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Human language has no parallel elsewhere in the animal kingdom. It is
unique not only for its structural complexity but also for its inextricable
interface with core cognitive capacities such as object representation, object
categorization and abstract rule learning. Here, we (i) review recent evidence
documenting how (and how early) language interacts with these core cogni-
tive capacities in the mind of the human infant, and (ii) consider whether this
link exists in non-human great apes—our closest genealogical cousins.
Research with human infants demonstrates that well before they begin to
speak, infants have already forged a link between language and core cognitive
capacities. Evident by just three months of age, this language—cognition link
unfolds in a rich developmental cascade, with each advance providing the
foundation for subsequent, more precise and more powerful links. This
link supports our species’ capacity to represent and convey abstract concepts
and to communicate beyond the immediate here and now. By contrast,
although the communication systems of great apes are sophisticated in their
own right, there is no conclusive evidence that apes establish reference,
convey information declaratively or pass down communicative devices via
cultural transmission. Thus, the evidence currently available reinforces the
uniqueness of human language and the power of its interface to cognition.

This article is part of the theme issue ‘What can animal communication
teach us about human language?’

1. Introduction

Language is unique to humans. Acquiring a human language involves mastering
a complex, multi-layered symbolic system that weaves together several com-
ponents—phonetics, phonology, morphology, syntax, semantics, pragmatics.
Moreover, language does not occur in isolation, but rather in exquisite interaction
with a host of non-linguistic cues, including gesture, within a social communi-
cative network [1,2]. Perhaps most importantly for the current paper, human
language interfaces seamlessly and spontaneously with core cognitive
capacities—complex processes such as object representation, object categorization
and abstract rule learning [3,4]. When we say that language links to these core cog-
nitive processes, we mean that linguistic signals feed back to influence our
representations of the world [5]. This language—cognition interface makes possible
unparalleled communicative precision and enhances conceptual flexibility. For
example, in the context of viewing a single scene, we can specify either a particular
individual (that monarch hovering by the lowest branch), the object category to
which the individual belongs (butterflies), a property of that individual (its
colour) or the action in which it is engaged (hovering). This flexibility, precision
and representational power are hallmarks of human language: together, they
permit us to move beyond the ‘here and now’, to imagine possible futures and
evoke the past, to generate new symbolic systems, to create poetry and maths
and to convey the contents of our hearts and minds across generations. This
language—cognition link serves as a conduit for learning and cultural transmission.

Importantly, however, human language does not emerge in the infant fully
formed. Instead, it evolves gradually over the first years of life, shaped not only

© 2019 The Author(s) Published by the Royal Society. All rights reserved.

Downl oaded from http://royal soci et ypublishing.org/rstb/article-pdf/doi/10.1098/rstb. 2018. 0408/ 119989/ r st b. 2018. 0408. pdf

by g

uest

on 25 March 2026


http://crossmark.crossref.org/dialog/?doi=10.1098/rstb.2018.0408&domain=pdf&date_stamp=2019-11-18
http://dx.doi.org/10.1098/rstb/375/1789
http://dx.doi.org/10.1098/rstb/375/1789
http://dx.doi.org/10.1098/rstb/375/1789
mailto:miriam.novack@northwestern.edu
http://orcid.org/
http://orcid.org/0000-0003-0522-0371

by our native endowments but also by our experience with the
particular native language(s) to which we are exposed [6]. This
has raised several fundamental questions. Some researchers
have asked how, and how early, infants begin to link the
language they hear to the world around them [3]. Others have
asked which aspects of human language, if any, are shared
with non-human animals. Certainly, all species communicate;
among great apes, for example, communication systems include
vocalizations, gestures and facial expressions [7]. By examining
these communicative signals, researchers have identified certain,
perhaps isolated, components of the human linguistic system in
non-humans. For example, it is now clear that some non-human
species show rule-governed serial ordering of elements (proto-
grammar), while others show hints of reference [8]. Still other
researchers have sought to identify which fundamental cognitive
capacities of humans are shared with non-humans. Thus far, the
evidence suggests that several core cognitive capacities are
shared, including the ability to distinguish among distinct indi-
vidual objects, to form object categories, to navigate space, to
detect basic aspects of quantity and understand causality [4,9].
There is also evidence to suggest that non-human primates,
and most domesticated canines, share with humans certain
social-cognitive skills [10,11].

