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Abstract

Empirical research on emotion is flourishing. Much of this research has focused on emotional 
expressions—dynamic patterns of behaviours including facial movements, vocalizations, 
bodily movements, gaze patterns, gestures, and autonomic responses like blushing. However, 
research to date has primarily focused on perceptions of others’ emotional expressions rather 
than on the production of emotional expressions. This theme issue shifts the focus to the 
intrapersonal level, centring processes in the expresser. Using Tinbergen’s ethological 
framework, this theme issue examines four levels of analysis: mechanisms, development, 
phylogeny, and function. The contributions demonstrate that the production of emotional 
expression involves distributed, multi-level mechanisms, including appraisal, central emotion 
circuits, and interoceptive signalling, that reciprocally interact to generate emotional 
expressions. Developmentally, emotional expression production depends both on maturation 
and learning through social experience. Comparative work illustrates how behavioural 
indicators allow inferences about emotional states across taxa, revealing both shared and 
divergent properties of emotions that relate to ecology, social structure, and cognitive 
capacities. Finally, the issue highlights intraindividual functions of emotional expressions 
alongside their social functions, shedding new light on why emotional expressions have 
evolved. Here, we synthesise the contributions and set out a new research agenda on how and 
why emotions are expressed. 
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How and Why Emotions are Expressed

Emotions are central to nearly everything that matters to us: whom we love and 

befriend, how we spend our time, and how we see ourselves and others. And our emotions 

shape our behaviour: Fear stops us from pursuing risky actions, interest fuels learning, anger 

mobilises us to protest, and embarrassment alerts us when our social standing is 

compromised. The central role of emotion to human life has long been recognised by scholars 

(Darwin, 1872; Wundt, 1897), and the past decades have witnessed a rapid expansion in 

psychology, neuroscience, philosophy, the social sciences and humanities of empirical 

research and theoretical developments on emotion (Dukes et al., 2021). 

While cognitive functions like reasoning and remembering operate hidden inside 

individuals’ minds, emotions are often made visible through verbal and nonverbal 

expressions: dynamic behavioural patterns including facial and bodily movements, gaze 

patterns, gestures, vocalisations, and visible autonomic responses like blushing or tears 

(Keltner and Sulloway, 2026; Kret, 2015; Sauter & Russell, 2024). Such behavioural and 

autonomic patterns are thought to have initially evolved to aid physiological regulation, to 

alert the expresser to significant events in the environment, and to motivate behaviours to 

respond to relevant events, thereby facilitating adaptive responses to environmental demands 

across species (Darwin, 1872; Keltner et al., 2019; Levenson, 2003; Nummenmaa et al., 

2014). Over evolutionary time, they have also begun to serve social and communicative 

functions, because consistent linkage between emotion and their overt manifestations relay 

important information about an individual’s internal state to observers (e.g., Keltner et al., 

2019; Keltner & Sulloway, 2026; Parkinson, 2005; Scarantino, 2017; Shariff & Tracy, 2011). 

For example, emotional expressions may coordinate social interactions by conveying—

intentionally or not—information about the expresser’s intentions and internal states. 
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Expressions can thereby elicit appropriate adaptive responses in perceivers, such as sympathy 

in response to others’ distress or appeasement in response to anger (Fisher & Manstead, 

2008; Sauter & Russell, 2024; Scarantino, 2017; Van Kleef & Côté, 2022).

Contemporary research on emotional expressions (mainly in humans) has primarily 

focused on observers’ perceptions of others’ emotional expression with the central research 

question being the accuracy of inferring emotional states from their expressions. Researchers 

have also sought to establish how emotional expression perception coordinates social 

interaction by shaping perceivers’ inferences, decisions, and behaviours. This work has 

advanced our understanding of the social and communicative functions of emotional 

expressions (van Kleef & Côté, 2022). Yet, while focusing on the recognition and encoding 

of emotional expression, studies have often overlooked the production of expression and the 

functions nonverbal expressions of emotions may serve for the expresser (Morningstar et al., 

2025). 

Although expressing and perceiving nonverbal expressions are two side of the same 

coin, there are several reasons why the mechanisms and functions of production cannot be 

established by studying only perception, and vice versa (e.g., Lee et al., 2026; Manokara et 

al., 2026; Sauter, 2010). Firstly, although action and perception are tightly linked in the brain, 

affective and cognitive neuroscience show that they constitute different processes with 

distinct inputs, outputs, and behavioural and physiological goals. Production starts with goals 

and intentions as inputs and produces motor behaviour and autonomic changes as outputs, 

whereas perception takes sensory information from the environment as input and produces 

perceptual representations, such as inferences about others’ states or actions (Adolphs, 2017; 

Rizzolatti & Craighero, 2004). Furthermore, imaging studies show overlapping but partially 

distinct patterns of activation when people express versus observe emotions (Hennenlotter et 

al., 2005; Saarimäki et al., 2025; Volynets et al., 2020). Lesion studies show that damage to 

Page 5 of 46

http://mc.manuscriptcentral.com/issue-ptrsb

Submitted to Phil. Trans. R. Soc. B.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

some regions impairs expression but not perception, or vice versa. For example, patients with 

injuries involving the right frontal operculum show impaired spontaneous production (but not 

comprehension) of emotional prosody, whereas patients with injuries involving the right 

posterior temporal regions or the thalamus show deficits in the comprehension (but not 

spontaneous production) of emotional prosody  (e.g. Ross & Monnot, 2008). 

Secondly, there is evidence that differentiated emotional expressions, such as 

laughing, coy smiling, moaning, or jealous protesting emerge already in infancy (e.g., 

Colonnesi et al., 2013; Hart & Behrens, 2013; Reddy, 2000; Scheiner et al., 2002). Although 

infants can distinguish between distinct emotional expressions from early on (e.g., Wu et al., 

2017), emotional expression production and their categorization and labelling do not follow 

the same developmental trajectories in the first years of life (Camras & Shutter, 2010; 

Nguyen & Nelson, 2021; Riddell et al., 2024; Widen & Russell, 2008). This indicates a 

dissociation between production and perception in ontogeny. 

