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Abstract 

 The intentional communication of affective states is a central part of human sociality 

and cognition. Although nonhuman primates (henceforth primates) also signal intentionally, 

there is a perceived chasm between their intentional versus affective forms of 

communication. Whereas primate vocalizations and facial expressions are traditionally 

viewed as involuntary 'read-outs' of affective states, gestures are considered as products of 

intentional control. However, this traditional view is increasingly contentious, given recent 

evidence of intentional signal production of primate vocalizations and facial expressions, as 

well as the general void of arousal-based explanations in gesture research. In this chapter, 

we challenge the perceived dichotomy between affective and intentional communication in 

primates and propose a dimensional approach, whereby primate signals can be both 

affective and intentional, regardless of signal modality (tactile, audible, visible) or component 

(gesture, facial expression, vocalization). We argue that a dimensional approach, which  

incorporates both affective and intentional components, would improve our knowledge on 

how affective and cognitive processes have jointly shaped the evolution of primate 

communication.  
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Primate communication: Affective, intentional, or both?  

Natural communication is never entirely devoid of affect, something equally true for 

humans as well as nonhuman animals (Barrett & Bliss-Moreau, 2009; Duncan & Barrett, 

2007; Marler, Evans, & Hauser, 1992). Despite this, human communication has traditionally 

been held distinct from animal communication, insofar as animal signals were viewed as 

emotional read-outs of internal states whereas human communication -including language- 

could be both affective and referential, i.e., encoding information about objects and events 

(see Marler & Evans, 2008; Marler et al., 1992). In a seminal paper, Marler et al. (1992) 

argued that many ethologists approaching the issue of 'meaning' denote animal signals as 

either being referential or motivational (i.e., affective), rather than both. Marler et al. argued 

that such a dichotomy is biologically problematic, given that animal signals may nevertheless 

function referentially even when proximately driven by affective processes (Marler et al., 

1992; Seyfarth & Cheney, 2003). Despite this important criticism as well as the general 

progress that has been made in understanding the referential nature of animal signals, 

current non-human primate research still bears the same mistake, only now with another 

related concept– intentionality. The affect-intentionality chasm manifests in the view that 

vocal signals and facial expressions of primates are affective expressions with little 

intentional control, whereas gestures are by default used intentionally to manipulate 

receivers (Tomasello, 2008).   

More recently, voices in the field of primatology (Graham, Wilke, Lahiff, & Slocombe, 

2019; Kret, Prochazkova, Sterck, & Clay, 2020; Liebal & Oña, 2018; Townsend et al., 2017) 

have returned to question again whether such a dichotomous view of primate 

communication is biologically meaningful and argue that instead, such views may hamper 

progress in understanding the proximate and ultimate explanations that shape primate 

signaling. Two fundamental problems are discussed; the first is that different signal 

components (i.e. vocal, facial, gestural) are still primarily studied in isolation rather than 

together as multimodal/multicomponent signal displays, despite the latter being more 

ecologically valid (Liebal & Oña, 2018; Liebal, Waller, Slocombe, & Burrows, 2013; Waller, 
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Liebal, Burrows, & Slocombe, 2013); the second is based on methodological differences in 

how the underlying mechanisms of signals are even identified, insofar as gestures are 

identified based on intentionality criteria, whereas vocalizations and facial expressions are 

identified based on their physical properties (Graham et al., 2019; Townsend et al., 2017). 

This induces the false impression that intentionality and affect are separable processes that 

drive different communication modalities. 

Conversely, this is not the common consensus in human communication research. 

Here, it is commonly accepted that humans intentionally communicate about and take into 

account others’ affective states (Barrett & Bliss-Moreau, 2009; Duncan & Barrett, 2007). This 

would suggest that humans, but not nonhuman primates, communicate both affect and 

intention simultaneously. In humans, for instance, while non-verbal vocalizations such as 

laughter and crying can carry affective information, words - often combined with prosodic 

cues- also communicate affective information (e.g., the words' tornado', 'murder', or 'love'), 

with affect shaping both spoken and signed language systems. This two-way model is 

possible because humans can (although not always) be consciously aware of their 

emotional states, meaning we have some control over how we communicate about such 

states (Ochsner & Gross, 2005). However, human emotion signals are not always honest 

(Russell, Bachorowski, & Fernández-Dols, 2003), insofar as human expressions of emotion 

via voice, facial or bodily displays and gestures (Banse & Scherer, 1996; Buck, Losow, 

Murphy, & Costanzo, 1992; Dael, Goudbeek, & Scherer, 2013; Dael, Mortillaro, & Scherer, 

2012; Gross & Levenson, 1997; Kunzmann, Kupperbusch, & Levenson, 2005; Scherer, 

1986) can be readily modified, suppressed, or exaggerated, such as theatrical acting, when 

stressing intent, to deceive, enhance cooperation, achieve social goals or to influence a 

social audience (Batliner, Fischer, Huber, Spilker, & Nöth, 2000; Kret et al., 2020; Russell et 

al., 2003; Scherer, 2013). Moreover, research has shown that human participants can 

reliably distinguish between genuine and posed expressions of emotion, such as laughter, 

crying and acted emotional speech (Anikin & Lima, 2018; Juslin, Laukka, & Bänziger, 2018; 

Namba, Kabir, Miyatani, & Nakao, 2018).  
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Some scholars have suggested that our capacity for intentional emotion 

communication, paired with the evolution of greater emotional granularity in the way we 

construct emotional states (Feldman Barrett, 2017), laid the foundations for the evolution of 

language (Turner, 1996) as well as for hyper-cooperation and morality (Eisenberg, 2000). 

Overall, emotions constantly influence our cognition (e.g., decisions, thoughts and plans), 

and vice-verse cognition also influences our emotions. In this regard, emotions are tightly 

linked to intentionality (Freeman, 2000). Therefore, human communication naturally carries 

affective meaning, whether intended by the signaler or perceived as such by the receiver. 

But what about emotion communication in other animals – could their emotional states be 

communicated intentionally, and to what extent are primate intentional signals shaped by 

emotion?  

Due to their close phylogenetic relatedness to humans, the great apes represent 

especially suitable candidates to pursue these questions. The fact that these species also 

deal with many similar social and ecological problems, including complex group living, 

suggests that great apes may exhibit some of the hallmarks required for the intentional 

communication of affective states.  Nevertheless, empirical progress in understanding how 

emotion and cognition interact in shaping primate communication remains under-explored. 

