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Abstract

Facial expressions are ubiquitous among primates and many clear similarities across species suggest
a shared evolutionary history for these behaviours. Investigations of non-human primate facial
expressions are therefore vital to understand the form and function of human facial behaviour.
Methodological developments over the last two decades enable fine-grained quantitative
comparisons across species and have demonstrated that similar processes underpin the perception
of facial expressions in non-human primates as in humans. However, there is a tendency to focus on
facial expression as a repertoire of discrete, prototypical expressions that does not always reflect
naturalistic behaviour. In this Review, we review production and perception of non-human primate
facial expressions, focusing on methodological approaches and how to address the challenges of
studying dynamic facial expressions. Moving forward, methods that enable the study of dynamic
and variable communicative exchange within social interaction might provide a better
understanding of how facial expressions function and what (if anything) about facial expression is

unique to humans.



Introduction

Humans produce abundant facial expression during social interaction: approximately 100 facial
movements per minutel. Some of these behaviours bear clear visual similarity to those produced by
other primate species such as bonobos (Pan paniscus) and macaques (Macaca spp.) %3 (Figure 1).
Thus, investigations of the production and perception of non-human primate facial expressions
(referring to changes in facial appearance deriving from facial muscle action, also termed facial
displays or facial behaviours) have been fruitful not only to understand the behaviour of each
species, but also to understand the evolution of human facial expression. By studying multiple
primate species , researchers can better understand the selection pressures that have acted upon
facial expression over time, and how and why primates (and humans in particular) have evolved such
complex facial behaviour. On the whole, the facial musculature of humans and other primate species
seems very similar #, even across species that are less closely related, which suggests that human
facial expression has built on evolutionarily well preserved and ancient systems®. Any extreme
complexity or mobility of human faces in comparison to other primates seems to be due to
differences in the composition of the muscle fibres and/or connective tissue and not the basic
structure of the muscles>®. The ground plan of anatomical structuresis therefore common to many
primate species which enables comparisons of facial expression between species’. For example, the
social bonding function of the human smile®° has been illuminated by comparisons with the

11714 \which is used as a signal of

morphologically similar bared-teeth display in primate relatives,
benign intent. Identifying non-human primate homologues of other forms of human communication
(such as language, gesture and non-linguistic vocalisation) can be more difficult and comparisons
often focus on cognitive components rather than explicit similarity’® (with some interesting
exceptions!®'’). Thus, non-human primate facial expressions offer a rare opportunity to learn more
about the evolved nature of human facial expressions and about the evolution of communication

systems more generally both across and within species. Despite advances in non-human primate

facial expression research, there is still a longstanding debate over what (if any) information is



conveyed by facial expressions in humans and other species. There is a strong tradition of treating
human and non-human primate facial expressions as emotional signals (an emotional framework),
which rests on the assumption that there is a correspondence between the feeling state of the
acting individual and the facial expression produced®>*¥°, However, some authors challenge this
view, arguing that there is little evidence that facial expressions truly express emotion, even in

humans?®%?

. In some ways, this debate reflects a difference between two disciplines feeding into
the topic of non-human primate facial expression: psychology and biology. Psychologists might lean
towards a focus on internal states, and biologists more towards adaptive function. However,
emotional terms abound even in the more biological non-human primate facial expression literature
(for instance, terms such as ‘fear grin’ ) when the focus is on adaptive function?® , and early work in
the 19" century used internal states (such as disappointed and sulky ) to describe a facial
expression in a chimpanzee®. The central idea that emotions underpin facial expressions has been
contested in human psychology, . For instance, a large-scale meta-analysis showed that a strong
correlation between felt emotion, facial expression, and perception (by others) does not always
exist?l. The fact that facial expressions often appear when there is no corresponding feeling state
suggests that facial expressions do not always actually express emotion, which challenges the
dominant emotional framework. Therefore , we support the alternative view that facial expressions

22,24,25

might be better conceptualised as predictors of potential action or tools for social influence?,

equipping expressive individuals with a social advantage?’(the predictive framework).

In the majority of early texts documenting non-human primate behaviour, facial
expressions are described as archetypal behaviours that form part of the species’ typical

2829 However, what is often described as a facial expression in this work is in essence a

repertoire
peak intensity snapshot of a more elaborate and dynamic display. Static snapshots do not show how

the expression might change before or after the snapshot, the behavioural context or the behaviour

of the social interaction partners. It is highly likely that there is important information present in



these more dynamic and contextual elements, that could elaborate or even change the meaning of a
facial expression. A still photograph might also miss some of the very subtle movements produced
as part of a flow of movement. However, the benefit of focussing on the peak intensity snapshots, is
that by reducing the complexity of dynamic and contextualised facial expressions (for example, a
sequence of mouth opening during play) to a simple discrete form (a playface with specific and
typical features of mouth opening), researchers might be able to better compare the fundamental
structure of the facial expression across individuals and species. Quantitative comparative analysis is
also more more straight-forward than comparison of dynamic sequences3®3!. This approach also
enables researchers to isolate the key featural elements of these facial expressions to investigate
their perception by conspecifics. The development of objective, anatomically based systems (Box 1)
that can help trace the homology of specific expressions and better understand species differences
and similarities has greatly facilitated research with dynamic facial expressions. In this Review, we
assess the state of the art in non-human primate facial expression research. First, we review the
literature on production and perception of non-human primate facial expressions, from pivotal
empirical findings that defined the traditions in the field to contemporary advances. . Second, we
will discuss potential future directions and ideas to drive the field forward, focussing on the need to

examine facial expressions as they occur within real-world social interaction. .

