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ABSTRACT

The central question of this thesis concerns how humans can communicate emotional expressivity 

through whole-body movement. Previous social communication research has focused mainly on the 

communicative potential of facial expressions, but until we understand the role of movement on a larger, 

whole-body scale, our appreciation of social signalling will remain incomplete.

To address this gap, in this thesis I present four experiments designed to examine different elements of 

the communicative potential of whole-body human movement, using dance as a model paradigm. These 

experiments explore various aspects of social decision-making when observing human movement 

through the use of several complementary methodologies including; motion capture, forced-choice 

emotion recognition tasks, slider scale aesthetic evaluation tasks, and semi-structured interviews. 

Overall, Emotion in Motion argues for the integrated role of affective and aesthetic processing as a key 

aspect of evaluating the emotional content of whole-body human movement. In addition, it establishes 

a role of general and specific kinaesthetic empathy processes, and of previous physical and 

observational movement experience, in social decision-making for whole-body movement stimuli.
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GENERAL INTRODUCTION
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GENERAL INTRODUCTION

1. Defining Emotion and Emotion-Related Concepts in this Thesis

Before I begin discussion of historical developments in the study of emotion, it may first be useful to 

establish the definition I will use for emotion, and the related concept of affect, throughout this thesis.

It should be noted here that controversy surrounding how to operationally define emotions is pervasive 

throughout much of the literature, and different fields (e.g., Philosophy, Physiology, Neuroscience, 

Psychology) and sources (e.g., academic papers, dictionary entries) vary widely in both the scope and 

technicality of definitions offered. I provide a more thorough discussion of the challenges associated 

with defining emotions in Chapter 5, but I will now briefly clarify the lens through which I will be 

discussing emotions. As this thesis sits within the discipline of Psychology, I will be using the American 

Psychological Association’s (APA) definition which states that an emotion is a, “complex reaction 

pattern, involving experiential, behavioural, and physiological elements, by which an individual 

attempts to deal with a personally significant matter or event”.

Throughout this thesis I will also make reference to the affect, therefore it is also important to clarify 

what I mean by this term. A number of researchers in this field use the terms emotion and affect 

interchangeably, but it is important to note that the predominant account of affect is as more of an 

umbrella term which can be used to describe a number of valenced phenomena, including emotion, but 

also encompassing feeling, mood and attitude, for example (Clore & Schnall, 2005). Affect tends to be 

used to describe phenomena that exist along two fundamental continuums – valence and arousal

(including at a neutral point along either, or both of these dimensions), and this circumplex model is 

most commonly used in empirical work for testing emotion-related words, facial expressions or 

affective states as stimuli (Kuppens, Tuerlinckx & Russell, 2013; Russell, 1980; Barrett, 2006; Barrett

& Bliss-Moreau, 2009; Posner, Russell & Peterson, 2008; Remington, Fabrigar & Visser, 2000). 

Therefore, this is the approach I will be taking when I discuss affect in this thesis. As I make use of 

specific emotion-labelling tasks (rather than collecting measures of perceived valence and arousal)

throughout the experiments presented in this thesis, I will use the term emotion unless I am making 

specific reference to the dimensions of valence or arousal, or to the experience of valenced phenomena 

more broadly.

2. A Historical Perspective on Emotions

Successful interpretation of emotional states plays an essential role in interpersonal communication as 

it allows us to understand the goals and motivations of others. It enables us to predict the subsequent 

behaviour of our interaction partners, and prompts us to align our own behaviours to respond 

appropriately in different social situations (Blair, 2003). Discourse around the concept of emotion can 

be traced back to the great philosophers of Ancient Greece, and throughout history a number of 
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competing accounts about the nature of the emotional experience have been proposed. Early 

philosophical accounts, such as those proposed by Plato and Aristotle, describe emotions in relation to 

aspects of the soul, and as a specific kind of subjective experience comprising of various constituent 

parts (like the pleasure-seeking epithumētikon, and the aggressive and self-affirming thumoeides in 

Plato’s account, and the physiological and cognitive components suggested by Aristotle; Knuuttila, 

2014; Leighton, 1982; Konstan, 2006). Later, in 1982, Darwin’s seminal evolutionary theory of emotion 

provided some suggestion for the function of emotions (Darwin, 1872/1965). He proposed that 

emotions are adaptive, and that they serve to aid both survival (where fear, for example, facilitates the 

avoidance of danger), and the continuation of our species (where feelings of love and affection lead to 

us finding a mate and procreating). Perhaps as a result of this historical interest in the experience of 

emotions, a number of influential psychologists and physiologists have sought to develop and refine 

these theories to suggest mechanisms by which emotions may occur within the human body. Within 

this framework, there a several key theories to discuss (James-Lange, Cannon-Bard, Schachter and 

Singer), and all can be illustrated more clearly using the vignette of encountering a bear in the woods. 

The James-Lange theory of emotion suggests that emotions occur as a result of physiological responses 

to a stimulus in our environment (James, 1884; Lange, 1885). According to this perspective, when we 

encounter a bear in the woods, our bodies produces physiological responses (e.g., sweating, trembling), 

which prompt us to experience an emotion; in this case, fear. Walter Cannon proposed several criticisms 

of this theory, as he argued that such physiological responses can occur as a by-product of other 

situations that do not induce an emotional experience (e.g., sweating or increased heart rate may occur 

after exercise without producing fear), and that emotional responses may occur too rapidly to result 

from physiological changes directly. These criticisms, along with contributions from physiologist James 

Bard, prompted the development of the Cannon-Bard theory of emotion (Cannon, 1927; Bard, 1928). 

This theory proposes that physiological responses to and cognitive processing (i.e., the creation and 

manipulation of mental representations of information; Krch, 2011) of a stimulus occur simultaneously, 

and have distinct contributions to the experience of an emotion. An update on this theory proposed by 

Schachter and Singer (1962) combines elements from the James-Lange and Cannon-Bard theories and 

emphasises the influence of both physiological and cognitive responses to a stimulus in a two-factor 

model of emotion. Through their theory, they propose that we experience a physiological response that 

must be situated within the context of the environment, and subjected to cognitive processing, before 

an emotion is experienced (Schachter & Singer, 1962). Returning to the bear vignette, according to the 

two-factor model, we would encounter a bear in the woods and experience physiological responses 

(e.g., sweating, racing heart), evaluate the situation (i.e., we are in the presence of a wild animal that 

may be aggressive), and experience an emotion which is appropriate to that situation (i.e., fear). 

However, if we experience those same physiological responses in a different situation, such as on a first 
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date, we will interpret those signals in a different manner and experience a contextually-relevant 

emotion (e.g., excitement, sexual arousal). 

While each of these theories diverge slightly with respect to the specific mechanisms of emotion 

production, they all share a number of common features. First, they all emphasise the role of some 

external stimulus, or trigger, to produce an emotional response. Secondly, they support the idea that 

emotions occur as a result of both cognitive and physiological processes. Finally, they all suggest that 

emotions serve some evolutionary purpose; as the vignette illustrates, the function of fear is 

safeguarding against dangers or threats (which also harks back to the adaptive function of emotions 

suggested by Darwin, 1872/1965). Therefore, through extensive development and refining of these 

theories, our understanding of how emotions are produced and experienced within the human body has 

advanced substantially. However, a substantial gap still exists in our understanding of human emotional 

experiences. These traditional theories of emotion have focused exclusively on the elicitation or 

production of emotional responses to a stimulus in our environment. This is problematic, because these 

theories do not account for the typically social nature of emotions and affective communication. This 

emphasis on the function and mechanism of emotions within the individual, in isolation, represents a 

substantial limitation of existing emotion frameworks. Until we have developed an equally 

sophisticated framework for establishing how these emotions can be successfully communicated and 

interpreted by others in social contexts, our understanding of emotions as an experience will remain 

incomplete. 

3. Emotion Communication Through Facial Expressions 

Some researchers have attempted to bridge this gap in our understanding by exploring the 

communicative potential of facial expressions. Faces have received substantial attention in social 

communication research, and as a result we have identified a number of social cues that individuals can 

interpret from them. For example, it has been found that we can rapidly attribute personality traits (e.g., 

dominance, trustworthiness) and judgements of attractiveness, physical health, and intelligence to 

individuals based on facial cues (Hung et al., 2016; Tan et al., 2018; Todorov & Duchaine, 2008; Mileva

et al., 2019; Mignault & Chaudhuri, 2003; Sofer et al., 2015; Santos & Young, 2005). In addition to 

these factors, a wealth of evidence comes from studies exploring cues observers use to interpret 

emotional expressivity from small movements of the facial muscles (Ekman & Friesen, 1978; Ekman 

& Oster, 1979; Adolphs, 2002; Ekman, 1992; Matsumoto et al., 2008). This research has been 

conducted in participants ranging widely in age, and from a variety of cultural backgrounds, which 

prompted the development of the Universality Hypothesis (Ekman et al., 1969; Tomkins, 2008; Ekman

et al., 1978). This theory proposes that a set of basic emotions (happiness, sadness, anger, fear, surprise, 

and disgust) exist that produce unique facial expressions, which are recognised consistently across all 

cultures. 
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A number of studies have yielded support for this theory, as it has been found that these six expressions 

are recognised at significantly greater than chance level (see review by Izard, 1994) by individuals 

around the globe. However, as a result of continued research attention, more recently this theory has 

been challenged, and a number of criticisms of the methodologies employed to obtain these results have 

been proposed. For example, several researchers have highlighted inconsistent recognition rates 

reported for facial expressions related to fear and disgust between Western and non-Western participant 

samples (Jack et al., 2009; Chan, 1985; Jack, 2013). More specifically, the typical facial movements 

(called action units) associated with disgust (i.e., wrinkled nose, raising of the upper lip, lowering of 

the eyebrows) and fear (i.e., raising the eyebrows, widening the eyes, opening of the nostrils) elicit 

significantly higher levels of recognition among participants from Western cultures, than among 

participants from non-Western cultures (who often misclassify these expressions as anger and fear, 

respectively; Jack et al., 2016). To address this, Jack and colleagues conducted a follow-up experiment 

to explore the recognition of over 60 emotions in participants from the UK (Western sample) and China 

(non-Western sample). After applying a multivariate reduction technique across the recognition data, 

these researchers found that only four facial expressions (with unique valence, arousal and dominance 

dimensions) could be reliably recognised by participants from both cultural backgrounds (Jack et al., 

2016). These results were the first to suggest that the widely-accepted Universality Hypothesis model 

may require further refinement in order to more accurately reflect the idiosyncrasies of emotion

communication through facial expressions. Considering this finding more broadly, this relatively recent 

challenge to the Universality Hypothesis suggests that our understanding of even well-established 

concepts in the field of social communication need further research attention, and that our 

comprehension of the intricacies of human social signalling is, currently, incomplete. 

If this is the case for faces, then this issue possibly exists to a greater extent for social cues that have 

received less empirical attention. To date, the role of whole-body human movement has been somewhat 

neglected in social perception research; particularly in comparison to other kinds of social 

communication tools (e.g., facial expressions, voices, language), and to my knowledge, there are no 

dominant or well-established theories about the unique mechanisms that facilitate recognition or 

transmission of our internal states through movement of the human body. A number of papers, however, 

have explored disparate aspects of the communicative potential of movement, and the individual 

differences that can facilitate or impair the communication of emotional expressivity. While no 

complete framework for the role of body movement in social communication exists to date, findings 

from these studies (and related theories from other research domains), reviewed below, should be useful 

to inform the development of such a framework. 
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4. Previous Movement Research

Human movement provides a rich source of information which is of value to social observers, and, in 

fact, recent research has suggested that the body may actually provide a more salient source of social 

information than the face (Aviezer et al., 2012; Wang et al., 2017). It has been suggested that human 

bodies reflexively capture our attention, because they move in a biological fashion (Fox & McDaniel,

1982). Biological motion perception refers to the ability to recognise the characteristic movement 

patterns of organic entities, including humans (Voos et al., 2013). Research points to a wide and 

distributed brain network dedicated to this fundamental perceptual ability – including a series of cortical 

structures (posterior temporal sulcus, inferior frontal gyrus, extrastriate and fusiform body areas) and 

subcortical brain areas (including the ventral lateral nucleus, a portion of the thalamus that projects to 

motor and premotor cortices; Grosbras et al., 2012; Chang et al., 2018). Given the range of associated 

cognitive structures, it is not unreasonable to conclude that biological motion perception must confer 

some benefit beyond recognition of others. Indeed, research suggests that the salience of biological

motion enables us to infer a variety of high-level social cues from other bodies in motion. This has been 

observed across a variety of kinds of movement (e.g., everyday actions like walking and knocking 

motions, dance sequences), and across various stimulus presentation methods (e.g., live, real-time 

movement, full light display videos). However, even without immediately apparent morphological 

information, research has shown that humans are able to identify a range of features from Point-Light 

Display (PLD) motion. For example, it has been found that people are highly accurate at identifying the 

gender (up to 71% accuracy; see review by Pollick et al., 2005) and personal identity (Mitchell & Curry, 

2016) of PLD walkers. In addition, it has been found that individuals can reliably identify personality 

traits and the affective states through PLD gait representations (Gunns et al., 2002; Heberlein et al.,

2004; Schneider et al., 2014). (Smith & Pollick, forthcoming; Cross & Smith, forthcoming).

While some evidence suggests these social decisions can be made rapidly, and often with high levels 

of reliability (e.g., Pollick et al., 2005; Gunns et al, 2002; Heberlein et al., 2004; Schneider et al., 2014), 

it remains unclear how exactly these judgements occur, but examining techniques employed in face 

research may provide some insights. For example, it has already been mentioned that, in theory, specific 

action units are involved in the production of distinct facial expressions (Ekman & Friesen, 1978; 

Ekman & Oster, 1979; Adolphs, 2002; Matsumoto et al., 2008). A number of researchers have applied 

a similar principle in the study on human movement, by examining whether there are unique profiles 

of movement kinematics (at the whole-body level, rather than for only specific muscles in the face) that 

are associated with particular emotional states. There are several ways in which we can extract this 

kinematic information from human motion, some of which employ computational methods (applied to 

3-dimensional movement data), and some which are based on subjective perceptions of naïve observers, 

or specifically-trained movement experts (e.g., Laban Movement Analysts). So far, studies employing 
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both of these methods have produced mixed results in terms of which characteristics of movement are 

associated with the expression of different emotional states.

From movement data, it is possible to compute features such as velocity and acceleration profiles, 

fluidity, contraction, and quantity of motion from coordinate data obtained in motion capture. A number 

of researchers with backgrounds in both computing science and psychology have employed such 

methods in the exploration of which characteristics of motion contribute to the recognition of emotional 

expressivity. For example, Roether and colleagues collected motion capture data from 25 individuals 

who performed non-expressive walking motions, and walking movements imbued with happiness, 

sadness, anger, and fear. They compared the average flexion angles, and spatio-temporal structures of 

the joint trajectories, and identified unique kinematic profiles which resulted from the communication 

of each of these emotion categories (Roether et al., 2009). They found that happy walking movements 

were associated with faster gait cycles, and a higher degree of movement activity. Similarly, angry 

walking movements were also faster and contained a higher degree of movement activity than sadness

or fear. Angry movements also contained more angular arrangements of the body segments compared 

to happy movements. Sad walking movements, on the other hand, were relatively slower with lower 

levels of movement activity, and involved a downward angling of the head (i.e., tilted downward toward 

the chest). Fear, too, was associated with slower gaits and lower movement activity, but was also found 

to result in reduced motion of joints in the lower body (i.e., the knees and hips) (Roether et al., 2009).  

Alternatively, some studies have explored movement dynamics from a perceptual standpoint. Laban 

Movement Analysis (LMA), for example, is a tool for describing, visualising (and ultimately 

quantifying) kinematic and expressive features of human movement. LMA is often employed in the 

context of movement training (e.g., dance, theatre, sports), and by health practitioners (e.g., 

physiotherapists, occupational therapists; to diagnose dysfunction or correct imbalances in body 

alignment), but it has also been used in human movement research. There are four dimensions along 

which movement can be classified, these are body (physical characteristics of the dynamic human 

body), effort (dynamics of human motion), shape (a deeper examination of how the body changes during 

movement), and space (relationship between movement and the environmental space which it 

occupies). The effort dimension has probably received the most attention in this area of research, and 

is itself comprised of the following subcategories; space (a measure of movement direction, ranging 

from direct to indirect), weight (a measure of the heaviness of movement, ranging from strong to light), 

time (a measure of the speed of movement, ranging from sudden to sustained), and flow (a measure of 

movement fluidity, ranging from bound to free). It is likely that effort is the most often-used LMA 

category because these features (i.e., space, weight, time, flow) can be mapped more clearly onto 

computational measures of movement kinematics. 
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Experiments using both subjective annotation (e.g., LMA) and computational analysis to identify 

kinematic characteristics of emotionally expressive movement have reported sometimes contradictory 

results. For example, sadness has been associated with both direct (Sawada et al., 2003) and indirect 

(Wallbott, 1998) movement trajectories, happiness has been associated with both relaxed (Gross et al., 

2010) and high energy (Brownlow et al., 1997) motion, and these opposing profiles are even more 

pronounced when examining more complex emotional states (e.g., hot anger, grief, anxiety; Wallbott, 

1998; Camurri et al., 2002; Gross et al., 2010). A more detailed overview of the previous results in this 

area can be found in Supplementary Table S.1.

The only parameter with an apparently consistent influence on emotion perceptions is speed of motion 

(Smith & Pollick, in preparation). Faster movements tend to produce higher intensity emotions (such 

as anger, and joy), while slower movements appear to influence the perception of lower intensity 

emotions (e.g., sadness). However, if speed is the only consistent determining factor in the emotions 

we assign to human movement, then these results suggest that observers would not be able to distinguish 

between fury and elated joy, nor between sadness and anxiety. We know that this is not how emotion 

communication occurs in real-world social situations. As such, it would appear that other factors must 

also be involved in our ability to communicate non-verbal social signals to others in our social world. 

If kinematics alone do not provide a comprehensive explanation for the reasons we assign emotion 

judgments to human motion, it may be useful to also examine the factors that can either impede or 

facilitate our ability to assign appropriate emotional states to the movement of others. 

5. Individual Differences Impeding Emotion Recognition: Mood Disorders and Autism Spectrum 

Disorder

Research suggests that neurodevelopmental and mood disorders can influence our ability to successfully 

recognise and respond to the emotions being expressed by others more generally, and specifically 

through movement of their body. For example, in a meta-analysis conducted by Demenescu and 

colleagues (2010), they explored results from 10 studies exploring emotion recognition capabilities of 

individuals with major depression, and anxiety disorders. They observed that adults with anxiety 

disorders provided less accurate judgements in emotion recognition tasks, and this effect was even more 

pronounced among adults with major depression. However, children with anxiety disorders did not 

experience such severe deficits in emotion recognition capabilities. The authors concluded that the 

specific deficit in emotion recognition observed in adults with depression may reflect a “lack of 

attentiveness to others” (Demenescu et al., 2010). Considering this conclusion alongside evidence 

which suggests a negative relationship between depression and perspective-taking (Wegemer, 2020), 

these results suggest that perhaps the ability to attune to the internal states of others (via perspective 

taking or empathy, for example) plays a key role in the success of emotion recognition. Therefore, it 
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may be useful for any framework describing the communication of emotional expressivity to account 

for individual differences empathy. 

In addition, it has been found that individuals with ASD experience difficulties in the perception of 

biological motion (Mandy et al., 2012). In a meta-analysis conducted by Todorova and colleagues, 

results from 52 papers revealed that individuals with ASD showed a decreased performance in tasks 

involving the perception and interpretation of biological motion, and that this difference between 

individuals with and without ASD was more pronounced in younger children (Todorova et al., 2019). 

Further research suggests that individuals with ASD recognise emotions with significantly lower 

accuracy than typically developing (TD) individuals, and this finding has been observed across a range 

of sensory modalities. For example, Yeung (2021) recently conducted a systematic review and meta-

analysis of emotion recognition from facial expressions in individuals with ASD, in comparison to 

individuals without ASD, and those with other clinical conditions. The results of 148 studies revealed 

that individuals with ASD showed significant impairments in recognising all basic facial emotions, and 

that these impairments were more severe in individuals with ASD than in individuals in other clinical 

populations (including schizophrenia, ADHD, dyslexia, and anxiety). Results from these studies also 

suggest that impairments are more pronounced when emotion recognition tasks involve more complex 

emotions, and holistic processing of facial stimuli (Yeung, 2021). 

In the case of emotion recognition from body movements, similar patterns of impairment have been 

observed for recognition of target emotion categories. In a study conducted by Metcalfe and colleagues, 

children with and without ASD observed avatars depicting eight emotional states (anger, boredom, 

disgust, fear, happiness, sadness, surprise, and worry) through movement of the body, which sometimes 

included emotionally-salient gestures. They found that the children with an ASD provided significantly 

lower levels of emotion recognition than the TD children (Metcalfe et al., 2019). Similar results have 

been obtained from a number of studies exploring emotion recognition capabilities of adults with ASD 

(Philip et al., 2010; Kothari et al., 2013; Alaerts et al., 2014). Results from these experiments suggest 

that ASD produces specific deficits in the recognition and interpretation of emotional expressivity 

(across various modalities), and results of the meta-analysis conducted by Yeung (2021) suggest that, 

at least for faces, ASD produces more pronounced impairment in tasks using more complex emotions, 

and tasks which involve the holistic processing of emotionally-salient stimuli. 

In review, if there are general impairments in emotion recognition in individuals with an ASD, and 

more specific impairments with holistic processing of more complex emotions, this may suggest that 

these facets of human motion are particularly salient in social communication. Therefore, it may be 

useful to focus on emotion recognition from whole body movement sequences (rather than isolated 

movements of the arms – e.g., Sawada et al., 2003; or hands – e.g., Tripathi et al., 2018), and to explore 

differences in the perception of more complex emotions (rather than simply positive versus negative 
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valence affective states – e.g., DeMeijer, 1989) when developing a framework for the role of human 

movement in communicating emotional expressivity.

6. Individual Differences Facilitating Emotion Recognition: Empathy and Previous Experience

In addition to the individual differences found to impede emotion recognition capabilities, researchers 

have obtained evidence to suggest that possessing certain traits can facilitate these skills. Research has 

shown that individuals with higher levels of trait empathy (as measured by, for example, the Toronto 

Empathy Scale – Spreng et al., 2009; the Emotion Specific Empathy Questionnaire – Olderbak et al., 

2014; the EmQue – Rieffe et al., 2010) provide more accurate judgements of emotion than individuals 

reporting lower levels of empathy. This result has been observed across a variety of social cues, 

including facial expressions (Besel & Yuille, 2010; Konrath et al., 2014; Balconi & Bortolotti, 2012;

Holland et al., 2021; Jospe et al., 2018) and to a lesser extent in voices (Tsiourti et al., 2019; Golan et 

al., 2007; Kleinman et al., 2001; Rutherford et al., 2002). Empathy has also been suggested to play a 

role in responding to movement of the human body. 

The human brain has evolved specialised networks for processing human action and motion. One of 

these networks has been termed the human mirror neuron circuit (Rizzolatti & Craighero, 2004). 

“Mirror neurons” is the name given to cells in the primate brain that are activated when performing an 

action, as well as when observing another individual perform that same action. These individual cells 

are part of a larger network that encompasses a wide range of cortical structures. These cells were first 

identified by a team of researchers from the University of Parma in 1992, led by Italian

neurophysiologist Giacomo Rizzolatti. These researchers conducted studies to explore activation of 

ventral premotor cortex (vPMc) neurons when Macaque monkeys perform hand- and mouth-related 

actions (e.g., grasping, placing food in the mouth). They observed activity in this area when the monkeys 

executed the grasping actions, but also, curiously, found that the same neurons fired when observing 

the experimenter’s demonstration of the same grasping actions (Di Pellegrino et al., 1992; Rizzolatti et 

al., 1996). They concluded that these cells in the vPMc compose a network dedicated to both action-

execution and action-observation for familiar movements. This discovery formed the basis for future 

studies that have identified a system with similar functionality within the human brain (Keysers & 

Gazzola, 2006; Caspers et al., 2010; Grezes & Decety, 2001; Mazurek et al., 2018; Press et al., 2012). 

This notion was later extended by Rizzolatti and colleagues, who suggest that “mirror neurons” may 

present a neurological approach for the study of empathy. In review of a number of works (e.g., Phillips 

et al., 1997; Adolphs, 2003; Damasio, 2003; Calder et al., 2000), Rizzolatti and Craighero suggest that 

direct mapping mechanisms are involved in our understanding of emotions being expressed by others; 

more specifically, that we perceive and interpret emotions successfully from others because those same 

emotions are activated within ourselves (Rizzolatti & Craighero, 2005). Therefore, in this regard, it 

seems plausible that empathy might play a key role in emotion recognition capabilities, particularly 
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when these emotions are being communicated through the body in motion, because we simulate the 

expressivity we see in others within our own bodies to understand their internal states. 

While the question of whether an equivalent “mirror neuron” circuit as that identified through 

neurophysiology work in the non-human primate brain also exists in the human brain, and whether their 

functions are absolutely comparable, may be a contentious topic within social cognition research 

(Corradini & Antonietti, 2013; Jacob, 2008; Tramacere et al., 2017; Spaulding, 2013; Kosonogov, 2012; 

Sinigaglia, 2008; Holmes, 2013; Corradini & Antonietti, 2013) the theory originally proposed by 

Rizzolatti and colleagues served as a basis for the development of more recent theories (e.g., simulation 

theory), and a growing body of evidence supports the role of the Action Observation Network (AON) 

in the social perception of human movement instead. Researchers who favour the latter terminology 

note that the AON refers to a broader circuit of structures involved in the processing of observable 

actions more generally, including but not exclusive to those that are believed to exist within the human 

“mirror neuron” system (i.e., parietal and premotor areas responsible for the observation and execution 

of movement, more specifically) (Cross et al., 2009). Despite the often contradictory discourse and 

terminology used to describe the neural correlates of observing and responding to human movement, 

these various perspectives suggest that empathic processes may play a specific role, at least from a 

neurocognitive perspective, in the processing of human motion.