In part, this is driven by a strong research focus over the past three decades to 

understanding the referential nature of primate signals (e.g., Townsend & Manser, 2013). By 

contrast, the affective content of animal signals has been either ignored or even 

disregarded, given the wide-held assumption that animals emotions are primarily 

inaccessible to scientific investigation (see for discussions de Waal, 2011; Panksepp, 2011).  

The current chapter aims at discussing these issues and calls to remove the artificial 

perceived dichotomy of affective versus intention in primate communication. In doing so, we 

hope to provide a framework for authentic cross-species comparisons on intentionality in 

emotion communication as well as the influence of affect in shaping intentional 

communication. Indeed, recent research that shows that even 'emotional' vocalizations, like 

alarm calls, and facial expressions such as play-faces can be concurrently intentional 
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(Crockford, Wittig, Mundry, & Zuberbühler, 2012; Townsend et al., 2017; Waller, Caeiro, & 

Davila-Ross, 2015), and that intentional gestures may be shaped (and possibly even 

explained) by arousal processes (Graham et al., 2019). Finally, to provide a holistic account 

of emotion communication in humans and other primates, we contend, like other 

researchers (Fröhlich, Sievers, Townsend, Gruber, & van Schaik, 2019; Liebal et al., 2013; 

Waller et al., 2013), that primate communication research should by default be multimodal 

(considering all sensory signal channels relevant to primates, notably the visual, acoustic, 

tactile,  and the olfactory channel) as well as multi-componential. The latter implies 

considering all possible signal components (facial expressions, vocalizations, gestures) as 

potentially representative of emotional states (Liebal & Oña, 2018).  

In this chapter, building on seminal arguments put forward by Marler and colleagues 

nearly three decades ago (1992), we discuss progress made in the field to date in exploring 

the interplay between the intentional and affective bases of primate communication. We 

concur that several key issues still remain unresolved, such as whether primates possess 

‘human-like’ emotions (Feldman Barrett, 2017), as well as the extent to which primates are 

capable of intentionally signal production (Graham et al., 2019). Nonetheless, we believe 

that comparative research into the intentional and affective bases of primate communication 

cannot advance unless we finally attempt to bridge the perceived chasms related to emotion 

and cognition. To provide a framework, we will first introduce the perceived gulf between 

affective and intentional communication in primates and then try to reconcile these views by 

proposing an affect-cognition framework. Finally, we discuss how dimensional approaches 

might allow for a more systematic assessment of emotion control across species and 

thereby inform on the evolution of human language and cognition.   

 

Affective communication in primates  

Although the study of emotions in animals has traditionally been taboo in animal 

behavior research (for discussions see de Waal, 2011; Panksepp, 2011), it is now growing in 

momentum and allows for more meaningful comparisons to be drawn with humans  (Davila 
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Ross, Owren, & Zimmermann, 2009; Kret et al., 2020).  It is important to note here that we 

use the words emotion and affect interchangeably and that we are not referring to emotions 

as concepts in the human sense, which, as some authors argue, are constructed via 

collective intentionality and emotion language (Feldman Barrett et al., 2011). Instead, to 

allow for meaningful and evolutionarily-grounded cross-species comparisons (Massen et al., 

2019), we follow Sander’s (2013 p.16) minimal consensus for a definition of emotion: “(1) 

Emotions are multicomponent phenomena; (2) emotions are two-step processes involving 

emotion elicitation mechanisms that produce emotional responses; (3) emotions have 

relevant objects; and (4) emotions have a brief duration compared with other affective 

phenomena.” Emotional responses may involve action tendencies, autonomic reactions, 

feelings, expressions (communication), perception, memory, attention and decision making 

(Sander, 2013). We also acknowledge that such internal, affective processes may 

potentially, similar as in humans, be constructed of bipolar dimensions of hedonic valence 

(ranging from pleasure-displeasure) and arousal (ranging from sleepy-hyperactivated) 

(Russell et al., 2003; Duncan and Barrett, 2007). Although the definition of emotions in 

animals is well beyond the scope of this chapter, we agree with others (Massen et al., 2019) 

that affective processes and their link to behavior should be studied comparatively by their 

measurable behavioral or physiological components. 

 

Primary channels expressing affect in primates  

Vocalizations: As well as facial expressions of many species, including primates, 

vocalizations are assumed to have primarily emotional content (Parr, Waller, & Vick, 2007; 

Romanski, Averbeck, & Diltz, 2005; Waller & Cherry, 2012). Specifically, comparative 

behavioral and neuroscience research has suggested that primate vocalizations are hard-

wired reflections of internal states (Fichtel & Hammerschmidt, 2003; Hammerschmidt & 

Fischer, 2008; Jürgens, Maurus, Ploog, & Winter, 1967; Owren & Rendall, 1997; Tomasello, 

2008) which are both innate and highly conserved (Geissmann, 1984; Meyer et al., 2012; 

Thinh, Hallam, Roos, & Hammerschmidt, 2011). Calls can also carry information about the 
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caller, including their relative body size and identity (Rendall et al., 1996). Of most interest 

for the evolution of human language, primate vocalizations have been shown to provide 

referential information about the external environment, displaying evidence of functional 

reference (Seyfarth et al., 1980; Zuberbühler, 2003; Seyfarth and Cheney, 2003), although 

this has been debated (Scarantino and Clay, 2015; Wheeler and Fischer, 2015). Along with 

other mammal species (Haney and Miczek, 1993), several primate species have been 

shown to produce specific vocalizations during agonistic interactions, in particular when 

experiencing aggression, as documented in rhesus monkeys (Macaca mulatta) (Gouzoules, 

Gouzoules, & Marler, 1984) or chimpanzees (Pan troglodytes schweinfurthii) (Slocombe and 

Zuberbühler, 2005).  