Production of facial expressions

As with all animal behaviour, the study of primate facial expressions started with observation, with
scientists including facial expressions in their descriptions of species behavioural repertoires. These
descriptions often included the social context in which the expression was produced, and the
function of the expressions inferred from changes in the behaviour of receivers, or the outcome of
the social interactions in which the facial expressions occurred or both. However, accurately

describing the appearance of facial expressions is not straightforward. Describing facial expressions



as static displays that form discrete categories is the traditional approach (and by far the most
dominant approach), but the true complexity of facial expressions can be oversimplified (perhaps

unintentionally) using this method.

Researchers are familiar with the issues inherent in studying discrete categories of static
expressions, but they are difficult to overcome because it is extremely time-consuming and labour-
intensive to analyse a full dynamic sequence . There is also an historical and dominant theoretical
focus on prototypicality in human research? , which is highly influential and promotes a focus on
discrete categories. The past approach to the study of facial expressions has been incredibly
important to highlight the importance of this mode of communication, and identify potential
evolutionary continuity across species*33. However, over the last two decades there has been a
move towards a bottom-up approach to capture the fine-grained variation and progress a more
detailed understanding of facial behaviour. In this section, we first review the traditional research
with a focus on static categories of expressions and then focus on contemporary research that uses a

more bottom-up approach to analyse facial expressions in non-human primates.

Approaching expressions as discrete units

The assumption that facial expressivity is composed of prototypical, discrete displays has long
resulted in more research on the common, static features of displays than the aspects of facial
expressions that are harder to capture. Considering static expressions, the facial behavioural
repertoire of non-human primate species is often described as a handful of expressions that are
given broad labels. These labels usually describe the face holistically and are accompanied with an
assumption of the underlying meaning, function, or emotion an animal is thought to be feeling*>’.
Some of these expression types occur almost ubiquitously across the primate order, for example in
many primates species (including marmosets®, macaques®®, chimpanzees and bonobos?®,

capuchins®, baboons?®) the lips are retracted to expose the teeth in the bared-teeth display

(sometimes referred to as the fear grin or fear grimace**, highlighting the assumed emotional



meaning). Other components such as ear flattening, teeth chattering and mouth opening can
accompany the bared-teeth display, but this can vary both within and between species. Despite
morphological similarities across species, the function of the expression can differ between species,
occurring more during positive interactions in more egalitarian species, which are characterised by
more open and diverse social relationships, weakly constrained by kinship and dominance
relationships. Contrastingly, the bared-teeth display is used more during submission and aggression
contexts in more despotic species, where dominance and kinship strongly constrain social
interactions!>'%3943 There is a similar ubiquity in the open-mouth displays that typically occur
during play (and consequently, often referred to as the ‘play face’), which are documented in a wide
range of monkeys and apes?®394044-%6 the prosimian primates*’ and even in non-primate mammals
(including rats*®, wolves*®, domestic dogs®® and sea lions®!). Compared to the bared-teeth, the
function of the open-mouth display seems more conserved between species, communicating non-

aggressive intent during a potentially risky interaction®2°3,

All species appear to have at least one facial expression of threat>*, which is normally
described based on the contextual behaviour of the individual producing the expression (for
instance, as ‘threat face’) as opposed to the visual appearance®. Functionally, these displays are

thought to be produced to reduce the need for costly physical conflict>®

. There are also species-
specific facial expressions that seem to have less continuity between genera, such as the affiliative
teeth-chattering and lip-smacking displays seen in some species such as capuchins and macaques’~
0 Why some expressions are found across many species, and others are only found in other groups
is unknown. For certain facial expressions, separating the visual and vocal components can be
difficult. In such cases, the facial expression is often labelled according to the co-occurring
vocalisations: for example, the scream face of many primate species®® and the pant-hoot face in
chimpanzees®. However, despite the visual and vocal components of the display being studied

almost exclusively in isolation'®® there is little data on whether the visual and vocal components

convey different, enhancing or redundant information.



In sum, scientists have documented a broad range of facial expressions across non-human primate
species, some of which are unique to certain species, and others which are common to many.
However, the traditional focus identifying discrete units of expression has the potential to miss

meaning and function associated with more dynamic and contextual features.

Towards a more ecologically valid and bottom-up approach

Facial expressions are dynamic by definition, and they often incorporate other behavioural
components from the same or different sensory modalities (for instance, body posture and

vocalisations often co-occur with facial movements)®%64-6¢

, . Primate facial expressions (and other
signals) can also be highly blended with each other, morphing from one to another during a social
interaction, adding another dimension to the communicative interaction and making it difficult for
researchers to decide on the unit of analysis®’. They are also variable at both the species and
individual level®®. All these sources of variation highlight the limitations of the traditional approach
to studying facial expressions as fixed sets of facial movements The importance of the dynamic

8970 and gesture research’*’2 but for

properties of communication is well documented in vocalisation
facial expressions, this data remains limited (although see 73 for an example of how sequences of
communicative signals can be studied across modalities).