In this paper, we take a new tack. We use the existing
evidence from human infants and non-human great apes
(hereafter, apes) to ask whether the communicative systems of
apes influence core cognitive capacities, as language does for
human infants. To the best of our knowledge, this question
has not directly been tested.

To gain traction on this question, we cast a wide net, consid-
ering both language and gestures. Among humans, although
gesture is considered non-linguistic or extra-linguistic, there is
broad agreement that it is nonetheless a powerful communica-
tive device, perhaps especially so for infants, who produce
gestures before they produce their first words [12]. Among
apes, too, gesture is prevalent from infancy and throughout
their lifespan [13]. Thus, considering the gestural communi-
cation among human infants and apes provides traction on
two theoretical issues. First, it permits us to examine communi-
cative development broadly and, in doing so, to tease apart
effects of language, per se, from effects of social communication
more generally. Second, it provides insights into the communi-
cative tools we share with apes and the ways in which we differ.

To foreshadow, despite the considerable evidence of sophisti-
cated gestural communication systems among apes, we find no
evidence that these systems link to core cognitive capacities as
they do in human infants. In particular, apes (i) do not typically
point or use their gestures to establish reference, (ii) use gesture
primarily for imperative purposes, (iii) communicate primarily
with dependence on the present, and (iv) do not use gesture for
cultural transmission. Moreover, we find that in contrast with
the evidence with human infants, there is scant evidence of sub-
stantial developmental change in communicative capacities, of
apes. This, we argue, is consistent with the view that language
and its increasingly specific links to core cognitive processes are
unique to humans.

2. Early language acquisition and its link to
cognition in the first years of life

In this section, we review evidence documenting the develop-
mental origin of a precocious link between language and core

cognitive capacities in human infants and how it unfolds in
the first year of life. This review reveals a rich cascading process
in which infants’ earliest links between language and cognitive
processes (evident as early as three months of age) provide the
foundation for subsequent, more precise and more powerful
links at the interface of language and cognition.

(a) The earliest interface between language and
cognition: infants in their first year

It is now well known that human infants do not approach the
task of language acquisition as blank slates. At birth, they
prefer listening to the vocalizations of human and non-human
primates over other sounds; within months, their listening pre-
ferences narrow as they become attuned to human language,
and to their own native language(s) in particular [14]. This devel-
opmental process of perceptual tuning, in which exposure is
instrumental [15,16], is adaptive. It ensures that infants devote
their attention increasingly towards the communicative signals
of our species and the individuals who will serve as their
communicative and pedagogical partners [17].

Importantly, however, infants’ perceptual preferences for the
sounds of language cannot reveal whether (and when) they
begin to link these to core cognitive capacities, including object
and event categorization, object individuation and abstract rule
learning. Addressing this issue requires identifying whether
(and when) listening to language influences infants” performance
in cognitive tasks like object categorization.

Evidence from infants’ performance in object categoriz-
ation tasks reveals that well before infants begin to speak, a
powerful link between language and core cognitive processes
is available. For infants as young as three months of age, lis-
tening to human language boosts infants’ formation of object
categories—a building block of cognition. By contrast, listen-
ing to other sounds, including tone sequences and backwards
speech, fails to support infant object categorization [18,19].
Thus, by three months of age, infants are not only tuned per-
ceptually to the communicative signals of their communities,
but are also tuned to a principled link between the sounds of
language and core cognitive processes that will ultimately
constitute the foundations of meaning.

This precocious link emerges as part of an initially
broader template of signals that includes human language
as well as vocalizations of non-human primates. At three
and four months of age, listening to the vocalizations of the
Madagascar blue-eyed lemur (Eulemur macaco flavifrons) pro-
vides precisely the same cognitive advantage as listening to
human speech [19]. Yet by six months, lemur vocalizations
no longer exert this advantageous effect [19]. Thus, by six
months of age, infants have increasingly specified which
signals they will link to core cognitive capacities.