Thirdly, examining the production—not just the perception—of emotional 

expressions in non-human animals, particularly those with bodies vastly different from 

humans, illuminates the evolutionary diversity of expressive behaviours across species. 

Studies on production reveal which body movements, postures, and modalities a species uses 

to regulate internal states in relation to the environment, and how these displays are 

constrained by environmental pressures (e.g., a bird can puff its feathers in display, a dog can 

wag its tail, and other species utilize entirely different modalities, such as an ant secreting 

alarm pheromones from glands in their abdomen or head). Comparing such species-specific 

expressive behaviours allows us to understand how selection pressures have shaped the 

evolution of the wealth of emotional expression that can be found in the natural world. 

Finally, perception studies cannot speak to intrapersonal functions of emotional 

expressions, such as how these expressions regulate internal physiological states, action 
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tendencies of the expresser, and self-related processes (e.g., Kamiloglu & Sauter, 2024). 

Dedicated research on emotional expression production and their effects on expressers is thus 

necessary to fully understand the role of emotional expressions in experience and behaviour 

(Morningstar et al., 2025).

In recent years, there has been a steadily growing interest in the study of emotional 

expression production. Neuroscientific and psychophysiological studies have begun 

investigating the neural and somatomotor mechanisms that support the production of 

emotional expressions (e.g., Ashhad et al., 2022; Critchley & Garfinkel, 2017; Goldin et al., 

2008; Nikolic et al., 2024; Nummenmaa, 2022; Nummenmaa et al., 2014; Philippot et al., 

2002). Developmental studies are tracking how distinct emotional expressions emerge in 

human development and how caregivers, peers, and culture shape expressions across the 

lifespan (e.g. Camras et al., 2003; Kamiloglu et al., 2024; Kret et al., 2021; Malti & Keller, 

2010; Messinger et al., 2008; Nikolic et al., 2023; Vaish & Hepach, 2020; Wass et al., 2022). 

Comparative research is investigating whether some emotional expressions are conserved 

across evolution (e.g., Briefer, 2012; Kamiloglu et al., 2023; Kim & Kret, 2022; Kret et al., 

2014). At the same time, intrapersonal and regulative functions of emotional expressions are 

attracting increasing attention (Gracanin et al., 2015, Susskind et al., 2008; Vlemincx et al., 

2016). 

Until now, research on emotional expressions has been siloed, with scholars from 

different disciplines working independently from each other. The present theme issue 

synthesizes the recent development in psychological, philosophical, biological, and 

neuroscientific work on displaying emotional expressions, and provides an interdisciplinary 

integration of emotional expression production. We adopt Tinbergen’s (1963) framework, 

which distinguishes between four questions to study the ultimate and proximate causes and 

consequences of behaviour and apply it to the domain of nonverbal expression of emotion:
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1. Mechanisms of emotional expression production: What are the neural, 

cognitive, and somatomotor mechanisms that generate nonverbal emotional expressions? 

What are the internal and external elicitors of emotional expressions?

2. Ontogeny of emotional expression production: How do nonverbal emotional 

expressions emerge and change from infancy through childhood to adulthood? What are the 

mechanisms of ontogenetic change, including socialization, learning, and culture?

3. Phylogeny of emotional expression production: What are the similarities and 

differences in nonverbal emotional expressions across species? 

4. Functions of emotional expression production: How can the production of 

nonverbal expressions be functional for the expresser?

Addressing these questions requires input from a range of disciplines. Consequently, 

contributions in this issue approach these questions from the perspectives of psychology, 

neuroscience, biology, and philosophy. The articles cover a wide range of emotions, from joy 

and fear to awe and shame. They examine multiple expressive channels ranging from faces to 

bodily posture, voice, and autonomic responses and cover species ranging from invertebrates 

to humans. In this editorial overview, we provide a summary of each of the four sections of 

the theme issue (Mechanisms, Development, Phylogeny, and Functions) to address how and 

why emotions are expressed. By bringing these diverse perspectives and methods together, 

we provide an interdisciplinary overview of current approaches to emotional expression 

production and highlights new insights and avenues for future research on the role of 

emotional expression production in human experience and behaviour.

The Mechanisms of Emotional Expression Production

Expression production involves coordinated activity of neural, cognitive, and 

somatomotor processes. By investigating how particular patterns of situational appraisals 

(cognitive evaluations), brain activity, and muscle activation give rise to specific expressions 
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in particular context, we can map the proximate causes of these expressions, that is, why a 

given expression occurs in a given context and form. This work builds on the theorizing of 

Darwin (1872), who proposed that salient events elicit internal emotional states that in turn 

trigger characteristic patterns of expression that evolved from adaptive behaviours. Around 

the same time, somatic theories of emotion, most prominently that of William James (1884), 

argued that emotional expressions arise directly from peripheral bodily changes, whose 

perception in turn gives rise to emotional experiences, emphasizing the role of interoception 

in emotional experience. Contemporary work has expanded these broad ideas to examine 

how distributed neural systems, interoception, somatosensation, and cognitive processes 

interact in bidirectional and dynamic feedback loops to generate emotional experience and to 

shape the production of emotional expressions (e.g., Adolphs, 2017; Critchley & Garfinkel, 

2017; Nummenmaa et al., 2014; Prochazkova et al., 2018). 

Emotions can be analyzed in terms of three distinct but interacting domains: 

experience, production, and perception. An integrated mechanistic account therefore needs to 

specify how these different processes are coupled and how they can dissociate. Several 

contributions in the current issue address questions on whether and how emotional 

experiences relate to emotional expressions. Synthesizing evidence from 49 neuroscientific 

articles on emotional expression production, Lee and colleagues (2026) suggest that 

emotional experience and emotional expression are at least partly dissociable. They conclude 

that emotional expressions do not always map directly onto concurrent subjective emotional 

experiences, and that regulatory mechanisms associated with prefrontal control mediate 

manifestation of internal experiences as facial expressions. Nonverbal expressions do not thus 

provide a direct readout of an internal state but are, to varying degree, regulated. Adolphs 

(2026) takes this discussion further by proposing that emotional expressions can be 

understood as largely independent of conscious emotional experiences—a perspective that 
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allows us to attribute emotional states to nonhuman animals and human infants, while 

remaining agnostic about whether they can consciously feel these emotions. 