Recent research on the facial expressions often uses the facial action coding system
(‘FACS’), an observational coding method designed to capture and quantify the movements of the
face’*” (Box 1). The facial action coding system uses a numbered notation system of surface facial
movements. The system includes 33 action units, which indicate the muscular basis (for instance,
‘AU10’, known as ‘upper lip raiser’, resulting from levator labii superioris contraction), and 25 action
descriptors of more general head and eye movements. Researchers can use this system to identify

and record facial movements without any a priori assumptions of the meaning of the expression;

coding is traditionally done manually but automated methods are emerging’® . Although the system



was originally developed for human expressions, the same numbered system is now used in a range
of non-human primate species and even non-primate species’.

This descriptive method has been central to researchers’ attempts to probe deeper into the
variability and complexity of primate facial expression. Indeed, in addition to providing researchers
with a unified framework to describe facial movement, the facial action coding system has allowed
researchers to include the onset and offset of each action unit/descriptor, therefore providing them
with the basis for detailed analyses that reflect actual facial behaviour rather than arbitrarily defined
categories. For instance, the silent bared-teeth display (Figure 2), a facial movement pattern found
in many non-human primate species, is considered homologous to the human smile!*5, Extensive
research on human facial behaviour has shown marked variability within the human smile, both in
appearance and context’’. These findings were only possible because the authors considered which
action units were present in which context, rather than considering smiles as one homogeneous set
of facial movement or archetypical facial expression. .

In socially tolerant species, such as the crested macaque (Macaca nigra), social interactions
are only weakly constrained by kinship and dominance and the silent bared-teeth display is used
across a variety of social contexts including play, affiliation, mating, and conflict. Prior to the
widespread use of facial action coding systems, only anecdotal and descriptive accounts of this
diversity existed*. Using a set of metrics derived from the facial action coding system, researchers
revealed the apparent specificity of several facial movements for a given social context (for instance,
AD184 ‘jaw wobble’ in mating bared-teeth displays versus AU27 ‘jaw stretch’ in play bared-teeth
displays)!’. Not only were social contexts predicted by the composition of the facial behaviour, but
also by dynamic features such as the intensity of certain action units (such as the intensity of AU12
‘lip corner puller’). These findings suggest that there are subtle but meaningful variations within the
bared-teeth display category that have previously been lumped together.

Variability in the silent bared-teeth display of geladas (Theropithecus gelada) further

conveys the complexity of facial communication. A study found that the lip-flip expression, where



the upper lip is pulled up and everted revealing teeth and gums,( ) always co-occurred with action
units that are characteristic of the silent bared-teeth display (AU10: upper lip raiser; AU12: lip corner
puller; and AU25: lips part), thereby acting as an optional and additional component to the bared-
teeth display’®. Although the bared-teeth display with and without lip-flip was frequently associated
with both nonaggressive and submissive behaviours, bared-teeth displays featuring the lip-flip were
more frequently preceded by an approach from another individual than the bared-teeth display
alone, particularly in males. Because it is so conspicuous, the lip-flip could therefore function as a
additional component enhancing the signal value of the bared-teeth display”.

Detailed methods such as the facial action coding system ) have also revealed variability in
the facial behaviour of individuals in response to the attentional state of receivers®’. Such sensitivity
to others suggests that the cognitive mechanisms underpinning facial expressions might be more
complex than previously thought. According to the emotional approach, non-human and human
primate facial expressions are typically seen as automatic responses driven by emotions , in contrast
to gestures which are usually considered intentional and goal-directed®®. In part, this belief stems
from the observation that gestures change depending on the attentional state of the receiver®&®.,
suggesting an intentional shift to capture the attention of a recipient, whereas facial expressions do
not. However, orangutan play faces have been found to be more intense and contain a larger
number of individual action units when play partners engage in direct, face to face play than when
facing apart . Similar results were obtained in a large scale study examining the facial behaviour of
five hylobatid species (gibbons and siamangs) across multiple contexts and in relation to the
attentional state of the interacting individuals®?. Facial expressions were longer if they were
produced in a social context (grooming, agonistic behaviour and play) as opposed to non-social
contexts (self-grooming and resting), and when individuals were facing each other. These examples
illustrate how detailed analysis of the form and function of facial expressions can form the basis of

investigations into the cognitive mechanisms underpinning communication via the face.
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The development of a facial action coding system for multiple primate species has also
enabled researchers to undertake larger scale comparative studies that examine the physical, social,
and ecological correlates of facial behaviour. Pioneering this approach, the original human facial
action coding system was applied to the facial behaviour of 12 non-human primate species to
measure facial mobility, defined as the total number of action units observed within a species®*84,
Inter-species variations in facial mobility were first hypothesized to track differences in body size and
resulting allometric constraints (the physical constraint of body size) . Phylogenetically informed
regression analysis (where the evolutionary relationships between species are controlled for)
revealed that larger species had greater facial mobility than smaller-bodied species, which suggests
that allometry has a crucial role in restricting the evolution of facial mobility: smaller species
potentially have a reduced range and intricacy of facial behaviour and limited ability to perceive
facial movements relative to larger ones®. In a subsequent study using the same dataset,
researchers examined the socio-ecological correlates of facial mobility while controlling for
phylogeny and body size®. Group-size, a potential driver of facial mobility due to the potential
requirement for increased communication complexity as group size increases®®, was a significant

predictor of facial mobility, echoing similar findings in the vocal domain®-°

. By contrast, arboreality
(whether a species lives in trees) ) was not a significant predictor of facial mobility. Thus, this study
did not support the widespread assumption that facial movements can be more easily perceived on
the ground, where visibility is higher compared to the dense foliage of most forest canopies?®.