Finally, this link between empathy and emotion recognition capabilities is clear when returning to the 

discussion of ASD. Individuals with an ASD tend to provide lower self-reported levels of empathy, and 

typically show poorer performance on empathy-related tasks compared to typically developed 

individuals (Bishop & Seltzer, 2012; Demurie et al., 2011; Kok et al., 2016; Pepper et al., 2019; 

Trimmer et al., 2017). Furthermore, a common characteristic of ASD is difficulty in interpreting social 

cues, including the expression of emotions. It has already been suggested that the specific impairments 

experienced by individuals with ASD in emotion recognition tasks may provide some insight into the 

processes which facilitate the social perception of human movement (Yeung, 2021), but this evidence 

suggests that trait empathy may be of particular relevance to this question.

Considering the findings from research explicitly examining the relationship between empathy and 

affective processing, and indirect evidence obtained from the discussion of “mirror neurons”, and the 

differences in emotion recognition capabilities among individuals with and without an ASD, it seems 

likely that individual differences in empathy play a central role in the successful interpretation of social 

cues. Therefore, in generating a comprehensive framework for social signalling, it may be crucial to 

include some evaluation of the role played by empathy. 

Another important factor to discuss in relation to emotion recognition from human movement is the 

role of previous experience. The majority of studies exploring the role of prior experience in emotion 

recognition capabilities has made use of expert dancer participants, and a wealth of evidence suggests 
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an intimate relationship between motor expertise and the successful interpretation of bodily cues of 

affect. In one study, Christensen and colleagues explored how substantial dance experience influences 

sensitivity to recognising the affective expression present in the movements of other dancers 

(Christensen et al., 2016). In this study, 24 non-dancers (novices) and 19 professional ballet dancers 

were asked to rate a series of short (5–6 sec) movement sequences in terms of their affective valence 

on a scale from 0 (“very sad”) to 100 (“very happy”). Each of these clips had previously been assigned 

a valence category (based on results from an earlier stimulus validation study), and an equal number of 

“sad” and “happy” clips were presented to participants. They found that the professional dancers were 

significantly more accurate in their emotion judgements for happy movements than the novices. Similar 

results were obtained in a later study, wherein participants from a variety of dance backgrounds were 

asked to observe a series of movement sequences and identify whether these movements were 

expressive or non-expressive (Christensen et al., 2019). In this experiment, years of dance experience 

was found to correlate with accuracy in affective recognition, providing further support for the idea that 

dance experience facilitates the ability to recognise expression from emotion whole-body movement 

displays. Given the wealth of evidence suggesting that previous motor experience can prompt improved 

performance in emotion recognition tasks, it would be useful for any framework of whole-body social 

signalling to account for the motor expertise in mediating successful social communication.

7. The Potential Role of Aesthetics?

Considering what we know about how emotions are produced (through a combination of physiological 

responses and cognitive processing) from traditional emotion theories, and the role of certain individual 

differences that can mediate the success of communicating and recognising affective states (e.g., higher 

trait empathy, previous experience), it is worth noting that another kind of social judgement bears 

striking similarities in both of these regards. Aesthetic judgements emerge through similar combinations 

of physiological and cognitive processes, and are also mediated by individual differences in empathy 

and previous experience. 

Before beginning a more thorough discussion of the similarities between affective and aesthetic 

decision-making, it would be useful to establish what I mean by aesthetics within the context of this 

thesis. It should be noted that many definitions for aesthetics are problematic in that the terminology 

used often isolates one particular facet of aesthetic evaluation (usually beauty or pleasantness) and/or 

one particular sensory experience (most often sight), rather than providing a more general description

of the term. For example, the first entry in the Merriam Webster dictionary defines aesthetics as a, 

“branch of philosophy dealing with the nature of beauty, art, and taste and with the creation and 

appreciation of beauty” (Merriam-Webster(a), n.d.). After evaluating these issues within many 

definitions put forth by a number of different sources, I have decided to generate my own definition for 

what I mean when I discuss aesthetics within this thesis. Therefore, I ultimately define aesthetics as, “a 
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set of principles concerned with the nature and appreciation of artistic taste”. Now that this term has 

been defined, I will return to discussing the similarities between aesthetic and affective processing.

The similarities between these two kinds of social processing can perhaps be understood more clearly 

through two thought experiments. Returning to the typical vignette used to describe the experience of 

emotions, regardless of whether you ascribe to the James-Lange, Cannon-Bard, or Schachter and Singer 

theory of emotion, in this scenario you encounter a bear in the woods (which serves as an input stimulus) 

which you process cognitively (growling, for example, conjures an association with animal aggression 

which you understand represents a threat) and react to physiologically (you begin sweating and 

trembling), which results in you experiencing an emotional state (i.e., fear). When considering aesthetic 

responses, I would like to propose the following vignette: you are visiting an art gallery and see a 

painting (in this case, the input stimulus) to which you react physiologically (you may experience 

“aesthetic chills”, and your pupils may dilate), and process cognitively (it may have symmetry, for 

example, which you likely consider to be aesthetically pleasing), and this produces a positive aesthetic 

experience (e.g., “I like this”). A comparison of the processes involved in the elicitation of emotional 

and aesthetic experiences can be observed in Figure 1.1.

Indeed, there is a significant volume of evidence to support the role of cognitive processing and 

physiological responsiveness in the appreciation of aesthetically-relevant stimuli. For example, it has 

been found that individuals cognitively process the aesthetic value of visual artworks based on factors 

such as symmetry (Weichselbaum et al., 2018; Bertamini & Makin, 2014), subject matter (Kettlewell

et al., 1990; Graham et al., 2010; Leder et al., 2013), art style (Mastandrea et al., 2011; Furnham & 

Walker, 2001; Van Paasschen et al., 2015), and visibility of brushstrokes (Leder et al., 2012; Ticini et 

al., 2014). For music, listeners cognitively process various auditory factors such as tone, harmony, 

timbre and timing (Hevner, 1935; Weld, 1912; Vernon, 1930; Müller et al., 2010; Valentine, 1962; 

Marin et al., 2016) of an excerpt before providing an aesthetic value judgement for a composition, and 

in dance factors such as symmetry (Orgs et al., 2013; Calvo-Merino et al., 2008), familiarity (Cross et 

al., 2011; Torrents et al., 2013; Orgs et al., 2016; Kirsch et al., 2013; Ticini et al., 2015), and synchrony 

(Orgs et al., 2016; Vicary et al., 2017) can influence how beautiful we find dance to be, and how much 

we like certain choreographic sequences. In terms of physiological responses, a number of studies have 

found during the process of evaluating stimuli in an aesthetic context, differences can occur in heart 

rate (Yalta et al., 2016; Tschacter et al., 2012; Neale et al., 2021), galvanic skin responses (Tschacter et 

al., 2012; Neale et al., 2021; Colver & El-Alayli, 2016; Farley & Dowling, 1972), visual fixation 

patterns (Khachatryan et al., 2020; Xu et al., 2020; Locher, 2006), and activity of facial and body 

musculature (Fiori et al., 2020; Jola et al., 2012; Jola & Grosbras, 2013; Michaelis et al., 2014). 

Therefore, there is a wealth of evidence to support the idea that the processes involved in the elicitation 

of an emotion response may also be involved in the production of an aesthetic experience.
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Given these clear similarities in the elicitation and perceptual processes, in addition to the evidence 

suggesting their potential co-activation, this may merit the inclusion of aesthetic factors in any 

theoretical framework of affective social signalling. A further evaluation of these similarities, and 

evidence for their potential overlap in social processing, is provided in the following section.

Figure 1.1: Flowchart A shows a visualisation of the processes involved in the elicitation of an 

emotional experience (based on general emotion theories; James-Lange, Cannon-Bard, Schachter & 

Singer), illustrated by the vignette of encountering a bear in the woods. Flowchart B shows a 

visualisation of the processes proposed to be involved in the elicitation of an aesthetic experience (based 

on empirical aesthetics and neuroaesthetics research), which is illustrated by the example of observing 

a painting in an art gallery. 

8. The Relationship Between Affect and Aesthetics 

Historical perspectives on emotion have already been discussed, but interest in the concept of aesthetics, 

and debate about its very definition (as previously noted), can also be traced back to the early Greek 

philosophers (e.g., Plato, Aristotle), and throughout history a number of competing accounts about the 

nature of art, beauty, and the aesthetic experience have been proposed. A long-held view in philosophy 

is that art appreciation is rooted in hedonism (i.e., the pursuit of pleasurable experiences and emotions).

Some theorists support the notion that two distinct kinds of aesthetic hedonism exist; pure and mixed 

pleasure (De Clercq, 2019; Massin, 2018). Pure pleasure refers to the kind of pleasure which results 

from purely positive experiences, whereas mixed pleasure refers to the kind of pleasure that can be 

obtained through the experience of negative feelings (i.e., our love of the great tragedies, appreciation 

of sad music). I argue that this distinction between pure and mixed aesthetic hedonism, which

necessitates affect, suggests an intimate link between affect and aesthetics.
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Beyond philosophical accounts, a considerable amount of behavioural and neuroimaging evidence 

suggests that affective and aesthetic processes are intrinsically linked. A number of studies have been 

conducted across a variety of artistic mediums, including visual artworks (e.g., paintings, photographs), 

music and the performing arts that provide support for the relationship between affective and aesthetic 

perception. In one such experiment, participants provided responses on a measure of ‘emotional 

contagion’, which captures an individual’s ability to “feel into” the emotions of others, before 

evaluating a series of representational and abstract artworks while facial electromyography and skin 

conductance data were collected (Gernot et al., 2018). Participants who reported experiencing greater 

emotional contagion demonstrated greater physiological reactions, and provided more positive aesthetic 

appraisals of the artworks (i.e., “being moved”, valence, and interest). These results provide evidence 

for the notion that physiological responses are involved in the aesthetic experience as they are in 

emotional experiences, and adds some empirical weight to my idea that these processes may involve 

similar elicitation processes.

Additional evidence for the close relationship between affective and aesthetic processing can be found 

when examining similarities in the individual differences which can mediate these judgements. It has 

already been noted that individuals with high levels of empathy perform significantly better in emotion 

recognition tasks than those with lower levels of trait empathy (including individuals with ASD; Young, 

2021; Metcalfe et al., 2019; Philip et al., 2010). However, individual differences in empathy have also 

been found the influence the aesthetic value judgements people assign to artworks, across a variety of 

artistic media. For example, in response to the observation of paintings, Wilkinson and colleagues 

(2021) observed that individuals recording higher empathy scores were significantly faster to respond 

to the artworks than those with lower scores. Additionally, these authors found that individuals scoring 

higher on empathy measures showed higher aesthetic interest and emotional engagement in response to

the more emotionally evocative artworks (Wilkinson et al., 2021). Similar results have reported from 

neuroscientific experiments of aesthetic processing. In one study, participants observed a series of 

images which had been classified as either beautiful and sad, beautiful and happy, neutral, or ugly

(Ishizu & Zeki, 2017). Neuroimaging data was collected across a series of brain regions, but with a 

particular focus on activity of the medial orbito-frontal cortex (mOFC), a brain region believed to play 

a key role in the experience of beauty. Greater activity of the mOFC was observed in response to both 

types of beautiful stimuli (sad and happy), than in response to the neutral or ugly stimuli. Through 

functional connectivity analyses, the authors further found that this activity was mediated by activation 

of the supplementary motor area and middle cingulate cortex; areas which are known to be involved in 

experiencing empathy when others are experiencing sadness (Ishizu & Zeki, 2017). Results from such 

experiments suggest that individuals with higher trait empathy may process visual artworks more 

efficiently and provide more positive appraisals of them, but they also suggest that emotional processing 

may be a key component of this process. 
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While the majority of empirical aesthetics and neuroaesthetics research in this area has focused on 

responses to visual artworks, some evidence also exists that suggests this effect is not limited to the 

processing of paintings or static visual artworks. A number of researchers have explored the relationship 

between empathy and aesthetic processing in response to musical compositions. For example, 

Vuoskoski and colleagues observed that participants with higher self-reported empathy scores provided 

higher liking scores and reported experiencing more intense emotional responses to sad music than 

individuals with lower trait empathy scores (Vuoskoski et al., 2011). A growing body of evidence 

suggests that general and domain-specific empathetic skills are involved in the processing of human 

movement stimuli. Calvo-Merino and colleagues (2008), for example, were the first to obtain 

neuroscientific evidence for the relationship between kinaesthetic empathy and aesthetic processing. In 

this experiment, participants observed a series of whole-body dance movements while fMRI data were 

collected, and in a follow-up session, the same participants were asked to rate each of the dance clips 

in terms of interest and liking. They found that the clips which (as a consensus) received more positive 

liking scores produced greater activation of the premotor cortex than clips with lower liking scores. The 

authors suggest these results indicate an inherent link between kinaesthetic empathy (as evident from 

activation of the motor areas) and aesthetic evaluation of the human body in motion (Calvo-Merino et 

al., 2008).

The work carried out by Calvo-Merino and colleagues (2008) was conducted with dance-naïve 

participants, but concepts related to kinaesthetic empathy (i.e., movement simulation, mirroring, 

embodiment) are often explored within participants who have received some form of dance training. 

This, therefore, points to a relationship between previous experience and aesthetic evaluation of human 

movement stimuli. Indeed, there is a wealth of evidence to support the notion that movement experience 

produces greater aesthetic appreciation of whole-body movements (Cross et al., 2011; Kirsch et al., 

2013; Ticini et al., 2015; Vicary et al., 2017). It has been reported that even short-term dance training 

can sculpt the aesthetic perception of dance sequences. In one such study (Kirsch et al., 2015), 

participants were invited to take part in a 4-day dance training session. Each day, the participants 

physically rehearsed one set of movement sequences, passively observed another set of movements, 

and listened to the music accompanying a third set of movements; a fourth set of movements remained 

untrained to allow for comparison. fMRI data were collected prior to and immediately following the 

training sessions,  along with measures of movement capability and aesthetic value judgements. The 

participants liked the movements they had both physical and observational experience with significantly 

more than the music-only sequences and the untrained sequences. In addition, neurocognitive changes 

were observed following this dance training. Prior to the sessions, brain activity associated with 

aesthetic responses was centred around the dopaminergic reward system structures, such as the nucleus 

accumbens. However, after the training sessions, greater activity was observed in areas of the action 

observation network (AON), in particular, areas believed to be involved in multisensory integration and 
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the processing of biological motion (pSTS and STG; Kirsch et al., 2015). These results suggest that 

even short-term dance training can result in changes to subjective aesthetic value judgements, and can 

lead to reorganisation of the corresponding functional brain responses associated with aesthetic 

evaluation of dance movements.

Considering the role of dance experience in aesthetic appraisal of human movement, and the 

aforementioned role this previous experience plays in mediating emotion recognition capabilities, this 

provides further support for the idea that affective and aesthetic processes are intrinsically linked. 

However, to my knowledge, no model of social communication has accounted for the role of both 

emotions and aesthetics in the perception of socially-salient stimuli, and certainly not within the context 

of human movement.

9. Summary of Related Work

In review of what has been presented above, a number of general emotion theories have been 

proposed (e.g., James-Lange, Cannon-Bard, Schachter and Singer), but these theories account for only 

the production of emotions within an individual, and do not provide any explanation for the social nature 

of emotional communication. Only in facial expression research has there been any attempt to 

consolidate our understanding of how emotions are communicated to, and interpreted by, others in our 

social world. However, even a relatively well-established theory in face research (Universality 

Hypothesis) has been the subject of recent valid criticism, thus highlighting the need for continued 

research in the field of social communication. As the role of the dynamic human body in social 

signalling has been somewhat neglected in this area of study, so far, no theoretical framework has been 

proposed or subjected to rigorous empirical evaluation. Until such a framework is developed, we cannot 

hope to gain a comprehensive understanding of the intricacies of human social communication. 

A number of research works have explored disparate elements of the role human motion plays in social 

communication, and the individual differences which can sculpt the perception of movement. Empathy 

is one such trait that can influence the success with which we can interpret affective cues in others, and 

for recognition of these social cues from movement more specifically, the role of previous motor 

experience has been emphasised in much of the existing literature. A fairly well-established relationship 

between affective and aesthetic processing of the dynamic human body also exists. However, to my 

knowledge, no attempts have been made to examine these factors simultaneously, nor to suggest how 

these factors interact in a unified model of the social communicative potential of movement.

10. Using Dance to Explore Social Perception

I believe that dance poses a uniquely useful lens through which to explore these social judgements, for 

a number of reasons. Primarily, I believe that if affect and aesthetics are both at play in the social 

evaluation of human movement, as previous research would suggest, then movement stimuli used to 
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jointly evaluate these factors should contain both affective and aesthetic components. Dance is, at its 

heart, the purposeful performance of expressive whole-body movements designed to communicate a 

narrative or meaning to observers, and while I am not the first to suggest the value of dance in social 

communication research (Orgs et al., 2018; Van Dyck et al., 2012; Aristidou et al., 2017; Van Dyck et 

al., 2017; Christensen et al., 2016; Christensen et al., 2019), I believe dance represents an ideal tool to 

explore how the dynamic body can transmit both affective and aesthetic information to individuals in 

our social world. 

11. General Aim of This Thesis

Through this thesis, my aim is to address a major gap in the literature by exploring the combined 

influence of emotional and aesthetic cues on judgements of motion through the use of dance movements 

(which are both emotionally and aesthetically-salient). Taken together, the work contained in this thesis 

should provide an overview of how emotion, aesthetics, empathy, and previous motor experience 

interact to sculpt social perceptions of the human body in motion. I also hope that the contents of this 

thesis may contribute to the development of a framework for the role of human motion in whole-body 

social signalling. I will elaborate on these thoughts in the general discussion.

12. Synopsis of This Thesis

This thesis comprises four main chapters that are provided in the form of experimental manuscripts, 

with each exploring different elements of emotional and aesthetic evaluation of human motion. In the 

first chapter, we describe the creation and validation of the McNorm Library, a new set of emotionally-

expressive whole-body dance movement sequences depicted in the form of point-light displays (Smith 

& Cross, 2022). In a series of experiments, participants completed two short questionnaires to provide 

information about their previous dance experience (the Goldsmith’s Dance Sophistication Index, Gold-

DSI; Rose et al., 2020) and a measure of their trait empathy (the Toronto Empathy Scale, TES; Spreng 

et al., 2009), before taking part in an emotion recognition task; providing forced-choice emotion labels 

to the movement clips from the McNorm Library. The main aims of this experiment were to validate 

whether the emotion communicated by the movement performer could be identified successfully by 

observers, and to explore whether individual differences in empathy and previous dance experience 

would facilitate successful recognition of the target emotion.

In the third thesis chapter, we explore aesthetic perceptions for the same McNorm Library whole-body 

movement videos (Smith & Cross, under review). In this experiment, participants also completed the 

Gold-DSI and TES, before being asked to provide judgements of beauty and liking (on 100-point slider 

scales) for the emotionally-expressive movement sequences. The main aims of this experiment were to 

determine whether the communication of specific, basic emotions would influence aesthetic evaluation 

of human motion, and to explore whether empathy and/or previous dance experience would mediate 

the value we assign to whole-body movements.
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In the fourth thesis chapter, we explore the utility of a novel method for visualising human movement 

in emotion recognition and aesthetic evaluation tasks. More specifically, we examined whether 

relatively successful emotion recognition rates could be obtained from observers in response to 

continuous line drawings depicting the trajectories of the wrists and ankles of a dancer during the 

performance of emotionally expressive whole-body dance movements. We also examined whether 

these images would function as visual artworks in their own right, separate from their movement origins. 

The aim of this experiment was to evaluate a new potential method for visualising body movement; to 

potentially serve as an alternative to PLDs for researchers who wish to explore social perception from 

stripped back representations of the human body. 

In the fifth chapter, we explore emotion judgements through a qualitative lens. In this experiment, both 

non-dancers and highly experienced dancers assigned emotion judgements to the McNorm Library 

movement clips and, through a series of interview questions, were asked to provide verbal justification 

for their decisions. Following the emotion recognition task, all participants were asked a number of 

additional questions around the topics of kinaesthetic empathy, emotion regulation, and visual attention, 

in addition to more general questions about their cognitive processes. The aim of this experiment was 

to delineate between what is important for emotion recognition from an empirical standpoint, and what 

is perceptually important to observers. An additional aim of this experiment was to examine whether 

the decision-making process of dancers and non-dancers are different, and if so, in what ways do they 

diverge. One of my main aims with this final experiment was to isolate a number of novel questions to 

explore in future social perception research.

In the final chapter, I will discuss the results obtained from the main empirical chapters, how they relate 

to the previous literature, and the implications of these findings in a wider context. I will also propose 

the initiation of a new framework for how emotional expressivity is communicated through movement 

of the dynamic human body; one which describes how aesthetic evaluation, movement kinematics, and 

individual differences in trait empathy and previous dance training contribute to the perception of 

emotion in our social world. Finally, in this chapter, I propose four new experiments that I believe 

would be worthwhile supplements for the contents of this thesis, and would contribute substantially to 

the framework I propose.
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CHAPTER 2

THE MCNORM LIBRARY: CREATING AND 

VALIDATING A NEW LIBRARY OF EMOTIONALLY 

EXPRESSIVE WHOLE-BODY DANCE MOVEMENTS
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ABSTRACT

The ability to exchange affective cues with others plays a key role in our ability to create and maintain 

meaningful social relationships. We express our emotions through a variety of socially salient cues, 

including facial expressions, the voice, and body movement. While significant advances have been 

made in our understanding of verbal and facial communication, to date, understanding of the role played 

by human body movement in our social interactions remains incomplete. To this end, here we describe 

the creation and validation of a new set of emotionally expressive whole-body dance movement stimuli, 

named the Motion Capture Norming (McNorm) Library, which was designed to reconcile a number of 

limitations associated with previous movement stimuli. This library comprises a series of point-light 

representations of a dancer’s movements, which were performed to communicate neutrality, happiness, 

sadness, anger, and fear to observers. Based on results from two validation experiments, participants 

could reliably discriminate the intended emotion to clips in this stimulus set, with accuracy rates up to 

60% (chance = 20%). We further explored the impact of dance experience and trait empathy on emotion 

recognition and found that neither significantly impacted emotion discrimination. As all materials for 

presenting and analysing this movement library are openly available, we hope this resource will aid 

other researchers in further exploration of affective communication expressed by human bodily 

movement.
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INTRODUCTION

The ability to communicate with others plays a vital role in our ability to successfully navigate our 

social world. Successful interactions with others have a substantial impact on how we develop and 

maintain meaningful relationships, and also have consequences for our sense of belonging to a wider 

social community, as well as our general mental well-being (Caplan, 2003; Shankar et al., 2015). These 

interactions are multi-faceted, and researchers have made substantial advances in our understanding of 

how facial expressions (Jack et al., 2012; Jack et al., 2014; Du et al., 2014) and verbal communication 

(McAleer et al., 2014; Whiting et al., 2020) mediate the success of our interactions with others. 

However, key elements of non-verbal communication have been somewhat neglected in this area of 

research. Human body movement, for example, provides a rich source of information, whose social 

value to observers is only beginning to be explored (Williams & Cross, 2018; Williams et al., 2019). In 

fact, emerging research suggests that the human body may provide even more salient cues to emotion 

than the face (Aviezer et al., 2012a, 2012b; Wang et al., 2018). At present, however, no framework 

exists that attempts to explain the role played by human body motion in our social interactions. Until 

this field receives more dedicated research attention, our appreciation of human social signalling, in all 

of its complexities, will remain incomplete.

A number of movement libraries have been created to explore what observers can identify from simple, 

everyday human motions (Ma et al., 2006; Vanrie & Verfaillie, 2004; Dekeyser et al., 2002). These 

libraries vary greatly in the type and complexity of movements they capture, with some focusing on 

walking motions and others exploring the movement of isolated body areas (e.g., simple arm 

movements like pointing, waving, and grasping). They also vary in the way visual information about 

the body is presented, with some depicting movement in the form of full video recordings and others 

depicting the human form with a reduction of surface-level visual information about a person’s form; 

for example, by rendering human movement as Point-Light Displays (PLDs).  PLDs were originally 

developed by Johansson when he observed that the kinematics of biological motion could be depicted 

by attaching small light sources to the major joints of a model’s body (Johansson, 1975; Krüger et al., 

2017). The output of these displays are dot configurations that, when animated, leave the viewer with 

the impression that they are watching a person (or other animate being) in motion. This introduced the 

idea that the visual system can interpret animate motion from abstract representations of human figures 

which are devoid of form cues and other superficial visual information (Chang et al., 2018). Even 

without morphological cues, research has shown that humans are able to identify a range of features 

from PLD motion. For example, it has been found that people are highly accurate at identifying the 

gender (with up to 71% accuracy; see review by Pollick et al., 2005) and identity of PLD walkers 

(Mitchell & Curry, 2016), and can attribute higher-order social constructs like personality traits and 

sexuality to these abstract figures and dot configurations (Johnson et al., 2007; Heberlein et al., 2004). 

In addition, it has been found that individuals can rapidly and reliably attribute affective states to PLD 
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representations of gait cycles and everyday actions (Gunns et al., 2002; Heberlein et al., 2004; Schneider 

et al., 2014; Atkinson et al., 2004). 

PLDs are extremely useful in human movement and affective science research. It is standard practice 

in emotion research that aims to evaluate the contribution of one particular expressive cue to remove 

extraneous contextual information from stimuli. In movement libraries, auditory cues (e.g., music, and 

exertion sounds like breathing and gasping) are typically removed (Jola et al., 2014, are a notable 

exception), and the performer’s face is blurred to remove the competing influence of facial expressions 

on social judgements (Christensen et al., 2014; Melzer et al., 2019). PLDs represent an extension of this 

rationale, and as such are a uniquely useful tool for exploring pure motion, in isolation from all other 

emotionally salient communicative cues (e.g., non-movement related visual cues like facial expressions, 

and the appearance of the dancer). a number of PLD movement libraries have been created to further 

the study of human emotion recognition from body movement.

While these stimuli libraries are inarguably useful for exploring how everyday human movements 

communicate emotional expression to observers, they also have several limitations worth considering. 

The first is that many of these stimuli depict emotion through pantomimed actions (e.g., shaking fist in 

anger). While humans do use these kinds of cues to extract high-level social information from others in 

the real world, we are also able to infer this information from far more nuanced demonstrations of 

authentic expression. Including these iconic gestural cues in movement sequences likely obscures the 

influence of subtler components of human movement that provide expressive information. The 

inclusion of more literal or iconic gestures in libraries may also raise questions about the content validity 

of studies using them to explore the relationship between motion and emotion recognition, as it could 

be argued that participants in these studies are providing measures of their ability to successfully 

recognise social gestures, rather than their ability to infer expression from the performative elements of 

movement. 