Emotional expressions do not depend only on internal states, but are also shaped by 

goals, social rules, and contextual associations between emotion-eliciting events, emotional 

experience, and expressive displays (Scherer & Moors, 2019). They thus emerge from 

stimulus appraisals implemented in distributed neurophysiological systems that also integrate 

information about context. Adolphs (2026) characterizes this organization as a “fan-in/fan-

out” so that different sensory and contextual signals are first funnelled into a more integrated 

emotional state (fan-in), which is then expanded back out into a wide range of (coordinated) 

physiological and expressive responses (fan-out).

One illustration of how cognitive appraisal influences emotional states that is 

reflected in physiological responses is the contribution of Lim and colleagues (2026). They 

manipulated emotion regulation strategies of self-distancing and self-immersion during 

exposure to negatively valanced stimuli and tested the effects on subjective emotional 

experience and autonomic activity. Their findings demonstrate that cognitive appraisal 

strategies can causally modulate autonomic activity related to emotion. These results align 

with recent mechanistic models in which higher-order appraisal and regulation shape bodily 

states (Critchely & Garfinkel, 2017) and illustrate how cognitive regulation strategies are 

implemented in the process of emotional expression production. 

Another recurrent topic in the investigation of the mechanisms of emotional 

expressions is the link between expression production and perception through perception-

action coupling (Adolphs, 2026; Lee et al., 2026). Adolphs (2026) highlights mirror systems 

in ventral premotor cortex that respond both when an individual performs an action and when 

they observe another individual performing the same action. Although the ultimate functions 

of mirror-like responses in the lateral frontal and parietal regions remains debated (e.g., 
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Rizzolatti & Sinigaglia, 2010), there is ample evidence on behavioural mirroring or mimicry 

of emotional (facial) expressions (e.g., Duffy & Chartrand, 2015; Hess & Fischer, 2014). 

Many of the cortical and subcortical structures implicated in emotional expressions, such as 

amygdala and cingulate motor cortex, show overlapping activity both when an emotion is 

expressed and when it is observed, and pattern classifiers trained with brain activity recorded 

while generating specific expressions can predict the brain activity resulting from viewing the 

same expressions (Volynets et al., 2020). These perception–action couplings constitute an 

important part of the neural processes by which emotional expressions become socially 

regulated.

Perception-action coupling is also central for musical emotions. Putkinen and 

colleagues (2026) review music as a unique mechanism to induce and share emotions across 

individuals, including performers and listeners. Music can sustain and deepen affective 

engagement through repetition and rhythmic entrainment over time, allowing emotions to 

unfold gradually. The authors’ meta-analysis of functional imagining studies also shows that 

the neural responses to music production and music-evoked emotion overlap, suggesting that 

music making engages, to some extent, similar brain networks as experience of music-evoked 

emotions, and emotions in general. Music thus offers a unique way for studying how 

expressive production, perception, and collective synchronization of emotions give rise to 

neural entrainment across individuals and shared emotional states. 

Together, the contributions in the Mechanisms section highlight distributed, multi-

level mechanisms of emotional expression production, where appraisal, central emotion 

circuits with fan-in/fan-out organization, and interoceptive signalling reciprocally interact to 

generate emotional experience and expression. They also demonstrate how perception-action 

coupling, social context, and regulation strategies shape expression production and can 

decouple expression from the experience.   
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The Ontogeny of Emotional Expression Production

Investigating how the capacity for emotional expression unfolds across human 

development can help us understand the role of maturation, social experience, and culture, as 

well as their interactions, in emotional expression production. Theories of emotional 

development in infancy converge in proposing that all aspects of emotional functions develop 

throughout infancy and childhood, only reaching adult-like differentiation and complexity 

through maturation, experience, and (implicit) learning of the social contextual factors 

pertaining to emotions (Campos & Barrett, 1984; Camras, 2024; Holodynski & Friedlmeier, 

2005; Lewis, 2000). Most of these theories propose that newborns experience 

undifferentiated arousal in response to all kinds of strong and salient stimuli, which first 

becomes differentiated into broadly positive and negative affect and subsequently into a fuller 

range of distinct emotions: initially so-called basic emotions such as anger and fear during 

infancy, and later, with further cognitive development, more complex emotions, such as 

compassion or shame (Lewis, 2007; but see, for example, Draghi-Lorenz et al. 2001; Reddy, 

2003 for the view that complex emotions may be present earlier in development). Nonverbal 

emotional expressions are likewise thought to differentiate throughout development, 

progressing from relatively undifferentiated displays (e.g., smiles representing various forms 

of positive affect) to more specific expressions tied to specific types of elicitors (e.g., anger 

expressions linked to goal obstacles) (Camras, 2025). 

Emotional expressions do not unfold only due to maturation. Instead, they develop 

through social interaction, typically with caregivers (Boiger & Mesquita, 2012; Messinger & 

Fogel, 2007; Parkinson, 2012; Wass et al., 2019). Repeated social exchanges in which 

caregivers respond to, mirror, amplify, or ignore infants’ expressions allow the infants to 

learn when, how, and how strongly different emotions are functional to display. Thus, the 

ontogeny of emotional expressions includes biological maturation and internal differentiation 
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of affect as well as co-construction of nonverbal emotional expressions within caregiver-child 

interactions. Several contributions in this theme issue explore how emotional expressions 

emerge through dynamic feedback processes in which caregivers and infants simultaneously 

and continuously influence and are influenced by each other. 

The earliest positive emotional expressions in infants typically involve smiling, and 

they start taking shape in dyadic interactions soon after birth. Salvadori and colleagues (2026) 

report that 8-month-old infants initiate episodes of shared positive emotional expression with 

an interaction partner more often than 4-month-old infants. This developmental change 

suggests a shift from affect matching (i.e., smiling after their partner smiles) to increasingly 

agentic use of positive expressions to shape the emotional quality of social exchanges, 

reflecting more flexible control over emotional expressions to initiate, maintain, and up-

regulate shared positive engagement. These episodes also appear to support infants’ ongoing 

physiological regulation. 