The use of fine-grained approaches such as the facial coding system also enables
guantification of variation in facial expression production between individuals. Human studies are
starting to show that facial expressivity varies considerably across individuals. People with different
personalities types respond differently to social interaction® and more expressive individuals have
social advantages such as being more well liked?”°1. Non-human primates also show individual
variation in how generally facially expressive they are and these trait differences have a direct

|92

impact on social outcomes for that individual’>. For instance, in a study that compared the

11



expressivity of dominant male rhesus macaques, individual rhesus macaques varied in their quantity
of facial movements (the number of action units observed per unit time) and in the diversity of
movements (the amount of unique action units incorporated into their typical repertoire)2.
Individuals that used a higher quantity of facial movements had stronger friendships with others,
raising the possibility that these individuals have an advantage in forming and maintaining social
bonds. Similarly, individuals with higher diversity of facial movements occupied more advantageous
positions in the social network, which has positive consequences for fitness. Taken together, these
findings from both human and non-human primates suggest that an individual differences approach
can be a powerful tool to test hypotheses about adaptive function, where the advantage of
producing facial expression at high frequency can be measured.

One of the difficulties of using the facial action coding system for comparative research is
the absence of standardised analytical methods to enable researchers to make the most out of the
richness of the data while coping with its complexity (including binomial, categorical or proportional
data, with numerous dependencies between participants, videos, or muscles movements). NetFACS
is a tool that conceptualises facial behaviour as a network of facial muscles that interact to produce
communication: action units constitute nodes in a network that are linked when they co-activate®>.
NetFACS builds on decades of developments in the field of network theory and provides versatility
and broad application potential to facial behaviour as a dynamic and complex communication
system. Using this tool, a study found that more socially complex macaque species (species with high
social tolerance and therefore more flexible and complex relationships) ) used a higher diversity of
unique action unit combinations, which were also less specific to a given social context and less
predictable than those of less socially complex species®. These findings illustrate a new framework
for the standardised use of facial action coding system data across species® and support the social
complexity hypothesis for communicative complexity®®, which proposes that the evolution of

communication has been driven by living in complex social groups.
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Non-human primates produce a wide range of facial expressions across various social
contexts, many of which bear similarity to human facial expressions. Traditional approaches tend to
categorised these expressions as a limited set of discrete and independent behaviours, often
focussing on the static components with limited attention to the more dynamic, variable or contextual
elements. A more bottom-up approach has developed which allows researchers to measure facial
expressions in much greater detail, by examining the component parts of facial expressions and
comparing across species. Through this more detailed approach the adaptive function of facial
expressivity is starting to be demonstrated empirically. On the whole, findings suggest that facial

expressions have a social bonding function within social interaction.

Perception of facial expressions

On the whole, studies of facial expression perception are less common than those focused on
production®*% However, an understanding of how non-human primates process facial expressions
is essential to fully understand facial expression as a communicative system, and to understand the
meaning of facial expressions to other primates. Therefore, a body of experimental research has
been conducted to help understand precisely what expressions might mean to other individuals and
what cognitive mechanisms might underpin these processes. As a starting point to help design their
experiments, proponents of the traditional emotional framework tend to think that facial
expressions contain information about an individual’s emotions®3, whereas others tend to think they
convey information about motivation and/or potential future actions?*. However, all studies of non-
human primate facial expression perception are broadly trying to understand and assess the

information content (often termed signal value) of facial expressions.

Methodology
Multiple experimental methods have been employed to assess non-human primate facial
expression processing skills (Table 1 ). Discrimination tasks aim to determine whether individuals

can distinguish between two or more facial expressions. These include the match-to-sample
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paradigm, in which animals are trained to match a sample image with one of two options, and the
oddity (or ‘odd-one-out’) paradigm, in which animals are trained to choose one of several images
that does not match the others. The dot-probe task measures a subject's reaction time to a dot
overlaying a visual image of a facial expression. If reaction times are influenced differentially by the
underlying stimuli, the difference an attentional bias either towards or away from the image.
Simpler attentional bias experiments typically measure the time spent looking at one stimulus
compared to another, or their latency to first glance at each stimulus, revealing whether one
stimulus is more interesting, attention grabbing or unexpected to the animal.