These examples are particularly of interest due to the cognitive skills they may 

reflect. Rhesus monkeys are, for instance, able to make inferences about an ongoing conflict 

by attending to victim screams (Gouzoules et al., 1984). Similarly, chimpanzees have been 

shown to produce distinct screams according to their role during agonistic interactions, in 

which acoustic structure varies depending on whether they are the victim or the aggressor 

(Slocombe and Zuberbühler, 2005). Screams produced in response to severe aggressions 

are longer, produced at a higher pitch, and given in longer and slower bouts (Slocombe and 

Zuberbühler, 2007), consistent with an arousal based explanation (Owren, Amoss, & 

Rendall, 2011). Interestingly, victims of aggression appear to have some control over their 

scream production and are sensitive to audience effects. For instance, chimpanzee victims 

appear to exaggerate the severity of their screams when bystanders who are higher-ranking 

than the aggressor are in the audience, suggesting that chimpanzees may strategically 

modify their calling pattern to recruit help (Slocombe & Zuberbühler, 2007). Field 

experiments have also shown that receivers can discriminate between scream variants 

(Slocombe, Townsend, & Zuberbühler, 2009) and pay more attention to screams denoting 

intense aggression than mild aggression. This suggests that screams may serve as a proxy 

for aggression intensity. Bystanders of social conflicts generally appear to be able to extract 

meaningful information about the nature of an antagonistic interaction, even though they do 
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not witness it directly (Cheney, Seyfarth, & Silk, 1995; Slocombe, Kaller, Call, & 

Zuberbühler, 2010). However, even though chimpanzees seem able to infer emotional 

states of conspecifics from acoustical signals and adapt their behaviors accordingly, the 

representational and categorization abilities of chimpanzees that allow them to analyze 

these calls remain to be investigated (Gruber, Zuberbühler, Clement, & van Schaik, 2015). 

It is possible that the combination of both affective and cognitive processes shaping 

this kind of calling behavior is supported by brain structures that might be similar to those 

involved in human non-verbal abilities, as for example has been shown in face processing 

(Tsao, Moeller, & Freiwald, 2008). However, being able to analyze the content of the call, 

such as by determining whether this call is aggressive or affiliative in nature and reacting 

accordingly, may be rarer among species. Although the reaction to the call may have been 

shaped by evolution and led to a hard-wired adaptive response, listeners must still be able to 

selectively discriminate and/or to categorize the emotional content of the call heard, a 

pragmatic capacity that likely depends on other cognitive mechanisms (Grandjean, 

Bänziger, & Scherer, 2006). Such cognitive mechanisms give certain flexibility to the listener 

to ponder how to reply to the call. As humans, we constantly engage in reasoning and 

inference-building about our social interactions through attending to communicative signals 

and surrounding context; and there is strong evidence to suggest that primates do as well 

(Seyfarth & Cheney, 2017; Seyfarth et al., 2010). There is further evidence for perceptual 

categorization of calls (Seyfarth et al., 1980) and the strong role that context plays in 

shaping their responses, including to referential signals (Crockford, Gruber, & Zuberbühler, 

2018; Scarantino & Clay, 2015; Slocombe & Zuberbühler, 2005; Zuberbühler, Cheney, & 

Seyfarth, 1999). 

Facial expressions: Alone or combined together with vocal cues, the face plays a 

key role in the emotional communication of humans and other animals. Human facial 

expressions of emotions are thought to be expressed and understood in a universal manner 

across cultures (Ekman, 1992), although this stance has justly been debated in recent years 

as empirical evidence from natural emotion expressions reveal substantial cross-cultural and 
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intra-cultural variation (Feldman Barrett, 2017; Scherer, 2013; Siegel et al., 2018). 

Compared to high volitional control of human facial expressions, facial expressions in 

primates are traditionally viewed as inflexible displays of emotion that are under little or no 

cognitive control, and with an apparently universal cross-species structure (Darwin, 1872).  

Primates produce a variety of facial expressions in different contexts, often with 

strikingly similar forms across species, indicative of homology. For example, the play face 

exists in most primates and is deployed in solitary as well as social play settings (Demuru, 

Ferrari, & Palagi, 2015; Palagi, Antonacci, & Cordoni, 2007; Palagi, Norscia, & Spada, 2014; 

Parr, Cohen, & Waal, 2005; Waller & Cherry, 2012). The bared-teeth display, considered a 

homologue of the human smile, is displayed in negative contexts, although the range of 

contexts varies across a wide range of primate species (de Waal, 1988; Waller & Dunbar, 

2005; Waller, Whitehouse, & Micheletta, 2016).  

In humans and other primates, facial expressions can be systematically identified via 

the activation of different muscle action units ( also known as “AUs"), using the Facial Action 

Coding System (FACS). Since its development nearly 30 years ago, this method has been 

refined ever since (Ekman, Friesen, & Hager, 2002) and implies the marking of AU activity, 

either in real-time or per video recording. Researchers have successfully extended the 

FACS coding principle for several animal species including chimpanzees ("ChimpFACS", 

Parr & Waller, 2006), orangutans ("OrangFACS", Caeiro, Waller, Zimmermann, Burrows, & 

Davila-Ross, 2013), macaques ("MaqFACS", Parr, Waller, Burrows, Gothard, & Vick, 2010), 

gibbons ("GibbonFACS", Waller, Lembeck, Kuchenbuch, Burrows, & Liebal, 2012). An 

interesting aspect underlying the dichotomy central to this chapter is that, although FACS 

was originally developed to study human emotion, animal FACS are often considered as 

tools to study animal communication rather than to assess underlying emotional states. One 

reason may be the strong theoretical impact of the discussion on intentional communication 

in nonhumans, and the 'competition' between different modalities that occurred therein, as 

developed in the following section.  
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Intentional communication in primates  

In contrast to most views of animal affective communication, intentional 

communication is by definition voluntary and meaningful, i.e., the producer of a signal 

intends to provide specific information to an audience. Intentional communication is 

voluntary in the sense that intentions trigger the signaler to produce the signal rather than a 

fixed stimulus response. The signal conveys meaning in the sense that the intentions of the 

signaler determine the signal's meaning, at least from the perspective of the signaler. To be 

considered intentional, animal signals must meet three essential criteria (Townsend et al., 

2017): (1) the signal is goal-oriented, i.e., when the goal is fulfilled, signalers stop producing 

the signal (Burkart & van Schaik, 2020); (2) the signal is produced for a specific audience, as 

evidenced by audience effects; (3) signal production should change the signaler's behavior 

based on the signaler intended meaning. Note that under the framework of functional 

reference, the cognitive mechanisms of animal signal production are not assumed. 