Abney and colleagues (2026) in turn show that infants’ respiratory sinus arrythmia 

(RSA) – a parasympathetic index linked with flexible and context-sensitive regulation of 

emotion and attention, increases immediately before and during episodes of shared positive 

affect with the caregiver. This may help infants to sustain engagement in positive social 

exchanges. Infants’ RSA did not however increase in response to infants’ or mothers’ 

positive affect alone. Instead, only mutual positive engagement was accompanied by elevated 

RSA in the infants, indicating that shared positive affect specifically is associated with 

infants’ parasympathetic engagement. This provides a physiological basis for increasingly 

flexible and sustained participation in positive social interactions. 

While these studies focused on infants’ affect captured by facial expressions and 

autonomic activity, Greenwood and colleagues (2026) used day-long home recordings to 

examine how infants’ positive and negative vocalisations relate to autonomic arousal indexed 
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through heart rate and caregivers’ responsivity. The results show that cries are most 

consistently linked with high autonomic arousal, indicative of an alarm-like signalling 

function. In turn, proto-linguistic vocalisations are weakly coupled with autonomic arousal, 

suggesting more flexible, communicative use. Caregiver sensitivity in turn operates 

selectively, in an arousal contingent manner: greater contingent immediate responding and 

sustained caregiver positivity that occurs only at high (but not overall) infant arousal levels 

were associated with the tight link between distress vocalizations and arousal. Caregiver’s 

responsiveness in these contexts may thus serve to suggest to the infant the significance of 

this distress vocalization. This fine-grained, micro-level analysis illustrates how context-

dependent caregiver responses can help infants learn the function and significance of their 

vocalizations.

As infants develop, they acquire more sophisticated cognitive skills and engage in 

increasingly complex social situations. Consequently, a broader range of complex emotions 

begin to emerge. Nikolic and Hepach (2026) review the evidence on self-conscious emotions 

in early development, discussing how embarrassment, guilt, shame, and pride emerge. These 

emotions are suggested to occur when one reflects upon oneself from the perspective of 

others, and they play an important role in managing individuals’ social standing by showing 

that the expresser is aware of social norms (and violations) and cares about others’ opinions 

of them. The review suggests that children generate expressions of self-conscious emotions 

similarly and in similar social contexts to adults already in the first years of life, indicating 

that these emotions emerge earlier in development than previously thought.  In addition, self-

conscious emotions appear to serve an important function in motivating young children 

towards prosocial goals.  For example, studies on guilt have shown that young children who 

feel or display guilt engage in more helping and sharing behaviours than children who do not 
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feel or display guilt (e.g., Donohue & Tully, 2019; Nikolic et al., 2023), emphasizing the 

importance of studying these emotions in early childhood.

Kind emotions including empathy, self-compassion, and gratitude, are also key to 

prosocial behaviours and are similarly thought to emerge with the development of self-

awareness and perspective taking. In this issue, Speidel and colleagues (2026) argue that the 

development of these emotions is supported by “the Web of Care”—a set of nested, caring 

relationships and processes including close caregivers and peer relationships as well as 

broader settings like educational, cultural, and community contexts. This framing clarifies 

how environmental factors at multiple levels are involved, directly or indirectly, in the 

socialization of emotions.  

Together, this section highlights the developmental patterns of emotional 

expressions, from early expressions of positive and negative affect that are embedded in 

infant-caregiver interactions, to an increasingly differentiated repertoire of emotional 

expressions from infancy onwards, as children mature, acquire more sophisticated cognitive 

skills, accumulate varied social experiences, and come to appreciate the complexities of the 

social world. The contributions underscore the role of caregivers and the broader social 

environment in tuning the development of emotional expressions, both through context-

dependent responses to children’s signals and, through more stable features like the 

sensitivity and responsiveness of caregivers, educational, and community settings. 

The Phylogeny of Emotional Expression Production  

Studying the phylogeny of emotional expressions can reveal which components of 

emotions are shared across species, which have emerged through distinct evolutionary 

pathways across species, and which species-specific emotional expressions came into 

existence following unique adaptations, such as human-specific language and culture. 
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Studying emotional expressions across both evolutionary close and distant species can also 

reveal their mechanistic basis and their effects on behaviour (Anderson & Adolphs, 2014). 

In his seminal work, Darwin (1872) argued for continuity in emotional expressions 

between humans and other animals (Keltner & Sulloway, 2026). He argued that certain 

expressions were much more clearly expressed by another species than humans and also 

recognized that some species can do things humans cannot (e.g., with movable ears or hairs 

that can bristle). Recent studies have established that key brain circuits regulating defensive, 

appetitive, and social behaviour are tightly conserved across species (Zych & Gogolla, 2021). 

Many modern animal researchers accordingly adopt a functional, neurobiological definition 

of emotion defining them as evolutionary conserved brain-body states that are triggered by 

specific classes of stimuli and that organize externally observable emotional expressions, as 

well as associated cognitive and physiological changes (see Adolphs, 2017; Anderson & 

Adolphs, 2014). For example, studies on facial expressions in primates have revealed 

consistent facial muscular contractions in response to similar triggers as those that elicit the 

same facial changes in humans (Kret et al., 2020). Beyond that, neural and physiological 

responses to survival-critical emotions such as fear are consistent even across 

phylogenetically distant species such as humans and rats (de Waal & Andrews, 2022).

There is, however, an ongoing debate about how closely emotion-related 

physiological and behavioural states measured in animals map onto human psychological 

categories of emotion. In addition to studying other species to understand human emotion, the 

study of non-human animals may also lead to discover new emotion categories in other 

species which are unknown in humans. Anderson and Adolphs (2014) offer a comparative 

perspective that posits that certain fundamental properties of emotions, such as action 

tendencies, are shared across phylogeny, while fine-grained specialisation of the affect 

circuits is species-specific. Human and non-human animals alike can manifest emotional 
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states and express their emotions independently from conscious awareness. Studying these 

processes on the neural, physiological, or behaviour level can unravel their mechanisms and 

function (Anderson & Adolphs, 2014).