The advantages and disadvantages of each paradigm are key to evaluating which paradigm
to choose, and the interpretation of the findings. Some experimental paradigms can be tricky to
implement within a study group as they require lengthy periods of habituation and training before
subjects are able understand the task, and therefore before meaningful data can be collected. In the
match-to-sample and the oddity tasks, subjects are required to first understand that they have to
identify either a similar or dissimilar stimulus relative to other stimuli present. This lengthy training,
however, is often rewarded with the benefits of being able to answer complex questions about
perception and allows us to develop a better understanding of what stimuli or concepts individuals
associate together into meaningful groups. Other paradigms require little to no training, such as dot
probe or attentional bias (looking tasks) and are therefore easier to implement compared to trained
paradigms. Unlike the trained-response tasks, these paradigms rely on spontaneous, natural
responses to stimuli, which can be important for maximising ecological validity. However, without
training, the complexity of the questions which can be asked is limited to assessing looking biases
(how does looking behaviour change), and it becomes difficult to make inference about cognitive

mechanisms or understanding.

Signal value of facial expressions
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To understand whether and how non-human primate facial expressions are meaningful to
conspecifics, and therefore have signal value, the first step was to demonstrate empirically that non-
human primates can distinguish between facial expressions. Therefore, studies have been
conducted to demonstrate facial expression discrimination across various species of non-human
primate, using a range of paradigms. For example, match-to-sample tasks have been used to show
facial expression discrimination in some species, such as long tailed macaques®, Japanese macaques

98100 rhesus macaques'® and crested macaques!®®. The oddity paradigm has been

, chimpanzees
used to show the same skill in capuchin monkeys!®®. On the whole, the findings suggest that facial
expressions are perceived as meaningful, defined stimuli, and therefore have signal value to other
animals. Findings from these discrimination tasks also suggest that non-human primate facial
expression processing uses both configurational (the relative relationship between features) and

96100103 similarly to humans®® . Probing the

featural (the specifics of the features themselves) cues
patterns in non-human primates’ discrimination of facial expressions in these experiments can also
reveal which information is most salient and being used to categorise facial expressions. For
example, crested macaques seem to categorise facial expressions in relation to social function'®,
whereas chimpanzees seem to rely more on the physical features of each expression®®. However, it
is hard to determine without more research whether these are true species differences or related to
the specifics of each experiment.

Methods that index attention to facial expressions can further probe how, when, and why
primates look at facial expression stimuli. For instance, humans show an attention bias towards

105 interpreted as an adaptive response

threat facial expressions relative to other facial expressions
towards threatening stimuli'® (although later work shows a more complex interaction with emotion
and anxiety'®’). Using the dot-probe paradigm in non-human primates, some studies have found an
attentional bias towards threat facial expressions relative to neutral faces (rhesus macaques®®11;

long tailed macaques!!!) whereas other studies have not (chimpanzees!!?; capuchins!?). Simpler

attentional bias experiments have also shown an attentional bias towards threat facial expressions
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relative to other facial expressions in rhesus macaques!'*!%>, but the mixed results across studies
suggests that there could be species differences, or the effect is not robust. Studies have also found
attentional biases, not towards threat facial expressions but towards bared-teeth expressions
(relative to other facial expressions ) in orangutans!'® and snub-nosed monkeys!?’. A bias towards
bared-teeth expressions could also be explained through the lens of adaptive vigilance to threat (or
conflict avoidance) because bared-teeth expressions are often produced in response to threats.
However, it might not just be threat-related expressions that capture attention in non-human
primates, as attentional bias towards lip smacking (relative to neutral faces has also been shown in
rhesus macaques using video clips'*® but not still images!*®.

Efforts to build on the discrimination experiments described above to understand what
meaning non-human primates extract from facial expressions (in terms of the specific information
content and not just whether they are processed as perceptual units) have taken various
approaches. In one of the only attempts to empirically demonstrate the emotional valence of facial
expressions, the match-to-sample paradigm was used to test how chimpanzees matched facial
expressions with videos of familiar positive (food) or negative (veterinary procedures) scenes'?°. The
play face was associated with positive scenes and the scream face with negative scenes, suggesting
some generalised emotional meaning of facial expressions that goes beyond social context. Other
experiments have focussed directly on the meaning of facial expressions as communicative signals in
terms of how they might be used by others. For example, non-human primates are more likely to
follow the gaze direction of others who are producing a facial expression compared to a neutral

expression (long tailed macaques'??, Barbary macaques???, and Rhesus macaques'??)

, Which suggests
that the facial expression adds salience to a potentially useful gaze cue. Similarly, macaques look
longer at agonistic interactions containing threat expressions when the directionality is incongruous
(subordinate individuals threatening dominant individuals), which indicates that they understand

that facial expressions can refer to the external environment 2, The meaning of expressions as

used by others has also been demonstrated through an innovative paradigm in which subjects were
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required to make a choice between two boxes on the basis of the information provided by facial
expressions'?>1?’ Based on the facial expressions of a human demonstrator (with great apes as the

125 or conspecific (with capuchin monkeys as the subject)'?4?7, subjects more often selected

subject)
the box that had been responded to with "happy’ human expressions and capuchin forehead raises
(an affinitive display) compared to potentially negative expressions .

