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Human language is a powerful communicative and cognitive
tool. Scholars have long sought to characterize its uniqueness,
but each time a property is proposed to set human
language apart (e.g., reference, syntax), some (attenuated)
version of that property is found in animals. Recently, the
uniqueness argument has shifted from linguistic rules to
cognitive capacities underlying them. Scholars argue that
human language is unique because it relies on ostension
and inference, while animal communication depends
on simple associations and largely hardwired signals.
Such characterizations are often borne out in published
data, but these empirical findings are driven by radical
differences in the ways animal and human communication
are studied. The field of animal communication has been
dramatically shaped by the “code model,” which imagines
communication as involving information packets that
are encoded, transmitted, decoded, and interpreted. This
framework standardized methods for studying meaning
in animal signals, but it does not allow for the nuance,
ambiguity, or contextual variation seen in humans. The
code model is insidious. It is rarely referenced directly, but
it significantly shapes how we study animals. To compare
animal communication and human language, we must
acknowledge biases resulting from the different theoretical
models used. By incorporating new approaches that break
away from searching for codes, we may find that animal
communication and human language are characterized by
differences of degree rather than kind.

ostension | inference | meaning | gesture | human uniqueness

Human communication draws on highly developed ostensive
and inferential capacities (1-3). While much of language is
codified and structured, humans can use virtually any behav-
ior to communicate (e.g., a head tilt, a look, moving an object).
The ostensive capacity to turn anything into a signal is seen
as a powerful driver of human communication. The hypoth-
esized mechanisms underlying this capacity have become
one of the last bulwarks of human language’s uniqueness.

There is a long history of searching for the property that
makes human language unique. Many properties once con-
sidered unique to humans (e.g., referential communication,
syntax, cultural transmission, and intentionality) have subse-
quently been found in animal communication systems, at
leastin simple forms. | argue that recent claims that the cog-
nitive foundations of human language are unique are not
supported by the evidence cited, because the theories and
methods used to study human language are not comparable
to those used to study animal communication. These differ-
ences bias the conclusions we draw about the nature of the
two systems.
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Searching for Features Unique to Human
Language

Human language was once thought to be a more formal,
structured system, in contrast to the emotional, contextually
bound communicative acts of animals. Even Darwin’'s famous
work comparing the expression of emotions in humans and
other animals set “articulate language” to one side, consid-
ering it to be an altogether different type of system (4). These
perceptions were influenced by a long tradition in Western
philosophy privileging humanity’s capacity for rational
thought, as well as by models of language that focused on
our ability to convey meaning in predictable, decontextual-
ized ways (5). These models were often developed by people
studying written language and accordingly focused on the
structural features and decontextualized, disembodied
aspects of language.

For most of the 20th century, scholars argued that struc-
tural features of human language distinguished it from ani-
mal communication. The search for the structural “key” to
language turned into an arms race between linguists and
animal communication researchers. Every time a linguistic
feature was proposed as the Rubicon separating human lan-
guage and animal communication, animal researchers would
look for evidence of that ability in their study species.
Eventually, it would be found in one or more species (though
in simpler or attenuated forms). In order to demonstrate the
ability in nonhuman animals, researchers would often
broaden its definition to make sense for nonlinguistic com-
munication. This sometimes changed the definition consid-
erably. Linguists would object. Animal researchers would
defend their generalizations. This cycle was repeated many
times.

Four of the primary candidates for features differentiating
human language and animal communication—cultural trans-
mission, reference, syntax, recursion—are reviewed below.
Many other aspects of communication have been compared
between animal and human systems (e.g., turn-taking, mul-
timodality, intentionality), but these four illustrate how diverse
aspects of language—learning, meaning, and structure—have
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been identified in animal systems. Note that finding a feature
of human language in an animal system does not imply that
language is not unique. Each feature has been found in one
or more animal species, but never to the degree seen in
human language. Language supercharges these features, and
it is likely unique in its constellation thereof.

Cultural transmission was long assumed to be a defining
feature of human language since language is acquired
through convention and culture rather than biological inher-
itance. We now know that many other species, particularly
birds, also acquire their vocalizations through learning from
adult models. Some species even have a “critical period” in
infancy, during which they learn from song models and
rehearse their songs, and after which they cannot learn to
produce these songs correctly (6). Evidence of vocal learning
coupled with evidence of dialect differences across popula-
tions led scholars to conclude that there was cultural trans-
mission of vocalizations in birds, whales, bats, and elephants
(7-12)".