Secondly, it has already been noted that these libraries vary greatly in their content and the way they 

represent the human form. The issue with the scope and variability of these libraries is that this presents 

significant difficulties for comparing the results across studies and for extracting the most salient results. 

In the case of exploring emotion recognition from human movement specifically, this has given rise to 

large inconsistencies in the reported recognition rates for different emotion categories. Often the range 

of emotions explored in these libraries is very narrow, with authors choosing to focus on recognition of 

only one or two basic emotions or only on the distinction between positive and negative emotional 

valence (Castellano et al., 2007; Michalak et al., 2009; Huis In ‘t Veld et al., 2014a; 2014b). This ignores 

the diverse range of emotions each of these categories encompass: in essence, equating more complex 

emotions like anger or fear with sadness. Alternatively, the scope of emotions used in other works may 

be too broad; with some studies including portrayals of more than 10 specific emotions (Walbott, 1998; 
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Paterson et al., 2001), and exploring more abstract concepts which are sensitive to cultural or 

interpretational variance (e.g., pride, shame, strength). However, even studies which account for the 

middle ground between these approaches (those which focus on several basic emotions - e.g., happiness, 

sadness, anger, and fear) report inconsistent recognition rates. Successful recognition of happiness, 

sadness, anger, and fear have been found to vary from 23–92% depending on the specific methodologies 

of each study, and recognition of neutral emotional displays (i.e., the absence of any clear emotional 

expression) also vary widely (Dael et al., 2012; Roether et al., 2009; Crane & Gross, 2013; Gross et al., 

2010, Atkinson et al., 2004). A brief overview of average recognition rates obtained in response to 

various types of movement libraries reported in previous works can be found in Supplementary Table 

S.1 (Atkinson et al., 2004; Crane & Gross, 2013; Gross et al., 2012; Montepare et al., 1999; Pasch & 

Poppe, 2007; Bernhardt & Robinson, 2007; Dael et al., 2012; Roether et al., 2009; Gross et al., 2010; 

Camurri et al., 2003; Melzer et al., 2019; Alaerts et al., 2011; Atkinson et al., 2007; Bachmann et al., 

2020; Christensen et al., 2016; Christensen et al., 2021; Christensen et al., 2019; Dittrich et al., 1996; 

Grezes et al., 2007; Dahl & Friberg, 2007).

To begin to address these problems, greater cohesion (or at least clearer correspondence) between 

different researchers’ methodological approaches would help tremendously for building a more reliable 

and generalisable evidence base on the relationship between body movement and emotional expression. 

One of the most prominent issues to address in future movement libraries is the inclusion of socially 

relevant gestures in motion sequences. This is important because gestural communication is highly 

sensitive to cultural nuance. For example, in many Western countries (e.g., UK, USA) a ‘thumbs up’ is 

a positive symbol (indicating something is good) or is used to indicate that you are looking to share a 

car ride, but in other countries (e.g. Iran) this gesture is an insult, meaning something akin to “up yours” 

(Archer, 1997). It is likely that being presented with a positive symbol, or an obscenity (depending on 

cultural background) will influence a participant’s emotional state. Therefore, movement libraries 

which include instances of gestural communication may be unsuitable for research to explore more 

universal features of emotion recognition, particularly when using culturally diverse samples. In order 

to overcome such issues, it would be useful to ensure movement sequences feature movements that are 

not culturally specific, nor inherently tied to any particular emotional state. This should allow 

researchers to explore the impact of more nuanced movement features, and the expressive quality of 

motion on perceptions of emotion in observers. One way to reduce the impact of contextual cues on 

recognition is to use more abstract movements, rather than everyday motions, when creating stimuli 

libraries. Recently, it has been noted that dance can be of great value to social communication research 

in general (Orgs et al., 2018; Van Dyck, 2012), and to emotion research in particular (Van Dyke et al., 

2017; Aristidou et al., 2017). Dance is, at its heart, the purposeful performance of expressive whole-

body movements designed to communicate a narrative or meaning to observers. The inherently 

communicative nature of dance and the flexibility of its design (at both the choreographic and 
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performative level) make dance ideally suited for the exploration of emotion expression by the human 

body in motion.

Christensen and colleagues have created two such dance libraries that have been used in emotion 

research. For their first library, they took 203 movement taken from recordings of full ballet 

performances, and blurred the dancers’ faces in order to remove the impact of facial cues (Christensen

et al., 2014). These stimuli were evaluated for 25 movement characteristics, and were also rated for 

affective valence, arousal, and aesthetic appeal. The choreography was also annotated to provide detail 

about the specific movements contained in each sequence. Libraries like this (full light displays 

depicting the dancer in full costume, with set backdrops performing on stage) are particularly useful for 

aesthetic researchers, as these stimuli are more representative of authentic performative dance than 

others which contain reduced visual detail (e.g., PLDs). However, for use in emotion research, several 

critical limitations are associated with this type of stimuli. Using recordings of live dance performances, 

which contain a variety of visual confounds, may influence emotion judgements, particularly in a dance-

experienced sample. It is extremely likely that experienced dancers will recognise elements of 

choreography from these stimuli and will have a number of these movements in their own repertoire. 

Familiarity with and intimate knowledge of such movement sequences may influence emotional 

responses and interfere with recognition data. In addition, costumes or stage furniture may provide cues 

about the narrative the dance is conveying, which even inexperienced observers can use to infer the 

emotional content, rather than simply relying on the movements themselves.

A more general issue in this area stems from many of these dance libraries assigning movements into 

emotion categories based solely on subjective perceptions made by observers, with no consideration 

given to the intention of the mover while the movement was being performed. By excluding 

intentionality from evaluating the components of expressive movement, this undermines the dyadic 

nature of authentic human interaction (Orgs et al., 2016). This issue was addressed in a more recent 

movement library created by Christensen and colleagues (2019). The Warburg Dance Movement 

(WADAMO) Library contains a series of movement sequences which were performed three times, each 

time with a different expressive intention (non-expressive, expressive-positive, or expressive-negative). 

These stimuli were then shown to dancers and dance-naïve observers, and the intended expression was 

compared to the expression perceived by observers (Christensen et al., 2019). The WADAMO library 

represents a substantial improvement on previous work by accounting for both the intention of the 

performer and the perception of the observer. Together, this makes for more robust classification of 

stimuli into different expressive categories. However, this library only accounts for the relationship 

between human motion and expressive valence, rather than providing information about the relationship 

between movement and the perception of specific emotions. Without creating libraries of this type, ones 

which address both sides of the interaction dyad and explore the expression of specific emotional states 

without the inclusion of overt gestures, our understanding of how body movement contributes to human 
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expressivity will remain extremely limited. The Motion Capture Norming (McNorm) library developed 

in the present study aims to address these important gaps in the research. 

The McNorm Library

Description

The Motion Capture Norming (McNorm) library contains a series of whole-body ballet and 

contemporary dance movement sequences depicted in the form of PLDs. These sequences were new, 

original pieces of choreography that were devised and performed by a professional dancer. The full 

library (at the time of recording) comprised 17 different dance sequences. Each sequence was performed 

5 times, each time with the aim to communicate a different emotion to observers (neutral, happy, sad, 

angry, and fearful) while maintaining the same choreography across each performance of the same 

sequence. Therefore, at the time of recording, the McNorm library comprised 85 recordings (17 of each 

emotion category). Technical issues, and missing data from the recording phase meant two of these 

sequences (2 sequences x 5 emotion portrayals = 10 recordings), and 2 individual recordings (1 angry, 

and 1 fearful) could not be included in the final library validated in this experiment. Therefore, this 

validation experiment was conducted on 73 emotionally expressive dance movement sequences (15 

neutral, 15 happy, 15 sad, 14 angry, and 14 fearful).

Rectifying Limitations of Previous Movement Libraries for use in Emotion Recognition Studies

It has already been noted that many pre-existing movement libraries rely on the emotion judgements of 

observers to assign expressive movement into different emotion categories. However, the subjective 

nature of this task creates issues for ensuring the movements assigned to different emotion categories 

are truly representative of that category.  To rectify this issue, the McNorm library was created with 

expressive intention of the performer in mind. In the validation of this library, the intended emotion of 

the performer is compared with the subjective emotion categorisation decisions of observers. If 

intention and subjective judgements align in this validation study, then the McNorm library has 

generated a more representative sample of expressive motions; one that more effectively captures the 

dyadic nature of human body movement in communication (between the movement performer and 

movement observer).

Further, the McNorm library depicts the dynamic human body in the form of PLDs. While limitations 

are associated with reducing the human form to a configuration of moving dots, this serves to limit the 

influence of superficial visual cues on emotion recognition. This approach ensures that researchers can 

use the McNorm library to study motion in isolation from other visual and social cues that are salient 

to all observers (e.g., perceptions of facial expressions, attractiveness and race of the movement 

performer) and cues which are of particular relevance to dance-experienced observers (e.g., costumes, 

stage furniture, etc).
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Aims and Predictions of the Validation Study

Our central aim with this validation study is to determine whether the performed emotion (i.e., the 

emotion intended on the dancer’s part) was reliably perceived by observers. As such, we hypothesised 

that the intended emotion would be recognised at greater than chance level by the participants. Based 

on the previous literature (see Supplementary Tables S.2 and S.3 for an overview of previous work in 

this field), we also predicted differences in recognition rates across the different emotion categories. 

Fear is not frequently explored in relation to this research question, but recognition rates which have 

been reported tend to be relatively low. Therefore, it is likely that fear will be recognised with lowest 

accuracy, in comparison with the other emotions explored in this study (Pasch & Poppe, 2007; Camurri

et al., 2003; Atkinson et al., 2007; Dittrich et al., 1996; Dahl & Friberg, 2007).

Another aim of this study was to explore the impact of dance experience and trait empathy on emotion 

recognition capabilities. Dance experience has been found to impact a number of neuropsychological 

and behavioural outcomes (including emotion recognition capabilities; for a review, see Bläsing et al., 

2012). For example, it has been shown that dance training results in significant changes to activity and 

organisation of sensorimotor structures that compose the action observation network (AON) in the 

human brain. Several studies have shown that professional dancers show greater engagement within the 

AON when watching dance compared to non-dancers, and this activity is amplified when dancers 

observe movement styles they have extensive physical experience performing (Calvo-Merino et al., 

2005; Cross et al., 2006). In addition, even purely visual experience with dance has been shown to shape 

AON responses (Cross et al., 2009; Kirsch & Cross, 2015). There is also evidence of synaptic pruning 

in subcortical structures associated with the AON and more symmetrical activation of relevant 

occipitotemporal regions, as a direct result of dance training, which have been argued to reflect more 

efficient communication between areas involved in this complex neural circuit (Hanggi et al., 2010; 

Orlandi & Proverbio, 2019). 

Beyond neuroimaging studies, it has been shown that dance experience can impact how individuals 

perceive and respond to the human body in motion. Results from Stevens and colleagues (2010) suggest 

that dancers and choreographers may develop specific visual-search patterns which influence visual 

attention when observing complex dance movements, and that these are driven by their movement 

expertise and learned experiences (Stevens et al., 2010). Studies have also noted that dancers appear to 

recognise affective expression from human movement with greater accuracy than individuals with no 

prior dance experience. In one such study, 24 non-dancers and 19 expert ballet dancers observed a series 

of 5-6s ballet sequences and provided valence ratings on a slider scale from very sad (0) to very happy

(100). They found that dancers were significantly more accurate in their emotion classifications for 

recognition of positive affect than non-dancers (Christensen et al., 2016). Similar results were observed 

in a later study, wherein participants from a variety of dance backgrounds were asked to observe a series 
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of movement sequences and identify whether these movements were expressive or non-expressive 

(Christensen et al., 2019). The authors report that years of dance experience correlated with accuracy 

in recognition of the intended expression, providing further support for the idea that dance experience 

facilitates the ability to recognise expression from emotion whole-body movement displays. Therefore, 

in addition to the emotion recognition task, participants will be asked to complete a shortened version 

of the Gold-DSI (Rose et al., 2020) to provide detail about their physical and observational engagement 

with dance. These factors will be explored in relation to emotion recognition accuracy to determine 

whether different levels of dance experience mediate the ability to interpret expressive cues from the 

movements of others. 

Individual differences in empathy were also identified as another relevant factor to explore. Many 

previous studies have observed a link between empathy and the ability to successfully interpret 

emotional cues presented by others in our social environment. This has been observed across emotion 

recognition tasks using a variety of social cues; including faces, voices, body postures, and body 

movements (Besel & Yuille, 2010; Jospe et al., 2018; Israelashvili et al., 2020; Soto & Levenson, 2009; 

Balconi & Bortolotti, 2012; Rizzolatti & Craighero, 2005; Holland et al., 2021; Neumann et al., 2014). 

This link is even clearer when considering Autism Spectrum Disorders (ASD). Individuals with ASD 

tend to provide lower self-reported levels of empathy, and typically show lower performance on 

empathy-related tasks compared to typically developed individuals (Kok et al., 2016; Pepper et al., 

2019; Bishop & Seltzer, 2012; Trimmer et al., 2017; Demurie et al., 2011). Furthermore, a common 

characteristic of ASD is difficulty in interpreting social cues, including the expression of emotions. 

Considering these factors together, it is plausible to expect that individual differences in empathy may 

mediate the ability to successfully interpret emotion expression from social behaviours. 

Furthermore, research suggests there may also be a link between movement expertise and empathy, and 

these factors may interact to produce changes in emotion recognition capabilities. For example, it has 

been found that dancers have higher interoceptive accuracy than individuals without such movement 

training (Christensen et al., 2018), and more skilled dancers provide higher self-reported levels of 

emotional intelligence (Petrides et al., 2006). While these studies do not provide a direct link between 

movement expertise and increased empathy, the increasing implementation of dance movement therapy 

in the management of ASD suggests that dance may facilitate the development of empathic behaviours 

(Behrends et al., 2016; McGarry & Russo, 2011; Federman, 2011; Mastrominico et al., 2018; Koch et 

al., 2015). To this end, participants in the McNorm experiments will also complete the Toronto Empathy 

Scale (Spreng et al., 2009), to generate individual trait empathy scores for consideration in the analysis. 
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METHODS 

MCNORM LIBRARY CREATION

2.1 PARTICIPANTS

One female professional dancer, previously a principal dancer with the Scottish Ballet, participated in 

the stimuli creation procedure. The dancer was chosen due to her extensive training, totalling more than 

9 years with professional companies and 4 years in a freelance capacity, as well as her additional 

choreographic experience. The dancer contributed over a 6-day period (2 days to generate choreography 

and a 4-day recording period) and was provided with an honorarium for her time. 

2.2 STIMULI CREATION

Movement sequences were recorded in the University of Glasgow’s motion capture lab, using 12 Vicon 

MXF40 cameras, recording at a rate of 120 frames per second (120fps), to produce point-light displays 

for a new library of expressive dance movements. 

2.2.1 CREATION AND RECORDING OF MOVEMENT SEQUENCES

In advance of the filming dates, the dancer was asked to create a series of classical and contemporary 

ballet sequences. The dancer was informed that these movement sequences should contain only neutral 

movements (i.e., movements not inherently linked to a particular narrative, or emotional expression), 

in order to limit interference from previously acquired knowledge when performing the choreography. 

The dancer was also instructed that these movement sequences should have a minimum duration of 6 

seconds. No maximum duration was explicitly defined, but the dancer was informed that longer 

sequences may be prone to more technical errors during recording and that she should not create 

sequences that, when performed repeatedly, would cause unnecessary fatigue.

The dancer was informed, prior to recording days, that the objective would be to perform each 

movement sequence five times, each time maintaining the same choreography but portraying a different 

emotional state; neutral (non-expressive), happy, sad, angry, and fearful. The experimenter did not show 

any movements, nor did she give examples or directions regarding expression; therefore, these 

expressive portrayals reflect the dancer’s personal interpretation of the different emotional states. For 

the neutral performances, the dancer was instructed to perform the movements with the same technical 

accuracy (with the same level of mechanical precision) but without expressivity; as if she was “going 

through the motions” or “working through an exercise”. To further limit interference from the 

experimenter, all communication about expression and technicalities of the sequences were discussed 

verbally, rather than through potentially leading gestures or body movement. Sequences were re-

recorded at the dancer’s request when she had made a misstep or felt that she had not portrayed the 

emotion in a satisfactory way, and only at the experimenter’s request when there was a technical issue. 
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Finally, while each sequence had a different musical accompaniment (to aid with timing, recall of the 

choreography and the feeling of performance of these movements), the music remained constant across 

all emotion portrayals, and all audio was removed as part of the final stimuli set. 

The first day of the four-day filming period served as a trial run. The dancer spent 30 minutes at the 

start of each day warming up to ensure she would not injure herself, before practicing the choreography. 

The dancer then performed each movement sequence, always starting with the neutral portrayal before 

moving on to the other expressive categories in an order selected by the dancer (to ensure the dancer 

was in the correct mindset and the resultant expression felt authentic). 

During the filming stage, 39 retroreflective markers were placed on the dancer’s body in anatomical 

regions defined by the Plug-in Gait Model, which is widely accepted for use in biological motion 

research (Kainz et al., 2017; Piwek et al., 2016). This placement was checked before and after each 

recording to ensure no markers had come loose or had fallen off and corrected where necessary.

In review, 17 sequences were performed, with each sequence performed five times (neutral, happy, sad, 

angry, fearful), creating a total of 85 recordings for the first iteration of this stimulus library. These 

recordings ranged in duration from 6.6 – 42.8 seconds, with an average duration of 22.1 seconds. Sad 

clips, on average were the longest in duration (average = 24.3 seconds), while angry clips were the 

shortest in duration (average = 20.6 seconds). The average duration of neutral, happy, and fearful clips 

were 21.1, 21.9, and 22.5 seconds respectively.  Further detail about each of the stimuli recordings can 

be found in Supplementary Tables S.4 and S.5.

2.2.2 POINT-LIGHT DISPLAY CREATION

In the Nexus software, each marker was labelled on a frame-by-frame basis. A skeleton template was 

then applied over each recording to generate 15 new body markers from the original 39 placed on the 

dancer’s body. These 15 new markers depict a simplified figure with less visual clutter, while 

maintaining the overall body form (see Figure 2.1 for more detail about marker transformation).
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Figure 2.1: Placement of retroreflective markers on the body during the recording phase are denoted in 

black. The Plug-In Gait template in Vicon Nexus was used to convert the original 39 markers to point-

light display figures (the final markers are denoted in red). 

For each of the movement recordings, 3D coordinate information was extracted from the Vicon Nexus 

data files. Then for each time frame of each clip, the 2D coordinates depicting the upright, frontal 

perspective were extracted and plotted on a scatterplot (as white points on a black backdrop) to create 

a static point-light display image. In Python, these images were then displayed one after the other (in a 

manner akin to the creation of stop-motion animation) and presentation timestamps were adjusted by a 

factor of *0.23 (to visually match the speed of the original recording) to generate a dynamic point-light 

display for each sequence.

As a result of the highly dynamic nature of some of the movements and sequences, some movement 

information was lost during the recording process, resulting in significant gaps in the coordinate data. 

In order to overcome these issues, many ‘gap-filling’ techniques exist, each varying in their accuracy 

depending on the type of data they applied to. For simpler movement sequences (e.g., knocking, 

walking) a linear extrapolation (from point x, where the gap begins, to point y, where the information 

returns) may be sufficient but for highly dynamic, complex dance movements linear extrapolation is 

too simplistic, and can result in movement distortion. For this data, it was determined that a combination 

of gap-filling techniques should be implemented on a case-by-case basis. Two visual examples 
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(Supplementary Figures S.1 & S.2) and more detail about this gap-filling procedure are available in 

Section A of the Supplementary Materials. 

As mentioned in the description of this library in the previous section, for some sequences, the gaps 

were too large or numerous to create a complete, non-distorted point-light display clip. Therefore, 2 full 

movement sequences (2 sequences x 5 emotion portrayals = 10 recordings), and 2 individual recordings 

(1 angry, 1 fearful) were discarded at this stage, leaving 73 point-light display recordings to form the 

final stimuli set (15 neutral, 15 happy, 15 sad, 14 angry, 14 fearful).
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MCNORM 1: FIRST VALIDATION EXPERIMENT

METHODS

OPEN SCIENCE STATEMENT

Consistent with open science practices widely adopted within psychological research (Open Science

Collaboration, 2012), we report all manipulations and all measures in the study. In addition, following 

open science initiatives (Munafò, 2016), the data, stimuli, and analysis code associated with this study 

are freely available on the Open Science Framework. By making the data available, we enable others 

to pursue tests of alternative hypotheses, as well as more exploratory analyses. 

PARTICIPANTS

Previous attempts to generate and validate movement libraries have participant samples sizes that have 

ranged between 12 and 80 participants (see Supplementary Table S.2 for an overview). While the 

average number of participants tested in this prior literature is around 40 participants, we aimed to 

collect data from at least that many participants in our two validation experiments. 1179 participants 

started the validation experiment, but due to the volume of incomplete responses, only those who 

completed the task in full were included in the analysis. Fifty participants completed the entire task, and 

thus made up the final sample for the first validation experiment. Participants ranged in the amount of 

previous dance experience they had, but they were assigned to one of five different dance-level groups 

(non-dancer, beginner, intermediate, advanced, or professional) by indicating which label they thought 

was most applicable to their previous experiences. A more detailed breakdown of sample demographics 

is presented in Table 2.1. The experiment was created in formr (Arslan et al., 2020) and was advertised 

through the University of Glasgow subject pool, and on a variety of social media channels (including 

Twitter, Facebook, and Instagram).

Table 2.1: Demographics information for participants McNorm Experiment 1 (N = 50).

Age Mean (SD) 29.06 (11.8)

Range 18 – 63

Gender Female 32

Male 15

Transgender Female 1

Transgender Male 2

Gender Variant/Non-Conforming NA

Dance Level Non-Dancer 13

(Self-Reported) Beginner 16

Intermediate 15
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Advanced 4

Professional 2

STIMULI

The 73 complete movement sequences outlined in the previous section were uploaded to Vimeo and 

were displayed through formr using embed codes. In Vimeo, the embed codes were manipulated to 

remove the standard online video handles (video title, uploader information, suggested videos, and 

Vimeo branding). The video controllers were also removed, and the video was set to loop automatically 

until participants had submitted their responses for the item. The stimuli were all presented on screen 

at a consistent size of 496 x 370 pixels.

PROCEDURE

Participants followed the formr link to begin the experiment. After reading the information and 

consenting to participate (in accordance with BPS guidelines), participants completed two 

questionnaires: a series of questions extracted from an early, unpublished, version of the Goldsmiths 

Dance Sophistication Index (Gold-DSI; Rose et al., 2020), and the Toronto Empathy Scale (TES; 

Spreng et al., 2009).

Selected questions from the early Gold-DSI included demographics measures which allowed 

participants to provide detail about their previous dance experience, covering both formal and informal 

experience, and both visual and physical experience. Participants were also asked to select which level 

of dance experience was most applicable to them from one of five options (non-dancer, beginner, 

intermediate, advanced, or professional. The version of the early Gold-DSI which was used in this 

experiment can be found on the OSF (https://osf.io/458sq/). The TES was used to generate a trait 

empathy score for each participant (ranging from 0 to a maximum of 40) and includes a variety of 

questions (both forward and reverse scored) covering facets of both emotional and cognitive empathy. 

Testing began with a short practice block, containing 5 different point-light display movements, to 

ensure participants understood the instructions and that there were no issues with video playback. 

Following this, participants began the validation experiment wherein they watched each of the 73 

movement sequences (presented in random order) and after observing each sequence were asked “What 

emotion do you think the dancer is trying to convey?” in a forced-choice paradigm (neutral, happy, sad, 

angry or fearful). For each clip, they also responded on a sliding scale to the questions “How intensely 

is the emotion being expressed?” from not intense (0) to very intense (100), and “How sure are you of 

your decision?” from very uncertain (0) to very certain (100). The whole experiment took between 45 

and 60 minutes for the volunteers to complete and first-year psychology students at the University of 

Glasgow were given 3-4 participation credits for taking part.

https://osf.io/458sq/


50

As this experiment was conducted using an online sample, three catch trials were included to test 

whether participants were paying sufficient attention to the stimuli and task. For this purpose, a separate 

point-light display sequence was manually edited twice to depict two new scrambled dot motion videos.

At random points throughout the duration of the experiment, these two scrambled motion videos and 

the original unedited version appeared and on the next screen participants were asked “Did you perceive 

human motion in the previous clip?”. The correct answer was only “Yes” for one of these three trials. 

However, in hindsight, it was decided that this question may have been too open to interpretation, as 

the scrambled motion videos were created from an actual motion clip and subjects may have observed, 

for example, an arm-like dot configuration that they perceived to be humanlike in motion. Moreover, 

when examining the impact of correct responses to the catch trials on task performance, no significant 

difference in accuracy was observed between those who passed (M= 26.66%) and failed (M= 27.13%) 

the attention checks: t(47.63)= 0.38, p= 0.71. Therefore, it was decided that failing to correctly respond 

to the attention checks would not warrant immediate exclusion of that participant from the analysis.
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RESULTS

Perceived Emotion Results

The average percentage recognition of the intended emotion, across all participants and all emotions 

was 26.9% (SD = 4.49). With a baseline of 20% established as chance level (from a 1 in 5 chance of 

selecting the intended emotion), after normality testing (p > 0.05), a one-sample t-test revealed that 

overall participants identified the intended emotions at greater than chance level: t(49) = 10.86, p < 

0.001, d = 1.54.

Examining each emotion individually, we found that all emotions with the exception of fear were 

recognised at significantly greater than chance level. See Table 2.2 for a summary of recognition rates.

Further, the mean recognition rates for each expression category, and the distribution of responses can 

be observed in Figure 2.2.

Table 2.2: A summary of recognition rates for each emotion category (means and standard deviations), 

and the results of inferential tests performed on the data to determine whether they were recognised at 

greater than chance level.

Emotion
Normally 

Distributed?

Average 

Recognition 

Rate (%)

Greater than 

Chance?
Test Results

Neutral Yes

28.13% 

(SD= 

13.21)

Yes One-Sample t-test
t(49)= 4.35, p <0.001, 

d = 0.62. 

Happy No
29.73% 

(SD= 10.1)
Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 713, p <0.001, 

d = 0.96.

Sad Yes

32.67% 

(SD= 

10.28)

Yes One-Sample t-test
t(49)= 8.71, p <0.001, 

d = 1.23.

Angry No

26%

(SD= 

10.78)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1023, p <0.001, 

d = 0.56.