On this view, there is no reason to assume that emotions do not exist in a wide range 

of animal taxa all the way from humans to invertebrates. In this issue, Baciadona and 

colleagues (2026) review recent evidence suggesting that some invertebrates manifest basic 

emotional states, indicated by components of emotions like observable expressions, gross 

motor behaviours, and neural activation patterns. The synthesis is based on a wide range of 

behavioural indicators, including state-dependent changes in defensive behaviour, freezing, 

play behaviour, facial and postural changes including head and siphon withdrawal and, in 

some taxa, acoustic or vibrational signalling. This work reveals scalable, persistent, and 

generalized responses tied to specific emotion-eliciting contexts, which is consistent with 

commonly proposed criteria for emotional states (Anderson & Adolphs, 2014). Similarly, 

studies of the brain basis underlying these behavioural changes in invertebrates, particularly 

those involving monoamine neuromodulators such as serotonin and dopamine, indicate that 

neuromodulatory systems mediate behavioural shifts related to putative emotional states.

A comparable approach can also be applied to vertebrates. In this issue, Villain and 

colleagues (2026) examined whether vocalisations associated with high arousal, produced by 

sheep lines selected for high versus low sociability in unpleasant and pleasant social or non-

social contexts. They investigated whether these vocalisations encode momentary emotional 

states versus stable traits, such as sociable temperament. They found that vocal 

communication associated with high arousal depended on heritable temperamental 

differences, with highly sociable sheep showing exaggerated vocal responses to social 

isolation. This finding, in combination with evidence from invertebrates, suggests a more 
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complex picture in which emotional expressions, including vocalisations, reflect not only 

transient emotional states but also species-specific temperamental traits shaped by breeding. 

Behavioural measures, including facial and postural expressions, as well as 

vocalisations, have been used to study emotions in great apes and humans. These measures 

have also been extended to examine how emotional expressions are embedded in social 

interactions and transmitted via emotional contagion. Norscia and colleagues (2026), 

investigated emotional contagion through play behaviours in chimpanzees, bonobos, gorillas, 

and human toddlers. Play is typically associated with positive affect (Panksepp, 2011) and the 

play face of non-human primates, characterised by open mouth displays, has been considered 

homologous to human laughter (Davila-Ross & Dezecache, 2021). Play contagion may 

enable the sharing of positive playful states between individuals, thereby enhancing social 

bonding and potentially reducing negative affect after conflicts. Using naturalistic 

observations, the authors found evidence of play contagion in all species. Contagion was 

stronger in males than in females, and in younger as compared to older individuals. There 

were however no robust differences in play contagion across primate species, suggesting that 

communicating intent for mutual play might be an evolutionary conserved mechanism 

contributing to social cooperation among hominid species. 

Another study in this section investigated emotional contagion through play face 

mimicry in orangutans, and in human infants and adults (Zijlstra et al., 2026). Play contagion 

and the mimicry of associated facial expressions have been documented in social interactions 

across many species. Zijlstra and colleagues tested whether such mimicry can also occur 

outside of live social interaction (i.e., while watching videos of others’ play interactions), 

which would suggest a potential intraindividual function of mimicry, such as facilitating the 

understanding of others’ mental states. Human infants and adults, but not orangutans, showed 

robust play face mimicry in a non-interactive context. These findings suggest possible 
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boundaries to mimicry and emotion contagion and point to differences in the evolution and 

function of mimicry across species. As a highly social species, humans display mimicry in 

both live and non-live social situations, consistent with broader roles of mimicry beyond 

immediate social bonding. However, orangutans did not show such mimicry in the absence of 

direct social interaction, suggesting that in this semi-solitary species, mimicry and emotional 

contagion may depend more strongly on live social interaction and may primarily serve to 

manage social encounters. Interestingly, this may be specific to play face, which typically 

occurs in social interaction, given the evidence that other expressions, such as yawning, are 

mimicked in orangutans (Van Berlo et al., 2020).

Whereas these studies focused on positive emotions that are elicited or shared in 

social contexts, social emotions can also be negative, particularly when social bonds are 

disrupted or broken. Dashti and Goncalves (2026) review grief-like responses across animal 

species, conceptualising grief as a conserved, homologically shared emotional response to 

social loss characterized by active distress and passive depression of an organism. Although 

grief is sometimes considered uniquely human due its complexity (Brinkmann, 2018), 

observational studies on social loss and mother-infant separation studies point to the 

possibility that across taxa, grief might be widespread and expressed through withdrawal, 

vocalisations, anxiety-like behaviours and changes in social interactions. It might have 

evolved as a mechanism for maintaining social bonds, facilitating learning from social loss, 

and promoting cohesion among the members of a social group. 

Together, the studies in the Phylogeny section illustrate how emotional states can be 

inferred across taxa from behavioural indicators such as facial and postural changes, 

vocalisations, and gross motor behaviours, as well as from neuromodulators. From 

invertebrates to sheep, great apes and humans, they suggest that some fundamental properties 

of emotions, such as action tendencies, are at least partially shared across phylogeny. At the 
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same time, they highlight how the elicitors, expression patterns, and functions of these 

emotions can diverge across species, reflecting differences in social structure and cognitive 

capacities. 

Functions of Emotional Expressions

Practically all emotion theories agree on the idea that emotions function to motivate 

and guide behaviours, helping organisms adapt to environmental demands (e.g., Adolphs et 

al., 2019; Campos et al., 1994; Darwin, 1872; Dewey, 1895; Ekman, 1992; Frijda, 1992; 

Izard, 2011; Levenson, 1999;  Scarantino, 2024; Scherer, 2009). Two major functions have 

been proposed for emotional expressions: (1) intrapersonal functions whereby expressions 

prepare the organism to respond adaptively to environmental demands by regulating and 

guiding behaviours and (2) social functions, whereby expressions communicate critical 

information about internal states (Shariff & Tracy, 2011). These two explanations are not 

mutually exclusive, and expressions that serve intrapersonal regulatory roles can have 

communicative value as well.

Research has put more emphasis on the communicative role of emotional 

expressions, arguing that in many contexts their primary function is to convey socially 

relevant information and influence others’ behaviours (e.g., Fridlund, 1991; Hess & Thibault, 

2009; Keltner et al., 2016; Niendenthal & Brauer, 2012; Shariff & Tracy, 2011). Although 

communicative functions are undoubtedly important, treating emotional expressions 

primarily or exclusively as communicative signals should come with some caveats. 