Reference (using a signal to denote something in the exter-
nal environment) was once argued to be unique to human
language. Then, researchers demonstrated that the alarm
calls of many types of animals differ systematically in
response to different types of predators and elicit different
escape behaviors in listeners (13, 14). This predictable asso-
ciation with an external event seemed to meet the broad
definition of reference; however, animal researchers began
to use the term “functional reference,” since no one knew
whether the animals intended to refer to the predators when
producing alarm calls. Once animals appeared to demon-
strate a capacity for (at least functional) reference, displaced
reference became the new bar. Humans not only refer to
things in their immediate environment but also refer to
things displaced in space or time (5, 15). In contrast, the ani-
mal alarm calls that demonstrated functional reference were
always produced in the presence of a predator (the referent).
Arguments for the uniqueness of displaced reference dove-
tailed with arguments that only humans were capable of
mental time travel: the cognitive ability to remember the past
or imagine the future from a first-person perspective (16).
Experimental paradigms have since shown that great apes
can point to things in their immediate environment to refer-
ence objects displaced in space and time (17). Other studies
suggest that apes and other species are capable of mental
time travel; they plan for future opportunities to retrieve food
by selectively caching different types of food or storing tools
where needed to retrieve future rewards (18-20).

Many scholars have argued that syntax is the defining
feature of human language (21-24). Syntactic rules allow
humans to communicate about an infinite number of things
with a finite number of symbols. Having a set of rules that
can be applied in predictable but open-ended ways to a set
of symbols (e.g., words) enables humans to create sentences
that they have never heard before. No other species has
been found to use syntax as humans do, but evidence of
syntax-like structural rules has been found in several animal
communication systems. The songs produced by many bird
species have “rules” that predict which sounds can be

“Cultural transmission does not play a substantial role in the acquisition of either vocal or
gestural communication in non-human primates (140-145). Primates, like many other
species, do develop cultural traditions in other domains (146).
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combined into motifs and which motifs can follow one
another (25, 26). The same is true for whales (27) and the call
sequences of some primates (28). When perception of song
sequences is tested by playing back recordings to birds, most
species recognize when components are presented in orders
that break the rules (29-31); there is little evidence, however,
that rules about component order encode differences in
meaning. Some argue that the “syntactic” patterns in bird
and whale song are better described as phonological rules
(or phonological syntax rather than lexical syntax), since they
apply to sound combinations but not, as far as we can tell,
to changes in meaning (25). Note that | use meaning through-
out this paper to encompass both the rich, intended mean-
ings of human language (and arguably ape gestures), and
the information receivers extract from animal signals.

Animals can combine signals to amplify or modify one of
the component parts (32-37)—for example, by increasing
intensity. However, there is little evidence that signal combi-
nations produce meanings that differ from their parts. This
type of combination (A + B = C) would suggest a syntax more
reliant on the rule than on the identity of the components,
one where the combination takes on an entirely new mean-
ing. Such rules have been hinted at in the call sequences of
a few monkey (38-40) and bird species (41, 42), but not all
scholars are convinced these systems require syntax to
explain the observed patterns (43). Of course, animals might
combine calls for reasons that have nothing to do with chang-
ing the meaning of the component parts. Song complexity
has been linked to reproductive success across different
taxa, suggesting that the ability to combine different sounds
is itself attractive (44, 45).

One particular type of syntactic rule—recursion—has
been proposed as the feature that distinguishes both human
language and human minds (46). Recursion is the ability to
apply a syntactic rule to the output of that same syntactic
rule, ad infinitum. This enables humans to create infinitely
long utterances with multiple embeddings. For example, the
utterance “l read the sentence that Cartmill wrote that illus-
trated the property that Chomsky described that Fitch argued
made human language unique” exhibits several instances of
recursion. This type of rule is complicated to employ and
difficult to test, but one study found evidence that European
starlings are capable of distinguishing patterns that rely on
recursion (47). Others have argued that these results may
have been based on numerical cognition rather than under-
standing of recursion (48), and so the search continues.