But what are the mechanisms by which infants tune this
language-cognition interface? The evidence reveals two dis-
tinct routes, both of which underscore infants’ exquisite
sensitivity to experience.

First, experience influences which of the initially privileged
links (including language, lemur calls) to core cognitive
capacities infants will maintain and which they will sever.
Between four and six months, infants gain considerable exposure
to human vocalizations, but little, if any, to lemur vocalizations.
Might they maintain the link to human vocalizations because
they are exposed to this signal, and sever their initial link to
lemur calls because they are ‘deprived’ of experience with this
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signal? We addressed this question by developing an experiment
for infants at six months, because at this point, they have already
‘tuned out’ the link between lemur vocalizations and cognitive
processes [19]. When we exposed infants systematically to
lemur vocalizations between four and six months, they main-
tained (rather than tuned out) the link between lemur calls and
categorization when tested at six months [20]. Importantly,
exposing infants to signals outside the initially privileged set
(cf. backward-speech) offered no advantageous effect on categor-
ization. Thus, although experience is instrumental in identifying
which of the initially privileged links to core cognitive capacities
infants will maintain and which they will sever, experience
cannot on its own create new links between those processes
and signals if they had not already existed.

Second, for signals other than human and non-human pri-
mate vocalizations (that is, signals that are not included in
infants’ initially broad template), a different kind of experience
is required. We know that humans readily infuse otherwise
non-linguistic signals (e.g. sine-wave tone sequences) with
communicative status (e.g. Morse code). We also know that lis-
tening to tone sequences, presented on their own, does not
boost infant cognition at any age [18] Moreover, recall, too,
that mere exposure is insufficient to link these types of signals
to cognition [20]. But what if they were embedded in an expli-
citly social, communicative interchange? Will six-month-old
infants link these otherwise ‘inert’ signals to core cognitive
capacities like categorization and abstract rule learning, if
they are embedded in a social communicative exchange?

To test this, we embedded sine-wave tone sequences into
a rich communicative episode. We created a videotaped dia-
logue between two women—one speaking in English and the
other responding in ‘beeps’ (i.e. sine-wave tones). By embed-
ding tones within this social, communicative episode, these
signals, which had previously been outside the initially privi-
leged set, subsequently boosted both object categorization
[21] and abstract rule learning [22]. Moreover, embedding
otherwise inert signals into language can also be effective
for older infants and toddlers [21,23,24]. Thus, the conceptual
or symbolic power of these otherwise inert signals is ignited if
it is embedded in language.

As development proceeds, the interface between language
and core cognitive processes becomes further specified.
Between 9 and 12 months, infants successfully trace not
only when a novel word is uttered, but to which objects or
events it has been applied. As a result, the ways in which
objects are named guide infants” mental representations of
objects and categories. Object categorization in both infants
and adults is facilitated when the same word is applied con-
sistently to a set of distinct objects [25-27]. Conversely, infants
represent objects as distinct individuals or distinct categories
when different words are applied to distinct objects [28-32].

The language—cognition link, as expressed in very young
infants, does not remain constant as infants enter their second
and third year of life. On the contrary, infants’ expectations
about the conceptual consequences of naming become
increasingly powerful and precise as infants begin to tease
apart these distinct grammatical categories. They can use
the position of a word within a sentence to distinguish
among grammatical categories [33] and forge increasingly

precise links between distinct grammatical forms and their
distinct kinds of meaning.

These more specific links unfold in a cascading fashion.
Until roughly 12 months of age, infants appear to be ‘general-
ists’: novel words, be they presented as either nouns or
adjectives, highlight any kind of commonality among objects
[27,34,35]. Yet by 13 months, infants have more precise expec-
tations. They extend novel nouns on the basis of category-
based, and not property-based, commonalities, although they
have not yet established a comparably precise expectation for
adjectives [34]. Indeed, for most of their second year, infants
continue to link novel adjectives to either category-based (e.g.
horse) or property-based (e.g. colour, texture) commonalities
[34-37]. It is not until 18-24 months that they begin to mapp
novel adjectives specifically to property-based, commonalities
[36,38]. Lastly, infants” expectations for verbs also appear to
follow a protracted developmental course: it is not until close
to their second birthday that infants reliably map novel verbs
to event categories [3943].