The two main frameworks in non-human primate facial expression research, the emotional
framework?® and the predictive framework? introduced in the first section of this review, also have
implications for conceptualising the information content of non-human primate facial expressions,
and the underpinning mechanisms. According to the emotional framework, two potential

mechanisms for facial expression interpretation are: emotional contagion (the automatic matching

of the emotion of the receiver with that of the sender!?%)

and the perhaps more cognitively
complex cognitive empathy (understanding the meaning or cause of an individual’s emotion,
without necessarily experiencing the same emotion®®!). Evidence to support emotional contagion is
drawn from studies of rapid facial mimicry: the rapid production of the same facial expression as the
sender by the receiver’3>!33 which is associated with longer play bouts and therefore might enhance
social coordination**!3 However, as all the studies have been conducted in the context of play, it is
possible that the phenomenon is restricted to play. Indeed, the concept of mimicry has been
guestioned given that animals might more simply be simultaneously producing play expressions
during play?*. Mimicking (or ‘catching’) the facial expressions of another individual is often not in
the interest of the receiver as responses to facial expressions might instead by alternative
expressions depending on dominance, group membership and other contextual factors?. Flexibility
and the ability to respond in a different way to the facial expressions of others is probably integral to
non-human primate communication.

According to the predictive framework, also known as the behavioural ecology view?*%, the
facial expressions of others are seen as indications of their likely future behaviour, to which

individuals can respond based on what is most beneficial to them. Supporting this framework, there
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is one study showing that crested macaques can predict the outcome of a social interaction using
the facial expressions of the interacting conspecifics®®. However, there is also a view that as the
interests of senders and receivers often conflict and the experience and ‘meaning’ of signals could

also differ widely between sender and receiver®®®.

Innateness and the environment

To understand the mechanisms underpinning non-human primate facial expression
perception, and what influences their development, researchers have conducted
electrophysiological and imaging studies, and examined the influence of environmental factors on
development. On the whole, the evidence suggests that the neural processes and brain regions that

101,136 3nd inferior

non-human primates use to process facial expressions—for example the amygdala
temporal sulcus'®*”—overlap with those used in humans'®*38, This overlap suggests a common
evolutionary origin for expression perception across primates. Non-human primate facial expression
perception is also usually considered to be somewhat hard-wired. For example, rhesus macaques
raised in isolation produced disturbance related behaviors in response to pictures of macaque threat
facial expressions (which they had never seen before ok), implying some innate understanding of
threat facial expressions*°.

Early life environment can also impact the development of facial expression processing!814°,
Maltreated rhesus macaques showed slower reaction times to social threat than animals who
experienced competent maternal care, suggesting that the threatening images captured their
attention more and interfered with attentional control and cognitive processes!*°. However, in this
study, the animals who exhibited higher behavioural reactivity during maltreatment (compared to
those who showed dulled behavioural patterns) showed greater attentional bias towards threat,
suggesting that those who reacted more to stressful events were consequently more sensitive to

threatening facial expressions in later life. Those who experienced higher prenatal cortisol exposure

(suggesting that the mother experienced stress) showed bias away from threatening facial
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expressions. Taken together, these findings show that early life experience in non-human primates
does impact facial expression perception, but in a complex way. Similarly, rhesus macaques raised
in an adverse early environment did not show the typical attentional bias to positive facial

expressions (lip-smacking), whereas those raised in more enriched environments showed attention

t 118, Responses to facial

bias relative to the duration and frequency of their social engagemen
expressions also seem to change with age. For instance, one experiment showed that adult golden
snub-nosed monkeys displayed differential looking towards facial expression types, but sub-adults
did not'Y’. Facial expression expertise also generally improves with age, plateauing in adulthood,

and is enhanced by early social input***.

Challenges

Two major methodological barriers limit progress in non-human primate facial expression
perception research. First and foremost, the body of research is based on a narrow range of species,
namely macaques and chimpanzees, whereas there are over 500 species of primate in total**2. In
contrast to research on facial expression production (which can take place in a range of both wild
and captive settings) the perception research is largely experimental and cognitive, and so usually
relies on access to those few species available in captive facilities®®. Thus, the current understanding
of non-human primate facial expression perception might not be representative of the entire
primate group.

Second, there is a heavy reliance on paradigms that present stimuli in static, discrete
configurations without context, dynamic movement or accompanying behaviours. Researchers tend
to use either still images or videos and decide whether to use depictions of real conspecifics or
computer-generated avatars, all of which have differing advantages and disadvantages (Table 2).
There is, however, inevitably a trade-off between how well the stimulus reflects naturalistic
behaviour, and how easily it can be used the test the question as more realistic stimuli are not suited

to controlled experimental paradigms. With some exceptions, most experiments show facial
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expressions as static, discrete units, which limits the ability to assess how non-human primates
process facial expressions in naturalistic settings. However, some studies have begun to use stimuli
that are blended, dynamic or multimodal.