Therefore, there is to some extent a potential disconnect between the receiver’s inferred 

meaning (i.e., the functional referent, such as an alarm call denoting a predator) and the 

degree of intention on behalf of the signaler. 

With regard to animal taxa, intentional communication in accordance to the above 

described criteria is seen in many species, including primates (e.g., baboons: Bourjade, 

Meguerditchian, Maille, Gaunet, & Vauclair, 2014; chimpanzees: Crockford et al., 2012), 

corvids (Pika & Bugnyar, 2011), canids (e.g., dogs: Gaunet & Deputte, 2011; wolfs: Mazzini, 

Townsend, Virányi, & Range, 2013) and perhaps even fish (Vail, Manica, & Bshary, 2013). 

Additionally, some animal species such as chimpanzees (Andrews, 2012) and dogs 

(Marshall-Pescini, Ceretta, & Prato-Previde, 2014) can perceive others (conspecifics and 

humans) as intentional agents. That is, they understand the behavior of others as goal-

directed, which is a necessary requirement for intentional communication.  

For a signal to be intentional, it has to be produced with an intention about 

something, i.e., there is a general aboutness whereby the producer's intentions trigger the 

signal to be ‘about something’,( e.g., a mental state of another individual or about something 
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in the world), which amounts to the signal's meaning. Dennett (1983) differentiated between 

various levels of intentional aboutness in his attempt to operationalize animals as intentional 

systems. Zero-order intentionality attributes no intention to the signaling behavior of animals, 

whereas first-order intentionality requires the signaler to have an intention about something 

in the world.  For example, ‘I believe there is an eagle’ is first order because it involves one 

mental state about something external of the signaler. Second and third-order intentionality 

involve additional mental states in the signaler of increasing complexity and recursion (e.g., 

‘I want you to know that there is an eagle in the tree’), involving attributions of mental states 

to other individuals, i.e., an intention about an intention of the conspecific. In theory, endless 

levels of intentionality can be displayed, although they are limited by individuals' cognitive 

abilities. Thus, for a signal to be produced intentionally, intentionality in first or second order 

is necessary. In humans, intentionally produced signals usually operate at least via second-

order intentionality:  

S wants A to know that p, 

the so-called informative intention. For instance: The signaler wants the audience to 

know that food is over there.  

Interestingly, the mutual exclusion of affect and intentionality in signal production is 

not perceived as such for the case of human communication. Wharton (2009) showed that 

both affective and intentional elements can be simultaneously present in human word 

production, with words also conveying information about affective states. Wharton discusses 

interjections as examples (Wharton, 2009 p. 70 ff.), such as with the case of a child taking 

an ill-tasting medicine and uttering the interjection "Yuk!". Here, the child expresses an 

attitude about the world by uttering “Yuk”, therefore, generating information that the medicine 

is ill-tasting. That is, even though the child’s use of the word "Yuk" may have been triggered 

by their affective experience of disgust (and the word's onomatopoeia acoustic structure may 

be linked to this affective state), the child may have produced the signal intentionally to 

inform that the medicine is ill-tasting. By contrast, it is also possible that the child did not 

intend to convey this specific message, but instead intended to voice their general disgust 
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(without informing about the ill-tasting medicine) or perhaps did not intend to inform about 

anything at all, and was instead reflecting uncontrolled affect. In this sense, Wharton argues 

that the production of such kinds of interjections is both controlled and involuntary to a 

certain degree. Whether an interjection is produced to inform or produced unintentionally, 

requires a case- by- case analysis. The recipient, for either case, grasps the information that 

the medicine is ill-tasting. In conclusion, the role of affect and intention for the interjection's 

production and meaning are intrinsically tied to each other.  

Examples along these lines may be present in other animal species as well:  

Chimpanzees and bonobos, for instance, produce acoustically distinct food calls that can 

inform others about different qualities of food (Clay & Zuberbühler, 2009; Slocombe & 

Zuberbühler, 2006). Although acoustic differences in the food calls could directly correlate 

with the signaler's underlying arousal during feeding, chimpanzees also appear to have a 

certain degree of control over food call production, and show evidence of intentionality about 

who they signal to (Schel, Townsend, Machanda, Zuberbühler, & Slocombe, 2013). Whether 

it is referential or affective information that is intended to be conveyed (or indeed no intention 

at all) is difficult to discern, just as it is for the case of human interjections such as the child 

shouting “Yuk”. Furthermore, there appears to be notable flexibility in the production of such 

signals, even if they are linked to arousal; not in every situation of high arousal does an 

individual produce a food call. It seems most likely that affect, context, meaning and 

intention are all intertwined when such signals are produced as well as interpreted by 

receivers.  

 

Primary channels used to express intentions in primates  

Gestures: Manual, purpose-full movements of limbs, head or the body are 

considered as primary communicative means for primates to express their intentions (Byrne 

et al., 2017). Importantly, unlike vocalizations and facial expressions, researchers identify 

gestures based on intentionality criteria rather than on their physical properties (Call & 

Tomasello, 2007; Leavens, Hostetter, Wesley, & Hopkins, 2004). It is assumed that 
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signalers exert some volitional control over gesture production, such as suppressing, 

exaggerating or otherwise modifying the gesture, or selecting the kind of gesture type to be 

produced (Leavens, Hostetter, et al., 2004). Some researchers have studied gestures as 

being separate from body signals, which may also be intentional but involve the movements 

of the signalers' entire body, rather than manual movements of hands, limbs and head 

(Heesen, Hobaiter, Ferrer-I-Cancho, & Semple, 2019). Although the criteria for intentionally 

differs across studies (Graham et al., 2019), the most common criteria applied in gesture 

research are; (1) whether signalers take into account the attentional state of the recipient 

(Liebal, Call, Tomasello, & Pika, 2004), (2) whether they wait for responses (Hobaiter & 

Byrne, 2011a) and (3) whether they persist or elaborate signaling when apparent goals are 

not met (Hobaiter & Byrne, 2014). Gestures can be used singly or combined in sequences 

(Hobaiter & Byrne, 2011a, 2011b; Liebal, Call, & Tomasello, 2004) as well as be produced in 

combination with other signal components and/or multimodally, as combined with auditory 

sounds, facial expressions and/or species-specific vocalizations, to specify a signaler's 

social goals (Genty, 2019; Genty, Clay, Hobaiter, & Zuberbühler, 2014; Genty, Neumann, & 

Zuberbühler, 2015; Hobaiter, Byrne, & Zuberbühler, 2017).  