Thus far, we have shown that within the first few years of
life human infants show impressive links between language,
communication and core cognitive processes: (i) a link between
language and object categorization is evident as early as three
months of age [18]; (ii) it emerges as part of a broad template
that initially encompasses not only vocalizations of humans,
but also those of non-human primates. This offers a glimpse
into both the ontogenetic and phylogenetic origins of human
language acquisition; (iii) by six months, infants have tuned
this initially broad link specifically to human vocalizations
[19]; (iv) this tuning process is experience-driven: if infants
are exposed to signals that were part of the initially broad tem-
plate during this tuning period (from four to six months), they
maintain (rather than tune out) the link between these signals
and cognition [20]; (v) another way to forge a link between a
non-linguistic signal and cognition is to embed it within a
rich social communicative episode; (vi) between 9 and 12
months, infants further tune their language—cognition inter-
face. They expect that specific words, not just language in
general, link to concepts; and (vii) during their second year,
infants tease apart different kinds of words and map them
to different kinds of meaning. This permits them to specify
which of the myriad possible commonalities, present within a
particular set of entities, a speaker is referring to. This is not
to say that linguistic sophistication of a 2-year-old approaches
that of a 3-year-old or adult, but rather that they are participat-
ing in a truly linguistic system.

Infants” advances in the first years are impressive, but leave
two key questions unanswered. First, it remains to be seen
whether at the earliest developmental juncture (in the first year
of life), language permits infants to move beyond the here-and-
now. Second, additional research is required to identify the mech-
anisms by which listening to language boosts core cognitive
processes [44]. It is possible that for very young infants (three
to six months), simple attentional mechanisms may be at play;
but by 12 months, if not earlier, attention is no longer a sufficient
account [18,45]. Thus, in human infants, what may begin as an
attentional mechanism evolves considerably over development.

For human infants, language does not develop in isolation, but
in concert with other social communicative tools, most notably
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gesture. Infants’ first gestures, emerging at just eight to nine
months, typically include reaching to request objects, stretch-
ing out their arms to be picked up, as well as ritualized
routines such as waving to others or playing peekaboo [46].
Around 12 months, infants across cultures begin to produce
deictic points [12,47]. Because points typically precede infants’
production of their first words [12], they constitute infants’ first
productive, intentional representational tools. Infants point for
declarative purposes (that is, to get others to feel, know or do
things for them), as well as for imperative purposes (that is, to
request objects, actions or information) [12,48-51]. In this way,
infants’ precocious pointing gestures serve as an index of their
underlying social-cognitive abilities.

Notably, infants’ early gestures, their pointing gestures in
particular, predict their broader communicative development,
including the attainment of near as well as longer term lexical
milestones. For example, early pointing predicts the onset of
new words. Objects that infants point to (but do not yet
name) tend to appear in their productive vocabularies just a
few months later, suggesting that gesture can pave the way
for early word learning [52]. Early gesture production (at 14
months) is also predictive of child vocabulary 3 years later
[53]. Finally, and more specifically, pointing seems to be
linked to the establishment of lexical reference—an infant is
more likely to learn a novel label for an object if the labelling
occurs while the infant points to an object, than if they are
only looking at it or reaching towards it [51].

As infants begin to combine words in the second year of life,
gesture continues to play an important role. Often, infants” ges-
tures provide information that is redundant with what they say
in speech (e.g. pointing to a cup while saying ‘cup’), but this is
not always the case. Infants also produce supplementary speech +
gesture combinations (i.e. point at cup while saying ‘mummy’ to
indicate ‘mummy’s cup’). Combinations like these represent
infants’ earliest syntactic constructions and predict the onset of
two-word combinations a few months later [52,54]. Thus, ges-
ture brings additional sophistication to the interface between
language and cognition. Note that the role of gesture in com-
munication changes as children’s linguistic capacities evolve.
That is, although children first communicate primarily with ges-
ture, gestures subsequently give way to formal language as
children develop those linguistic elements [55,56].