Fearful No

17.29% 

(SD= 

11.18)

No

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 465, p= 0.095, 

d = 0.24.
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Figure 2.2: Violin plots depicting the distribution of recognition rates for each emotion category. 

Values presented in the centre of each of the violins represent the mean recognition rate, and the red 

dotted line indicates chance level of recognition. All emotions, with the exception of fear, were 

recognised at greater than chance level.  

Although all emotions but fear were recognised at greater than chance level, a number of frequent 

misclassifications still occurred. Movements intended to communicate neutral expression were often 

perceived to communicate happiness (26.34%). Movements intended to express anger were also 

mistaken for happiness (27.63%), in fact even more often that they were labelled correctly (26.47%). 

Fear was confused with neutrality (23.21%), happiness (21.49%), and sadness (23.21%), more often 

than it was correctly labelled (17.34%). A more detailed breakdown of the correct classification and 

misclassification rates can be found in Table 2.3. 

Table 2.3: Correct Classification and Misclassification Rates for Each Emotion Category in Experiment 

1.

Perceived Emotion

Neutral Happy Sad Angry Fearful

Neutral 28.36% 26.34% 19.49% 11.56% 14.25%

Happy 21.10% 29.97% 21.1% 17.47% 10.35%

Sad 19.41% 20.49% 33.02% 14.56% 12.53%

Angry 23.45% 27.63% 10.79% 26.47% 11.65%

Fearful 23.21% 21.49% 23.21% 14.76% 17.34%
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These results provide support for the primary hypothesis, which was that participants should recognise 

the intended emotion at a level greater than chance. The data show that overall recognition accuracy 

across all participants was statistically greater than chance. It was also predicted that there would be 

variation in recognition rates for each specific emotion category, with movements expressing fear being 

recognised the least well. The data supports the secondary hypothesis as fear was the only emotion 

category not to be recognised at greater than chance level, and sadness was recognised at a higher rate 

than any other emotion.

The relatively high standard deviations for each emotion category suggested variation in recognition 

rates for each individual clip in the stimuli set. Exploratory analysis confirmed this idea, as recognition 

rates were found to vary widely for each individual clip in the movement library. Recognition of neutral 

expression varied from 4-62% across the 15 clips in the stimuli set. Similarly, recognition of happiness 

varied from 4-60% and recognition of anger varied from 2-66% from clip to clip. For both the sad and 

fearful clips, some stimuli were never assigned the intended emotion category (with recognition of sad 

ranging from 0-66%, and recognition of the fearful expressions ranging from 0-44%). See 

Supplementary Table S.4 for a detailed breakdown of recognition rates for each individual clip in the 

McNorm library.

Exploratory Analysis

Impact of Dance Experience on Recognition

Participants completed a number of measures from an early unpublished version of the Gold-DSI to 

provide detail about their prior dance experience. One of these measures asked participants to classify 

their level of dance experience according to the following options: non-dancer, beginner, intermediate, 

advanced, or professional. A Kruskal-Wallis Test was conducted to determine whether a participant’s 

self-reported level of dance experience had an impact on their ability to correctly identify the target 

emotion from clips in the McNorm library. However, no significant differences were observed between 

these groups (Chi-Square = 2.597, p = 0.627, df = 4). It should be noted here that participants were not 

asked to provide numerical answers about their years of experience, the frequency of their training, or 

the age at which they first engaged with dance classes (in any form), so examination of these more 

specific aspects of physical dance experience was not possible with these data.

Participants completed a number of additional measures, three of which were related to physical dance 

experience (“How often do you currently go dancing for fun/social reasons?”, “I have taken regular 

dance classes at least once a week for…”, and “I have had formal training in any dance style for…”) 

and two measures were related to visual experience (“How often do you watch dance 

performances/shows/videos on TV or Internet?”, and “How often do you attend live dance 

performances?”). Therefore, these item responses were grouped together to create a more general score 

for each participant’s physical dance experience and observational dance experience, respectively. An 
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additional item from the questionnaire was not related to the frequency of experience, instead asking 

participants to indicate the number of dance styles they had experience with (using the options; ‘none’, 

‘one dance style’, ‘two dance styles’, ‘three dance styles’, or ‘more than three dance styles’) and was 

therefore considered separately in the analysis. As the number of possible responses to these items in 

this questionnaire varied from 5-7, prior to further analysis the responses were transformed using min-

max normalization to account for the differences in scales. 

A three-stage hierarchical multiple regression was conducted with average recognition rate as the 

dependent variable. The physical dance experience factor was entered at the first stage of the regression, 

the observational dance experience factor was added in the second stage, and number of styles a 

participant was familiar with was added at the final stage to create the maximal model. As this analysis 

is exploratory in nature, the factors were added in this order to account for the frequency with which 

these facets of dance experience have been explored in previous research in this field. The results can 

be found in Table 2.4 below.

Table 2.4: Summary of Hierarchical Multiple Regression Analysis for Factors Predicting Recognition 

Accuracy in McNorm Experiment 1:

Model Summary Predictor Β T Std Err

Model 1 F(1,48)= 0.367 n.s., R2
Adj= -0.013, RSE = 4.524 Intercept 27.366

Physical Experience -1.162 n.s. -0.606 1.916

Model 2 F(2,47)= 0.580 n.s., R2
Adj = -0.017, RSE = 4.534 Intercept 26.605

Physical Experience -2.357 n.s. -1.006 2.343

Observational Experience 2.385 n.s. 0.891 2.678

Model 3 F(3,46)= 0.387 n.s., R2
Adj = -0.039, RSE = 4.581 Intercept 26.642

Physical Experience -1.965 n.s. -0.577 3.406

Observational Experience 2.416 n.s. 0.891 2.712

Number of Styles -0.438 n.s. -0.160 2.734

Note: N = 50; n.s.p > .05, *p < .05, **p < .01, ***p< .001

Model 1: Percentage Recognition ~ Physical Dance Experience Factor

Model 2: Percentage Recognition ~ Physical Dance Experience Factor + Observational Dance Experience Factor

Model 3: Percentage Recognition ~ Physical Dance Experience Factor + Observational Dance Experience Factor + Number 

of Dance Styles a Participant Has Experience With
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The hierarchical multiple regression revealed that at Stage one, the regression model was not a 

significantly better fit for the data than the null model F(1,48)= 0.367, p= 0.547, and that the physical 

dance experience factor only explained 1.3% of the variation in recognition accuracy. Introducing the 

observational dance experience factor at Stage two did not significantly improve the model when 

compared with the null model F(2,47)= 0.580, p= 0.563, and the observational dance factor only 

explained an additional 0.4% of the variation in recognition rates. Finally, the maximal model added 

the number of dance styles a participant had experience with to the model, but the addition of this 

predictor did not significantly improve the fit of the model to the data F(3,46)= 0.387, p= 0.763 and 

only explained an additional 2.2% of the variance in recognition rates. Therefore, previous dance 

experience (as measured by items from an early version of the Gold-DSI) did not have a significant 

impact on recognition of the target emotion in this experiment. 

Relationship Between Empathy and Recognition of the Intended Emotion

Participants completed the Toronto Empathy Scale to provide a measure of trait empathy. Possible 

scores for this measure range between 0 – 64. A Pearson’s correlation was conducted to explore the 

relationship between trait empathy and recognition of the intended emotion and no significant 

relationship was observed: cor= 0.0048, p= 0.973.

Intensity Ratings

In addition to assigning an emotion category to each movement sequence, participants also provided a 

measure of how intensely they felt the movements portrayed their chosen emotion on a slider scale from 

0 (not intense) to 100 (very intense). The average overall intensity score provided by participants, across 

all emotions was 56.69 (± 10.5). The average intensity scores provided for clips in each emotion 

category can be found in Table 2.5.

Table 2.5: Average intensity ratings for clips in each emotion category in Experiment 1.

Neutral Happy Sad Angry Fearful

Mean Intensity Score
54.36

(± 12.32)

57.44

(± 11.72)

57.54

(± 11.1)

59.02

(± 11.33)

55.18

(± 10.6)

From the mean intensity scores, it appears that portrayals of neutral expression were assigned the lowest 

intensity scores and portrayals of anger were assigned the highest intensity scores. A one-way ANOVA 

was conducted to explore the significance of these differences and no significant differences were 

observed in intensity scores across the different emotion categories: F(5,249)= 1.132, p= 0.34, d= 0.14.
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Certainty Ratings

Participants also provided a measure of how certain they were of their emotion judgements on a slider 

scale from 0 (very uncertain) to 100 (very certain). The average certainty score for all participants across 

the entirety of the task was 54.12 (± 13.8). The mean certainty scores for each emotion category can be 

found in Table 2.6.

Table 2.6: Average certainty ratings for clips in each emotion category in Experiment 1.

Neutral Happy Sad Angry Fearful

Mean Certainty Score 52.97

(± 14.31)

55.9

(± 15.79)

53.09

(± 13.85)

55.89

(± 14.94)

52.76

(± 13.74)

It appears that participants were least certain about their categorisation of neutral and fearful expressions 

and most certain about their perceptions of happiness and anger. However, a one-way ANOVA revealed 

that these differences were not significant: F(5,294)= 0.51, p= 0.77, d= 0.104.

Subset of the McNorm Library: Clips with Highest Agreement in Perception of the Intended Emotion

Due to the large variation in recognition rates across individual movement clips in the stimuli set, a 

subset of these clips was examined further. The four clips with the highest rate of agreement in emotion 

perceptions (i.e., the highest recognition rates for the intended emotion) across the different emotion 

categories were isolated for further analysis. The selected clips are highlighted in Supplementary Figure 

S.3, which also provides a more detailed breakdown of average recognition rates for these clips (and all 

other clips in the McNorm Library).

Recognition Results

For the new subset of the McNorm stimuli, the average overall percentage recognition of the intended 

emotion was 52.2% (± 12.42). See Figure 2.3 for a summary of recognition rates across each individual 

emotion category and the distribution of participants’ responses. With a baseline of 20% established as 

chance level, after normality testing (p > 0.05), a one-sample t-test revealed that overall participants 

identified the intended emotions at greater than chance level: t(49) = 18.33, p < 0.001, d= 2.59.

Examining each emotion individually for the new subset of clips, all emotions were recognised at 

significantly greater than chance level. See Table 2.7 below for summary of recognition rates.

Table 2.7: A summary of descriptive and inferential statistics for the subset of 20 clips from the full 

McNorm library identified for future study. The table shows the mean and standard deviation of 

recognition rates for each emotion category, and the results of inferential tests performed on the data to 

determine whether they were recognised at greater than chance level.
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Emotion
Normally 

Distributed?

Average 

Recognition 

Rate (%)

Greater than 

Chance?
Test Results

Neutral No

57.5% 

(SD= 

30.83)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1227, p <0.001, 

d= 1.22. 

Happy No

53.5% 

(SD= 

22.02)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1275, p <0.001,

d= 1.52.

Sad No
60% (SD= 

25.75)
Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1256, p <0.001, 

d= 1.55.

Angry No
52%

(SD= 23.6)
Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1248, p <0.001,

d= 1.36.

Fearful No
38 % (SD= 

29.55)
Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1054, p <0.001,

d= 0.61.
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Figure 2.3: Violin plots depicting the distribution of recognition rates for each emotion category for 

ONLY the 20 clips from the full McNorm library identified for future study. Values presented in the 

centre of each of the violins represent the mean recognition rate, and the red dotted line indicates chance 

level of recognition. All emotion categories were recognised at greater than chance level for this subset 

of clips.  

While this subset of clips from the McNorm library was recognised with greater accuracy, were a 

number of common misclassifications persisted. Expressions of happiness were often confused for 

expressions of anger (27.27%) and conversely, anger was often mistaken for happiness (31.66%). 

Fearful expressions were often considered to depict sadness (23%) and sadness was sometimes 

confused with neutral expression (19.29%). Neutrality was also often perceived to be happy (16.08%). 

Table 2.8 provides a more detailed breakdown of correct classifications and misclassifications attributed 

to this subset of the McNorm library.

Table 2.8: Correct classification and misclassification rates for each emotion category for the subset of 

20 clips from the McNorm library identified for further study. 

Perceived Emotion

Neutral Happy Sad Angry Fearful

Neutral 57.79% 16.08% 11.56% 4.02% 10.55%

Happy 7.07% 54.04% 8.59% 27.27% 3.03%

Sad 19.29% 5.08% 60.91% 3.55% 11.17%

Angry 5.53% 31.66% 4.02% 52.26% 6.53%

Fearful 6.5% 14% 23% 18.5% 38%

Intensity Ratings

In addition to assigning an emotion category to each movement sequence, participants also provided a 

measure of intensity of expression on a slider scale from 0 (not intense) to 100 (very intense). The 

average overall intensity score provided by participants, across all emotions was 60.43 (± 11.3). The 

average intensity scores provided for clips in each emotion category can be found in Table 2.9.
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Table 2.9: Average intensity ratings for each emotion category for the subset of 20 clips from the full 

McNorm movement library.

Neutral Happy Sad Angry Fearful

Mean Intensity Score
46.94

(± 18.02)

66.08

(± 15.61)

58.81

(± 14.59)

72

(± 12.78)

58.01

(± 14.29)

From the mean scores outlined above, it appears that participants perceived certain emotions to be 

portrayed with greater intensity than others in this subset of clips from the full McNorm library.  A one-

way ANOVA confirmed that several of these differences were significant: F(5,249)= 16.74, p <0.001, 

d= 0.56. After correcting for multiple comparisons (with a Tukey HSD test), expressions of anger were 

perceived to be significantly more intense than expressions of fear (p <0.001), neutrality (p <0.001), 

and sadness (p <0.001), but not more intense than happy expression (p= 0.33). Neutral expressions were 

assigned significantly lower intensity ratings than sad (p <0.001), happy (p <0.001) and fearful 

expressions (p <0.005). There were no significant differences in intensity ratings for sequences 

intending to communicate happiness and fear (p= 0.07), or happiness and sadness (p= 0.13), or fear and 

sadness (p >0.9). No other significant differences were observed (all p values >0.05). 

Certainty Ratings

Participants’ provided certainty on their judgements based on a sliding scale from 0 (very uncertain) to 

100 (very certain) throughout the experiment. The average certainty score for all participants across the 

entirety of the task was 56.64 (± 14.5). The mean certainty scores for each emotion category can be 

found in Table 2.10. 

Table 2.10: Average certainty ratings for each emotion category for the subset of 20 clips from the full 

McNorm movement library.

Neutral Happy Sad Angry Fearful

Mean Certainty Score
54.19

(± 18.68)

60.96

(± 16.85)

54.22

(± 16.66)

60.44

(± 17.78)

53

(± 17.67)

It appears that participants were most certain about movements in the happy and angry expression 

categories, and least certain about the fearful, sad and neutral expressions. However, the results of a 

one-way ANOVA found that these differences were not statistically significant: F(5,294)= 1.996, p= 

0.08, d= 0.20.
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Summary

The reason for the large variation in recognition rates across all clips in the full McNorm library is 

unclear. A lack of attention to the task may be one potential explanation. It should be noted here that 

this experiment took between 45 and 60 minutes to complete in full, and it is well established that 

engaging in long duration experiments which involve the presentation of repetitive stimuli can lead to 

a decrease in task attention (see Langner & Eikhoff, 2013, for a comprehensive meta-analysis of these 

findings). Catch trials were included in an attempt to exclude participants who did not fully attend to 

the stimuli, however in this experiment these trials were deemed to be too subjective to use as a 

benchmark for participant exclusion. This may too have been exacerbated by remote data collection. In 

non-laboratory settings, the possible influence of environmental distractors cannot be ruled out. 

Therefore, as it was not possible to control for distractions, and especially given nature of this task, it 

is possible that low attention levels (or a high number of distractions) contributed to the relatively low 

recognition rates seen in Experiment 1. Alternatively, given the fairly high recognition rates for some 

of the movement stimuli, it is possible that the subset of clips isolated for further analysis are simply 

more representative in their portrayals of the intended emotions. To explore this possibility, a second 

validation experiment was devised and conducted using only this new subset of clips.
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MCNORM 2: SECOND VALIDATION EXPERIMENT

METHODS

PARTICIPANTS

A total of 722 participants started this experiment. After excluding participants who did not complete 

the task in full, the final sample size was 77. A more detailed breakdown of sample demographics can 

be found in Table 2.11. The experiment was also created in formr (Arslan et al., 2020) and was 

advertised through the University of Glasgow subject pool, and on social media channels. Participants 

who participated in Experiment 1 were informed that they were not eligible to take part in Experiment 

2. 

Table 2.11: Demographics information for participants who took part in the second McNorm 

Experiment (N = 77).

Age Mean (SD) 31.96 (13.09)

Range 20 – 66

Gender Female 66

Male 10

Transgender Female NA

Transgender Male NA

Gender Variant/Non-Conforming NA

Missing 1

Dance Level Non-Dancer 24

(Self-Reported) Beginner 29

Intermediate 18

Advanced 5

Professional NA

STIMULI

The four clips with the highest recognition rates, for each emotion category (as identified in the first 

experiment) were used (i.e., 4 x each emotion category (5; neutral, happy, sad, angry, fearful) = 20 

clips). As before, these clips were shown in formr using Vimeo embed links (with all video handles 

removed). 

PROCEDURE

As in the first experiment, after reading the experiment information and providing informed consent, 

participants provided responses to the shortened version of the early Gold-DSI and the Toronto 
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Empathy Scale. They then took part in a practice block with 5 trials (using the next best-recognised 

clips for each emotion category) to ensure they understood the task instructions and that there were no 

video playback issues. Then participants watched each of the 20 movement sequences (presented in 

random order) and responded to the question “What emotion do you think the dancer is trying to 

convey?” from the same five options (neutral, happy, sad, angry or fearful). They also provided 

responses on the same intensity and certainty slider scales, as participants did in experiment 1. The 

whole experiment took around 15 minutes to complete and first year psychology students at the 

University of Glasgow were given participation credits for their time.

As it was determined that the attention check used in the first experiment was too open to interpretation, 

catch trials in Experiment 2 were adjusted for greater clarity. The same three scrambled dot and normal 

point-light display clips were presented randomly during the experiment, but this time, participants were 

asked “Did you perceive a clear human form in the previous video?”. The answer “Yes” was only 

correct in one of these three instances. It was determined that this question was less ambiguous, and 

therefore a more sensitive measure of attention than the check put in place in Experiment 1. Indeed, in 

this instance, when examining the task performance of those who responded incorrectly to the catch 

trials, we found that participants who failed to pass the attention checks (i.e., those who answered one 

or more of the questions incorrectly) performed significantly worse at the main task of identifying 

emotions (M= 41.74%) than participants who passed these checks (M= 48.96%): t(43.35)= – 2.18, p= 

0.035. Therefore, those who failed the attention checks (N= 23) in Experiment 2 were excluded from 

the analysis, leaving 53 participants in the final sample.  

RESULTS

Perceived Emotion Results

In the Experiment 2, the average overall percentage recognition of the intended emotion, across all 53 

participants was 48.96% (SD = 13.6). With a baseline of 20% established as chance level (from a 1 in 

5 chance of selecting the intended emotion), after normality testing (p > 0.05), a one-sample t-test 

revealed that overall, participants identified the intended emotions at greater than chance level: t(52)= 

15.504, p < 0.001, d= 2.13.

Examining each emotion individually, all intended emotion categories were recognised at a level 

significantly greater than chance. See Table 2.12 for a summary of recognition rates, and Figure 2.4 for 

a visualisation of the responses.

Table 2.12: A summary of recognition rates for each emotion category (means and standard deviations), 

and the results of inferential tests performed on the data to determine whether they were recognised at 

greater than chance level for the second experiment.
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Emotion
Normally 

Distributed?

Average 

Recognition 

Rate (%)

Greater than 

Chance?
Test Results

Neutral No

58.49% 

(SD= 

30.99)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1381, p <0.001,

d= 1.24.

Happy No

47.17% 

(SD= 

28.02)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1326, p <0.001, 

d= 0.97.

Sad No

58.02% 

(SD= 

22.88)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1431, p <0.001, 

d= 1.66.

Angry No

41.98%

(SD= 

22.88)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1326, p <0.001, 

d= 0.96.

Fearful No

39.15% 

(SD= 

29.22)

Yes

One-Sample 

Wilcoxon Signed 

Rank Test

Z= 1197, p <0.001, 

d= 0.66.
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Figure 2.4: Violin plots depicting the distribution of recognition rates for each emotion category in the 

second experiment. Values presented in the centre of each of the violins represent the mean recognition 

rate, and the red dotted line indicates chance level of recognition. All emotion categories were 

recognised at greater than chance level.  

While recognition rates in the second McNorm validation experiment were much higher than those 

found in the first experiment, a number of common misclassifications were still present. Participants 

frequently confused angry expressions with happiness (42.45%), and this occurred at a marginally 

greater rate than correct classification (41.98%). However, angry expressions were rarely perceived to 

portray any of the other emotion categories. Happy was also commonly confused with anger (24.06%), 

although at a lower rate than the converse. Fearful expressions were often confused with sadness in this 

sample (25.47%), and sad expressions were sometimes confused with fear (19.34%). A more detailed 

overview of classification and misclassification rates for the subset of clips from the full McNorm 

library can be found in Table 2.13.

Table 2.13: Correct Classification and Misclassification Rates for Each Emotion Category in 

Experiment 2.

Perceived Emotion

Neutral Happy Sad Angry Fearful

Neutral 58.49% 12.74% 11.79% 4.25% 12.74%

Happy 15.57% 47.17% 8.96% 24.06% 4.25%

Sad 13.68% 7.55% 58.02% 1.42% 19.34%

Angry 8.02% 42.45% 2.83% 41.98% 4.72%

Fearful 15.57% 8.96% 25.47% 10.85% 39.15%

Summary

These results provide support for the primary hypothesis, as the intended emotion was recognised at 

greater than chance level for neutral, happy, sad, angry, and fearful expressions. Additional support was 

obtained for the secondary hypothesis, as recognition rates were found to vary across the different 

emotion categories; with neutral and sad expressions being recognised at the highest rate, and fearful 

expressions recognised with the lowest frequency. 

In addition, these results suggest that the inconsistencies in recognition rates across all clips in the first 

McNorm validation experiment were not due to a lack of task attention, but rather, these results support 

the idea that stimuli clips isolated from the full library for further analysis are simply more 

representative of the target emotions than others in the full stimuli set.
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Exploratory Analysis

Impact of Dance Experience on Recognition

As in the first experiment, participants completed a number of measures from an early unpublished 

version of the Gold-DSI to provide detail about their prior dance experience. A Kruskal-Wallis Test 

was conducted to determine whether participants’ self-reported level of dance experience had an impact 

on recognition accuracy for the target emotions. In this experiment no participants classified themselves 

as a professional dancer, so there were only four levels of self-reported experience (non-dancer, 

beginner, intermediate, and advanced) used in this analysis. No significant differences were observed 

between the four groups (Chi-Square = 2.396, p = 0.494, df = 3). 

As in the first experiment, a three-stage hierarchical multiple regression was conducted with average 

recognition rate as the dependent variable. The physical dance experience factor (a factor created as 

before from three measures in the early Gold-DSI) was entered at the first stage of the regression and 

the observational dance experience factor (a factor created as before from two measures in the early 

Gold-DSI) was added in the second stage. The number of styles a participant was familiar with was 

added at the final stage to create the maximal model. A detailed breakdown of the results can be found 

in Table 2.14 below.

Table 2.14: Summary of Hierarchical Multiple Regression Analysis for Factors Predicting 

Recognition Accuracy in the Second Experiment:

Model Summary Predictor Β T Std Err

Model 1 F(1,51)= 0.031n.s.., R2
Adj= -0.019, RSE = 13.73 Intercept 49.340

Physical Experience -1.154 n.s. -0.176 6.550

Model 2 F(2,50)= 4.325*, R2
Adj = 0.113, RSE = 12.81 Intercept 54.897

Physical Experience 8.434 n.s. 1.217 6.928

Observational Experience -24.626** -2.935 8.391

Model 3 F(3,49)= 2.874*, R2
Adj= 0.098, RSE = 12.92 Intercept 54.974

Physical Experience 10.214n.s. 1.183 8.633

Observational Experience -23.909** -2.746 8.708

Number of Styles -2.331n.s. -0.351 6.636

Note: N = 50; n.s.p > .05, *p < .05, **p < .01, ***p< .001

Model 1: Percentage Recognition ~ Physical Dance Experience Factor

Model 2: Percentage Recognition ~ Physical Dance Experience Factor + Observational Dance Experience Factor
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Model 3: Percentage Recognition ~ Physical Dance Experience Factor + Observational Dance Experience Factor + Number 

of Dance Styles a Participant Has Experience With

The hierarchical multiple regression revealed that at Stage one, the regression model was not a 

significantly better fit for the data than the null model F(1,51)= 0.031, p= 0.861, that the physical dance 

experience factor was not a significant predictor of recognition accuracy, and that this factor only 

explained 1.9% of the variation in recognition accuracy. Introducing the observational dance experience 

factor at Stage two contributed significantly to the regression model F(2,50)= 4.325, p= 0.019. The 

observational dance factor was found to be a significant predictor of recognition accuracy (p= 0.005) 

and explained an additional 9.4% of the variation in recognition scores. Finally, the maximal model was 

also found to explain the data significantly better than the null model F(3,49)= 2.874, p= 0.046. 

However, the number of dance styles a participant had experience with was not a significant predictor 

of recognition accuracy, and the inclusion of this factor decreased the amount of variance the model 

explained by 1.5%. Therefore, it appears that the most important predictor for task performance (as 

measured by average recognition rate) in this experiment was the observational dance factor (i.e., the 

frequency with which participants watch dance on screen (TV, phone, or computer) and in live settings). 

Together the three variables presented in the maximal model accounted for 9.8% of the variance in 

recognition rates.

Empathy Results

A Spearmans correlation was conducted to explore the relationship between self-reported trait empathy 

(as measured by responses on the Toronto Empathy Scale) and recognition of the intended emotion in 

this second McNorm validation experiment. No significant relationship was observed: rs = -0.132, p= 

0.345.

Intensity Ratings

In addition to assigning an emotion category to each movement sequence, participants also provided a 

measure of how intensely they felt the movements portrayed their chosen emotion on a slider scale from 

0 (not intense) to 100 (very intense). The average overall intensity score provided by participants, across 

all emotions was 55.82 (± 11.58). The average intensity scores provided for clips in each emotion 

category can be found in Table 2.15.

Table 2.15: Average intensity ratings for clips in each emotion category in Experiment 2.