In comparison to vocalizations and facial expressions, which appear to be largely tied 

to specific contexts (but see Clay et al. 2015), gestures have looser means-to-end mappings 

insofar as the same gesture may be used in different contexts to achieve diverse social 

goals (Hobaiter & Byrne, 2014). Gestures are produced flexibly across contexts including 

grooming (Pika & Mitani, 2009), nursing, joint travel (Genty, 2019; Halina, Rossano, & 

Tomasello, 2013), play (Fröhlich, Wittig, & Pika, 2016a) and sexual solicitation (Genty et al., 

2015). Different gestures can also be combined with the same, distinct vocalization (e.g., a 

pout moan or a contest hoot) to communicate different social intentions (Genty, 2019; Genty 

et al., 2014). Although gesture repertoires and their apparent meanings overlap between 

different great ape species (Byrne et al., 2017; Graham, Hobaiter, Ounsley, Furuichi, & 

Byrne, 2018), there are also notable differences between and within species, with some 
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gestures having been apparently learned in development, representing cases of 

idiosyncrasy (Genty, Breuer, Hobaiter, & Byrne, 2009).  

Gestures also appear to play particularly important roles in coordinating joint 

activities with conspecifics, including the regulation of putative forms of social commitments 

and relationships (Heesen et al., 2020), to navigate spontaneous collaboration (Melis & 

Tomasello, 2019) and to exchange information in sequences of turn-taking (Fröhlich, 

Kuchenbuch, et al., 2016). Finally, apes have also been documented to use gestures to 

convey spatial or referential information to receivers (Hobaiter, Leavens, & Byrne, 2014; 

Leavens, Hopkins, & Bard, 1996), such as to indicate a desired direction of joint travel in 

contexts of sexual activity (Genty & Zuberbühler, 2014, 2015). Although the flexibility and 

frequency by which apes communicate iconic or deictic information may be more restricted 

than in humans (Genty & Zuberbühler, 2015), this way of signaling yet represents another 

parallel between the Pan/Homo communication systems. It also shows that ape gestures 

can go beyond pragmatic meaning (e.g., to start, resume, continue or stop an interaction: 

Fröhlich, Wittig, et al., 2016a; Genty et al., 2009; Heesen et al., 2020; Heesen, Genty, 

Rossano, Zuberbühler, & Bangerter, 2017; Hobaiter & Byrne, 2014) to convey spatial 

meaning, related to an external object or location, to a specific recipient via their 

morphological form. This may mean primate gestures can qualify as deictic or iconic signals. 

 Although there has been a heavy bias towards gestures for detecting intentionality 

criteria in primates, recent studies have shown that some primate vocalizations (Crockford et 

al., 2018, 2012; Crockford, Wittig, & Zuberbühler, 2015; Gruber & Zuberbühler, 2013; Schel 

et al., 2013), voiced sounds (Hopkins, Taglialatela, & Leavens, 2011) and facial expressions 

(Waller et al., 2015) can also meet the same intentionality criteria required for gestures 

(Crivelli & Fridlund, 2018). For example, vocalizations, sounds and facial expressions can be 

modified to the attentional state of the recipient (Demuru et al., 2015; Hopkins et al., 2011; 

Leavens, Hostetter, et al., 2004; Waller et al., 2015), to the audience composition and 

activity type (Flack, Jeannotte, & de Waal, 2004), as well as to inform receivers of imminent 

danger in highly arousing, predatory contexts (Crockford et al., 2012). Some recent studies 
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showed that wild chimpanzees take into account the knowledge state of their receiver before 

producing alarm calls, providing evidence of intentional call production – a topic which we 

will discuss in detail in the following section (Crockford et al. 2012; Schel et al., 2013).  For 

facial expressions, gibbons have been shown to increase the duration and intensity of their 

facial expressions in social settings, i.e., when facing another partner versus when not 

(Scheider, Waller, Oña, Burrows, & Liebal, 2016). Play faces in bonobos and chimpanzees 

can also be adjusted to the age of the playmate, and on the presence of relevant audience 

members (Cordoni & Palagi, 2011; Flack et al., 2004), as well as depending on the play type 

and the recipient's attentive state (Demuru et al., 2015). These new lines of evidence 

suggest that both facial expression and vocalizations can involve intentional properties in 

similar ways as gestures (Graham et al., 2019; Townsend et al., 2017).  

 

Towards an affective-cognitive dimensional approach to study primate communication    

Thus far, our review has highlighted some crucial aspects about the apparently 

problematic assumption of emotionality and intentionality being dissociable in different 

modes of primate communication. Some scholars have traditionally viewed primate 

vocalizations and facial expressions as honest signals (i.e., those that directly reflect the 

signaler’s underlying internal state) that are inflexible and involuntary responses to certain 

events lacking cognitive control (Ekman, 1992; Owren & Rendall, 1997; Tomasello, 2008), 

and that intentionality or goal-directedness is mainly reserved for manual gestures or body 

signals (Call & Tomasello, 2007). However, as noted, this distinction is under threat because 

of growing evidence suggesting intentional use of vocalizations and facial expressions 

(Crockford et al., 2012; Hopkins et al., 2011; Scheider et al., 2016; Schel et al., 2013; 

Townsend et al., 2017; Waller et al., 2015), as well as a lack of discussions on possible 

affect-based explanations for prevalence of intentional signals like gestures (Graham et al., 

2019). The latter is especially evident as some gestures and body signals can indeed, like 

vocalizations and facial expressions, be used in high-arousal contexts such as conflicts or 

rough social play (Brooker, Webb, & Clay, 2020; Genty et al., 2009, 2015; Heesen et al., 
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2019; Hobaiter & Byrne, 2012). In sum, research on primate intentionality frequently 

bypasses the role that arousal and valence play in communication (Barrett & Bliss-Moreau, 

2009; Duncan & Barrett, 2007; Tamir, Thornton, Contreras, & Mitchell, 2016). For instance, 

one criterion used to identify intentional signals in nonhuman primates is the persistence in 

signaling if the receiver has not reacted in ways satisfying to the signaler (Leavens, Russell, 

& Hopkins, 2005). Thus, take a situation in which a signaler continuously produces a bared-

teeth expression to a more dominant individual and only stops to show this facial expression 

after having been consoled by a more dominant receiver (e.g., Graham et al., 2019). 