In addition, in the second year of life, iconic gestures begin
to appear robustly in infants” production and comprehension
[57-61]. Iconic gestures are those in which the form of the ges-
ture represents the form of the intended referent (e.g. wiggling
one’s fingers to mimic the legs of a spider; moving one’s hand
to indicate the path of a train moving along a track). Although
relatively infrequent in infants’ spontaneous production [55,58],
iconic gestures convey rich representational information and
therefore signal a huge leap in infants’ communicative power.
In particular, the combination of speech and iconic gesture sup-
ports conceptual advances in domains ranging from number
learning [62] to Piagetian conservation [63] and mathematical
equivalence [64].

Perhaps even more compelling evidence comes from
infants who are born deaf to hearing, non-signing parents.
For these infants, gesture constitutes an especially powerful
linguistic element [65]. Although deprived of linguistic input
from speech, these deaf infants do have access to a host of
other communicative signals, including touch, eye gaze and
gesture. Like hearing children, they gesture to communicate,
yet in contrast with hearing children, their gestures become

increasingly systematic and elaborate as they create systems [ 4 |

known as homesigns [65,66]. Careful analyses of homesign
systems reveal linguistic features that appear resiliently even
in the absence of any linguistic input. For example, homesign-
ing children impose consistent serial ordering of gestural
elements [67], establish displaced reference [68], mark negation
[69] and mark distinctions between nouns and verbs [70].
Importantly, this systematicity is imposed by the children
themselves; it is absent in the gestures of their parents [71].
These resilient features highlight the human infants’ innate
capacity to build a language; they also underscore our species’
prowess in appropriating signals other than spoken language
into our communicative repertoires.

Nevertheless, in the absence of linguistic interchange,
homesign can only take a child so far. It is only when homesign
children come together that their gestural communication
develops into a more complex and linguistically sophisticated
system [72]. Moreover, homesign gestural systems do not
appear to have the same advantageous effect as a full shared
language when it comes to certain core concepts such as
large exact number or spatial representations [73,74]. This
suggests that an important ingredient to the link between
language and core cognitive processes may be the element of
cultural transmission.

Together, the evidence from hearing and deaf children
reveal four ways in which human infants link their commu-
nicative systems (language and gesture) to core cognitive
processes: (i) infants as young as three months spontaneously
link the language they hear to core cognitive processes. It
remains to be seen whether young infants forge this same
link for communicative signals more broadly, including
gesture; (ii) gesture is an integral component to infant
communicative development and foreshadows subsequent
semantic and syntactic advances; (iii) gestures are typically
infants’ first productive communicative tools, but as infants
acquire language, gestures give way, taking on a supplemen-
tary (secondary) role; and (iv) finally, in the absence of
linguistic input (i.e. in the case of deaf children born to hear-
ing parents), gestures have the capacity to convey language-
like features (i.e. homesigns). However, homesign on its own
does not support the acquisition of foundational concepts
(like numerical or spatial representations) in the same way
that language does. Only when these gesture systems come
together within a linguistic community does this link to
foundational concepts emerge.

Our goal in this last section is to look beyond human infants and
consider the communicative abilities of the other great apes.
Like humans, apes use a range of communicative signals—
including vocalizations, facial expressions and gestures—to
convey information and to influence the behaviour of others
[75]. There has been substantial research on primate vocaliza-
tions, much of it focusing specifically on vocalizations
produced in the context of evolutionarily urgent survival func-
tions such as responding to predators and communicating
sources of food [76,77]. Certainly, these vocalizations are
impressive and some have argued that they reflect a variety
of sophisticated cognitive and social functions [78-81]. But
others have argued that ape gestures—more than their
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vocalizations—provide the most compelling comparisons to
human language [82-85]. Therefore, we focus primarily on
ape gesture and its communicative status in comparison to
human language and human gesture.