Neutral Happy Sad Angry Fearful

Mean Intensity Score
46.68

(± 16.65)

61.48

(± 14.06)

53.48

(± 15.16)

63.26

(± 15.13)

54.19

(± 14.04)
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From the mean intensity scores, it appears that portrayals of neutral expression were assigned the 

lowest intensity scores and portrayals of anger were assigned the highest intensity scores. A one-way 

ANOVA was conducted to explore the significance of these differences and several differences were 

observed in intensity scores across the different emotion categories: F(5,318)= 9.18, p <0.001, d= 

0.40. 

After correcting for multiple comparisons using a Tukey HSD test, angry expressions were perceived 

to be significantly more intense than fearful (p= 0.016), neutral (p <0.001) and sad (p <0.01) 

expressions. The difference in intensity scores for angry and happy expressions was not found to be 

significant (p= 0.99). In addition, happy expressions were perceived to be significantly more intense 

than expressions of neutrality (p <0.001). Although movements expressing happiness were perceived 

to be more intense than portrayals of sadness, this difference only approached significance (p= 0.05). 

No other significant differences were observed (all p values > 0.05). 

Certainty Ratings

Participants also provided a measure of how certain they were of their emotion judgements on a slider 

scale from 0 (very uncertain) to 100 (very certain). The average certainty score for all participants across 

the entirety of the task was 53.61 (± 15.1). The mean certainty scores for each emotion category can be 

found in Table 2.16.

Table 2.16: Average certainty ratings for clips in each emotion category in Experiment 2.

Neutral Happy Sad Angry Fearful

Mean Certainty Score
54.67

(± 14.18)

55.34

(± 17.2)

54.69

(± 15.67)

53.11

(± 19.17)

50.55

(± 16.99)

It appears that participants were least certain about their categorisation of fearful expressions and most 

certain about their perceptions of happiness. However, a one-way ANOVA revealed that these 

differences were not significant: F(5,318)= 0.59, p= 0.71, d= 0.12.
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DISCUSSION

Emotion Recognition Results

Results from both validation experiments showed that participants recognised the intended emotion 

from movements in the McNorm library at greater than chance levels. In the first experiment, the 

average overall recognition rate across all participants was just above chance; at 26.9%. This rate was 

far lower than expected based on the results of previous work in this area (Castellano et al, 2007; 

Michalak et al., 2009; Wallbott, 1998; Paterson et al., 2001; Dael et al, 2012; Roether et al., 2009; Crane 

et al., 2013; Gross et al., 2010; Atkinson et al., 2004). It was first considered that this low recognition 

rate may have been the result of conducting a long duration, repetitive task in a non-laboratory setting 

(where environmental distractors could not be controlled for) with inadequate catch trials. However, 

further examination of the data revealed that this comparatively low recognition rate could perhaps be 

attributed to large variability in recognition rates across individual clips that made up each emotion 

category across the stimuli set. We suspected that some movement sequences in the full McNorm library 

did not convey as clearly and universally a specific emotion, compared to others. This idea was 

confirmed by the results from the second validation experiment. Experiment 2 examined responses from 

a new participant sample to a subset of the most well-recognised clips identified during Experiment 1. 

Recognition rates obtained in Experiment 2 were more in line with those reported in previous work, 

with an average recognition rate across all participants of 48.96%. 

In addition to validating the McNorm library as a tool for social communication research, this result 

could be important to consider more broadly in the creation of future motion capture libraries. It is likely 

that when generating large samples of expressive movement data, there will be some specific sequences 

or movement clips that more effectively communicate the intended emotion better than others. These 

experiments present a novel solution to handling the occurrence of stimuli which do not perform as 

intended in the exploration of a particular research question. Perhaps in the future, researchers should 

examine their stimuli set as a whole and, if some individual stimuli do not serve their intended purpose, 

they could consider condensing the number of stimuli to create a new subset which can be exposed to 

further testing. This paradigm may result in more reliable materials for human movement research.

As predicted, based on recognition rates reported in the wider emotion recognition literature, fear was 

consistently recognised at the lowest rate. There are several relevant theories to discuss, and a wealth 

of potential explanations for this finding that would merit future investigation. For one, while the classic 

James-Lange, Cannon-Bard, and Schacter and Singer theories disagree about the specific mechanisms 

of the experience of emotions, these perspectives are all based on the core principle that physiology and 

emotions are intrinsically linked (Lange, 1885; James, 1884; Bard, 1928; Cannon, 1927; Schachter & 

Singer, 1962). The fear response, in particular, appears to be highly embodied; causing a uniquely 

recognizable set of physical manifestations within the human body. For many years, a fight-or-flight 
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response was widely accepted as the dominant model for behavioural response to environmental 

stressors (Cannon, 1927). However, more recently, Barlow described an adaptive alarm model which 

includes, not only fight and flight, but also freeze as a potential response (Barlow, 2004; Schmidt et al., 

2008). Therefore, even at the most basic physiological level, responses to fear-inducing triggers are 

highly idiosyncratic. It should be acknowledged that in creating the McNorm library, the method for 

portraying fear was decided solely by the movement performer. It is possible that this dancer’s singular 

perspective was insufficient to capture the full scope of how fear manifests through movement, and may 

be different to how observers themselves experience fear – resulting in the lower levels of recognition. 

It would be useful for future work to examine the idiosyncrasies of fearful movement from the 

perspective of multiple dancers.

In addition, returning to the classic theories of emotion mentioned above, it is worth noting that they all 

indicate the need for some sort of trigger, or stressor, to produce the physiological arousal and elicitation 

of emotions (whichever order these responses appear in). It is possible that in the absence of an 

emotional trigger, this resulted in the dancer producing less authentic displays of the target emotions 

during the creation of the McNorm library. Results from facial expression research provide evidence 

that observers can differentiate between spontaneous (Duchenne) and posed (non-Duchenne) smiles 

(Krumhuber & Manstead, 2009; Trutoiu et al., 2014; Etcoff et al., 2021). Additional research in this 

area has found that fear is one emotion which observers are particularly sensitive to; in detecting 

inauthenticity from facial expressions (McLellan et al., 2010). However, to our knowledge, no research 

has explored observer sensitivity to the authenticity of different emotions expressed through human 

body movement. Based on these factors, and the low recognition of fear reported here and in previous 

work (Pasch & Poppe, 2007; Camurri et al., 2003; Atkinson et al., 2007; Dittrich et al., 1996; Dahl & 

Friberg, 2007), it is possible that observers are more sensitive to detecting inauthentic fear expressions 

from the body in motion. To explore this idea, it could be useful in the creation of future movement 

libraries to implement an emotion elicitation task prior to collection of the movement data and to more 

closely examine the physiological responses of the performer (e.g., heart rate, galvanic skin response) 

to determine how authentically ‘felt’ the emotions were during the movements (Val-Calvo et al., 2020). 

These movement sequences could then be compared to those obtained from an alternative set of 

movements (generated without a prior emotion elicitation session) in an emotion recognition task to 

explore the impact of posed versus genuine expressivity on observer judgements of emotion. Whether 

fear is particularly sensitive to this effect or not, it would be beneficial to social cognition research to 

examine the role of authenticity in recognition of emotional expressivity from the body across all of the 

basic emotions. Findings from such works could have a significant impact on methods for creating 

future libraries of emotionally expressive human movement stimuli. In sum, although largely 

speculative, these are two factors which may explain why fear was recognised with the lowest levels of 

accuracy in the McNorm experiments and in the wider emotional movement literature.
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Dance Experience and Emotion Recognition Results

The data from both validation experiments did not provide support for the idea that dance experience 

facilitates emotion recognition abilities. Kruskal-Wallis tests performed on data from each experiment 

found that there were no significant differences in recognition accuracy across participants with 

different self-reported levels of dance experience. In addition to physical experience, increased 

experience of observing dance did not lead to improved recognition rates. In fact, in the second 

experiment, observation experience loaded negatively onto the recognition accuracy factor; thus, for 

the sample population in experiment two, increased amounts of observational dance experience led to 

a decrease in average recognition accuracy score. 

Previous research has consistently reported that dance experience results in changes to behavioural 

outcomes (Stevens et al., 2010; Christensen et al., 2019), physiological responses (Christensen et al., 

2016; Kirsch et al., 2016) and brain function and well as structure (Bläsing et al., 2012; Calvo-Merino 

et al., 2005; Cross et al., 2006; Cross et al., 2009; Kirsch et al., 2015; Hanggi et al., 2010; Orlandi & 

Proverbio, 2019). Therefore, it is surprising that participants who reported having prior dance 

experience did not show higher recognition of the intended emotion in the McNorm library validation 

studies. However, it should be noted that in previous work, experienced dance participants were 

typically expert performers (recruited from professional companies). In this validation study, there were 

only two participants who categorised themselves as professional dancers, and both were in the sample 

population for Experiment 1. Therefore, the majority of dancer participants in these experiments 

represent an often-neglected group in this area of research: amateur dancers. As so few studies explore 

the impact of informal or hobby dance experience on behavioural outcomes, the role of amateur 

experience on behavioural factors, like emotion recognition capabilities, remains unclear. It is possible 

that amateur dance training, regardless of duration, is not sufficient to facilitate the improved emotion 

recognition capabilities seen in expert performers, and this may explain the results obtained from the 

McNorm Experiments; at least in part. However, until future work specifically examines the role of 

non-professional dance training, and how this differs to professional training, this interpretation remains 

speculative.

Further, the role of observational dance experience on emotion recognition accuracy is unclear. While 

the results from the second McNorm experiment suggests that observational experience has a negative 

effect on recognition of the target emotion, this result should be interpreted carefully as this effect was 

not observed in the first experiment. Based on the previous literature and the lack of generalizability 

across the McNorm experiments, it is likely that this finding was specific to the sample population 

recruited for Experiment 2. There are a number of potential explanations for this result. First, it should 

be acknowledged that data for Experiment 2 was collected during the Covid-19 pandemic. The 

observational experience measures from the version of the Gold-DSI used in these experiments related 
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exclusively to the frequency with which participants engaged with dance performances. During national 

lockdowns which took place across the globe, access to dance performances was extremely limited, and 

it was not clearly explained that responses to the Gold-DSI should reflect participants’ behaviour during 

normal circumstances. Therefore, it is possible that participants were under-reporting the frequency 

with which they would engage with dance performances in non-Covid times, and this may have 

undermined the usefulness of these results. On this note, it is likely that questions relating purely to the 

frequency of attending performances do not fully reflect engagement with dance as an artform. There 

are a number of factors that may impact engagement beyond simply attendance, such as enjoyment, 

emotional response, and the extent to which watching dance makes the observer want to move 

themselves. Many of these elements of engagement can be examined using the published version of the 

Gold-DSI (Rose et al., 2020; which was unavailable at the time of data collection for the McNorm 

experiments), therefore future research should make use of the full questionnaire, and of other more 

general aesthetic engagement questionnaires (e.g., the Aesthetic Experience Questionnaire; Wanzer et 

al., 2020, and the Aesthetic Responsiveness Assessment; Sholtz et al., 2020), to examine more 

completely what an individual may gain from engaging with art, and dance specifically, as a spectator, 

and how this may influence social behaviours.

Empathy Results

Several studies have reported a relationship between individual differences in empathy and recognition 

of affective information. This has been observed in identification of emotion from facial expressions, 

voices, and body movement (Besel & Yuille, 2010; Golan et al., 2007; Fridenson-Hayo et al., 2016).  

However, across both experiments of this study, we found no evidence of a relationship between 

empathy scores and recognition of the intended emotion. In this study, we used the Toronto Empathy 

Scale to generate a measure of trait empathy for each participant. This measure is composed of 16 items 

and covers several aspects of the empathic response in everyday scenarios. However, it is possible that 

the reduced format of this scale did not produce a robust enough measure of empathy. In this study, the 

inclusion of a more detailed empathy measure may have been detrimental to the results. The first 

validation study, which contained all 73 items of the full McNorm library, was around 45 minutes in 

duration and required a high level of cognitive demand (due to the presentation of highly repetitive 

stimuli). Therefore, it was decided that a short measure of empathy should be included to limit 

interference of participant fatigue on the results. However, in future work it may be more useful to 

include a more detailed measure of empathy to explore this relationship further.

Intensity and Certainty Ratings

Although no significant differences in certainty scores emerged across the different expression 

categories, participants tended to report they were most certain of their judgements when assigning 

emotion labels to portrayals of happiness and anger. It is interesting to note here that participants showed 
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the highest accuracy in recognition of sad expressions in the first study, and the greatest levels of 

recognition for neutrality and sadness in the second study. In addition, when examining 

misclassification rates across both studies, participants frequently confused happy and angry 

expressions with one another. It is possible that participants believed it was easier to assign expression 

labels to more intense emotion categories. The data do provide support for this assumption, as happy 

and angry expressions were perceived to communicate emotion with the greatest intensity, compared 

to sadness, fear and neutrality. Unsurprisingly, portrayals of neutral emotion were assigned the lowest 

intensity ratings. However, it is surprising that portrayals of neutrality received an intensity score of 

roughly 50 (on a scale of 0-100, denoting the spectrum from not intense to very intense). Neutrality in 

this study was described to participants as the absence of expression of any specific emotion. Therefore, 

it is unclear why participants did not provide an average intensity score closer to zero when asked to 

respond to the question of: “How intensely is the emotion being expressed?”.

The performance of certain dance styles (classical ballet in particular) is designed to communicate a 

narrative or meaning to observers, and this often relies on the ability to arouse emotion from an 

audience. In the absence of other social cues like verbal communication, and facial expressions (which 

audience members at the back of a dance venue may find difficult, or impossible, to perceive), the 

dynamic body is the dancer’s main tool for communicating expression, and formal dance training 

responds to this need by teaching dance students how to imbue the performance of whole-body 

movements with emotionally salient information. A professional ballet dancer was recruited to generate 

the movement sequences in the McNorm library, and as a result of her extensive experience in 

performative dance it was likely that the dancer found it difficult to create and perform truly neutral 

movement sequences. This is likely a problem for all dance-based movement libraries, as creating and 

performing non-expressive choreography directly contradicts training and defies the communicative 

nature of performative dance. This may explain why participants assigned surprisingly high intensity 

ratings to the neutral expressions in this set of validation studies and is an issue worth addressing when 

creating future dance movement libraries. 

Benefits of the McNorm Library

In creating the McNorm library, several methodological issues from previous work were identified and 

addressed. First, the McNorm library contains movements which depict expression of four basic 

emotions (happy, sad, angry, and fearful) in addition to neutral, or non-expressive, movements. Recent 

findings from Jack and colleagues suggest that there are only four universally recognised facial 

expressions (‘happy’, ‘sad’, ‘surprise/fear’, and ‘disgust/anger’) (Jack et al., 2016). However, it is 

currently unclear whether this framework for recognition of facial expressions applies to expression 

through the human body in motion. To begin answering this question, it would be beneficial for 

researchers working in this area to expand their research questions to explore perceptions of more than 
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positive versus negative valence, to first tackle the basic, universal emotions (e.g., happiness, sadness, 

anger, fear) before exploring more socio-culturally complex emotions. This approach would result in 

greater methodological consistency and would improve the ease with which results can be compared 

across studies in this domain. 

Further, the McNorm library addresses the question of how emotion is portrayed through whole-body 

movement while accounting for both parties involved in the dyadic nature of expressive communication 

(i.e., the movement performer and the movement observer).  This approach confers significant 

advantages to prior movement libraries which focus exclusively on perceptions of observers when 

assigning movements to expressive categories. 

In addition to the benefits addressed above, the McNorm library is specifically well suited to use in 

visual attention research. Previous movement libraries have a number of issues which impose unique 

limitations on their utility in visual attention experiments; depending on the research question. For 

example, several movement libraries address the limitations highlighted in the previous section (e.g., 

see work by Shafir and colleagues, who present an elegant series of papers which account for the 

intricacies of the movement observer-movement performer dyad) and are undeniably useful for social 

perception research. However, few libraries of this nature depict the desired movements in the form of 

point-light displays. It has been noted in previous visual attention research that a number of visual cues 

can influence perceptual and cognitive processing. Different levels of luminance, for example, have 

been found to specifically impair biological motion perception (Burton et al., 2016). This finding is of 

particular relevance to the present authors, and to other researchers exploring emotion perception from 

human movement. Therefore, in this regard point-light displays, like those in the McNorm Library,

confer a significant advantage over full-light displays for research questions related to visual attention, 

as the process of creating such stimuli allows for greater control over the visual features of the display. 

In addition to these low-level cues, higher-order superficial cues can also significantly influence 

perceptual processing. For example, it has been suggested that our attentional processes have evolved 

to favour attractive stimuli (Dixson et al., 2014) and sexual interest has been found to drive visual 

attention and influence fixation patterns when observing human figures (Hall et al., 2011; Heron-

Delaney et al., 2013). Although in the majority of full-light display movement libraries the face is 

obscured, and clothing and background can be simplified and held constant across portrayals, point-

light displays (which are devoid of these features and of further morphological information about the 

performer) present an easier to use, and more appropriate stimulus for visual attention research.

Finally, the McNorm stimuli set confers one further advantage over previous movement libraries. In 

the first experiment, for the full stimuli set we reported a high miss-rate for recognition of some emotion 

categories. However, when placing these results in the context of the previous literature, the subsample 

of movement sequences validated across Experiments 1 and 2 present a competitive recognition rate. 
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Based on previous emotion recognition and stimuli validation experiments, average recognition 

accuracy scores ranged from 59.98% to 64.95% (depending on the emotion category). A more detailed 

breakdown of these calculations and the data used can be found in Tables S.1 and S.2 of the 

Supplementary Materials. The average recognition rates obtained for the McNorm Library for these 

same emotion categories ranged from 38.58% to 59.01%. While average hit-rates for the McNorm 

Library are comparatively lower, it is worth noting that the average values obtained from our results 

have been calculated from two different participant samples. This signifies an advantage of the McNorm 

Library, as other libraries are rarely, if ever, examined for test-retest reliability. Therefore, the hit-rate 

for recognition is not considerably reduced in comparison with existing movement libraries, and the 

successful test-retest values obtained across both participant samples has generated a set of stimuli that 

reliably invoke perceptions of the target emotions.

As such, we believe the McNorm Library presents a reliable and useful tool for the field of social 

perception.

Limitations of the McNorm Library

One limitation of the McNorm library is that the portrayals of each emotion category were based on the 

interpretation of only one dancer. Based on the type of training (i.e., style of dance, school of dance) 

and cultural factors there may be variations in how dancers choose to communicate different emotions 

through their movements. In addition, while the dancer aimed to communicate consistent portrayals of 

each specific expression category, it is unclear the extent to which she perceived her performance to 

communicate that emotion and only that emotion. It has already been noted that prior dance experience 

has a significant impact on a number of behavioural and neuropsychological outcomes, and therefore it 

is possible that unique experiences of the dancer used to create this movement library may have 

influenced various elements of her performance. For example, there may have been some specific 

movements within the sequences that the dancer personally associated with a specific emotion or mental 

state and this may have coloured the performance of movements with a different intended expression. 

To limit the impact of subjective interpretations in creating movement stimuli that are representative of 

emotional expressions, future movement libraries of this nature should include recordings of more than 

one dancer.

Finally, the McNorm library contains sequences derived from only two types of western dance (ballet 

and contemporary dance). Therefore, it is unlikely that these results can be applied to different, more 

abstract forms of western dance (e.g., modern dance, jazz) and certainly may not be applicable to non-

western dance; given the previously discussed studies which emphasise cultural differences in the 

identification and communication of emotional expression (Archer, 1997; Jack et al., 2012; Jack et al., 

2009; Van Dyck et al., 2017).

Using the McNorm Library in Future Research
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Both versions of the McNorm library, (the full, original sample, and the subsample tested further in 

experiment 2) have a specific utility for researchers depending on the nature of the research question to 

be explored. For future experiments focused on emotion recognition, specifically, the present authors 

advise making use of only the subset library (the 20 clips subjected to further analysis in Experiment 2) 

rather than the full McNorm Library, as (per its intended purpose) this sample of movement clips has 

been identified as the most representative of the target emotions; from both a perceptual and 

performative perspective. However, the full stimuli set will be useful to researchers who wish to access 

a larger amount of data to test other hypotheses. For example, original sample would be suitable for use 

in biological motion and visual aesthetics research, and will also be useful for expanding the volume of 

data available to researchers who wish to explore the communicative value of movement through 

machine learning. As such, the full McNorm Library (and all 3D-position data) is also available, and 

can be found on the OSF (https://osf.io/458sq/).

For this validation study, the movement recordings were converted into PLD videos to explore the 

relationship between movement intention and movement perception, but the raw coordinate data could 

be used in future studies to examine the interplay of quantifiable kinematic movement parameters and 

observer perceptions in emotion recognition, among other constructs. Indeed, this question is currently 

being examined in a separate experiment by the authors of this paper; the results of which will be shared 

in a future manuscript. Furthermore, dance is gaining attention in aesthetics research. In this validation 

study, no measure of aesthetic judgements were collected. This makes the McNorm library, in its current 

state, unsuitable for exploring how emotion expression contributes to the aesthetic value of dance 

movement. However, there are plans to rectify this issue in future work by introducing measures of 

beauty, interest, and/or liking to the experimental procedure. This will allow these PLD movement 

sequences to be used in future research which explores the impact of performative elements of 

movement on emotional recognition and aesthetic evaluation. 

Creation of the McNorm library is also part of a larger scale project that will be conducted by the authors 

of this paper. The overall aim of this project is to create a framework for the expression of emotion to 

others in our social environment through dynamics of the human body in motion. It is hoped that the 

principles of this framework could be used to inform choreographic practices (to allow dance-makers 

to create movement sequences which are known to inspire expressive states in observers) and could be 

used by dancers in their performances (by providing direction about which performative elements of 

motion are most important for communicating expressivity or an emotionally charged narrative to 

audiences). Finally, beyond the scope of aesthetics and performative dance, it is also hoped that these 

principles can be applied to the field of artificial intelligence. For example, a more detailed 

understanding how humans communicate emotion to others may help technicians, designers, and 

computer scientists to create more expressive, and thus likeable, artificial interaction partners (e.g., 

https://osf.io/458sq/
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robots, virtual/augmented reality avatars) which move, and ultimately behave, in a more 

anthropomorphic manner.
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CHAPTER 3

MOVING ME, MOVING YOU: INVESTIGATING 

WHETHER EMOTIONAL EXPRESSIVITY, EMPATHY, 

AND PRIOR EXPERIENCE SHAPE WHOLE-BODY 

MOVEMENT PREFERENCES
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Moving me, moving you: Investigating whether emotional expressivity, empathy, and prior 

experience shape whole-body movement preferences
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ABSTRACT

Aesthetics shape and colour almost every aspect of our daily lives, from the products we interact with, 

to the clothes we wear, to the design of our homes and cities. However, many people associate aesthetics 

with art, and an historical academic interest in the factors which shape the experience of engaging with 

art has yielded rich insights into our understanding of the value and ubiquity of empirical aesthetics.  

While the majority of such research to date has focused on music and the visual arts, there is a growing 

interest in the aesthetics of dance and human movement among empirical aesthetics researchers. In the 

present study, we sought to examine how individual differences in empathy and previous experience 

influence aesthetic evaluations of dance movements. Observers with varying degrees of dance 

experience completed a self-report measure of empathy, and rated a series of emotionally expressive 

whole-body movements from the McNorm dance movement library (Smith & Cross, 2022) in terms of 

beauty and liking. Participants demonstrated a general preference for emotionally expressive movement 

sequences, while specific types of emotional expressivity influenced liking, but not beauty, judgements. 

Additionally, both prior dance experience and higher levels of trait empathy resulted in more positive 

aesthetic evaluations of the McNorm Library dance clips. We consider implications of these results for 

empirical aesthetics and social perception research, and discuss how empirical aesthetics research in 

this area may be of interest, or use, to dance practitioners.
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INTRODUCTION

Aesthetics have long played a key role in the natural world. For example, much of the world’s flora and 

fauna have evolved specific morphologies designed to attract prey, mates or pollinators, or to deter 

predators (Rosenthal et al., 2001; Drouilly et al., 2021; Hoyle et al., 2018). Additionally, the applications 

of aesthetics can be found in the various technologies we interact with every day. For example, the 

design of our smart phones, websites and social media platforms are constantly evolving in response to 

aesthetic evaluations and preferences of users (Le-Hoang, 2020; Oyibo & Vassileva, 2017; Schreiber, 

2017). In addition, aesthetic considerations have been found to play a significant role in the creation 

and implementation of renewable energy resources (Breukel et al., 2016; Johansson & Laike, 2007). 

Windfarms, for example, require no fuel and can contribute substantially to the energy needs of a 

populace, but have been heavily criticised for their visual impact on the surrounding landscape (Vlami 

et al., 2020). Therefore, it has been suggested that by altering the aesthetic design of these wind turbines, 

and reducing the extent to which locals perceive them to be “eye-sores”, this may result in more positive 

planning progress outcomes and, therefore, less reliance on environmentally damaging energy sources. 

The pervasive nature and diversity of applications for aesthetics in our everyday lives demonstrates the 

importance of empirical aesthetics research in how we shape and understand the world around us. 

However, aesthetics inarguably has a special relationship with the creation and appreciation of artworks, 

and it has been argued that engaging with the aesthetic experience via art plays a key role in human 

personal development and wellbeing (Maslow, 1981).

Recent world events have highlighted the importance of engaging with the arts. The Covid-19 pandemic 

coincided with a dramatic increase in the number of subscriptions to popular streaming services (e.g., 

Netflix, Amazon Prime Video, Disney+), while book sales also soared, despite physical shops being 

closed for the majority of 2020 across most of the world (Faughnder, 2021; Lee, 2020; Flood, 2021). 

In addition to a renewed interest in visual media and reading, people also increasingly turned to home-

based art activities during the peak of Covid-19 restrictions. In a recent longitudinal experiment, 

researchers observed that over 22 weeks during the height of the pandemic in the United Kingdom, high 

volumes of participants turned to home-based art activities (e.g., painting, writing, playing music) to 

gain a sense of escapism, and to cope with negative emotions during the most taxing periods of 

lockdown (Bu et al., 2022; Mak et al., 2021). Considered together, these findings, have further solidified 

the importance of engaging with the arts for our wellbeing, and highlight the need to develop our 

understanding of factors which mediate the aesthetic experience. Several factors have been found to 

mediate how we engage with art and aesthetic experiences, but individual differences in empathy, and 

previous aesthetic experience or training appear to be particularly influential factors. 