Multimodal signals are usually defined as those that contain two or more sensory
modalities” (visual, auditory, olfactory or tactile), which is the technically correct definition, but
sometimes used to refer to multicomponent signals that contain qualitatively different types of
signals from the same modality, such as facial expressions and gestures®®. Regardless of which
modalities are combined, simultaneous and combined production of signals is integral to non-human

143-145

primate communication and context can also modulate the meaning of signals. For instance,

context has been shown to have an important role in human facial expression processing#¢148,
Different components of facial expressions, such as head orientation and face identification, are not
always processed in the same way by the non-human primate brain'*, suggesting that there is a
complex process of integration across these components. More cross-species work is needed to fully
understand the complex visual integration of bodies, brains and contexts'*°. However, the
implication of the current understanding of this complexity is that presenting facial expressions
outside of the context in which they naturally occur simplifies a complex communication system and
could potentially render the stimuli devoid of relevance. Indeed, signals that accompany the target
signal (of same or different modality) might even provide key context. Complementary

&8 122 coyld also

observational studies on non-human primate perception during social interaction
help inform us as to whether the skills demonstrated in experiments are reflective of the animals’

spontaneous behaviour. Wild studies are particularly important, but rare® and make up only 8%

research on facial expression®® (Slocombe, Waller, Liebal 2011).

Summary and future directions
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Non-human primate facial expressions are well documented and form part of the
behavioural repertoire of almost all primate species, most of which are highly social. These facial
expressions occur across a broad range of social contexts and can be used more or less flexibly
depending on the primate species, with species exhibiting greater social complexity also exhibiting
greater complexity of facial expressions®. Studies of non-human primate facial expression have
been crucial to develop a more nuanced understanding of the meaning of mammalian facial
expression generally, conceptualising these behaviours not just (or at all) as emotional signals, but
instead as predictors of potential action?*2*2> and tools for social influence?. Emotion could function
in a predictive system as a mechanism, of course, but we argue that the adaptive value still lies in
the behavioural response. As such, a focus on the behavioural response as social function (instead of
emotion per se) has led to empirical demonstration of the social bonding function of facial
expression across primate species?°2%*, These findings are helping to build a better understanding
of the evolution of facial expression systems, and how this has formed part of the evolution of
communicative complexity.

Many of non-human primate facial expressions show very clear physical and contextual
similarity across primate species, including humans, analysis of which has greatly informed our
understanding of the function of facial expression in social interaction. For example, human smiles
and laughter share an evolutionary history with the non-human primate bared-teeth display and
play face respectively, which helps clarify the benign intent function of the human smile, and the
similar (yet distinct) playful function of human laughter®!1%1452 " Comparative research on other
human facial expressions are less well documented, possibly because smiling and laughter are more
frequently produced and potentially more relevant than other expressions during spontaneous
human social interaction?.

Overall, the field is trying to move towards studying facial expressions as part of a dynamic
communicative interaction. However, empirical research still largely focuses on static, prototypical

expressions as discrete behaviours. Humans produce a busy stream of facial movement during social
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interaction?” which is not reflected in traditional accounts of basic facial expressions®2. The extent to
which this pattern is similar to or different from other primates is unknown. In many cases it is the
observational data on human facial expression that is needed to make these comparisons, because
observational approaches are more common in non-human primate research.

Very little is known about the everyday facial movement produced by humans during social
interaction and there is a need for a comprehensive ethogram of human facial behaviour to make
comprehensive comparisons across species. For instance, observational studies of human facial
expression show that most of the universal, basic facial expressions (anger, disgust, fear, sadness
and surprise) are produced very rarely during everyday conversational social interaction (with the
notable exception of smiling), despite a huge amount of facial movement activity overall*?’. Ideally,
evolutionary comparisons should focus on what species (including humans) actually do with their
faces during real-world interactions, as opposed to studies of perception of posed expressions. Non-
human primates might produce a similarly busy stream of facial movement during social interaction
or might instead produce more clearly defined discrete displays. Analysis of individual differences is
one way to capture how facial behaviour manifests in real-world, naturalistic contexts, and enables
testing of the advantages and disadvantages of being more or less expressive?’-°2, Finally, typically,
non-human primate facial expression stimuli are directed at the participant, which is only one way in
which individuals experience facial expressions during their everyday life. There are some innovative

1257127 and as part of third party social

studies depicting facial expressions directed towards objects
interactions®®'?*12* hut more innovative, ecologically relevant paradigms that reflect real-world,
naturalistic social interactions are needed.

To truly understand the nature of facial expression during social interaction, researchers
need to combine understanding of production and perception, which are almost always studied
independently. Facial expression is a sequence of back and forth between sender and receiver, and

yet understanding of this overall system is poor. Wearable devices, such as wearable eye-trackers'>!

could provide information about how individuals view and respond to facial expressions in
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naturalistic settings. A more complete picture of the way non-human primates use and understand
facial expressions as part of their social interaction, can lead to better investigation of the extent to
which human facial expression is built on ancient foundations or has evolved novel and potentially

unique characteristics.