In the strictly communicative view, emotions should be expressed primarily in the 

presence of actual (or imagined) observers who can receive the signal. Emotional expressions 

are indeed modulated by the presence of an audience (e.g., Fischer et al., 2003; Fridlund, 

1991; Heesen et al., 2024; Parkinson, 2005). For example, positive emotional expressions are 

often enhanced in the presence of others, which may reflect the communicative and affiliative 
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functions of positive emotions (e.g., Kraut & Johnstone, 1979; Lee & Wagner, 2002). 

However, not all emotional expressions are modulated by the presence of an audience (e.g., 

Riddell et al., 2025), and negative emotional expressions are often attenuated in social 

contexts (e.g., Jakobs et al., 2001; Lee & Wagner, 2002). Moreover, subjective emotional 

experiences are themselves modulated by social settings, so changes in overt expressions do 

not necessarily imply communicative intent but may simply mirror changes in felt emotions 

(Fischer et al., 2003). Also, emotional expressions occur in the absence of others (see, for 

example, Kamiloglu, 2026 in this issue). Individuals may furrow their brows, clench their 

jaw, or slam their laptop lid shut after reading an infuriating email while working at home on 

their own,  tear up when watching a sad movie alone, wrinkle their nose in disgust when 

encountering a foul odour in an empty room, or do a happy dance when finally mastering a 

difficult task even if nobody else is around. Emotional expressions thus have functions 

beyond communication and may also serve intraindividual roles in regulating and motivating 

one’s own behaviours. 

Furthermore, congenitally blind individuals spontaneously produce similar patterns 

of facial expressions as sighted people (Valente et al., 2017). And although there are 

differences in acoustic features of affective vocalisations between deaf and hearing people, 

many affective vocalisations of deaf individuals are reliably recognized as emotional states 

by subjects with normal hearing (Sauter et al., 2020). Thus, at least some aspects of 

emotional expressions do not depend on species-typical perceptual learning and are therefore 

unlikely to be purely acquired social signals, speaking against a strictly communicative role 

of emotional expressions.  

The intraindividual functions of emotional expression have, however remained 

elusive. One reason, as Al-Shawaf and colleagues (2026) argue in this issue, is that it is often 

difficult to disentangle intra- from interpersonal function: it is rarely clear when a nonverbal 
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expression primarily prepares an individual for action, when it primarily serves to inform or 

influence others, and when it simultaneously fulfils both roles. On their view, this ambiguity 

reflects the logic of natural selection, specifically inclusive fitness, which operates at the level 

of genes rather than an individual. Because the genetic interests of a single organism often 

overlap with those of other related conspecifics, intra-individually functional behavioural and 

skeletomuscular changes may become relevant signals for conspecific, promoting the 

selection of accurate decoding. Emotional expressions are thus likely to frequently serve both 

intra-individual and social functions simultaneously: for example, envy communicates 

desired goals and status concerns to others, while simultaneously motivating the individual to 

do better (Al-Shawaf et al., 2026).

In this issue, Manokara and colleagues (2026) propose that by studying the 

spontaneous production rather than mere perception of emotion, we can capture aspects of 

emotional expressions that may be missed in perception studies. Whereas perception studies 

may allow for the identification of emotional expressions that are signals, serving 

communicative functions, expression studies can additionally identify cues that may be 

inherent parts of an expression and serve intraindividual functions, but are not documented in 

perception studies because human judges do not detect them. They examined how 22 positive 

emotions are displayed on the face when induced naturalistically and found 13 patterns of 

facial behaviour that were uniquely related to specific positive emotions, such as interest, 

determination, and elation. By mapping facial movements related to particular spontaneously 

induced positive emotions, this work reveals a richer and more differentiated expressive 

repertoire than may be apparent from perception studies alone. 

Vocalisations related to different emotions can similarly inform functional theories 

of emotion. In this issue, Kamiloglu (2026) examined the situational cues and psychological 

characteristics associated with the production of emotional vocalisations in daily life using a 
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seven-day experience sampling study. She found that the frequency of different vocalisations 

varied substantially across contexts (e.g., public spaces versus interaction with close others) 

and that all vocalisations were reported to occur more often in social situations than when 

alone. Yet, many emotional vocalisations also occurred when alone, indicating that they serve 

intraindividual functions, beyond social communication. In terms of social norms, laughter 

and sighs were rated as most appropriate, whereas screams and retching sounds were rated as 

least appropriate in daily life, perhaps due to their differing functions. Laughter signals 

prosocial motivation and affiliation absent of non-threatening intent, while sighing may serve 

an intraindividual emotional regulatory function by enabling release of muscle tension and 

stress through prolonged exhalation. Both may be perceived as more appropriate than 

screams and retches, which reflect high-intensity alarm signals that trigger strong emotional 

reaction in others. By linking specific vocalisations to typical social contexts and perceived 

appropriateness, this study helps inform functional accounts of different emotional 

vocalisations. 

The next two contributions in this issue focus on two specific emotions and their 

functions in more detail: awe and pride. Keltner and Monroy (2026) review evidence for a 

distinct multimodal expression of awe—an emotion that occurs in response to something that 

is perceived as vast and beyond current knowledge. They discuss studies showing that awe is 

associated with a distinct multimodal nonverbal expression (raised eyebrows, widened eyes, 

an open mouth, jaw drop, stillness of the body, vocal bursts such as “whoa” or “wow”, and 

goosebumps) that likely serves an intrapersonal function of facilitating information 

processing. For example, widening the eyes and raising the eyebrows can increase the visual 

field and sensory intake facilitating the detection of unexpected features. At the same time, 

awe is also deployed in cultural forms, such as music, story, dance, and visual art allowing 

individuals not only to express awe but also to share conceptual knowledge of the emotion, 
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arriving at a shared understanding of awe. Their analysis demonstrates how a distinct emotion 

can recruit multimodal expressive patterns and cultural forms to support both intraindividual 

and social functions.

