Bania A, Stromberg E, Subiaul F (2013) Gorillas’ use of 
the escape response in object choice memory tests. Anim Cogn 
16(1):65–84

Tomasello M (2018) How children come to understand false 
beliefs: A shared intentionality account. Proc Natl Acad Sci 
115(34):8491–8498

Tomasello M, Call J (1997) Primate cognition. Oxford University 
Press, Oxford

Tomasello M, Carpenter M (2005) The emergence of social cogni-
tion in three young chimpanzees. Monogr Soc Res Child Dev 
70(1):vii–132

Tomasello M, Call J, Nagell K, Olguin R, Carpenter M (1994) The 
learning and use of gestural signals by young chimpanzees: A 
trans-generational study. Primates 37:137–154

Tomasello M (1996) Do apes ape? In: Heyes C, Galef B (Eds.), Social 
learning in animals: The roots of culture, 319–346

Tomasello M (2022) The evolution of agency: From lizards to humans. 
MIT Press

Warneken F, Hare B, Melis A, Hanus D, Tomasello M (2007) Spon-
taneous altruism by chimpanzees and young children. PLoS Biol 
5(7):1414–1420



Animal Cognition 

1 3

Woodruff G, Premack D (1979) Intentional communication in the chim-
panzee: The development of deception. Cognition 7(4):333–362

Yamamoto S, Humle T, Tanaka M (2012) Chimpanzees’ flexible tar-
geted helping based on an understanding of conspecifics’ goals. 
Proc Natl Acad Sci 109(9):3588–3592

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Social cognition and metacognition in great apes: a theory
	Abstract
	Status Quo 1997
	Great ape social cognition
	Understanding perception and knowledge
	Understanding goals and intentions
	Summary

	Great ape metacognition
	Monitoring uncertainty: opting out
	Monitoring uncertainty: seeking information
	Summary

	A theory
	Conclusion
	References