Gestures are part of the communicative repertoires of all
species of great apes [75]. Typically emerging at around nine
months of age [86,87], these gestures are produced deliberately
and voluntarily in social interactions [88-90]. Ape gestures
have been defined as ‘discrete, mechanically ineffective phys-
ical movements of the body observed during periods of
communication’ [88, p. 749] and include tactile gestures (invol-
ving bodily contact with another individual, e.g. hitting
another), auditory gestures (incorporating non-vocal sounds,
e.g. stomping) and visible gestures (those can be seen from a
distance, e.g. arm raising) [75,88,90]. Note that within the ape
and human literatures, the definition of what constitutes a ges-
ture often differs; definitions of human gesture tend to focus
primarily on silent, empty-handed movements that make no
physical contact with objects or other people (see [91] for a dis-
cussion of differences in definition and coding). Nevertheless,
important cross-species comparisons can be made.

Most researchers agree that apes’ gestures share two key
features with those of humans’ gestures: flexibility and inten-
tionality [13,88,90,92-94]. Regarding flexibility, apes produce
a variety of gesture types (e.g. arm raise; poke; object shake)
flexibly across different situations (e.g. affiliation, grooming,
resting, social play). They can use a single gesture type
across multiple contexts, as well as multiple gesture types
within a single context [7]. Regarding intentionality, apes” ges-
tures are often responsive to the attentional states of their
would-be communicative partners: for instance, when the
intended partner is looking elsewhere, chimps tend to initiate
by making physical contact (touching the other) and auditory
gestures (banging on the ground) [88,95].

Like humans, the gestures of apes reveal an intention to
communicate and insight into the attentional states of their
conspecifics. But apes’ gestures also differ considerably
from those of humans. Most striking are species differences
in the presence versus absence of (i) pointing and the estab-
lishment of reference, (ii) gesturing for declarative purposes,
(iii) communicating without contextual support, and (iv) evi-
dence for learning processes and developmental cascades.
Together, these differences raise intriguing questions about
whether the communicative systems of apes link to their
core cognitive capacities, as is the case for humans.

First, apes in the wild do not use pointing gestures to com-
municate with conspecifics [96-100]. In one comparative study,
researchers used the same criteria to characterize spontaneous
referential gestures produced by 1- to 2-year-old human chil-
dren and chimpanzees in natural settings. Among children,
nearly 25% of the gestures produced were classified as poten-
tially referential (e.g. directed to an external location or third
party). Among chimpanzees, fewer than 0.1% of their gestures
met this criterion [91]. Human-reared or human-captive apes
can be taught to use pointing gestures; however, these points
typically occur only in communication with humans and only
in contexts where the goal is to convey imperative information,
typically a request for food [101-106].

Second, beyond the case of pointing, ape gestures appear to
be reserved exclusively for imperative purposes. They gesture
to regulate face-to-face interactions in the here-and-now such
as play, grooming, fighting or tandem travel [98]. For example,
most gestures between apes are produced in dyadic contexts,
aimed to get the attention of a would-be social partner [107].
There is little to no evidence that apes gesture declaratively
to direct another’s attention simply for the sake of sharing
interest in it or commenting on it. By contrast, human infants
frequently gesture for declarative purposes, sharing their
intentions with their carers [48,98,102].

Third, ape gestures are considerably more dependent on the
contextual support of the present than are those of human chil-
dren. Although both children and captive apes can use gesture
to refer to non-present entities (i.e. they can point to an empty
plate that used to contain food), these gestures are still dependent
on referencing present objects (ie. the now-empty plate)
[104-106]. In wild ape populations, spontaneous gestures
typically require the use of a present object. For example, to
request ‘play’, an ape may hit a conspecific; to request ‘being car-
ried” a juvenile may place their hand on their mother’s back.
Humans, too, can use contextual support to express ideas via
gesture (e.g. pointing to an object that we want). Yet, in addition,
we also ubiquitously gesture in the absence of any referent
object, (e.g. using one’s hands to describe the shape of a missing
puzzle piece; demonstrating how to cut with scissors, even
when none are present). There is no clear evidence of this type
of iconic gesture production in apes [108].