The final contribution in this issue focuses on another distinct positive emotion, 

pride, that centres on achievement and social status. Tracy and Witkower (2026) argue that an 

emotional expression that benefits its expresser serves an intraindividual function, even when 

the benefits are accrued through the communicative function of the expression. They describe 

that a prototypical expression of pride (an extended and upright posture, head tilted upward 

and a small smile) benefits the expresser in transforming achievements into higher social 

status. Individuals who display pride communicate their achievements to others and receive 

more attention, a greater allocation of resources and higher quality mates, gaining prestige. 

Taken together, these studies invite a nuanced view on the functions of emotional 

expressions. Rather than treating expressions exclusively as social signals, they show that 

different expressions may simultaneously serve intraindividual and social functions.  

Furthermore, by studying the production of emotional expressions, these studies reveal a rich, 

context-sensitive expressive repertoire that may not have emerged from perception studies 

alone. 

General Discussion

Empirical and theoretical contributions in this issue examine nonverbal emotional 

expressions at different levels of analysis, including mechanisms, ontogeny, phylogeny, and 

function. These contributions also speak to each other directly in several ways. Firstly, one 

level of analysis can generate hypotheses about phenomena at another level of analysis. For 

example, theories about the function of a specific emotional expression can generate 

hypotheses about its proximate mechanisms. If blushing serves an intraindividual function to 

alert the individual that their social status is at stake (Nikolic & Hepach, 2026), then blushing 
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should be more likely to be elicited when one’s social status is threatened than when it is not 

and should recruit neural mechanisms associated with self-referential processing. And if 

functionalist accounts also propose a social function—that blushing serves as a signal to 

appease others, and is not a by-product of underlying affective processes, then blushing 

should be more likely to appear in the presence of an audience than in its absence. As another 

example, knowledge about mechanisms can generate hypotheses about ontogeny. If kind 

emotions, such as gratitude, require estimating appropriate reciprocity (Kini et al., 2016), 

then gratitude should emerge in development only once children begin to understand 

reciprocity (Speidel et al., 2026).  

Secondly, the same nonverbal emotional expression and related phenomena can be 

studied from different angles. Our issue provides several examples. One example is 

vocalisations that were studied from phylogenetic (Villain et al., 2026), ontogenetic 

(Greenwood et al., 2026), and functional levels (Kamiloglu, 2026) of analysis. Vocalisations 

are particularly interesting to study from different levels of analyses, because they show 

stronger cross-species continuity and early emergence in human development compared to 

other modalities, such as facial expressions. Understanding how vocalisations operate in non-

human animals, how they emerge and change during early human development under the 

influence of caregivers, and when different vocalisations are most likely to occur in adults’ 

daily lives can offer a more comprehensive understanding of why certain vocalisations appear 

in some but not other situations, and in some but not other species. 

Mimicry is another example of a phenomenon warranting multi-level analysis. 

Affective mimicry can be seen as a context for the elicitation of nonverbal emotional 

expressions: one organism’s emotional expression serves as an elicitor of a similar emotional 

expression in an interaction partner. From this perspective, we can ask how mimicry evolved 

and when and why it occurs in different species. Two studies in the current issue examine 
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affective mimicry across non-human primate species, as well as human infants and adults 

(Norscia et al., 2026; Zijlstra et al., 2026). Integrating findings across species and across 

development can shed light on the evolution of mimicry, on its elicitors and functions, and on 

how these may differ across species and change over the course of ontogeny. For example, 

mimicry may serve additional or more differentiated functions in humans, who are a highly 

social species and it may, therefore, be expected to occur more frequently and in a wider 

range of situations, modulated by social context and goals. The observation that affective 

forms of mimicry are present early in human development but that its frequency and form 

changes with age and that some forms of mimicry are more or less frequent across species 

can further distinguish aspects of mimicry that are more strongly constrained by biological 

mechanisms from those that are that are more shaped by learning and experience. 

Finally, our issue demonstrates that a single study can test hypotheses from different 

levels of analysis (e.g., comparing emotional expressions of human and non-human animals 

in different developmental periods). This is important because with such designs we can test 

hypotheses about the proximal and ultimate mechanisms of emotional expressions. Moving 

forward, we can design, for example, studies on the effects of the presence on an audience 

(strangers versus close ties) on the presence of smiles (and related brain activity) in non-

human animals as well as humans of different ages to study not only whether smiles serve 

affiliative social functions across species (ultimate mechanism) but also its mechanisms and 

developmental changes (proximate mechanisms) as well as whether the mechanisms and 

functions change across species and development.

Where We Are and Where We Are Heading in the Study of Emotional Expression

Research on the production of emotional expression has flourished in the past 

decades and there is now accumulated knowledge across disciplines. However, this research 

has been fragmented, with studies done in different disciplines independently from each other 
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and typically published in specialist journals, making the synthesis of current knowledge 

challenging. An interdisciplinary integration is therefore much needed (Dukes et al., 2021; 

Sauter & Russell, 2024). This theme issue is an attempt to bring together research on 

emotional expressions that focuses on the expresser, examined from different levels of 

analysis and their synthesis. We hope that this issue will demonstrate that it is not only 

possible, but also necessary, to study emotional expressions across different disciplines if we 

are to move the field forward, and that it will inspire more affective scientists to go beyond a 

single level of analysis when studying emotional expressions. Only then will we be able to 

address not only how or why emotional expression occurs in a given moment, but also how 

its form and occurrence are constrained by the evolutionary design and biology, and at the 

same time, modulated by context, learning and culture. 

To further the field, we need to overcome limitations present in much of the current 

work on emotional expression. The abundance of the studies on emotion perception partly 

stems from pure convenience factors—it is substantially easier to get evaluations and ratings 

from pre-curated images, audio clips, or videos of expressions in the laboratory or in online 

experiments that to meticulously record the behavioural, neural, or physiological responses of 

individuals producing emotional expressions when truly embedded in an emotional situation, 

especially in naturalistic settings. Current advanced in remote sensor technology (Hu et al., 

2024) and automatic extraction of social signals for digital inputs (Santavirta et al., 2025) 

however provide promising opportunities for mapping the mechanisms of emotional 

expression in the wild. 

Research on the perception and production of emotional expression is often treated 

as two separate lines of work and conducted largely independently from each other. 