Gesture research would denote this as intentional (Leavens et al., 2005) even though the 

expression might actually be explained by arousal, such as owing to the presence of a social 

audience or more dominant audience members (Zajonc, 1965). Of course, arousal may also 

explain audience effects for vocalizations, which have been previously suggested to reflect 

cognitive awareness (Zuberbühler, 2008). 

 Nonetheless, signalers might be able to control their expressions despite their high 

arousal state. Evidence supporting this point is that apes readily modify the acoustic 

structure of their vocalizations in respect to the presence or knowledge state of certain 

audience members (Crockford et al., 2012; Fedurek, Slocombe, & Zuberbühler, 2015; 

Slocombe & Zuberbühler, 2007). For example, some chimpanzee alarm calls (Crockford et 

al., 2012; Schel et al., 2013) were assessed for intentionality over subsequent study periods 

using the same method, but with contradictory results: in one study (Schel et al., 2013), the 

experimenters presented a moving snake model to wild chimpanzees, to which some 

chimpanzees responded with alert hoos as immediate response to the to the moving snake 

model, often without being influenced by an arriving audience, or if an audience was present 

accompanied by little audience checking. The authors concluded that the calls would best be 

described as zero-order intentional (Schel et al., 2013). In a different study on same 

chimpanzee community, experimenters presented a static snake model, to which the 

chimpanzee produced alert hoos, but in this case with tactic deployment and in respect with 

the recipients state of knowledge (Crockford et al., 2012) - meaning the signaler persisted 
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until the audience members knew that there was a snake. Whereas the study of Schel et al. 

would have suggested that alert hoos are emotional (i.e., zero-order intentional), the study 

by Crockford et al. would have led to the conclusion that this type of vocalization can be 

used second-order intentionally.  

Although it is unclear what caused the conflicting findings, the example nonetheless 

demonstrates that the same signals are potentially driven by both affect- and intention 

depending on the circumstance, like the level of risk involved, as implied by the moving or 

static snake model (see Graham et al., 2019; and Schel et al., 2013 for detailed discussions 

on this point). This is also the case in humans, for instance, in which control of language 

may be lost in settings of extreme emotion (e.g., swearing in a traffic jam). Such signals 

might be identified as intentional but are in reality evoked by arousal, and that the same 

signals tagged as emotional can in fact be used intentionally in certain circumstances.  

It appears falsely reductionist, therefore, to extrapolate that all vocalizations are 

affect-driven, and all gestures are intentional (Maiese, 2014). Naturally, some species-

specific emotion expressions may indeed be less controllable than others. But it creates a 

bias to discriminate signals as affective versus intentional. Instead, it may be best to 

consider that signals can be both, where the degree of control might depend on the social or 

physical context, audience size and composition, previous events, the signaler's current 

affective state, its age, rearing and status in a group. All these factors may influence 

dimensions of how we would perceive the signal on the scale of affect and volitional control. 

We thus agree with Graham et al. (2019) that it is problematic to extrapolate intentionality to 

all types of signals if only one type follows intentionality criteria (i.e., as in, ‘since some 

gesture types follow intentionality criteria, gestures are produced intentionality‘). A more 

realistic approach would be to first assess dimensions of affect and intentionality for each 

signal type, and on an event-by-event basis, with careful consideration of any factor possibly 

affecting signalers' arousal and emotional valence (see Figure 1 in Gruber & Grandjean, 

2017).  
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To circumvent inaccurate groupings of signal components into binary categories, we 

propose a dimensional approach to study primate communication (Figure 1). A dimensional 

approach can be useful, because it avoids potential biases in the way primate signaling is 

being analyzed, and builds a more realistic, holistic picture of signaling complexity and the 

interplay between emotion and intention. Such a method also allow more systematic 

assessment of primate signaling. It acknowledges the possibility that although one 

vocalization type, like the victim scream (Pollick & De Waal, 2007), might involve less 

volitional control than another, e.g., the alert or travel hoo (Crockford et al., 2018; Gruber & 

Zuberbühler, 2013), but while taking account of the valence and arousal states. In other 

words, it avoids generalizations of intentionality (or emotionality) over signal components 

(vocalizations, gestures, facial expressions). Such comparisons are also needed for the 

comparative assessment of emotion control with humans, and might be fruitful for theories of 

language evolution, as we will discuss below.   

Figure 1 demonstrates the dimensional framework based on the use of three signals 

included in the communicative repertoire of chimpanzees. The dimensional chart displays 

the presumed level of intentional control involved in the use of distinct signal types as a 

function of arousal and valence. In doing so, it demonstrates the possibility that arousal 

plays a complementary role to intentional processes, as it does in humans (Graham et al., 

2019; Wharton, 2009). Figure 1 is a matrix by which affect-cognition dimensions of signal 

types can be categorized as a function of the signal's fulfilled intentionality criteria (0/3: None 

fulfilled, signal was used without presence of social audience; 1-3/3: One, two or all three 

intentionality criteria fulfilled including audience checking/sensitivity, response waiting, and 

persistence/elaboration) and presumed basis of arousal (low-extreme). The valence can be 

indicated with a color scheme, with red for negative, green for positive and grey for neutral 

valence of the context in which the signal was produced.  

But how can we assess arousal? Although intentionality can be assessed based on 

signaler behavior, arousal is more difficult to measure. Previous work has used physiological 

approaches such as measuring excretion of the glucocorticoid hormones, associated with 
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stress and arousal (Wheeler, Tiddi, & Heistermann, 2014). Other noninvasive methods such 

as infrared-thermography (IRT) allow for further measuring physiological arousal responses. 

IRT is a contact free method that allows for measuring the facial skin temperature changes 

caused by the peripheral blood flow which is controlled by the autonomic nervous system 

(ANS) (Ioannou, Gallese, & Merla, 2014; Tattersall, 2016). Previous research already 

successfully applied thermal imaging in primates (Kano, Hirata, Deschner, Behringer, & Call, 

2016), even in the wild (Dezecache, Zuberbühler, Davila-Ross, & Dahl, 2017). We note, 

however, that one should be careful in the interpretation of results when images are taken 

outside and when primates are within their social group, as this method is extremely 

sensitive to environmental factors like sun, humidity and the presence of other bodies or 

objects (Tattersall, 2016).  