In recent years, the focus on structure as the defining
aspect of language has relaxed. Indeed, the broad charac-
terization of human language as structured and of animal
communication as lacking structure has largely reversed.
Human language is now often characterized by its flexibility,
openness, and ability to deviate from its “code,” while animal
systems are depicted as inflexible and reflexive, restricted to
operating within set rules (3, 49, 50). This shift from structural
features to cognitive building blocks aligns with a broader
shift towards studying the minds rather than just the behav-
ior of animals (51). However, shifting from the features of
communicative acts to the often invisible motivational states
and cognitive abilities behind them makes it more difficult
to draw comparisons across species. As we shall see, the shift
toward meaning and cognition also gives theoretical models
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of communication—and their methodological implications—
an outsized role in shaping the empirical evidence about
animal abilities.

Human Language Relies on Understanding Others’ Minds.
Human language is an exceptionally rich communicative
system, even when it appears in the impoverished form
studied by most linguists (written down and stripped of
its nonverbal components and interactional information).
Sociolinguists and linguistic anthropologists argue that
human language is characterized not by the formal features
seen in disembodied and decontextualized examples but
by the rich social cognition and pragmatic inferences that
underlie face-to-face communication. Pragmatics is the
branch of linguistics that focuses on how language is used
in everyday life and how meaning is conveyed in situated,
interactional contexts rather than through only words and
syntax. The heart of pragmatics is the idea that language
meaning is inflected by its physical, social, and conversational
environments.

The flexibility of human language means that each lan-
guage user has the potential to modify, embellish, or expand
the system, either in the long term (by inventing new words
or structures) or in the short term (by using things outside
the linguistic system in communicative ways). Long-term
modifications allow languages to change over time. Short-
term modifications allow speakers to adapt particular com-
municative acts to their goals, interlocutors, and environments.
This might involve weaving together conventional symbols
and structures with nonverbal elements like gestures, facial
expressions, intonations, or prosodic emphasis. It may simply
involve rich inferences about the goals or knowledge of one’s
interlocutor. Take, for example, the following exchange
between two friends at a party:

1. Susan: Is George here?
2. Lila: I saw an orange truck when | came.

To understand this exchange, you do not need to know
that George drives an orange truck; you can extract the
meaning from the response. This is done through inference,
rather than a literal reading of the sentence. Many human
conversations are intelligible only because (A) the speaker
makes clear that their actions are communicative and (B) the
listener makes a series of inferences about the relevance of
the speaker's actions to the ongoing conversation. The
shared goals and coordinated actions of speaker and listener
are encapsulated in the cooperative principle of philosopher
Paul Grice (52). It is debated whether animal communication
in general—and great ape gestures in particular—ever dis-
play Gricean principles of communication (53-57).

The cognitive abilities underlying our capacity to com-
municate in novel, nonliteral, and flexible ways are osten-
sion and inference. Through ostension, a person draws
attention to their actions and conveys that they are com-
municative (e.g., sliding their glass towards someone who
is pouring wine). Through inference, others can perceive
the communicative intent and respond accordingly (e.g., by
filling the glass). The ostensive-inferential model of human
language proposes that signalers are concerned with mak-
ing their communicative intentions known (and may use a
variety of behaviors to provide evidence of intention), and
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listeners are concerned with gathering this evidence and
making inferences about the intended meaning (1, 3, 49,
58, 59). In line 2 of the example above, Lila answers Susan'’s
question by referring to an unusual type of car (not to
George). Susan makes sense of this reply by assuming that
Lila's utterance was relevant to her question and infers that
George is present. Such indirect reference seems compli-
cated, but it is common in everyday language and demon-
strates how easily humans employ ostensive-inferential
abilities. Importantly, it relies heavily on understanding
others’ minds and intentions: so-called theory of mind (2).
There is evidence from cognitive studies that animals pos-
sess at least some aspects of theory of mind (e.g., under-
standing gaze), but the ways in which we typically study
animal communication do not leave much room for ques-
tions about ostension and inference.

Socio-Cognitive Abilities in Animals. Social animals have
evolved sophisticated cognitive abilities that help them
navigate their social worlds. These abilities include learning
from others, tracking relationships across time, predicting
others’ actions, making inferences about others’ goals, and
responding to others' behavior based on inferences about
what they can or cannot see refs. (60-62).