However, to understand the mechanisms and functions of emotional expression, we need to 

integrate perception and production within a single framework. For example, when 
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investigating cross-cultural differences in emotional expressions, most studies focus on 

differences in the perception of emotional expressions. These studies typically use the same 

set of expressions across cultures and then implicitly assume that emotional expressions are 

produced in the same way in different cultures, such that any observed differences across 

cultures stem from cultural differences in how we perceive emotional expressions. Yet, 

emotional expressions may be differently expressed across cultures, both qualitatively and 

quantitatively (Cordaro et al., 2018; Cowen et al., 2024; Lindquist et al., 2022; Mesquita & 

Frijda, 1992). It is therefore important to study how emotional expressions are actually 

produced in different cultural contexts and how these potentially different expressions are 

then perceived by observers from different cultures. Only by jointly studying perception and 

production can we determine whether cross-cultural differences reflect differences in signals 

themselves, perception, or both.

There is also an increasing focus on studying emotional expression outside of 

Western cultures, including small-scale societies, mostly from psychologists (e.g., Witkower 

& Tracy, 2020). Yet, to account for a dynamic nature of culture, avoid ethnocentrism, and 

build theories and hypotheses that do not rely on the Western ways of thinking, collaboration 

with scholars from other disciplines, such as anthropology and sociology, as well as with 

scholars from non-Western backgrounds are much needed to gain better understanding of 

cultural influences on emotional expressions (Crivelli et al., 2016).

In addition, most research on the production of emotional expression has been 

conducted with adults, and our understanding of when and how different emotional 

expressions emerge over the course of human development is still limited. Most 

developmental studies focus on the production of facial expressions for a small set of 

emotions, such as joy and fear in infants (e.g., Camras & Shutter, 2010). However, a wide 

range of emotional expressions emerges, and can be studied, in infancy, toddlerhood, and 

Page 28 of 46

http://mc.manuscriptcentral.com/issue-ptrsb

Submitted to Phil. Trans. R. Soc. B.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Review Only

across early and middle childhood (e.g., Nikolic & Hepach, 2026; Speidel et al., 2026).  

Longitudinal studies, and studies comparing children of different ages, will inform our 

understand of how a rich repertoire of emotional expressions develop in humans and how this 

development is influenced by socialisation and learning. 

Similarly, comparative studies on the production of emotional expressions are 

needed to shed light on the environmental pressures that shaped emotional expressions. At 

present, it is challenging to map similar expressions across human and non-human animal 

research. In the human literature, the emphasis has traditionally been on the face, but in non-

human animals research, especially in work on invertebrates and some vertebrates, such as 

fish and birds, the focus has often been on gross motor behaviours. To truly understand 

emotional expressions from a multispecies perspective, it will be important to study other 

species in their own right and identify aspects that are shared as well as those that are unique 

to particular species. Some steps have already been taken toward greater comparability. For 

example, facial action coding systems (FACS) have been developed and validated not only 

for adult and infant human faces, but also for non-human primates and several domestic 

species (i.e., multi-species or animal FACS; for an overview, see Waller et al., 2020). 

Comparable work on body posture and motion, as well as vocalisations, could further 

facilitate our understanding of emotional expression across species (e.g., Kamiloglu et al., 

2023; Segalin et al., 2021).

Furthermore, there is a growing focus on integrating different modalities in emotion 

expression research, but this work has mostly concentrated on emotion perception (e.g., 

Aviezer et al., 2012; D’Mello et al., 2018; Pelachaud, 2009). Examining multiple modalities, 

such as facial expression, body posture and movement, vocalisation, smell, and physiological 

measures, in research on emotional expression production could shed light on how 

expressions in different modalities relate to each other and whether they cluster differently 
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under different circumstances, possibly reflecting distinct emotion profiles (Keltner & 

Cordaro, 2016; Scherer & Ellgring, 2007). At present, it is still debated whether vocalisations 

or facial expressions are unique to specific emotions. Moving forward, it will be important to 

investigate whether different constellations of expressions across modalities can distinguish 

one emotion from another and how these multimodal patterns vary across contexts, 

development and phylogeny, and culture.  

Finally, recent developments of new technologies, including wearables, computer 

vision methods, experience sampling protocols, and portable neuroimaging such as fNIRS, 

now allow us to study emotional expressions and related neural mechanisms as they occur 

outside the lab, in everyday life. This enables the design of studies with more ecologically 

valid tasks that more closely reflect the circumstances in which emotional expressions occur 

in real life, and moves us away from highly controlled, decontextualized tasks in the lab. A 

common criticism of human emotion research, and especially of emotion perception research 

is the use of highly posed, decontextualized emotional expressions in the lab that does not 

transfer well to real life, where signals are more ambiguous, temporal dynamics differ, and 

context matters (e.g., Barrett et al., 2019). A shift toward studying emotions in real-world 

settings will allow us to gain a better understanding of when, how, and why emotions are 

expressed in everyday life. 

Conclusion

This theme issue brings together psychologists, neuroscientists, biologists, and 

philosophers to examine the production of nonverbal emotional expressions using 

Tinbergen’s four levels of analysis: mechanisms, ontogeny, phylogeny, and function. The 

contributions in the issue demonstrate that the production of emotional expression involves 

distributed, multi-level mechanisms, including appraisal, central emotion circuits with fan-

in/fan-out organization, and interoceptive signalling, that reciprocally interact to generate 
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emotional expressions and experience. The development of emotional expression production 

depends both on maturational processes (e.g., acquiring necessary cognitive skills) and on 

learning through social experience. Comparative work allows us to infer emotional states 

from behavioural indicators across taxa, suggesting that some fundamental properties of 

emotions are at least partially shared across phylogeny, whereas other properties diverge 

across species in ways that reflect differences in ecology, social structure, and cognitive 

capacities. Finally, the issue highlights the importance of studying the intraindividual 

functions of emotional expressions alongside their social functions to fully understand why 

emotional expressions have evolved. Synthesizing these different levels of analysis allows for 

a richer understanding of how the form and occurrence of emotional expressions are 

constrained by evolutionary design and biology, and at the same time, modulated by context, 

learning and culture. We call on affective scientists to consider these different levels of 

analyses, to integrate research on production and perception, and to employ naturalistic tasks 

and multimodal measures in their work to move the field of nonverbal emotional expression 

production forward.
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