Fourth, there is little evidence that ape gestural repertoires
are readily learned through imitation or through cultural trans-
mission [88,93,98,109-111]. Instead, the ape gestural repertoire
consists primarily of species-typical behaviours [88-90]. Some
have interpreted the scant variability in gestural repertoires
across groups of apes as evidence that ape gestures are
innate, acquired primarily through genetic transmission
[88,93]. Others have claimed that certain types of ape gestures
are adaptations of full-fledged actions to create a more
restricted gestural form that will elicit a target behaviour, a
process known as ontogenetic ritualization [111]. For example,
to request a climb on its mother’s back, infants first push down
her rear end to gain access to climb. But over time, this behav-
iour is streamlined: to elicit the response, the infant need only
touch the mother’s back [112]. Certainly, this process involves
learning, but the learning occurs only in that particular
interaction in that dyad concerning that action.

Finally, there are dramatic differences in the developmental
course of gesture systems among apes and humans. The most
striking difference is that in humans, early gestures are
integrated spontaneously into a rapidly burgeoning linguistic
system; this system is at once more comprehensive in its
communicative and symbolic reach and more precise in its
expression than the systems observed among apes. Human
infants initially rely heavily on gestures but this reliance
decreases steadily [52,56]. As their linguistic capacities advance,
infants move systematically from producing gestures alone to
producing gesture + language (and then language + language)
combinations. By contrast, apes’ reliance on gesture for
communication does not seem to change, even among apes
trained by humans to acquire new symbolic signals [113].

Certainly, there are cases in which apes, raises by humans,
learn complex symbol systems including spoken words,
pictograms or sign language [114-119] (see [120] for a compre-
hensive review and discussion of the many controversies
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surrounding this topic). In such cases, learning to use discrete
symbols is achieved only with considerable repetition or
reward-based paradigms. Evidence like this offers insight
into the capabilities of the ape mind, given a set of symbols.
Nevertheless, we are cautious in drawing strong conclusions
from these examples, as they are rare and have been observed
only as a result of human intervention.

The fact that apes are capable of learning new symbol
systems speaks to their impressive intelligence, and to the
obvious evolutionary links between the ape brain and
the human brain. Additionally, there is evidence that some
language-trained apes can successfully group novel exemplars
into lexical categories, raising the intriguing possibility that
learning human-like abstract symbols may support object categ-
orization in non-human apes [121]. However, it typically takes
apes many trials of learning with rewards to acquire basic use
of these symbols. Note that this differs from how human infants
spontaneously acquire language, as well as how they can easily
adapt novel symbols as category markers or object labels, given
only a single session of seeing these symbols embedded in a
communicative interaction [21,23]. One perhaps important
counter-example bears mention: two infant bonobos, Kanzi
and Makula, may have spontaneously learned symbols on
which their mother had previously been trained [118,119]).

Even for an ape that has mastered productive use of
a signal system with their human trainers, there are sharp
boundary conditions on their use. Language-trained apes
use acquired symbol systems almost exclusively for imperative
purposes in interactions with humans [122,123]. Furthermore,
in stark contrast to humans, there seems to be an upper limit to
apes’ combinatorial abilities. Even language-trained apes over-
whelmingly produce symbols in isolation; the virtual absence
of combinations that exceed two symbols reveals a compelling
difference between children and apes [124].

Taken together, the existing evidence reveals that although
apes in the wild show impressive usage of communicative
gestures, produced intentionally and with flexibility, these ges-
ture systems differ dramatically from human communication
(for a more nuanced discussion, see [88]). They do not make
use of pointing gestures, gesture for imperative purposes
only, typically require present context to gesture, do not pass
down their gestures through cultural transmission, and do
not undergo significant developmental shifts in gesture use.
Finally, despite the fact that some apes have, with great
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