Nonhuman primates are renowned for complex social
cognition, which they use to navigate social hierarchies,
form friendships, recruit allies, and avoid rivals (63-65).
They understand not only their own relationships, but the
nature of relationships between others (66). There is evi-
dence that at least great apes understand what others can
and can't see ref. (60), as well as what others know and don't
know (67, 68), suggesting that they possess some type of
theory of mind. Adult humans can understand long recur-
sive chains of theory of mind (e.g., | know that Matt knows
that Jacob believes that Gal hopes that | want to see the
movie tomorrow), but the building blocks of understanding
other minds develop slowly over the first few years of life
(69, 70). Human toddlers and great apes both pass simple
theory-of-mind tests; for example, by visually predicting
where others will search for an item that the subject knows
has been moved (65, 67, 71, 72). Note, however, that young
children (but not apes) have at least some knowledge of
language, which may give them an advantage in proposi-
tional thinking about others’ beliefs (73).

Some argue that socio-cognitive abilities like theory of
mind provide the foundation underlying human language
but only enrich (rather than underlie) animal communication
(1, 3, 49, 50). This might seem like a semantic quibble, but
the difference is significant. The claim is that human lan-
guage is built on a fundamentally different type of cognition
(one that requires ostension and inference), while all animal
systems are exchanges of codes that do not require infer-
ences about others (but may sometimes employ them). This
model of language origins argues that language is not an
animal-like system enriched with properties like syntax and
complex inferences about others’ intentions. Instead, it
claims that language is an entirely new type of system reliant
on inferences about others’ minds at its most basic level.
This claim is intriguing but it proposes that human language
represents a discontinuity in the evolution of animal com-
munication systems: Language involves sophisticated social
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inferences about signaler intentions and recipient knowl-
edge purportedly lacking in animal systems. This, in turn,
requires considerable evidence that rich social inferences
about others’ minds are missing from nonhuman commu-
nicative acts. The difficulty is that data on human and animal
communication have been heavily biased by differences in
the way humans and animals are studied.

Animal Communication As Codes. Animal communication
research has been strongly shaped by the “code model”
of communication, though it is rarely referenced directly
(Fig. 1). In this model, a message is encoded by the signaler,
transmitted across a communicative channel (where it can
distorted by “noise”), and then decoded by the receiver. The
goal is for the decoded and encoded messages to be the
same, with little information lost during transmission. This
model grew out of Shannon'’s information theory (74) and the
conduit model of information transfer (75). The code model
reflects its origins—the transmission of electronic signals
in broadcasting and engineering—through the metaphors
of encoding, decoding, transmission, noise, and signal
interference.

The code model provides a useful recipe for breaking com-
munication into phases, each a potential source of miscommu-
nication. For example, a signaler could choose the wrong signal,
the signal could be difficult to perceive due to interference
(noise), or the receiver could misinterpret the signal and respond
inappropriately. In describing potential sources of miscommu-
nication, | have avoided code model terms (encoding, decoding,
error, transmission) because they equate communication with
robotic transfer. Herein lies the main problem with the code
model: It dramatically restricts the ways we conceptualize (and
study) animal communication.

The code model has had a pervasive effect on the design
and interpretation of research on animal communication.
Studies are predominantly built around searching for replicable
contingencies between a signal produced by one individual and
a subsequent change of behavior in another—in other words,
codes (76). This search for code-like systems is mostly unavoid-
able; itis the primary way researchers demonstrate that animal
signals have meaning (i.e., that they are communicative). If a
signal does not reliably relate to a feature of the environment
and/or evoke a particular response, then it's hard to argue that
it means anything—at least if your starting assumption is that
animal signals are meaningless until proven otherwise.

This approach differs profoundly from how meaning is
studied in language. Many human words, sentences, and ges-
tures do not evoke an immediate reaction in others. Consider
the paper you are currently reading. Unless reading this paper

led to a predictable response in readers (e.g., angrily throwing
it across the room or immediately designing a new study),
standard methods in animal communication would conclude
that the paper had no meaning. Methods for determining
meaning in animal signals are not good at detecting commu-
nicative acts with delayed reactions, acts that impact internal
states rather than external behavior, or acts that are embed-
ded within ongoing interactions and are difficult to isolate.

Methodological Bias in the Search for Meaning. To establish that
animal signals have meaning, researchers focus on isolated
signals that elicit predictable, immediate behavioral reactions.
This makes sense; humans are not fluent in the systems
they are studying, and animals cannot provide translations.
However, this focus on predictable contingencies between
signals and responses tightly constrains how researchers
study meaning in animal systems and which behaviors they
study in the first place.