Box 1: Facial action coding systems

Originally developed for humans, the facial action coding system (‘FACs’) was based on work that
detailed the surface movements produced by specific underlying muscle contractions **2. The
relationship between muscle contraction and facial appearance changes is largely informed by the
pioneering 19*" century photographs of surface electrical stimulation of facial muscles **3 and 20"
and 21 century surface and intramuscular electrical stimulation studies >471%,

The facial action coding system identifies 58 component movements in the human face: 33
action units that indicate the muscular basis and 25 action descriptors that describe a more general
movement (such as head movements and eye movements). The intensity of each component is
recorded using a 5-point grading system (from A: subtle, low-intensity movements, to E: movements
with maximal muscle contraction ). The same numbered system has been modified for use in a range
of non-human primate species, including chimpanzees®’ , rhesus macaques®>®, barbary macaques®®,
crested macaques'?, Japanese macaques'®®, gibbons and siamangs®!, orangutans!®?, and common
marmosets!®3, Beyond primates, it has been adapted for domesticated species including dogs'®*,
horses!®, and cats!®®. For most species, the first step in adapting the system was facial dissections to
understand whether and how facial muscles differ from the reference species (humans)*7-171;
intramuscular electrical stimulation was conducted in some cases to verify the correspondence

between facial muscle contraction and surface movement*>>172

. Many of the same movements have
been identified across species’, but on the whole there are fewer actions units and action descriptors
in other species than in humans. There are also additional movements identified in some species, such

as ear movements in macaques %%,
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The basic premise of the facial action coding system is that although some appearance

changes associated with facial muscle movements might vary across individuals and species, minimal

criteria for identifying and coding the action units do not vary. Thus, facial action coding can be used

to describe facial movements across individuals whose faces might vary in relation to bony

structures, fat deposits, hair covering, and other characteristics. Manual coders train from a detailed

manual and take a certification test to ensure coding reliability, and several computerised

automated human facial analysis systems based on the facial coding system

76,173-175

enable more

efficient data collection. Unfortunately, automated systems to track non-human primate facial

behaviour are at a much earlier stage of developmen

t176.

Table 1
Match-to- Can be adapted to various | Partially relies on memory | Trained
sample stimuli and complexities
Training can be time
Enables precise control consuming and reduce
over experimental sample size if not all
conditions individuals pass training.
Might not reflect
naturalistic behaviour
Oddity (odd- Can be adapted to various | Training can be time Trained
one-out) stimuli and complexities consuming and reduce
sample size if not all
Enables precise control individuals pass training.
over experimental
conditions Might not reflect
naturalistic behaviour
Potential for side bias
Dot probe Limited training needed Potential for side bias Trained and Spontaneous

Preference might be based
on factors other than those
desired, therefore an
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Can be used with subjects
of varying ages and
cognitive abilities

No reliance on memory

assumption about the
cause of any attentional
changes needs to be made

Attentional bias

Reveals naturalistic
response

Non-invasive
Simple
No reliance on memory

No training needed

Potential for side bias

Preference might be based
on factors other than those
desired, therefore an
assumption about the
cause of any attentional
changes needs to be made

Spontaneous

Table 2
Still images Widely used and well understand Low contextual and temporal information
Easy standardisation across stimuli | Low ecological validity
Cannot capture dynamic expressions
Videos High contextual and temporal Background noise present which may
information detract attention
High ecological validity Difficult to achieve standardisation across
stimuli
Difficult to know if full video sequence
has been seen by subject
Avatars Easy standardization across stimuli | Lacks ecological validity
Precise control and manipulation of | Potential for uncanny valley effects
features, allowing for stimuli
typically hard to capture in real
animals

Figure captions

Figure 1. Examples of bared-teeth facial expressions across primate species. Bornean orangutan
(Pongo pygmeas), Gelada (Theropithecus gelada), Human (Homo sapiens), Bonobo (Pan paniscus),
crested macaque (Macaca nigra). Orangutan — Credit: Bo Tornvig/Photodisc/Getty Images; Crested




macaque, Gelada, Bonobo: Credit Anup Shah/Getty Images; Humans: Credit:
Flashpop/DigitalVision/Getty Images

Figure 2. Demonstration of facial action coding system (ChimpFACS)'*’. The blending of four
movements forms three of the more commonly described stereotypical expressions in chimpanzees
(the bared-teeth display, the play face (or open-mouth face), and the scream face®. Arrows depict
the directional movement of the action unit compared to neutral. Images were generated from a
chimpanzee 3D avatar, using blender (https://www.blender.org)

Figure 3. lllustration of methods used in perception experiments. Four examples of experimental
paradigms used in the study of facial processing and perception. A. In the match-to-sample
paradigm, subjects learn to match two same-type stimuli together, which can then be used to see if
animals can successfully categorise different facial expression types. First, the sample expression
appears (here: playface). Then the ‘matched’ expression appears (left, playface) along with a foil
(right, bared teeth). Finally, the subject selects the expression that matches the sample. B. In the
oddity task, subjects are presented with multiple stimuli on the screen (of which all but one are the
same stimuli type) and are required to identify which stimulus is the odd-one-out. Multiple same-
type expressions are presented simultaneously, alongside a different-type expression. Subjects are
then required to select the different expression. C. In the dot probe task, individuals are trained to
press a cue which can appear on the screen in one of two locations. Pairs of stimuli (one which
appears in the position of the cue, and one which does not) are presented moments before, which
allows researchers to measure selective attention towards one of the stimuli (by looking at the
impact on latency to press the following cue). After a fixation screen, two stimuli are briefly
presented side by side: an expression (typically a threat) and a neutral face. This is then replaced
with a congruent cue to be touched (behind the expression) or an incongruent cue to be touched
(not behind the expression). Latency to touch the cue is measured. D. In the attentional bias task,
images of stimuli (often pairs) are presented and looking behaviour towards the stimuli is measured
to assess naturalistic and spontaneous responses to stimuli.
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