Behavioural and neuroscientific evidence suggests that individual differences in empathy influence 

aesthetic processing of works of art. This relationship can be observed in a number of studies which 
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have been conducted across a variety of artistic mediums, including visual artworks (e.g., paintings, 

photographs), music and the performing arts. In one such experiment, participants provided a measure 

of ‘emotional contagion’, reflecting their ability to “feel into” the emotions of others as an indirect 

measure of general empathetic ability, before evaluating a series of representational and abstract 

artworks while facial electromyography and skin conductance data were collected (Gernot et al., 2018). 

Participants who reported experiencing greater emotional contagion demonstrated greater physiological 

reactions, and provided more positive aesthetic appraisals of the artworks (i.e., “being moved”, valence, 

and interest). This suggests that empathetic skill mediates aesthetic processing of visual artworks, and 

leads to greater emotional arousal in response to these aesthetic stimuli. Additional evidence for the role 

of empathy in aesthetic evaluation of visual artworks can be found in recent work by Wilkinson and 

colleagues (2021), who compared visual processing and aesthetic judgements of artworks in individuals 

with high or low self-reported levels of empathy. These authors reported that individuals recording 

higher empathy scores were significantly faster to respond to all works of art than those with lower 

scores. Additionally, these authors found that high empathy individuals showed higher aesthetic interest 

and emotional engagement in response to the more emotionally evocative artworks (Wilkinson et al., 

2021). Taken together, these behavioural results suggest that individuals with higher trait empathy 

might process aesthetic material more efficiently, and provide more positive appraisals of artworks. 

Finally, neuroscientific evidence for the relationship between empathy and aesthetic appreciation can 

be observed in a recent study conducted by Ishizu and Zeki (2017). Here, participants observed a series 

of images which had been classified as either beautiful and sad, beautiful and happy, neutral, or ugly. 

Neuroimaging data was collected across a series of brain regions, but with a particular focus on activity 

of the medial orbito-frontal cortex (mOFC), a brain region believed to play a key role in the experience 

of beauty. Greater activity of the mOFC was observed in response to both types of beautiful stimuli 

(sad and happy), than in response to the neutral or ugly stimuli. Through functional connectivity 

analyses, the authors further found that this activity was mediated by activation of the supplementary 

motor area and middle cingulate cortex; areas which are known to be involved in experiencing empathy 

when others are experiencing sadness (Ishizu & Zeki, 2017). These results suggest that emotionally 

salient artworks prompt coactivity in both the empathy and aesthetic circuits of the brain, indicating a 

biological link between these sociocognitive processes.

In addition to visual artworks, a number of researchers have explored the relationship between empathy 

and aesthetic processing in response to musical compositions. For example, Vuoskoski and colleagues 

observed that participants with higher self-reported empathy scores provided higher liking scores and 

reported experiencing more intense emotional responses to sad music than individuals with lower trait 

empathy scores (Vuoskoski et al., 2011). In addition to general empathy, a number of medium-specific 

types of empathy have been proposed, and these are believed to specifically impact aesthetic processing 

of medium-specific artworks. The concept of ‘music empathy’ was described by Kreutz, Schubert, and 
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Mitchell, who suggested that musicians and music lovers possess a series of specific empathy-related 

skills that facilitate expertise related differences in the cognitive processing of music (Kreutz et al., 

2008). Support for the influence of domain-specific empathy, in particular for ‘music empathy’, on 

aesthetic processing can be found in a study conducted by Garrido and Schubert (2011). In this 

experiment, music students completed two empathy questionnaires; one which captured general trait 

empathy, and another which provided a measure of ‘music empathy’. After completing these 

questionnaires, participants listened to a series of musical excerpts deemed by a separate group of 

participants, to be sad. A significant positive correlation was observed between general empathy, ‘music 

empathy’, and liking scores. These results suggest that both general trait empathy, and domain-specific 

empathic skills can influence value judgements for aesthetic stimuli.

While the majority of empirical aesthetics and neuroaesthetics research has focused on the visual arts 

(e.g., paintings, photographs), and music, growing evidence suggests that domain-specific empathetic 

skills involved in the processing of human movement stimuli are also at play. The concept of 

‘kinaesthetic empathy’ is believed to play a specific role in aesthetic value judgements for whole-body 

dance movements. Calvo-Merino and colleagues, for example, were the first to obtain neuroscientific 

evidence for the relationship between kinaesthetic empathy and aesthetic processing. In this experiment, 

participants observed a series of whole-body dance movements while fMRI data were collected, and in 

a follow-up session, the same participants were asked to rate each of the dance clips in terms of interest 

and liking. They found the clips which (as a consensus) were rated more positively in terms of liking 

scores produced greater activation of the premotor cortex than clips with lower liking scores. The 

authors suggest these results indicate an inherent link between kinaesthetic empathy (as evident from 

activation of the motor areas) and aesthetic evaluation (Calvo-Merino et al., 2008). While the work 

carried out by Calvo-Merino and colleagues (2008) was conducted with dance-naïve participants, 

concepts related to kinaesthetic empathy (i.e., movement simulation, mirroring, embodiment) are often 

explored within participants who have received some form of dance training. This work reveals a wealth 

of evidence to support the relationship between movement experience and greater aesthetic appreciation 

of whole-body movements.

Even short-term dance training can influence aesthetic perception of dance sequences, as shown in a 

study conducted by Kirsch and colleagues (2015). Participants took part in a 4-day dance training 

session, where each day they physically rehearsed one set of movement sequences, passively observed 

another set of movements, and listened to the music accompanying a third set of movements; a fourth 

set of movements remained untrained to allow for comparison. fMRI data were collected prior to the 

training sessions, and immediately following the training period, along with measures of movement 

capability and aesthetic value judgements. The participants liked the movements which they had both 

physical and observational experience with significantly more than the music-only sequences and the 

untrained sequences. In addition, neurocognitive changes were observed following this dance training. 
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Prior to the sessions, aesthetically-relevant brain activity was centred around the dopaminergic reward 

system structures. However, after the training sessions, greater activity was observed in areas of the 

action observation network (AON), which are believed to be involved in multisensory integration, and 

the processing of biological motion (Kirsch et al., 2015). These results suggest that even short-term 

dance training can result in changes to subjective aesthetic value judgements, and can even lead to 

reorganisation of the corresponding brain structures responsible for aesthetic evaluation of human dance 

movement.

Considered together, these results suggest that enhanced kinaesthetic empathy, and other behavioural 

and neurocognitive changes which occur as a result of dance training, can modulate the aesthetic 

processing of human movement. However, it is important to note here that research directly exploring 

these relationships remains fairly limited and often focuses only on the impact of short-term intensive 

dance training. The role of long-term amateur, or hobby, dance training (which is more broadly the 

experience of dance across the general population than expert or empirically-driven training) has 

received limited research attention, and thus its role in mediating aesthetic evaluation of movement 

stimuli is still unclear. Therefore, to explore the role of individual differences in empathy, and previous 

dance experience of various levels on aesthetic value judgements for human movement stimuli, we were 

interested in understanding how various degrees of motor and visual dance experience, as well as 

empathy differences, shape people’s perceptions of dance movements. To do this, we asked participants 

to complete a condensed version of the Goldsmith’s Dance Sophistication Index (Gold-DSI; Rose et 

al., 2020) and the Toronto Empathy Scale (TES: Spreng et al., 2009) before rating the McNorm Library 

dance movement clips (Smith & Cross, 2022) in terms of beauty and liking. 

An additional aim of this study was to explore the role of emotional expressivity on aesthetic value 

judgements. Affective arousal seems to be a particularly important facet of the aesthetic experience, as 

more emotionally salient works of art appear to prompt heightened physiological and behavioural 

responses in observers, and produce more positive appraisals. Support for this notion can be observed 

in a recent experiment conducted by Christensen and colleagues. In this experiment, participants rated 

a series of whole-body dance sequences that contained either emotionally expressive or non-expressive 

movements in terms of liking and expressivity while galvanic skin conductance data was collected. The 

authors found that the clips rated as more expressive were also liked the most by participants. In 

addition, emotionally expressive clips prompted greater galvanic skin responses, particularly in those 

with arts experience (Christensen et al., 2021). These results suggest that observers prefer emotionally 

expressive movement stimuli, over non-expressive movement, and that this effect may be more 

pronounced in arts-experienced participants. 

While it seems that observers show a preference for emotionally expressive, over non-expressive, dance 

movement stimuli, it is unclear the extent to which portrayals of specific emotions shape these 
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judgements. To our knowledge, no research has explored observer preferences for movements 

communicating different specific emotions. However, anecdotal evidence suggests that one of two 

patterns may emerge when examining aesthetic preferences for happy, sad, angry, and fearful dance 

sequences. First, we could consider the idea that “what is beautiful is good”. This concept can be traced 

back to the work of early philosophers like Sappho and Plato (Dayan, 2011), but more recent evidence 

for this effect is provided by physical attractiveness research (Lorenzo et al., 2010; Little et al., 2006). 

It is possible that this principle may work in the inverse for processing of aesthetic material; in that 

“what is good is beautiful”, which may lead participants to demonstrate a preference for artworks which 

depict the “good”, or positive emotions. On the other hand, evidence from music research suggests that 

certain individuals derive a great amount of pleasure from sad musical compositions (Vuoskoski et al., 

2011), and it should be acknowledged that many of the most popular performative ballets (e.g., Swan 

Lake, La Sylphide, Giselle) depict narrative tragedies. These factors may suggest that dance movements 

which depict emotions with a negative valence (and sadness in particular) may be rated more favourably 

in terms of beauty and/or liking by observers. Therefore, a final aim of this experiment is to explore 

whether the specific emotional expressivity present in movement influence observers’ aesthetic 

evaluations of whole-body dance sequences. 

Therefore, the aims of this study were threefold. First, we wished to examine whether individual 

differences in empathy mediate aesthetic appreciation of human dance movements. It was predicted 

that participants with higher trait empathy (as measured by the TES; Spreng et al., 2009) will provide 

more positive aesthetic value judgements than those participants with lower trait empathy. It was 

predicted that this would occur for both beauty and liking ratings. The second aim of this experiment 

was to explore whether different forms of previous dance experience influence the perceived aesthetic 

value of dance movements, using a shortened version of the Gold-DSI (Rose et al., 2020). In line with 

existing research, we predicted that participants with previous dance experience would provide higher 

average beauty and liking ratings than those without dance experience. We further predicted that 

physical dance experience would coincide with the largest increases in aesthetic ratings, while 

observational dance experience would result in more positive beauty and liking ratings. The final aim 

of this study was to explore the extent to which the communication of different basic emotions 

influences the aesthetic value of dance movements for observers. Finally, we predicted that participants 

would assign emotionally expressive dance movements more positive aesthetic appraisals than non-

expressive movements. Due to a lack of research exploring the contributions of specific emotional states 

on aesthetic value judgements, no specific predictions were made with respect to beauty and liking 

ratings for happy, sad, angry and fearful movements, so analysis of these data will be exploratory in 

nature. 
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METHODS

ETHICS STATEMENT

All study procedures were approved by the College of Science and Engineering Ethics Committee 

(University of Glasgow, Scotland, Approval Number: 300200033).

OPEN SCIENCE STATEMENT

Consistent with open science practices widely adopted within psychological research (Open Science 

Collaboration, 2012), we report all manipulations and all measures in the study. In addition, following 

open science initiatives (Munafò, 2016), the data, stimuli, and analysis code associated with this study 

are freely available on the Open Science Framework. By making the data available, we enable others 

to pursue tests of alternative hypotheses, as well as more exploratory analyses.

PARTICIPANTS

Previous studies exploring value judgements for aesthetic stimuli have participant sample sizes which 

range between 21 and 155 participants (Ishizu & Zeki, 2017; Kreutz et al., 2008). Such studies exploring 

aesthetic perception of dance movement stimuli, more specifically, used participant samples which 

ranged between 6 and 41 (Calvo-Merino et al., 2008; Christensen et al., 2021). As the average number 

of participants tested in the prior aesthetics literature is around 81 participants (Gernot et al., 2018; 

Wilkinson et al., 2021; Ishizu & Zeki, 2017; Vuoskoski et al., 2011; Kreutz et al., 2008), and the average 

for dance-specific research is around 22 participants (Calvo-Merino et al., 2008; Cross et al., 2011; 

Kirsch et al., 2015; Kirsch & Cross, 2018; Christensen et al., 2021), we aimed to recruit a larger-than-

average sample for this experiment to allow the results to be more comparable to the sample sizes used 

to explore aesthetic perceptions of other mediums. Therefore, we aimed to collect data from a minimum 

of 50 participants.

A total of 444 participants launched the webpage to begin the experiment. Upon excluding participants 

who did not complete the task in full (N=389), the final sample size was 55. The experiment was created 

in formr (Arslan et al., 2020) and was advertised through the University of Glasgow subject pool, and 

across various social media platforms. 

STIMULI

The stimuli used in this experiment were selected from the McNorm Movement Library. These 

movement clips have been validated for emotion recognition in a series of prior experiments by the 

authors (Smith & Cross, 2022). 

Clips from the full McNorm Library (N=20; 4 Neutral, 4 Happy, 4 Sad, 4 Angry, 5 Fearful) used in this 

aesthetic judgment experiment were selected as they were found to be most representative of their 
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intended emotion category. In the creation of the McNorm Movement Library, movement sequences 

were devised by a professional dancer who was instructed to exclude any movements which are tied to 

a particular emotional state (e.g. shaking fist for anger, arms thrown in the air for joy), or movements 

that are associated with specific emotionally evocative narratives (e.g., “dying swan” arm movements 

from the traditional Swan Lake choreographic repertoire which, particularly in participants with 

previous dance experience, may invoke feelings of grief or sadness). These pieces of choreography 

were then performed five times, each time with the aim to communicate a different emotion (happy, 

sad, angry, fearful, and neutral/non-expressive as a control) to an imagined spectator. Stimuli 

considered to be most representative of these emotion categories were decided based on recognition 

rates for the emotion intended to be communicated by the movement performer (i.e., clips which were 

intended to be happy by the movement performer which received the highest proportion of ‘happy’ 

responses in the emotion validation experiments). A more detailed breakdown of the emotion 

recognition rates for each clip used in this experiment can be found in Table 3.1. 

Table 3.1: Summary of the whole body dance movement stimuli from the McNorm Library used in 

this experiment. The table provides information about the name of the clip, the emotion category 

assigned to the clip, and the average rate of recognition for the intended emotion for the clip across the 

two validation experiments in Smith & Cross (2022).

Clip Name Emotion 

Category

Average Emotion Recognition Rate 

(%)

frappe_N Neutral 52.42

jete_N Neutral 58.25

plie_N Neutral 60.13

tendu_N Neutral 61.19

balanch_H Happy 47.59

char_H Happy 53.30

onegin_H Happy 49.70

pirouette_H Happy 50.76

fondu_S Sad 67.96

free_mov_S Sad 55.36

plie_S Sad 64.08

rdej_S Sad 48.64

balanch_A Angry 42.87

bitter_A Angry 43.93

char_A Angry 65.12

onegin_A Angry 35.15
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The 20 movement sequences outlined in the previous section were uploaded to Vimeo and were 

displayed through formr using embed codes. In Vimeo, the embed codes were   manipulated   to   remove   

the   standard   online   video   handles   (video   title,  uploader information,   suggested   videos,   and   

Vimeo   branding).   The   video   controllers   were   also removed, and the video was set to loop 

automatically until participants had submitted their responses for the item.

PROCEDURE

Participants were directed to the formr link, which in turn led them to the experiment page. After reading 

the study information and consenting to participate (in accordance with University of Glasgow and 

British Psychological Society guidelines), participants completed two demographics measures (age, 

gender) and two questionnaires: a series of questions extracted from an early, unpublished version of 

the Gold-DSI (Rose et al., 2020), and the TES (Spreng et al., 2009).

The selected questions from the early Gold-DSI allowed participants to provide detail about their 

previous dance experience, covering both formal and informal experience, and both physical and 

observational experience. The version of the Gold-DSI used in this experiment can be found on the OSF 

(https://osf.io/hvmwn/). The TES is a 16-item questionnaire which includes a variety of measures 

exploring emotional and cognitive empathy, used to generate an individual empathy score (ranging 

from 0 – 64) for each participant, where higher scores are reflective of higher empathy.

Following the completion of these measures, participants began the aesthetic judgement experiment 

wherein they watched each of the 20 emotionally expressive movement sequences (presented in random 

order) and after observing each sequence were asked to provide an answer to the question “How 

beautiful did you find this movement clip to be?” on a 100-point slider scale from “Not beautiful” (0) 

to “Very beautiful” (100), and a response on a similar 100-point slider scale to the question of “How 

much did you like this movement?” from “Not at all” (0) to “Very much” (100). The experiment took 

between 30 and 45 minutes for the volunteers to complete, and first-year psychology students at the 

University of Glasgow received 3-4 participation credits for taking part. 

As this experiment was conducted using an online sample, three catch trials were included to test 

whether participants were paying sufficient attention to the stimuli and task. For this purpose, 

participants were shown images of animals (kitten, puppy, and toad/frog), and on the following page 

they were asked to type which animal they had observed a picture of on the previous page. These images 

bitter_F Fearful 30.10

ever_con_F Fearful 43.64

ice_F Fearful 43.47

partner_F Fearful 30.10
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were interspersed randomly within the experimental trials. No participants who completed the task in 

full failed these attention checks, and therefore no additional participants were excluded from the final 

sample or analysis. 
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RESULTS

Beauty Results

Participants were asked to provide beauty ratings for each of the clips on a 100-point slider scale from 

‘Not Beautiful’ (0) to ‘Very Beautiful’ (100). The average beauty rating provided by participants (across 

all 20 clips) in this study was 60.98 (SD= 12.74).

Comparison of Beauty Ratings Across Different Emotion Categories

Each of these dance movement sequences were associated with an emotion label (happy, sad, 

angry, fearful, and neutral as a non-expressive control), based on both the expressive intentions of the 

movement performer and the emotion perceptions of movement observers (validated in Smith & Cross, 

2021). A one-way ANOVA revealed significant differences in beauty ratings across clips from different 

emotion categories: F(4, 270)= 20.6, p< 0.001, η2 = 0.234. This difference was explored in more detail 

through post-hoc Tukey testing, where it was found that clips from the neutral/non-expressive category 

(M= 43.1, SD=18.35) received the lowest overall beauty ratings. Neutral clips received significantly 

lower beauty ratings than happy clips (M= 68.13, SD= 15.48, p< 0.001), sad clips (M= 63.11, SD= 

15.88, p<0.001), angry clips (M= 64.84, SD= 16.27, p< 0.001), and fearful clips (M= 65.71, SD= 16.85, 

p< 0.001). After controlling for multiple comparisons, no other differences were found to be significant. 

These results indicate that participants found movement imbued with expressivity to be significantly 

more beautiful than movements absent of expression, regardless of the specific emotion being 

portrayed. A more detailed visualisation of these results can be found in Figure 3.1 below.

Figure 3.1: A visualisation of beauty scores provided by participants across all clips (overall), and 

across all clips within each specific emotion category.

Relationship Between Beauty Ratings and Overall Task Enjoyment
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After completing the aesthetic judgement task, participants were asked to rate how much they enjoyed 

the task on a 100-point slider scale from ‘Not at all’ (0) to ‘Very much’ (100). The average task 

enjoyment rating provided for this experiment was 69.24 (SD = 21.87). A Spearman correlation was 

conducted to explore whether participants beauty ratings influenced their overall task enjoyment. A 

weak positive correlation was observed, but this relationship was not found to be statistically 

significant: rs = 0.214, p= 0.117. Therefore, overall task enjoyment was not influenced by how beautiful 

participants found the movement stimuli to be. 

Relationship Between Beauty and Empathy

Prior to completing the aesthetic judgement task, participants completed the Toronto Empathy Scale 

(TES; Spreng et al., 2009), and from their responses an individual empathy score was generated. The 

average empathy score across all participants was 48.56 (SD = 4.56). 

A Pearson’s correlation was conducted to explore whether individual differences in empathy had an 

impact on the overall beauty ratings provided. A significant positive relationship was observed between 

TES scores and average beauty rating provided: r(53) = 0.407, p=0.002. Therefore, in this experiment 

participants with higher self-reported levels of empathy generally found the movement sequences to be 

more beautiful than those with lower levels of trait empathy. A visualisation of this relationship can be 

observed in Supplementary Figure S.4.

Relationship Between Previous Dance Experience and Beauty Ratings

Participants also completed an early, unpublished version of the Gold-DSI (Rose et al., 2020) which 

provided detail about various aspects of their previous dance experience. One of these measures asked 

participants to classify their level of previous dance experience from one of the following five options: 

non-dancer, beginner, intermediate, advanced, or professional). While no participants classified 

themselves as a professional dancer, the majority reported having danced to some extent (15 beginners, 

15 intermediate dancers, and 4 advanced dancers), and 21 participants reported having no previous 

dance experience. 

A one-way ANOVA was conducted to explore whether different levels of prior dance experience had 

an impact on beauty ratings provided for these dance movement sequences, and a significant difference 

was observed: F(3,51)= 3.607, p= 0.019, η2= 0.175. Further examination of this result showed that 

participants who classified themselves as “Intermediate” level dancers provided significantly higher 

beauty ratings than participants who classified themselves as “Beginners”  (p=0.047), and marginally 

higher beauty ratings than participants who identified themselves as non-dancers (although this 

difference did not reach statistical significance after controlling for multiple comparisons; p=0.066). 

No other differences were found to be significant. Average beauty ratings provided by participants from 

each level of dance experience can be found in Table 3.2 and are visualised in Figure 3.2. 
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Table 3.2: Summary of average overall beauty ratings provided by participants across each level of 

previous self-reported dance experience.

Non-Dancers

(N= 21)

Beginners

(N= 15)

Intermediate

(N= 15)

Advanced

(N= 4)

Average Beauty Rating 

Provided
57.25 (±13.19) 57.00 (±10.06) 68.04 (±11.02) 68.99 (±14.61)

Figure 3.2: Average beauty scores provided by participants across each self-reported level of previous 

dance training.

The version of the Gold-DSI used in this experiment included a number of additional measures, three 

of which were related to physical dance experience (“How often do you currently go dancing for 

fun/social reasons?”, “I have  taken  regular  dance  classes  at  least  once  a  week  for...”, and “I have 

had formal training in any dance style for…”), and two measures which were related to observational

dance experience (“How often do you watch dance performances/shows/videos on TV or internet?”, 

and “How often do you attend live dance performances?”). These two sets of items were grouped 

together to create a more general score for each participants’ physical dance experience and 

observational dance experience, respectively. One additional item from the questionnaire was not 

related to frequency of experience, and instead asked participants to select the number of dance styles 

they had experience in (‘none’, ‘one dance style’, ‘two dance styles’, ‘three dance styles’, or ‘more than 

three dance styles’) and was therefore considered separately in the analysis. As   the   number   of   

possible   responses to the items in this questionnaire varied from 5-7, prior to further analysis the 

responses were transformed using min-max normalization to account for the differences in scales.
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To examine the impact of various facets of previous dance experience on beauty judgements made for 

the dance movement clips, a three-stage hierarchical multiple regression was conducted with average 

beauty score as the dependent variable.  The physical dance experience factor  was  entered  at the  first 

stage of the regression, the observational dance experience factor was added in the second stage, and 

number of styles a participant was familiar with was added at the final stage to create the maximal 

model. The factors were added in this order to reflect the frequency with which these facets of dance 

experience have been explored in previous research in this field. The results can be found in Table 3.3 

below.

Table 3.3: Results of a hierarchical multiple regression exploring the impact of physical dance 

experience, observational dance experience, and the number of trained dance styles on average beauty 

scores provided. 

Model Summary Predictor B T Std Error

Model 1 F(1,53)= 4.948*, R2
Adj= 0.068, RSE= 

12.3

Intercept

Physical 

Experience

56.789

12.962 2.224* 5.827

Model 2 F(2,52)= 4.064*, R2
Adj= 0.102, RSE= 

12.08

Intercept

Physical 

Experience

Observational 

Experience

53.916

7.048

11.961

1.058n.s.

1.730n.s.

6.664

6.914

Model 3 F(3,51)= 3.288*, R2
Adj= 0.113, RSE= 

12

Intercept

Physical 

Experience

Observational 

Experience

Number of 

Styles

54.370

15.933

12.886

-8.215

1.660n.s.

1.865n.s.

-1.279n.s.

9.596

6.910

6.420

Note: N= 55, n.s.p> 0.05, *p<0.05, **p<0.01, ***p<0.001.
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Model 1: Average Beauty Score ~ Physical Dance Experience Factor.

Model 2: Average Beauty Score ~ Physical Dance Experience Factor + Observational Dance 

Experience Factor.

Model 3: Average Beauty Score ~ Physical Dance Experience Factor + Observational Dance 

Experience Factor + Number of Dance Styles a Participant has Experience With.

The hierarchical multiple regression revealed that at Stage one, the regression model was a significantly 

better fit for the data than the null model F(1,53)= 4.948, p= 0.030 and that the physical dance 

experience factor explained 6.8% of the variation in average beauty score provided for the movement 

stimuli. Introducing observational dance experience as a predictor at stage two created a model which 

was a significantly better fit for the data than the null model F(2,52)= 4.064, p= 0.023, but did not fit 

the data significantly better than the stage one model F= 2.99, p=0.09 and only explained an additional 

3.4% of the variance in beauty scores. Similarly, when introducing the number of dance styles a 

participant was familiar with as a factor in the maximal model, this was a better fit for the data than the 

null model F(3,51)= 3.288, p= 0.028, but did not significantly improve on the stage two model F= 1.637, 

p= 0.207 and only explained an additional 1.1% of the variation in beauty scores. In accordance with 

the Occam’s Razor principle to avoid overfitting, the stage one model (including only the physical 

dance experience factor) is the model which best explains the data. Therefore, more extensive physical 

dance experience was found to significantly increase the average beauty rating provided by participants 

in this experiment, and this provides preliminary support for the notion that having previous dancer 

experience leads to increased aesthetic appreciation of expressive dance movement stimuli, even when 

there is limited visual information contained in these representations of the dynamic human body.

A 4*5 Factorial ANOVA was conducted to explore whether previous dance experience influences 

beauty ratings for movement stimuli containing different kinds of emotional expressivity. A significant 

main effect of self-reported dance experience level, F(3,1355)= 52.745, p< 0.001, and a significant main 

effect of emotion category, F(4,1355)= 116.982, p< 0.001, were observed. However, the interaction 

between these factors was not found to be significant; F(12,1355)= 1.651, p= 0.072. A visualisation of 

this interaction can be observed in Supplementary Figure S.5.