The gold standard for determining that an animal signal
has meaning is the “playback” design. There are many forms
of meaning-making that draw on social, contextual, or envi-
ronmental features outside of the signal, but the playback
method looks only at the meaning transmitted to the receiver
by the information encoded in the signal itself (directly bor-
rowing metaphors from the code model). In a playback
design, a signal (almost always auditory) is recorded and later
played back to one or more animals to observe their reac-
tions. Itis critical to play the recorded signal back outside of
its original context so that the environmental conditions that
elicited the signal are not present; any responses will then
be due to the information in the signal.

Playback designs are effective at measuring particular
types of signals (alarms), in particular modalities (auditory),
with particular responses (immediate behaviors like fleeing).
With careful experimental manipulation, the playback method
allows researchers to test their attributions of signal meaning.
This is a major advantage. Humans bias our ascription of
meaning to animal signals by the ways we parse and label
our worlds. Alarm calls are typically thought to reference the
type of predator that elicits them (e.g., leopard, eagle), but
animals might perceive and categorize the world differently.
For example, domestic chickens were thought to have sepa-
rate alarm calls for foxes and eagles. When chickens heard
an eagle alarm call, they hunched down. When they heard a
fox alarm call, they flew up to perches. However, when chick-
ens were shown video of foxes on screens overhead, they
gave “eagle” calls. And when they saw videos of eagles on the
ground, they gave “fox” calls (77). This simple manipulation
revealed that chickens do not have alarm calls referencing

Signaler’s Receiver’s
message message
CT—
Communicative
4 Encoder Decoder
channel
Noise

Fig. 1. A schematic illustrating the code model of communication.
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the type of animal [something humans, including infants,
would consider a “natural kind” (78, 79)]; instead, they provide
information about the location of the impending attack.

Studies of dynamic visual signals (like gestures) also look
for contingencies between signals and responses, though it
is usually not possible to play back visual signals. In animal
gesture studies, researchers typically take all cases of a par-
ticular gesture form, filter for those with markers of inten-
tional use, categorize and count receivers’ responses, and
assign meaning to gesture types based on apparently satis-
factory outcomes—situations where the gesturer ceases to
signal rather than persisting (80-82). After finding that sig-
nalers do not continue gesturing following Response X to
Gesture A—but do persist following other responses to
Gesture A—researchers conclude that Gesture A likely
means “do X". Such analyses of meaning focus on the sig-
naler's goal (what response from the receiver satisfies the
signaler). This differs from playback studies, where analyses
of meaning focus on how receivers perceive, interpret, and
respond to the signal. This perspective shift is important
because the goals of communication differ significantly
between signalers and receivers (83). Analyses of gesture
meaning and auditory playback designs are both successful
at studying signals used in isolation with clear, immediate,
behavioral responses, but this represents only a subset of
all potentially communicative behaviors. What happens to
other behaviors?

Animal signals not reliably associated with particular
responses are often dismissed as “ambiguous” and excluded
from analyses of meaning (or structure). In this way, studies
present a highly curated subset of all potentially communica-
tive behavior. This curation allows researchers to focus their
efforts on frequent actions with immediate, predictable
responses. Focusing on a subset of behavior has the added
benefit of increasing the sample size for analyzed signals and
standardizing methods across studies.

The use of playback to study alarm calls has become the
paradigm for rigorously demonstrating that animal signals
have meaning. Indeed, most studies of meaning in animal
communication use variations of the playback design and
draw directly on metaphors from the code model|, like sig-
naler and receiver. However, this limits the kinds of questions
researchers can ask and the conclusions they can draw.

The Code Model Constrains Even Studies of Flexible Animal
Systems. Not all kinds of communication can be studied via
playback, but methodological practices stemming from the
code model skew conclusions about these systems as well.
To illustrate this, | draw on examples from ape gesture. | do
this for two reasons: First, because | have worked in this field
for almost 20y, so any criticisms | make necessarily include
my own work; second, because ape gesture is arguably the
least likely animal system to fall prey to the constraints of the
code model. From the start, ape gesture has been recognized
as both intentional and flexible—properties that make it
more similar to human communication and significantly
less code-like than other animal systems (84-89). This
focus on intentionality and flexibility helped to distinguish
ape gestures from vocalizations, which were argued to be
largely inflexible and contextually bound (90, 91). Ironically,
it was only once ape gestures had been shown to be used
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flexibly that researchers began to systematically investigate
gesture meaning by looking for tighter relationships between
gestures and responses (i.e., codes). By highlighting the ways
that the code model permeates study designs of even such
extremely flexible and intentional animal systems as ape
gesture, | hope to show how pervasive the search for codes
is in studies of animal communication.