Another useful indicator, although less objective and currently dependent on human 

rating, is piloerection. Primates, like other mammals, experience a bristling of the body hair 

due to the skin being erected through physiological arousal (Benedek & Kaernbach, 2011; 

Chaplin, Jablonski, Sussman, & Kelley, 2014). The phenomenon of piloerection is by default 

involuntary, as controlled by the ANS, and reflects the emotional arousal state of the animal 

(Benedek & Kaernbach, 2011). Thus far, piloerection has been observed in the copulatory 

acts of wild chimpanzees (Nishida, 1997) and represents a promising non-invasive video 

coding method if images can be collected of suitable quality.  

A last resort to assess arousal is by assumptions about the context itself, although 

this remains largely speculative and should be backed up by physiology data before drawing 

firm conclusions. Previous physiological research has shown that that conflict aggression, 

agonistic vocalizations of others, events of attack by predator and sexual interactions are 

highly arousing (Dezecache et al., 2017; Kano et al., 2016; Nishida, 1997). Similarly, 

contexts involving intense, rough, or intimate bodily contact such as grooming, play, nursing, 

or those involving some degree of tension or insecurity like feeding, could generally be 

considered to evoke medium to high levels of arousal. This is because they concur risks as 

of potential for escalation and aggression (feeding competition: Hanya 2009; Robbins 2008; 
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social play: Smith and Boulton 1990; Pellis and Pellis 1996; Palagi et al. 2015), as they 

involve treatment of sensitive body parts (grooming: Fedurek, Slocombe, Hartel, & 

Zuberbühler, 2015), or intense/rough body contact (social play: Flack et al., 2004; Heesen et 

al., 2017). Other general state behaviors, such as sleeping, resting, as well as neutral dyadic 

interactions like sitting in close proximity or travelling together, could perhaps be seen as 

neutral contexts involving low or slight arousal states, as these contexts involve low risks; 

indeed these contexts primarily involve types of neutral facial expressions (closed-mouth or 

relaxed-lip face), which are often used as neutral baseline stimuli in primate emotion 

research (Parr, 2001; Parr et al., 2005; Parr, Hopkins, & DeWaal, 1998; Parr, Waller, & 

Heintz, 2008).  Using this matrix (Figure 1), we now demonstrate the affect-cognition 

dimensions of three signal components (vocalization, facial expression, gesture) used in 

chimpanzees. 

 

Vocal communication (Figure 1 A): As explained above, chimpanzee alert hoos 

provide a good example that demonstrates intentionality in relation to arousal. Chimpanzees 

produce such calls in response to a predatory event, both without the presence of an 

audience, suggesting zero-order intentionality (Schel et al., 2013) as well as to inform 

ignorant group members, suggesting second-order intentionality (Crockford et al., 2012). 

Because snakes are often approached by chimpanzees and do not seem to represent 

extreme danger to chimpanzees (Crockford et al., 2012; Schel et al., 2013), Figure 1 A 

categorizes the usage of this vocalization in a medium (snake static; Crockford et al., 2012) 

and highly (snake moving; Schel et al., 2013) arousing negative context, and with varying 

control over the production. As said, the causes of the variance in control are yet to be 

identified.  

 

Facial communication (Figure 1 B): Play faces in chimpanzees can be adapted to 

the identity and the attentive state of the partner, as well as to the type, intensity and stage 

of play (Cordoni & Palagi, 2011; Davila-Ross, Jesus, Osborne, & Bard, 2015) and the 
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presence of certain audience members outside of the dyadic interaction (Flack et al., 2004). 

Play faces also facilitate the maintenance of play, evidenced by the fact that play bouts are 

longer if play mates exhibit play faces (Waller & Dunbar, 2005). Thus, the play face fulfills at 

least the intentionality criterion based on social use (i.e., audience effects), manifested by 

the sensitivity to the attention of receivers. However, as the play face equally appears when 

engaging in solitary play (Cordoni & Palagi, 2011), it can also be deployed without 

intentionality and as a response to positive arousal alone. To our knowledge, there is no 

clear evidence that play faces can be used and be followed by gaps of response waiting, or 

to be repeated in initiations of play when the partner is not responding appropriately. 

Therefore, the dimension chart would position play faces in chimpanzees to appear in 

positive valence contexts, spanning medium and highly arousing states due to its presence 

in solitary, gentle and rough social play, respectively. Social use and audience sensitivity (1 

of 3 intentionality criteria) were found only in gentle and rough social play (Figure 1 B). More 

research is needed however, ideally applying psycho-physiological techniques in order to 

disentangle the interplay between arousal, valence and intentionality seen for play faces. 

 

Gestural communication (Figure 1 C): The third example is based on a reach 

gesture in chimpanzees, defined as reaching towards the recipient/s by extending the arm 

and hand, palm upwards or downwards, or wrist, sometimes referred to as ‘begging’ or 

‘extend hand/arm/wrist’ (see Byrne et al., 2017). In chimpanzees, as in other great ape 

species (Byrne et al., 2017), the reach gesture has been identified as first-order intentional. 

It is produced across a wide range of contexts of differing valence (positive, neutral, 

negative), and regardless of context or arousal, is always produced in presence of a social 

audience with signalers being attentive to the recipients' attention (Hobaiter & Byrne, 2011b; 

Hostetter, Cantero, & Hopkins, 2001; Leavens, Hopkins, & Thomas, 2004; Leavens, 

Hostetter, et al., 2004). Although the social use of reach has been described for high arousal 

negative valence contexts, namely aggression (Pollick & De Waal, 2007), to our knowledge 

no systematic assessments of other intentionality rules have been conducted in such 
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contexts, see Figure 1 C. As for all other contexts, response waiting and persistence have 

been documented for reach (Graham et al., 2018; Hobaiter & Byrne, 2011a, 2011b, 2014; 

Leavens et al., 2005). Reach is thus being used with first-order intentionality across all 

contexts spanning neutral to positive valence and possibly across all arousal states (except 

extreme arousal, where not all intentionality criteria have been applied, see Figure 1 C). 