Liking Results

Participants were asked to provide liking ratings for each of the clips on a 100-point slider scale from 

‘not at all’ (0) to ‘very much’ (100). The average liking rating provided by participants (across all 20 

clips) in this study was 62.26 (SD= 12.06).
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Comparison of Beauty Ratings Across Different Emotion Categories

A one-way ANOVA revealed significant differences in liking ratings across clips from different 

emotion categories: F(4, 270)= 20.09, p< 0.001, η2= 0.229. This difference was explored in more detail 

through post-hoc Tukey testing, where it was found that clips from the neutral/non-expressive category 

(M= 45.69, SD=17.79) received the lowest liking ratings overall. Neutral clips were liked significantly 

less than happy clips (M= 71.57, SD= 15.65, p< 0.001), sad clips (M= 59.26, SD= 17.37, p< 0.001), 

angry clips (M= 69.79, SD= 17.72, p< 0.001), and fearful clips (M= 64.98, SD= 17.58, p< 0.001). In 

addition, sad clips were liked significantly less than angry clips (p= 0.013), and significantly less than 

happy clips (p= 0.002). No other differences were found to be significant. These results indicate that 

overall participants liked movement imbued with expressivity significantly more than movements 

devoid of expression. Unlike with beauty, however, liking ratings were influenced by the specific 

emotion being portrayed through the movements. Sad movements were liked significantly less than 

movements imbued with the traditionally high intensity emotions of anger and happiness. This may 

indicate that liking, but not beauty, judgements may be influenced by general expressivity and by the 

intensity of expression. A more detailed visualisation of these results can be found in Figure 3.3 below.

Figure 3.3: Liking scores provided by participants across all clips (overall), and across all clips within 

each specific emotion category.

Relationship Between Liking Ratings and Overall Task Enjoyment

A Spearman correlation was conducted to explore whether liking of the movement stimuli impacted 

overall enjoyment of the judgement task. A stronger positive correlation was observed for liking ratings 

than for beauty ratings, but this relationship was not found to be statistically significant: rs = 0.249, p= 
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0.067. Therefore, the data does not indicate that overall task enjoyment was influenced to a significant 

degree by how much participants liked the movement stimuli. 

Relationship Between Beauty and Empathy

A Pearson’s correlation was conducted to explore whether individual differences in empathy had an 

impact on how much participants liked the movement stimuli. A significant positive relationship was 

observed between TES scores and average liking rating provided: r(53)= 0.307, p= 0.022. Therefore, in 

this experiment participants with higher self-reported levels of empathy generally liked the movement 

sequences more than those with lower levels of trait empathy. A visualisation of this relationship can 

be observed in Supplementary Figure S.6.

Relationship Between Previous Dance Experience and Beauty Ratings

A one-way ANOVA was conducted to explore whether level of previous dance experience had an 

impact on liking ratings provided for these dance movement sequences, and a significant difference was 

observed: F(3,51)= 3.764, p= 0.016, η2= 0.181. As with the beauty ratings, participants who classified 

themselves as “Intermediate” level dancers provided significantly higher liking ratings than participants 

who classified themselves as “Beginners” (p=0.046), and marginally higher liking ratings than 

participants who had no previous dance experience; although this difference was not statistically 

significant after controlling for multiple comparisons (p=0.053). No other differences were found to be 

significant. Average liking ratings provided by participants from each level of dance experience can be 

found in Table 3.4 and visualised in Figure 3.4. 

Table 3.4: Summary of average overall liking ratings provided by participants with each level of 

previous self-reported dance experience.

Non-Dancers

(N= 21)

Beginners

(N= 15)

Intermediate

(N= 15)

Advanced

(N= 4)

Average Liking Rating 

Provided
58.81 (±11.24) 58.23 (±10.33) 69.02 (±11.13) 70.09 (±15.05)
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Figure 3.4: Average liking scores provided by participants across each self-reported level of previous 

dance training.

A three-stage hierarchical multiple regression was conducted to explore the factors obtained from the 

Gold-DSI as a function of how much participants liked the movement stimuli. As before, the predictors 

(physical experience, observational experience, and number of styles known; respectively) were added 

to the model in phases, with average liking score as the dependent variable.  The results can be found 

in Table 3.5 below.

Table 3.5: Results from a hierarchical multiple regression exploring the impact of physical dance 

experience, observational dance experience, and the number of trained dance styles on average liking 

scores provided.

Model Summary Predictor B T Std Error

Model 1 F(1,53)= 5.845*, R2
Adj= 0.082, RSE= 

11.56

Intercept

Physical 

Experience

57.979

13.232 2.418* 5.473

Model 2 F(2,52)= 3.433*, R2
Adj= 0.083, RSE= 

11.55

Intercept

Physical 

Experience

56.376

9.932

6.676

1.558n.s.

1.009n.s.

6.375

6.614
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Observational 

Experience

Model 3 F(3,51)= 2.645n.s., R2
Adj= 0.084, RSE= 

11.55

Intercept

Physical 

Experience

Observational 

Experience

Number of 

Styles

56.728

16.815

7.392

-6.364

1.822n.s.

1.112n.s.

-1.030n.s.

9.231

6.646

6.176

Note: N= 55, n.s.p> 0.05, *p<0.05, **p<0.01, ***p<0.001.

Model 1: Average Liking Score ~ Physical Dance Experience Factor.

Model 2: Average Liking Score ~ Physical Dance Experience Factor + Observational Dance 

Experience Factor.

Model 3: Average Liking Score ~ Physical Dance Experience Factor + Observational Dance 

Experience Factor + Number of Dance Styles a Participant has Experience With.

The hierarchical multiple regression revealed that at Stage one, the regression model was a significantly 

better fit for the data than the null model F(1,53)= 5.845, p= 0.019 and that the physical dance 

experience factor explained 8.23% of the variation in average liking score provided for the movement 

stimuli. Introducing observational dance experience as a predictor at stage two created a model which 

was a significantly better fit for the data than the null model F(2,52)= 3.433, p= 0.040, but did not fit 

the data significantly better than the stage one model F= 1.019, p=0.317 and only explained an 

additional 0.1% of the variance in liking scores. Finally, when introducing the number of dance styles 

a participant was familiar with as a factor in the maximal model, this produced a model which was not 

a significantly better fit for the data than the null model F(3,51)= 2.645, p= 0.059. Adhering to the 

Occam’s Razor principle to avoid overfitting, the stage one model (including only the physical dance 

experience factor) is the model which best explains the liking data. Therefore, more extensive physical 

dance experience was found to significantly increase the extent to which participants liked the 

movement clips in this experiment, and this provides further support for the idea that having previous 

dance experience leads to increased aesthetic appreciation of expressive dance movement stimuli, even 

when there is limited visual information contained in these representations of the dynamic human body.
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A 4*5 Factorial ANOVA was conducted to explore whether previous dance experience influences 

liking ratings for movement stimuli containing different kinds of emotional expressivity. A significant 

main effect of self-reported dance experience level, F(3,1355)= 44.582, p< 0.001, and a significant main 

effect of emotion category, F(4,1355)= 112.134, p< 0.001, were observed. However, the interaction 

between these factors was not significant; F(12,1355)= 1.522, p= 0.11. A visualisation of this interaction 

can be found in Supplementary Figure S.7.

The Relationship Between Beauty and Liking

Finally, a Pearson’s correlation was conducted to explore the relationship between average beauty and 

average liking ratings for stimuli presented to participants in this experiment. A strong positive 

correlation was observed between beauty and liking r(53)= 0.866, p< 0.001. This relationship can be 

observed in Figure 3.5. These results do show that participants provided higher beauty ratings for the 

clips that they liked more, but these factors were not perfectly correlated. Therefore, this result provides 

evidence to support the need for exploring both beauty and liking as a function of aesthetic appreciation, 

as these factors are related but do not measure the same thing. 

Figure 3.5: Relationship between average beauty and liking ratings provided by participants in this 

experiment.
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DISCUSSION

In this study, we investigated whether empathy and previous dance experience influenced beauty and 

liking judgements beauty and liking for emotionally expressive whole-body dance movement clips 

(from the McNorm Library; Smith & Cross, 2022). As predicted, both dance experience and empathy 

had a significant impact on aesthetic evaluations, and differences in beauty and liking ratings emerged 

across clips communicating the expression of different emotional states. A more in-depth discussion of 

these results is presented in the following section.

Empathy Results

A number of studies exploring the relationship between empathy and aesthetic evaluation have provided 

evidence for an intrinsic link between these sociocognitive processes across multiple art mediums. For 

example, results from a series of behavioural and neuroimaging experiments have observed that 

participants who score higher on self-reported, and non-self-reported, measures of empathy provided 

more positive appraisals of music (Vuoskoski et al., 2011; Kreutz et al, 2008; Garrido & Schubert, 

2011) and visual artworks (Gernot et al., 2018; Wilkinson et al., 2021; Ishizu & Zeki, 2017). In the 

current experiment, we found that participants with higher self-reported trait empathy (as measured by 

scores on the Toronto Empathy Scale; Spreng et al., 2009) provided higher overall beauty and liking 

scores for dance movement clips from the McNorm Library than individuals with lower self-reported 

empathy. These results add to the growing body of literature which suggests an intimate link between 

aesthetic processing and general empathy.

While evidence suggests the existence of medium-specific empathic skillsets, no measures of 

kinaesthetic empathy were collected in this experiment. It should be noted that although the concept of 

‘kinaesthetic empathy’ is used frequently in dance movement therapy research (Rova, 2017, Castro et 

al., 2021), it is rarely discussed in those terms in dance aesthetics research. ‘Kinaesthetic empathy’ is 

instead typically explored through embodiment or proprioceptive capability, and activity of the AON 

(as measured by fMRI) is often used as a proxy for this in neuroimaging studies. To our knowledge, 

there is no self-report tool which provides an overview of an observer’s kinaesthetic empathy-related 

skills. Neuroimaging research is expensive, and as a result of financial and time-related constraints, 

sample sizes are relatively small. Therefore, the development of such a tool would be useful for 

empirical aesthetics researchers who wish to explore whether this medium-specific kind of empathy 

exists within the wider population, and whether it plays a role in the aesthetic processing of movement 

stimuli. 

We should note here that while empathy appears to play a significant role in aesthetic evaluation of 

human dance movement, it is not the sole component of an individual’s personality which can influence 

the value we attach to dance movements. Indeed, results from studies exploring the visual arts and music 

suggest that Openness to Experience (one element of the OCEAN Five-Factor personality profile; 
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Pilarska, 2018) plays a significant role in sculpting our aesthetic experiences. It has been found that 

individuals with high scores along this dimension of personality reported experiencing greater “awe” 

in response to music and images of the natural world (Silvia et al., 2015). The impact of 

conscientiousness, agreeableness, and neuroticism had significantly smaller contributions to how much 

“awe” participants experienced than openness, and the effects of extraversion were found to be close to 

zero (Silvia et al., 2015). The authors therefore argue that openness to experience is essentially an 

aesthetic trait which comprises a substantial part of our personality. There is a wealth of additional 

literature which provides support for the idea that openness to experience plays a key role in determining 

how we view the aesthetic experience of music and the visual arts (Colver & El-Alayli, 2016; Rawlings 

et al., 2000; McCrae, 2007; Feist & Brady, 2004). However, the influence of this personality trait on 

beauty and liking judgements for dance movements is less well-understood. Future research should 

include some additional measures to examine the role of other personality factors, and in particular for 

the dimension of openness to experience, in the aesthetic appreciation of whole-body dance movements.

Dance Experience Results

Research suggests that previous dance experience can lead to changes in the perception of human 

movement stimuli (e.g., Calvo-Merino et al., 2005; Cross et al., 2006; Orgs et al., 2008). Studies using 

expert dancers have repeatedly shown that professional dance training can influence the perception of 

movement in a number of ways, and that even short-term dance training sessions can result in 

differences in the aesthetic evaluation of whole body dance movements (Kirsch et al., 2015; 2018). This 

has been observed with greater frequency among individuals with motor experience, but evidence also 

suggests that observational dance experience alone can lead to these altered perceptions (Kirsch et al., 

2015; Gray et al., 1991). 

Our data yielded partial support for the second hypothesis, in that individuals who classified their level 

of dance experience as ‘intermediate’ provided significantly higher overall beauty and liking ratings 

than beginner dancers, and marginally higher ratings than non-dancers; although these differences were 

no longer significant after controlling for multiple comparisons. No such differences were observed 

between participants with higher levels of previous experience (i.e., participants who classified 

themselves as advanced dancers). However, it should be noted that only four participants reported 

having more than an intermediate level of training, and no participants identified as professional 

dancers. It is possible that these differences would have emerged if a greater proportion of the 

participants had more substantial dance training.

In addition, we predicted that both physical dance experience – and to a lesser extent observational 

experience – would result in more favourable aesthetic value judgements for the dance movement 

stimuli. However, the results from this experiment provide only partial support for our experimental 

hypothesis. Hierarchical multiple regression analyses revealed that only physical dance experience had 
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a significant impact on beauty and liking ratings. This result is surprising, given observations from the 

previous literature, as there are multiple studies which indicate that even observational dance experience 

can sculpt the way we perceive and respond to human movement. For example, in a study conducted 

by Jola and colleagues (2012), participants with long-term experience of watching ballet or Indian 

dance, and individuals with no observational dance experience (“novices”), watched three live 

performances of ballet, Indian dance, and a theatre play while motor-evoked potential (MEP) data was 

collected from the hands and arms. Movement of the arms and hands play a style-specific role in dance 

choreography; ballet dancing places greater emphasis on arm positioning, while Indian dance tends to 

involve more intricate movement of the hands and fingers. They found that participants showed 

heightened MEPs in response to dance movements from the style they were familiar with, in the 

associated body areas. More specifically, frequent observers of ballet showed higher MEPs in the arms 

in response to ballet movements than observers of Indian dance, or individuals with no visual experience 

of either style. The expected trend was also observed for frequent observers of Indian dance, as they 

demonstrated higher MEPs in the hands in response to the Indian dance performance than ballet 

spectators or novices (Jola et al., 2012). This study shows that even without motor experience in dance, 

physiological responses to dance are mediated by observational experience. 

Few studies have specifically explored the impact of observational, rather than physical, experience on 

liking and beauty ratings for emotionally expressive whole-body dance movements. However, those 

which have tend to examine the impact of a short-term, intensive observational dance training, rather 

than long-term lifetime exposure to dance (Kirsch et al, 2015; 2018; Cross et al., 2009). It is possible 

that experience as a spectator of dance does prompt more positive aesthetic responses to movement, but 

that this only occurs in response to specific movement sequences which have been observed multiple 

times in training sessions, rather than to dance motion more generally. Therefore, going forward, it may 

also be useful to explore the impact of longer-term exposure to dance in real world settings on aesthetic 

value judgements for whole-body human movement.

Emotion Results

In support of Christensen and colleagues’ (2021) findings, we also report here that observers showed a 

preference (in both beauty and liking ratings) for emotionally expressive dance movements, over the 

neutral (non-expressive) dance movement sequences. These results provide support for our final 

experimental hypothesis. While the potentially mediating impact of emotional expressivity on aesthetic 

value judgements has received relatively little research attention (in the evaluation of dance 

movements), this result makes sense within the context of the wider empirical aesthetics literature. For 

example, it has been found that observing emotionally-salient paintings result in more pronounced 

activation within the medial orbito-frontal cortex; an area believed to be responsible for processing 
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beauty (Ishizu & Zeki, 2017). These results imply that affect, much like empathy, is intrinsically linked 

to the aesthetic experience.

This result has implications for dancers and choreographers, as it would appear from these results that 

movements which are perceived to contain little or no emotional expressivity may result in audiences 

disengaging with a performance. As this is not a desirable outcome for any dance practitioner, dance 

teachers and choreographers should place a specific importance on the ability to communicate emotions 

effectively through movement, in addition to developing technical accuracy, and dancers should ensure 

that when they are performing that they are using their body in ways that most effectively convey these 

emotional states. This poses an interesting question for future research in movement aesthetics. While 

some research has explored the impact of movement kinematics on emotional communication, this 

literature is rife with contradictory accounts of which aspects of motion are most salient for 

communicating basic emotional states (Atkinson et al., 2004; Crane & Gross, 2013; Gross et al., 2012; 

Melzer et al., 2019; Alaerts et al., 2011). In addition, it should be noted that these experiments frequently 

explore the success of emotion communication through measures of recognition accuracy (often as a 

percentage from forced-choice tasks), and it is likely that this approach only accounts for what is 

implicitly important for these judgements. To our knowledge, no experiments have explored what 

observers deem, explicitly, to be important for emotional communication through dance motion. It 

could be useful for future research to explore which aspects of motion contribute most substantially to 

emotional communication through a qualitative lens. Experiments like this may allow us to gain a 

deeper understanding of what is important for the communication of different emotional states from a 

perceptual standpoint, and this may help to generate a framework for dancers and choreographers to 

implement in their practice, with the hope of prompting greater audience engagement with performative 

dance. 

Beyond differences between the presence or absence of emotional expressivity in movement, no 

specific predictions were made about whether the expression of specific emotions would influence 

aesthetic value judgements. However, in considering anecdotal evidence and research from other related 

fields, we proposed that observer preferences for emotional movement would emerge in one of two 

directions. First, in reversing the logic of “what is beautiful is good”, we believed participants may have 

preferred movements communicating emotions with positive valence, and that the happy sequences 

would have received higher beauty and liking ratings than clips from the other emotion categories. 

Alternatively, given the pleasure certain individuals derive from sad music and the widespread 

popularity of performative ballets depicting tragedies, we also believed participants may demonstrate a 

preference for dance movements depicting sadness.

No significant differences were observed in beauty judgements across clips from the different emotion 

categories. However, for liking ratings, while non-expressive dance movements were still liked the 
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least, participants demonstrated a significant preference for both happy and angry movements over sad 

movements. This result is surprising, as these preferences did not align with a trajectory in either of the 

speculated directions. Sad movements received the lowest liking ratings out of all of the emotionally 

expressive categories, therefore these results do not support an enjoyment of sadness in art that is 

universally applicable across different media. Additionally, we did not find complete support for the 

notion that “what is good is beautiful”, as although happy movements were liked significantly more 

than sad movements, they were not liked more than angry movements. There are several potential 

explanations for these results which merit future research attention.

First, the argument has been made by dance practitioners that reducing performative dance to short clips 

without music, costume, stage furniture and all of the other elements involved in live performances 

means aesthetics researchers using such stimuli are no longer studying the artform of dance, but instead 

merely a form of biological motion. This may be a particular issue for experiments, like this one, which 

depict dance movement in the form of point-light displays. This specific presentation style is 

specifically designed to limit the interference of socially relevant cues (other than the movements 

themselves) from interfering with social judgements, but perhaps this could explain why sad movements 

from the McNorm Library were not found as aesthetically engaging as the sad movement sequences 

observed in ballets like Swan Lake, or Giselle. Perhaps it is some of the ‘magic’ of these different 

performative elements coming together, which is lost in translating movements to laboratory-based 

experimental paradigms, that makes observing the grief of star-crossed lovers such an aesthetically 

impactful experience. Future work should therefore explore how different elements of live performance 

contribute to overall aesthetic appraisal of human dance movement.

Additionally, it should be noted that in the traditional set of basic emotions, the only emotion with a 

positive valence is happiness (Jack et al., 2012). Sadness, anger, fear, and disgust all exist within the 

negative valence space, and surprise can be considered neutral on this continuum (as its expression can 

emerge in response to both positive and negative events). In this experiment, we focused on aesthetic 

appraisal of the most frequently studied emotions in this domain (i.e., happiness, sadness, anger, and 

fear). However, it is possible that “what is good is beautiful” may apply when a broader range of both 

negative and, in particular, positive valence emotions are included within the experimental stimuli. 

Alternatively, while anger and happiness exist on opposing ends along the dimension of valence, 

specific kinds of happiness (e.g., joy, elation) and anger (e.g., rage, fury) are both considered to be high 

arousal emotions. Therefore, these results could suggest that arousal plays a more important role in 

aesthetic preferences than valence, in terms of emotional expressivity in movement. Until future 

research explores aesthetic perceptions of movements communicating a broader range of emotions, 

differing in both valence and arousal, it would be premature to make any specific conclusions about 

whether the “good” is considered more beautiful.
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CONCLUSIONS

The applications of empirical aesthetics research can be observed across many facets of our everyday 

lives, and engaging with aesthetics through the arts is important for human wellbeing and personal 

development. Considered together, these factors highlight the importance of research in the fields of 

empirical aesthetics in general. In the present study, we examined several factors which can impact the 

aesthetic experience of observing emotionally expressive whole-body dance movement, to add to the 

growing body of literature. We obtained evidence which demonstrates that, regardless of previous 

experience or individual differences in personality, observers show a general aesthetic preference for 

movement which is emotionally expressive. Additionally, while the specifics of emotional expressivity 

did not influence how beautiful observers found the dance movements to be, differences emerged in 

liking ratings as observers demonstrated a preference for movements which communicated emotions 

which, although differing in valence, are both higher in arousal (i.e., happiness and anger). Finally, 

higher levels of trait empathy and previous physical dance experience were found to mediate aesthetic 

perception of human movement, and prompt more positive appraisals in general.
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CHAPTER 4

READ BETWEEN THE LINES: BEHAVIOURAL AND 

COMPUTATIONAL EXPLORATION OF FACTORS 

INVOLVED IN THE EMOTIONAL AND AESTHETIC 

EVALUATION OF MOTION-GENERATED 

CONTINUOUS LINE DRAWINGS
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ABSTRACT

Social perception research is an invaluable tool for identifying the factors which can mediate the success 

of our interactions with others. Understanding this is important for our personal development, 

wellbeing, and sense of identity. While a wealth of research has explored how we communicate social 

information to others through facial expressions and vocal cues, less is known about how the dynamic 

human body contributes to social information communication. Until we submit human body movement 

to the same rigorous empirical evaluation as other salient cues, our appreciation of social signalling as 

a whole will remain incomplete. Existing methods for studying human movement are fairly limited, and 

with this study, we aimed to develop and validate a new method for exploring human motion in social 

perception research. To this end, we created a series of continuous line drawings depicting movement 

trajectories of the wrists and ankles of a professional dancer during the performance of emotionally 

expressive whole-body movements. In an emotion recognition experiment we then examined whether 

these drawings could function as a viable proxy for human motion, but found that recognition of a series 

of target emotions (neutral, happy, sad, angry, and fearful) was significantly impoverished compared to 

existing types of movement stimuli and not significantly greater than chance. In a follow up experiment, 

we explored the possibility that these drawings could function as visual artworks in their own right, in 

isolation from their movement origins. Previous research has suggested that size, curvature, and 

complexity play specific roles in emotion labels and aesthetic ratings people assign to various kinds of 

visual art (e.g., paintings, simple polygons). When considering these trajectory drawings as visual 

artworks, we obtained evidence in the expected directions for both curvature and complexity. We 

conclude that while this stimulus creation method was not viable for its intended purpose (as an 

alternative stimulus for exploring the communication of emotion via human movement), the 

methodology presented in this manuscript nonetheless provides a new way to generate visual artworks 

which are suitable for use in visual empirical aesthetics research.
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EXPERIMENT 1: INTRODUCTION

Developing and nurturing meaningful relationships with others plays a vital role in our health and 

wellbeing, as well as our sense of identity and belonging (Richardson et al., 2017; Killgore et al., 2020; 

Kaniušonytė et al., 2019; Haslam et al., 2022; Lim et al., 2021). A key component of successful 

interaction with others is our ability to read and interpret a number of verbal and non-verbal social cues, 

and to respond to these cues in an appropriate manner. This highlights the importance of social

perception research, as research in this field allows us to develop an understanding of the factors which 

can mediate the success of these interactions. As a result of extensive research in this area we have 

made significant progress in understanding how we can effectively communicate our internal states to 

others through facial expressions (Jack et al., 2012; Frith, 2009; Smith et al., 2005; Chen & Jack, 2017) 

and vocal cues (both verbal and non-verbal; McAleer et al., 2014; Tonks et al., 2007; Rimé et al., 2002). 

However, much less is known about how we communicate this kind of information through the dynamic 

human body more broadly. 

While research exploring the role of human body movement in social communication is relatively 

limited in comparison to other kinds of social cues, studies have identified several higher order social 

cues that we can interpret from observing another’s body in motion. It has been found that people can 

rapidly attribute personality traits (e.g., dominance, trustworthiness; Levy & Duke, 2003; Heberlein et 

al., 2004) and affective expressivity (e.g., happiness, sadness, fear, pride; Shafir et al., 2016; Gross et 

al., 2010) to human movement stimuli. In such studies, human body movement has been depicted in

many ways. These different kinds of movement stimuli vary widely in terms of ecological validity, in 

the extent to which researchers can control for confounding factors, and in the level of perceptual detail 

they provide to observers. In the following sections, we will provide a brief overview of existing 

methods, highlighting the trade-offs each existing approach offers.

Live Movement Performance

Relatively few experiments have explored responses to live movement, but the majority of the published 

work has centred around judgements of, and responses to, dance movements. Jola and colleagues, for 

example, aimed to explore the role of observational dance experience on corticospinal excitability (as 

a proxy for embodiment) in response to live ballet and Bharatanatyam dance. In this experiment, 

participants who were either experienced spectators of ballet or Bharatanatyam, or had no experience 

with observing dance performances of any kind observed three live solo dance performances (ballet, 

Bharatanatyam, and a non-dance theatrical piece) while transcranial magnetic stimulation was used to 

collect motor-evoked potentials (MEPs) in their hands and arms (Jola et al., 2012). They found that 

participants with extensive experience of watching dance produced greater MEPs in body regions 

associated with choreography in their familiar dance style (i.e., in the arms of ballet spectators, and in 

the fingers of Bharatanatyam spectators). While it may have been possible to explore this research 
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question using recordings of dance movement, it has been argued that perceptual processing of human 

movement is fundamentally different when presented on a screen or when presented live (Shimada & 

Hiraki, 2006; Järveläinen et al., 2001). It is for this reason Jola and colleagues concluded that in their 

experiment, capturing genuine responses to movement (as we would encounter it in the real world) 

would only have been possible by using such real-time movement performance (Jola et al., 2012). 

Indeed, the idea that live performance is “special” is the central tenet of the ‘NEUROLIVE’ project led 

by Orgs and colleagues. 