To study gesture, researchers start with video of ape
groups. They cut these videos down to focus on nonfunc-
tional movements produced in social situations, excluding
movements produced when apes are alone and instrumen-
tal movements that achieve a physical goal (like picking up
an infant). The remaining movements are categorized by
their physical forms and contextual uses. They are often
named by their similarity to human gestures (e.g., beckon,
shoo, wave). Researchers may exclude gestures that do not
meet criteria for intentionality, like waiting for a response
or elaborating when there is no response (92). Itis also com-
mon to exclude gestures that occur during play or multiparty
interactions, since these are not likely to occur the same way
multiple times. Most studies also exclude “rare” gestures
observed only infrequently. Sample size is particularly
important for analyses of meaning or function, where many
examples of the same gesture are needed. In studies with
smaller sample sizes, rarely observed gestures may be a
sizable portion of the data. For example, Cartmill & Byrne
(80) described 64 gestures in orangutans but included only
40 in analyses of meaning. Genty et al. (93) reported 102
gestures in gorillas but analyzed function for only the 10
most common. Finally, analyses of gesture typically focus
on gestures that either occur alone or at the start of
sequences, i.e., those that initiate interactions. This increases
the likelihood that a gesture can be shown to elicit a particu-
lar response, critical for demonstrating that gestures have
(code-like) meanings.

These curation and analysis practices have led to impor-
tant discoveries about ape gesture. Nevertheless, it is impor-
tant to recognize what these practices leave out and to
recognize the ways in which they too have been shaped by
assumptions of the code model. Table 1 presents examples
of findings and methods from a range of ape gesture studies.
This table is by no means exhaustive; it is meant to demon-
strate how pervasive the search for codes is, even for a type
of communication characterized by flexibility and intention-
ality. Some current studies of ape gesture attempt to move
beyond searching for code-like contingencies by focusing on
the pragmatics of interactions or socio-ecological contexts
of communication (94-99); | discuss these below. Despite
recent work to widen our lens, the study of ape gesture con-
tinues to be blinkered by the code model, in both methods
and research questions.

Meaning beyond Codes. Studies of animal communication (like
those in Table 1) typically find that animals communicate
using simple codes that elicit particular responses. However,
this is unsurprising: These studies are looking for codes, often
discarding communications that do not fit the code model.

Human language, in contrast, is already assumed to be
both communicative and meaningful. This assumption frees
up the ways it is studied. Flexibility in the way words and
gestures are used is assumed to reveal properties of thought

https://doi.org/10.1073/pnas.2218799120 5 of 10



Table 1.

Comparison of methods and conclusions from published studies of ape gesture meaning (emphasis mine)

Study Species Conclusions Methods
Hobaiter & Byrne (85)  Chimpanzee “..found [gestures]to  “We examined whether different gestures were associated with
(Pan troglodytes) be used intentionally a specific pattern of outcomes..”

to achieve 15
purposes...”
“...gestures were also
strongly associated
with specific
responses and
outcomes...”

Roberts et al. (104) Chimpanzee

(Pan troglodytes)

“...more than half of
the orangutan
gestures we were
able to analyse had
predictable inten-
tional meanings”

Cartmill & Byrne (84) Orangutan (Pongo

pygmaeus/abelii)

Bonobo
(Pan paniscus)

Graham et al. (105)
deploy gestures to
achieve at least 14
different intended
outcomes”

“Bonobos intentionally

“... we therefore excluded data from play bouts to avoid
masking the “real-world” meaning of gestures.”

“...consistent association between a given gesture type and
particular behavioural change may be used to infer the
meaning of different gestures”

“...this necessarily excluded both actions that were not clearly
directed...towards a specific recipient that could visually
perceive the signaller's behaviour...and actions that could
feasibly be readily explained in noncommunicative terms”

“The aim is to identify gestures that are used predictably to elicit
specific reactions...”

“Only gestures that occurred singly or as the first gesture in a
sequence were analysed for meaning. While this simplified the
analysis by restricting it to a single signal and reaction in each
case, it necessarily excluded some gestures from analysis.”

“We are able to deduce the meaning of great ape gestures by
looking at the ‘Apparently Satisfactory Outcome’ (ASO)...”

“...Fifteen gesture types were suitable for analysis, having been
used by at least 3 individuals at least 3 times to achieve an ASO.”