Medium-high arousal states of negative valence might include contexts such as food or 

object begging, as the signaler is attempting to acquire a resource (Fröhlich, Müller, Zeiträg, 

Wittig, & Pika, 2020; Leavens et al., 2005), or sexual solicitation in courtship scenarios 

(Graham et al., 2018; Hobaiter & Byrne, 2012). We note, however, that valence for food 

begging is difficult to determine without physiological data, but because it is often 

accompanied by other emotion expressions indicating negative arousal (e.g., bared-teeth), it 

might best be defined as negative/tense context. Medium-high arousal states of positive 

valence might include gentle or rough play bouts, in which reach is often used to solicit 

others for play (Fröhlich, Wittig, et al., 2016a). Reach gestures can also be used intentionally 

in low arousing settings such as when to climb on (or be climbed on by) others, get into 

bodily contact, or joint travel (Fröhlich, Wittig, & Pika, 2016b; Graham et al., 2018).  

Although all these studies mentioned above (except Pollick & De Waal, 2007) have 

applied all of the three intentionality criteria (audience checking, response waiting, 

persistence/elaboration) to identify the reach gesture (among others), not all of the cited 

studies have specified whether all of the three criteria had to be met, or whether only one 

was sufficient. This is a common problem in research that identifies intentional behavior in 

primates: The intentionality criteria are used variably in both number and definition (Graham 

et al., 2019), calling for a more systematic assessment.
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Fig. 1. Attempt at summarizing the current state of the art on communicative control and 

(presumed) arousal involved in the use of the alert hoo vocalization (A), the play face 

expression (B) and reach gesture (C) used by chimpanzees.  

 

Implications of the dimensional approach       

As shown in Figure 1, some signal types seem to span a wider breadth of arousal, 

valence states, and intentionality criteria than others. Although we have only discussed three 

signal types of each component, our examples show that these examples of gestures and 

vocalizations can reach higher orders of intentionality (Crockford et al., 2012; Townsend et 

al., 2017), whereas the facial expression we selected only fulfilled the criteria of social use, 

i.e., in response to the presence and attentive state of an audience. It is possible that other 

facial expressions fulfill criteria of response waiting and persistence, but this cannot be 

decided here and should be addressed in future studies. Moreover, it is evident that the 

reach gesture spans a broad range of valence and presumed arousal states, whereas the 

alert hoo is tightly linked to one valence and more restricted arousal states. These examples 

fit with the general hypothesis that gestures are used more flexibly in terms of contextual 

specificity as compared to vocalizations and facial expressions (Call & Tomasello, 2007). 
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However, the matrix indicates the affective-cognitive dimensionality of each signal, rather 

than reducing them to an artificial dichotomy (Demuru et al., 2015; Liebal & Oña, 2018 for 

similar arguments; e.g., see also Maiese, 2014). This approach allows for a more granular 

assessment of emotion control in primate communication. Even though arousal measures 

were not assessed here and are difficult to implement in wild animals, we hope that future 

research can further develop this framework via the appliance of psycho-physiological 

techniques.  

The framework might also help in more directly testing theories on language 

evolution. Because language does not fossilize, comparative research is thus pivotal for the 

reconstruction of possible evolutionary pathways of linguistic communication and the role of 

emotion in its evolution. One theory (Turner, 1996) suggests that, due to the increased need 

for social bonding, efficient hunting and predator protection in Savannah habitats, control of 

emotion expressions proved useful for our ancestors, such as for enhancing cooperation 

and empathy but also for social deception (where expressions can be used strategically), as 

well as more flexible hunting and anti-predator strategies. Such control (perhaps starting off 

with the suppression of emotion expressions) supposedly preceded the evolution of 

language itself, and then, through the use of language, reached more sophisticated forms 

and allowed for more complex emotion functions in modern human communication (Turner, 

1996). Indeed, humans are able to communicate emotions in controlled ways, to consciously 

experience and reflect upon a huge variety of emotional states (Feldman Barrett, 2017), to 

rely on emotion cues when reading others' behaviors (Kret, 2015), and to intentionally 

communicate to suppress, modify or exaggerate emotions across a wide array of social 

contexts (Turner, 1996). Additionally, emotion perception via nonlinguistic, automatic cues 

(like pupil dilation and pupil mimicry) are intrinsic to cooperative interactions in humans and 

social decision making (Behrens & Kret, 2019; Behrens et al., 2019; Massen et al., 2019). 

 

Conclusion and future directions  
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Nearly thirty years ago, Marler et al. (1992) posed the question- ‘Are animal signals 

motivational, referential or both?'. Since this time, there has been much debate surrounding 

the roles that affect and cognition play in shaping primate communication and much 

empirical progress, including the birth of gesture research, which has substantially advanced 

our understanding of primate communication. While Marler and colleagues (1992) argued 

that animal signals can display both properties, there has continued to be a long-held view 

that primate vocalizations and facial expressions are inherently affective whereas gestures 

are primarily intentional. Our review here suggests that such assumptions may be inaccurate 

and underestimate the overlap in affective and cognitive processes which shape primate 

signaling overall. Rather than imposing a false dichotomy between affect and cognition, the 

affective-cognitive dimensional approach, as presented above, provides an alternative 

framework that acknowledges the dual role of affect and cognition in shaping animal 

signaling, which may help to better identify the level of control involved in the communication 

of emotions in both humans and animals. Indeed, vocalizations can be produced in a 

presumably arousing state both with and without intentional control, constituting promising 

evidence for contextually-variable degrees of emotion control. Such findings provide 

promising new insights into the emotion capacities of primates (Berlo, Bionda, & Kret, 2020), 

and give rise to exciting, novel future avenues for comparative affective and cognitive 

science to unravel the puzzle of the evolution of human language and cognition. Future 

research should seek to more closely integrate the role that different signaling channels play 

in the expression of emotion in primates, by viewing primate communication as a holistic 

multimodal system that comprises multiple related but distinct components that dynamically 

interact. A further important direction to aid scientific progress is the integration of behavioral 

and neural approaches to identify both the neural and behavioral correlates of emotion 

expression in animals. Promising steps are now being taken in non-invasive approaches to 

investigating the underlying physiology shaping primate communication. We argue that a 

multi-dimensional and multimodal approach is needed to advance our understanding of the 

affective and cognitive basis of primate communication.  
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