These studies represent a range of authors and study species and all employ methods frequently used in the field. Each study found that gestures were used to communicate specific
meanings. Each also explained in the methods that the researchers were explicitly looking for code-like contingencies between signal and response and curated their data in particular

ways that made these codes easier to find.

or interaction, rather than evidence that the observed
behaviors are not communicative. A word doesn’'t need to
show a predictable response in order to be considered
meaningful.

Humans communicate by integrating and interweaving
culturally transmitted codes (spoken or signed language)
with nonverbal conventions (e.g., gestures, prosody), non-
verbal nonconventions (e.g., interacting with the physical
environment), and assumptions about the knowledge and
goals of their interlocutor. This integration occurs for both
signaler and receiver, with information exchanged in both
directions. Receivers provide feedback when they encoun-
ter difficulties in understanding, and signalers revise their
communicative acts in real time based on this feedback
(100, 101). Studies of human gesturing demonstrate that
gesture is tightly integrated with speech, both semantically
and temporally (102-104). When one modality is disrupted
(as in the case of stuttering), the other is as well (105, 106).
Receivers also integrate information across gesture and
speech when interpreting language (107, 108). Evidence
from studies of gesture production and gesture perception
supports a model of human language as a single, integrated,
multimodal system—rather than two systems produced at
the same time (109-112). We have only begun to under-
stand the full range of behavior and information humans
use when communicating face-to-face. Fig. 2 gives an over-
view of some of the many possible sources of meaning
humans draw on.

Fig. 2 is not a comprehensive model of human communi-
cation (113); it merely highlights the many ways humans
convey meaning to one another. Note, however, how com-
plex this simplified model of human communication is when
compared to the code model used to study animal commu-
nication. Humans might ostensively signal that they are com-
municating by drawing on a wide range of sources: linguistic
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conventions, nonverbal conventions, or nonverbal noncon-
ventions. For example, imagine that the people in Fig. 2 are
at an event when the music switches to an obscure song.
The signaler might smile and hold one finger up to draw
attention to the song (nonverbal conventions), say “l remem-
ber digging through records at an estate sale and finding
this waaay in the back,” and mime flipping through record
albums (a nonverbal nonconvention). The receiver integrates
information across the speaker's words, actions, tone,
expression—and the song itself—with inferences about the
speaker’s intentions to interpret the communicative act.

Itis unlikely that such a complex personal narrative would
be found in a nonhuman animal. However, it seems possible
(and even likely) that at least some animals use some of these
ostensive and inferential abilities at least some of the time.
This is especially true for great apes, who flexibly modify their
gestures in response to the visual attention (114) and under-
standing of others (115), and who can (at least sometimes)
make inferences based on others' knowledge (67, 68) and
expectations (116). However, the code model and the meth-
ods commonly used to study animals leave little room for
discovering complex or infrequent interactions that involve
integrating information across different sources. Recognizing
differences in our implicit models of human and animal com-
munication—and the ways in which these models bias our
studies—is a necessary step toward credible comparisons
between language and animal communication.

APath Forward? It is impossible to eliminate every difference
in the way communication is studied in animals and humans,
but it is critical to acknowledge and account for theoretical
and methodological differences when comparing abilities
between species. To draw accurate comparisons between
the communication systems and underlying cognitive
abilities of humans and animals, animal communication
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studies must expand beyond searching for code-like signals
with predictable behavioral responses.

Scholars studying great ape communication have recently
begun to break away from the code model by introducing a
range of new methods, mainly adapted from studies of
human interaction. Some have introduced analyses of prag-
matics, focusing on the ways context can inflect meaning
(94, 117); others allow for greater signal ambiguity, so that
each signal does not need to have a single typical response
to be included in analyses (82). Some have begun to apply
analytic frames from the field of conversation analysis to
primate gesture, shifting the focus from the signaling indi-
vidual to the interacting dyad (95-97). Others have argued
that ape gesture researchers need to be bolder in their
research questions and conclusions, urging scholars to more
fully explore the types of communicative inferences apes can
make rather than stopping at demonstrations of intentional
signaling (118). Still others have begun developing computer-
vision and machine-learning methods to circumvent human
biases in the categorization of gesture forms or meanings
(119). Finally, a few scholars have begun to use analytical
frameworks from animal communication to study human
interaction [e.g., to study gestures of human infants (120)].
These emerging lines of work have found much greater con-
tinuity between animal and human communication than
traditional studies. However, most studies of animal com-
munication remain constrained in both imagination and
design by the limitations of the code model.

Current work on ape gesture provides some examples for
how animal communication research might expand beyond
the code model. This echoes an earlier shift in the field—also
led by work on ape gesture—toward considering the intention-
ality of primate signals (e.g., refs. 121, 122). However, many of
the more flexible approaches to ape gesture draw directly on
methods from studies of human interaction (e.g., conversation
analysis and pragmatics). Some of these methods would take
significant work to apply to species more distantly related to
humans; modifying them to fit different social structures, body
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plans, perceptual systems, and environments demands added
care to avoid stretching definitions and categories past the
point of useful comparison. Methods adapted from conversa-
tion analysis seem to be among the most directly applicable
across a wide range of species (96, 123-125). This is probably
because conversation analysis began as a framework to study
the underlying rules of human interaction from patterns of
external behavior, much as is done with animals (126). Analyses
of several aspects of interaction, including turn-taking and
communicative repair, have been usefully applied to both ani-
mal and human data with only minor modifications (96, 127).
The focus of conversation analysis on externally observable
behavior helps it transfer between species, but its background-
ing of cognitive processes limits its utility in demonstrating
abilities like ostension and inference (128). Awider sea change
is needed in the ways researchers approach the communica-
tion and minds of animals. Here are two possibilities:

1. Inclusion-by-association: One small but potentially impact-
ful change would be for scholars to grant animals the
same generous assumption that they do preverbal human
children: that ambiguous behaviors directed toward oth-
ers in the context of known communicative acts are prob-
ably also communicative. This assumption would greatly
expand the types of exchanges that are included in stud-
ies of animal communication. Inclusion-by-association
is common practice in interpretation of preverbal infant
behavior, but it is not applied to animals. Instead, animal
research typically engages in exclusion-by-association. For
example, if an animal behavior occurs alongside signals or
behaviors typically found in the context of play, it will often
be glossed as play and excluded from further analyses of
signal meaning (81, 129). Taking a page from studies of
human language development, | propose inclusion-by-
association rather than exclusion-by-association.

2. Communicative play: Researchers could also ask whether
animals engage in communicative play. Animal play can
be viewed as an opportunity for rich inference and
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potentially for pretense, as individuals signal to others
that their actions should not be taken literally (130-132).
Some types of play even display game-like qualities
involving role reversal and hierarchical rules (116, 133).
Despite considerable interest in animal play, communica-
tive play is not often studied. Researchers could start with
known signals and ask how animals use those signals in
nonstandard ways. They could also conduct qualitative
analyses of rare interactions. For example, a researcher
might observe animals sometimes producing signals in
nonsocial contexts; pairing signals with actions that are
not obviously communicative; or using signals in nontyp-
ical ways during social play. These nonstandard uses
would likely be missed or excluded by current protocols
for studying animal communication, but they are similar
to behaviors in human children that are known to be
important in communicative development. One type of
communicative play—babbling—has been documented
in animal species that learn to produce their vocaliza-
tions. Many species of birds, some species of bats and
marine mammals, and at least one species of marmosets
go through periods of vocal rehearsal early in develop-
ment characterized by playful exploration of the acoustic
space (134-139). This suggests that there may be other
types of communicative play to be found outside of
typical signaler-receiver information exchanges.

Opening up studies of animal communication to “messy”
signaling would not require that researchers abandon the

1. D.Sperber, D. Wilson, Relevance: Communication and Cognition (Blackwell, 1995).

strict definitions and protocols that ensure interobserver reli-
ability and replicability. Nor would it involve an “anything goes”
approach to building a dataset. However, by systematically
exploring instances where signals are used in ways that do
not fit the expectations and assumptions of the code model,
researchers may discover that animals can use a range of
semiotic resources in indirect or novel ways.

Studies showing code-like contingencies between signals
and responses have been crucial for demonstrating that ani-
mal signals have meanings and are not purely reflexes. The
proposed methodological shifts toward considering animal
communication outside of simple signal-response pairs would
not invalidate or discount the contributions of studies follow-
ing the code model. New, more flexible methods build on
findings from code-model analyses, using known codes to
anchor or contextualize ambiguous or rare behaviors. By
acknowledging historic differences in the ways scholars study
animals and humans—and incorporating new approaches
that break away from primarily searching for codes—we may
find that animal communication and human language are
largely characterized by differences of degree rather than kind.
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