NEUROLIVE is the first large-scale project dedicated to exploring what makes ‘liveness’ special, by 

exploring the quantifiable, “behavioural, psychophysiological and neural entanglement between 

performers’ and spectators’ minds, brains and bodies” through collaboration between artists and 

scientists (NEUROLIVE, n.d.). As this project is the first of its kind to explore how the many facets of 

live movement performance coalesce to influence perceptions of observers, results obtained from this 

project will add significantly to our understanding of the importance and function of live experiences 

in the perception of human movement.

In review of the existing work, it is clear that observer responses to the live performance of whole body 

movements in real-time are likely to be most authentic (i.e., representative of the way these judgements 

are made in “real world” situations). However, a limitation of using movement in this form should be 

noted here. The main issue with using real-time movement performance to explore observer reactions 

is that it can be difficult to identify how social judgements are made in response to movement, 

specifically; in isolation from other confounding elements involved in performance settings. For 

example, it has been found that auditory cues, such as music and exertion sounds like breathing and 

gasping, can influence aesthetic and affective judgements of dance movements (Sievers et al., 2013; 

Burger et al., 2013; Christensen et al., 2014; Jola et al., 2014). In addition, it has been found that faces 

can draw substantial attention in social perception tasks. In one experiment, observers were presented 

with virtual agents who expressed either congruent or incongruent facial and bodily emotions. Through 

a series of emotion recognition tasks, it was found that while participants were more successful in their 

judgements in response to the congruent face-body agents, participants judgements were based 

primarily on emotional expressivity of the face (Clavel et al., 2009). These factors are just two of a 

number of confounds which may impact aesthetic and emotional processing of live movement stimuli. 

Therefore, interference from other sensory cues is an important source of artefact to consider when 

evaluating the overall utility and specific usefulness of using movement presented in this form to 

explore questions in social perception research. Further, these complications arising from the presence 

of other social cues may explain why research using live movement stimuli is relatively uncommon.

Full-Light Displays
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Recordings of movement performances, when used as stimuli in social perception research, are referred 

to as full-light displays (FLDs). While it has already been noted that observation of movement in a 2-

dimensional space can produce perceptions which may be inherently different to those which would be 

observed in response to live movement, these kinds of stimuli confer their own advantages from an 

empirical standpoint. One such benefit of using movement recordings is that researchers can ensure all 

participants are exposed to the same stimuli. In a run of live performances there will be natural 

fluctuations in, for example, the performer’s energy level, mood, and technical accuracy across each 

performance, and any one of these factors may influence perceptions of the movements. By using 

consistent recordings of movements, researchers can be more confident that if observers differ in their 

perceptions, that this is not due to subtle differences in the experimental stimuli, and is instead likely to 

be a result of their experimental manipulation.

An additional benefit of using videos of movement, rather than real-time movement, is that FLDs allow 

researchers to have greater experimental control over the confounding factors outlined in the previous 

section. For example, while it is difficult to control for the influence of facial expressions on social 

judgements when observers watch real-time movement sequences, in FLD videos it is relatively simple 

to remove this kind of social cue (i.e., by blurring or pixelating the relevant areas). The ability to edit 

videos in this way allows researchers to manipulate, or remove, a number of such cues (e.g., the 

presence and style, or absence, of a musical accompaniment; the appearance of costumes and/or 

backdrops), providing greater flexibility in the research questions which can be explored. Further, some 

researchers argue that the use of FLDs should be encouraged because in real-world social scenarios we 

obtain full morphological information about the other in motion, therefore studies which limit the 

availability of this information may suffer in terms of ecological validity (Mazzoni et al., 2020). To this 

end, a number of researchers have made use of FLDs as stimuli in social perception experiments (Ross

et al., 2012; Atkinson et al., 2004; Clarke et al., 2005; Manera et al., 2011). 

However, it should be noted that in the ecological validity-experimental control trade-off, FLDs contain 

several visual confounds which cannot be removed, and depending on the specific research question to 

be explored, these cues may render FLDs unsuitable for use in some experiments. For example, in eye-

tracking experiments, it has been found that the attractiveness of a movement performer has a significant 

impact on visual attention. Therefore, if a researcher wishes to explore visual fixation patterns in 

observers for movement, exclusively, then researchers may require stimuli without such morphological 

information about the movement performer. 

Point-Light Displays

Out of the various movement stimuli currently used in social perception research, point-light displays 

(PLDs) contain the least visual information, and therefore include the fewest possible confounding 

factors. PLDs were originally developed by Johansson when he observed that the kinematics of 
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biological motion could be depicted by attaching small light sources to the major joints of a model’s 

body (Johansson, 1975; Krüger et al., 2018). The output of these displays are dot configurations that, 

when animated, leave the viewer with the impression that they are watching an animate being in motion.

These stimuli have been used extensively in a variety of social perception experiments. For example, 

they have been employed in studies exploring the perception of gender (see review by Pollick et al., 

2005) and identity (Mitchell & Curry, 2016), in addition to higher order social constructs like 

personality traits, sexuality, and affective states (Heberlein et al., 2004; Johnson et al., 2007; Atkinson 

et al., 2004; Gunns et al., 2002; Schneider et al., 2014). 

As outlined in the previous section, the benefits of using PLDs are clear for specific research questions

that require a singular focus on ‘pure’ motion, or the specific exclusion of other visual features like 

faces. However, it should also be noted here that in research aiming to explore more naturalistic 

experiences of motion and identification of more complex social signals, these ‘benefits’ may instead 

be detrimental, and it may be more useful to select an alternative presentation method (e.g., FLDs, or 

live movement performance).

Overview of Stimuli Types

In summary, the use of PLDs, FLDs, or live movement stimuli all provide a source of unique benefits 

and limitations. Therefore, depending on the specific research question, any of the movement stimuli 

discussed here may be uniquely suitable for exploring observer perceptions of the dynamic human body. 

Despite this, the breadth of methods available to researchers interested in the role of the dynamic human 

body in social perception is fairly limited (compared to those developed for facial expression research, 

for example). 

When considering the trade-off between experimental control and ecological validity, PLDs and live 

performance, respectively, represent extremes at each end of this spectrum; with FLDs falling 

somewhere in the middle. There does appear to be significant potential for, and interest in, novel 

exploration of the live movement experience (e.g., NEUROLIVE), which provides the potential for new 

methodologies and experimental paradigms to emerge. On the other end of the scale, however, PLDs 

have been used extensively in social perception research since the 1970s, and, to our knowledge, few 

(if any) novel ways have been proposed to explore responses to reduced-format versions of movement 

since then. The creation of new stimuli in this category is important because this would allow 

researchers to explore the level of information reduction required to produce floor effects of recognition, 

and to examine whether there are individual differences which can facilitate more subtle improvements 

in recognition capabilities.

Here we present a novel stimulus presentation method for exploring emotion recognition from human 

dance movement. These stimuli depict the movement trajectories of the body extremities (wrists and 

ankles), during emotionally expressive whole body dance movement sequences, in the form of 



112

continuous line drawings. This method of using human movement to create line drawing stimuli has 

been employed in recent empirical aesthetics research for the visual arts. In one recent study conducted 

by Chamberlain and colleagues (2022), across a series of four experiments participants with various 

levels of art expertise provided naturalness judgements and aesthetic value judgements for graffiti-style 

line drawings which were either computationally generated, or produced through human drawing 

actions. In the first three experiments, these drawings were presented to observers dynamically (i.e., 

participants observed videos of the drawing’s creation in real-time), and it was found that participants 

could distinguish between human-made, and computer-generated drawings, regardless of their previous 

art experience. It was also found that the human-made drawings were perceived to be more aesthetically 

pleasing. The authors highlight that these judgements may have been influenced by kinematic profiles 

of the drawing process, as human-made drawings possess several unique kinematic characteristics 

(including uneven velocity and jerkiness profiles). In a fourth experiment, participants were shown only 

the static final drawings (i.e., the end-products of the drawing process), and here only the art-

experienced participants could differentiate between drawings produced by humans versus those 

produced computationally (Chamberlain et al., 2022). Considered together, these results suggest that 

human movement can be perceived from simple line drawings, and that art-experienced participants are 

more adept at making these judgements. However, it is unclear whether inferences about human motion 

can be made exclusively from visual artworks created as a by-product of drawing-specific actions. We 

set forth the notion that, perhaps, such stimuli created from other kinds of human movement (like whole-

body dance motion) could produce similar perceptions, particularly in individuals with extensive 

movement experience. 

If the emotional content in the line-drawing stimuli derived from dance movements presented in this 

manuscript can be recognised successfully by observers, this approach would provide a promising new 

avenue to visualise human movement for use in social perception research. Based on previous work, it 

appears that as visual information present in stimuli decreases, so too do recognition rates of the 

intended emotion. For example, recognition of the intended emotion has been found to be higher in 

response to FLDs, than for PLDs. To this end, we predict that emotion recognition rates for these 

trajectory images will likely be impoverished compared to PLDs, but still have the potential to yield 

result in recognition rates greater than chance level. 

To further situate our results among the previous literature, we will also explore the impact of two 

factors known to mediate emotion recognition from human movement; individual differences in 

empathy, and previous dance experience.

Empathy and Emotion Recognition

Many previous studies have observed a link between empathy and emotion recognition capabilities. 

This has been observed across tasks using social cues of various modalities, including faces, voices, 



113

and body postures (Balconi & Bortolotti, 2012; Besel & Yuille, 2010; Holland et al., 2021; Israelashvili

et al., 2020; Jospe et al., 2018; Neumann et al., 2014). This link between trait empathy and emotion 

recognition has also been observed for body movements (Rizzolatti & Craighero, 2005). Considering 

these factors together, if the continuous line drawing stimuli could be used as a proxy for representing 

emotionally expressive human movement, we may expect individual differences in empathy to mediate 

success in an emotion recognition task using these stimuli. 

Therefore, we predict that participants with higher levels of trait empathy will be more accurate in their 

emotion judgements than participants with lower levels of empathy.

Dance Experience and Emotion Recognition

Studies have also noted that dancers appear to recognise affective expression from human movement 

with greater accuracy than individuals with no prior dance experience. Christensen and colleagues 

observed that dancers were significantly more accurate in the recognition of positive affect from 

movement than non-dancers (Christensen et al., 2016). Similar results were observed in a later study, 

wherein participants from a variety of dance backgrounds were asked to observe a series of movement 

sequences and identify whether these movements were expressive or non-expressive (Christensen et al., 

2019). Years of dance experience was found to correlate with accuracy in affective recognition, 

providing further support for the idea that dance experience facilitates the ability to recognise expression 

from emotion whole-body movement displays. Beyond physical experience, it has also been found that 

purely observational dance experience can sculpt perceptions of the dynamic human body. Therefore, 

again, we may expect dancers and dance observers to provide more accurate emotion judgements for 

these trajectory line drawings if they function as an alternative way to visualise motion.

Accordingly, we predict that participants with a higher degree of previous dance experience will obtain 

higher emotion recognition rates than those with less previous experience. In addition, we predict that 

physical dance experience will have a more significant impact on recognition rates, but that 

observational dance experience may also result in improved recognition rates.

Aesthetic Evaluation

For two main reasons, we will also explore aesthetic value judgements assigned to these kinds of 

movement stimuli. First, although most empirical aesthetics research focuses on music and the visual 

arts, dance (portrayed in a variety of forms) is quickly gaining traction as a subject in this area. Most 

studies exploring aesthetic responses to dance have depicted the movements as full-light or point-light 

display video clips, but it is possible that dance movements presented in the form of these continuous 

line drawings hold their own aesthetic value for observers. Second, there is a wealth of evidence to 

suggest that aesthetic and affective evaluation of socially-relevant stimuli involve processes which are 

cognitively similar, and may be intrinsically linked (incl. Ishizu & Zeki, 2017; see Chapter 1 of this 
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thesis for a more thorough discussion of this relationship). Therefore, when examining the emotional 

expressivity assigned to such stimuli, it may also be important to consider aesthetic appraisals in this 

context.

As, to our knowledge, no one has explored aesthetic value judgements through trajectory drawings, and 

certainly not in comparison to other types of movement stimuli, we have no set predictions about how 

beauty and liking ratings will compare across these stimulus presentation methods. However, it has 

been found that trait empathy, and art-expertise can mediate the aesthetic value judgements assigned to 

art across various mediums.

Empathy, Dance Experience and Aesthetic Evaluation

Behavioural and neuroscientific evidence suggests that individual differences in empathy influence 

aesthetic processing of works of art. This relationship can be observed in a number of studies which 

have been conducted across a variety of artistic mediums, including visual artworks (e.g., paintings, 

photographs), music and the performing arts (Gernot et al., 2018; Wilkinson et al., 2021; Crozier & 

Greenhalgh, 1992; Arnold et al., 2014). Additionally it has been observed that art expertise can mediate 

the value people assign to aesthetic stimuli from their medium of expertise. This too has been observed 

across multiple artforms; mostly for paintings and music (Silvia & Berg, 2011; Brattico et al., 2013; 

Yeh et al., 2018). However, a number of seminal experiments have provided evidence for the role of 

both empathy and expertise in facilitating perception of human movement stimuli, specifically. 

Calvo-Merino and colleagues, for example, were the first to obtain neuroscientific evidence for the 

relationship between kinaesthetic empathy and aesthetic processing of human dance movement. In this 

experiment, participants observed a series of whole-body dance sequences while neuroimaging data 

were collected. In a subsequent session, the same participants were asked to provide aesthetic 

evaluations (interest and liking) for each of the dance clips, and it was found that the clips which (as a 

consensus) were liked more prompted greater activity in the premotor cortex than clips which were not 

as well-liked. This implies an inherent link between kinaesthetic empathy (as measured by activation 

of the motor areas) and aesthetic evaluation (Calvo-Merino et al., 2008). Similar results have been 

observed when examining the impact of short-term motor experience. In one study, participants 

participated in a 4-day dance training session, where each day they physically rehearsed one set of 

movements, passively observed another, and listened to the music accompanying a third set; a final set 

of movements remained untrained to allow for comparison (Kirsch et al., 2015). fMRI data were 

collected before and immediately after the training sessions, along with self-reported measures of 

movement capability and aesthetic value judgements for all four categories of movement sequences. 

They found that participants liked the movements which they had both physically performed and 

observed significantly more than the music-only sequences and the untrained sequences (Kirsch et al., 

2015).
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In line with these findings, individual differences in empathy and prior dance experience likely mediate 

the perception of these trajectory images. Therefore, we predict that individuals who obtain higher 

scores on the Toronto Empathy Scale (Spreng et al., 2009) will provide more positive aesthetic value 

judgements (beauty and liking) for the continuous line drawings. We also predicted that previous dance 

experience would also mediate aesthetic value judgements. More specifically, that individuals with a 

higher degree of previous dance training would provide more positive aesthetic appraisals of the 

trajectory images, and that physical dance experience would facilitate this increase in beauty and liking 

ratings to a greater extent than observational dance experience.
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EXPERIMENT 1: METHODS

OPEN SCIENCE STATEMENT

Consistent with open science practices widely adopted within psychological research (Open Science 

Collaboration, 2012), we report all manipulations and all measures in the study. In addition, following 

open science initiatives (Munafò, 2016), the data, stimuli, and analysis code associated with this study 

are freely available on the Open Science Framework (https://osf.io/dj2sh/). By making the data 

available, we enable others to pursue tests of alternative hypotheses, as well as more exploratory 

analyses.

PARTICIPANTS

Previous emotion recognition experiments have reported participant samples sizes that range between 

12 and 80 participants (Grezes et al., 2007; Christensen et al., 2019), and studies exploring aesthetic 

perception of dance movement stimuli have reported participant samples which range between 6 and 

41 (Calvo-Merino et al., 2008; Christensen et al., 2021). Since the average number of participants prior 

studies in this domain report testing is around 35 participants, we aimed to collect data from at least 35

participants in our experiment. 

68 participants were recruited through the Prolific online testing platform. 10 participants were excluded 

from the analysis for several reasons (including failed attention checks, technical issues during the task, 

nonsensical demographics responses, failing to provide the completion code, and providing the same 

responses across all stimuli with improbably short completion times). Therefore, after participant 

exclusion, the final sample size was 58. Participants ranged in the amount of previous dance experience 

they had, but they were assigned to one of five different dance-level groups (non-dancer, beginner, 

intermediate, advanced, or professional) by indicating which label they thought was most applicable to 

their previous experiences. The experiment was created in formr (Arslan et al., 2020).

STIMULI

The movement trajectory coordinates used to create the stimuli used in this experiment were extracted 

from emotionally expressive whole-body dance movement sequences from The McNorm Library 

(Smith & Cross, 2022). To ensure the line drawing stimuli would be most representative of the different 

emotion categories (neutral, happy, sad, angry, and fearful), the coordinate data was extracted from the 

4 movement sequences with the highest levels of recognition for each target emotion. Further detail 

about the emotion validation experiments, and the raw emotion recognition data can be found on the 

Open Science Framework (https://osf.io/dj2sh/). 

To create these trajectory line drawings, 2D movement coordinate data was extracted for the wrist and 

ankle markers across the timeseries of the movement sequence from a frontal view of the dancer. In 
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RStudio, each 2D coordinate was then plotted as an individual point on a scatterplot. These points were 

then joined by a continuous black line, which connected the points in order following the timeseries. 

Grid and axes lines, and labels were then manually removed from the resulting plots, and the scatter 

points under the continuous line were made fully transparent. Therefore, the final scatterplots contained 

only the black continuous line on a white background. These plots were then saved as png files at a 

consistent size of 8 x 5 (inches). This process was then repeated for the selected movements of the left 

wrist, right wrist, left ankle, and right ankle. A visualisation of this process can be observed in Figure 

4.1, and two examples of the final line drawing stimuli can be observed in Figure 4.2.

Figure 4.1: In this figure, A shows a simplified representation of the trajectory extraction process. The 

red lines depict the movement of the right wrist marker across 4 time points, and the rightmost image 

shows what that trajectory would look like as a continuous line drawing. B shows the trajectory of the 

right wrist (overlayed in blue) that emerged by repeating this process across all timepoints of the 

movement sequence, and the rightmost image shows what that isolated trajectory looked like as one of 

our experimental stimuli.
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Figure 4.2: Drawing A is an example of a right ankle movement extracted from a fearful clip. Drawing 

B is an example of a right wrist movement extracted from a happy clip. 

PROCEDURE

Participants followed the formr link to begin the experiment. After reading the information and 

consenting to participate (in accordance with BPS guidelines), participants completed two 

questionnaires: a series of questions extracted from an early, unpublished, version of the Goldsmiths

Dance Sophistication Index (Gold-DSI; Rose et al., 2020), and the Toronto Empathy Scale (TES; 

Spreng et al., 2009).

Selected questions from the early Gold-DSI included demographics measures allowed participants to 

provide detail about their previous dance experience, covering both formal and informal experience, 

and both visual and physical experience. Participants were also asked to select which level of dance 

experience was most applicable to them from one of five options (non-dancer, beginner, intermediate, 

advanced, or professional. The TES was used to generate a trait empathy score for each participant 

(ranging from 0 – 64).

Participants then began the experiment wherein they observed pairs of trajectory images depicting the 

right and left versions of either the wrist or ankle markers presented in random order. After observing 

each image pair, they were asked “What emotion do you think this movement was intended to convey?” 

in a forced-choice paradigm (neutral, happy, sad, angry or fearful). Participants also provided aesthetic 

evaluations of the image pairs. They responded on a sliding scale to the questions “How beautiful did 

you find this image to be?” from “not beautiful” (0) to “very beautiful” (100), and “How much did you 

like this image?” from “not at all” (0) to “very much” (100). The whole experiment took around 30 

minutes to complete, and participants received £3 for their participation.
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EXPERIMENT 1: RESULTS

Emotion Recognition Results

Overall average recognition of the intended emotion from the trajectory images was 20.47% (+11.11).

However, recognition differed to a certain extent across images from the different emotion categories. 

Average recognition rates for images from each of the intended emotion categories can be observed in 

Table 4.1 below.

Table 4.1: A summary of the average recognition rates (and standard deviations) for trajectory images 

from each emotion category.

Neutral Happy Sad Angry Fearful

Average 

Recognition 

Rate (%)

26.17 

(± 5.06)

29.30

(± 13.99)

12.50

(± 4.80)

21.09

(± 12.44)

13.28

(± 5.48)

The results of a 1 x 5 ANOVA revealed that average recognition rates were significantly different across 

the different emotion categories: F(4,35)= 5.264, p=0.002. A post-hoc Tukey HSD test revealed that 

images depicting the trajectories of happy movements were recognised with greater accuracy than 

trajectories of fearful movements (p=0.012) and trajectories of sad movements (p=0.008). In addition, 

images depicting the trajectories of neutral movements were recognised with greater accuracy than 

images depicting sad movements (p=0.042). No other differences in recognition rates across the 

different emotion categories were found to be significant. A visualisation of the average emotion 

recognition rates for images from each of the intended emotion categories can be observed in Figure 

4.3.
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Figure 4.3: A visualisation of average recognition of the target emotion for trajectory line drawings 

from each of the emotion categories. The red dotted line represents the chance level of recognition 

(20%).

A series of one-sample t-tests were conducted to explore whether recognition of the target emotions 

occurred at greater than chance level. As the forced-choice recognition task included 5 emotion options, 

chance in this case was 20%. Images depicting the trajectory of neutral movements were recognised at 

greater than chance level; t(7)= 3.448, p=0.005. While the happy images were recognised with higher 

average accuracy than neutral images, results of the one-sample t-test revealed this recognition rate was 

not greater than chance: t(7)= 1.879, p=0.051. Additional t-tests exploring recognition of the intended 

emotion from movement trajectory images indicated than no other recognition rates were significantly 

greater than chance (all p values > 0.05).

As images were presented in pairs, with each pair depicting the trajectory of either the wrists or ankles 

of the movement performer, an additional t-test was conducted to explore whether recognition of the 

target emotion differed depending on movement of which part of the body the trajectory image 

displayed. While recognition rates were higher for the wrist images (M= 22.66 ± 13.79) than ankle 

images (M= 18.28 ± 7.30), this different was not found to be significant: t(28.87)= -1.254, p= 0.2197.
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Therefore, these results do not provide support for the primary hypothesis, as only the neutral trajectory 

drawings extracted from movement of the wrist and ankle joints were assigned the intended emotion 

label at greater than chance level. 

Emotion Recognition x Dance Experience Results

An ANOVA was conducted to explore whether different levels of previous dance experience influenced 

accuracy in the emotion recognition task. While participants at both extremes (i.e., non-dancers (M= 

21.10 ± 6.77), and advanced dancers (M= 20.83 ± 6.29)) demonstrated marginally higher recognition 

rates than those with beginner (M= 19.35 ± 6.04) or intermediate (M= 19.29 ± 7.60) experience, these 

differences were not found to be significant: F(3,54)= 0.34, p=0.797.

A hierarchical multiple regression was conducted to explore whether physical dance experience, 

observational dance experience, and the number of dance styles known influenced recognition rates. A 

more detailed breakdown of the results of this analysis can be observed in Table 4.2.

Table 4.2: Results of the hierarchical multiple regression analyses exploring the role of dance 

experience in emotion recognition rates.

Model Summary Predictor B T Std Error

Model 1 F(1,56)= 0.125n.s., R2
Adj= -0.016, RSE= 

6.503

Intercept

Physical 

Experience

20.509

-1.548 -0.354n.s. 4.373

Model 2 F(2,55)= 0.407n.s., R2
Adj= -0.021, RSE= 

6.521

Intercept

Physical 

Experience

Observational 

Experience

21.364

-0.516

-3.072

-0.113n.s.

-0.831n.s.

4.558

3.699

Model 3 F(3,54)= 0.257n.s., R2
Adj= -0.040, RSE= 

6.581

Intercept

Physical 

Experience

Observational 

Experience

21.365

-0.539

-3.076

-0.095n.s.

-0.815n.s.

5.660

3.774
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Number of 

Styles

0.025 0.007n.s. 3.545

N = 50; n.s. p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001.

Model 1: percentage recognition − physical dance experience factor

Model 2: percentage recognition −  physical dance experience factor + observational dance experience 

factor

Model 3: percentage recognition − physical dance experience factor + observational dance experience 

factor + number of dance styles a participant has experience with

The hierarchical multiple regression revealed that at Stage one, the regression model was not a 

significantly better fit for the data than the null model (p> 0.05), and that physical dance experience 

only explained 1.6% of the variation in average recognition rate. Introducing both observational dance 

experience and number of styles known to the model at Stages two and three did not result in models 

which fit the data better than the null model and only explained an additional 0.5% and 1.9% of variance 

in the recognition rates, respectively. These results do not suggest that previous dance experience 

facilitated greater emotion recognition accuracy for the movement trajectory image stimuli used in this 

experiment, and therefore, we did not find evidence to support the second experimental hypothesis.

Emotion Recognition x Empathy Results

A Spearman’s correlation was conducted to explore whether trait empathy (as measured by the Toronto 

Empathy Scale; Spreng et al., 2009) influenced recognition accuracy. While there appeared to be a very 

small positive relationship between empathy score and recognition accuracy, this relationship was not 

statistically significant: rho = 0.087, p=0.518. Therefore, in this experiment we did not find support for 

the prediction that individuals with higher trait empathy would provide more accurate emotion 

judgements. 

Liking Results

The overall liking rating provided for the trajectory images was 45.26 (± 5.67). Liking ratings differed 

depending on which emotion was contained within the movement the trajectory image was depicting. 

Average liking ratings for images from each of the intended emotion categories can be observed in 

Table 4.3 below

Table 4.3: The average liking ratings provided by participants for trajectory images from each 

emotion category.

Neutral Happy Sad Angry Fearful

Average 

Liking Rating

49.61 

(± 6.69)

45.07

(± 6.82)

43.14

(± 4.97)

45.00

(± 3.60)

43.47

(± 4.40)
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While clips depicting the trajectory of neutral movements seemed to be liked the most, and the sad 

and fearful movement trajectory images seemed to be liked the least, the results of a 1 x 5 ANOVA 

revealed that these differences were not significant: F(4, 35)= 1.802, p= 0.15. A visualisation of the 

difference in liking ratings across images from the different emotion categories can be observed in 

Figure 4.4.

Figure 4.4: A visualisation of the average liking ratings provided by participants for trajectory images 

from each of the emotion categories.

Again, as the images pairs depicted the movement of either the wrists or the ankles, a further t-test was 

conducted to explore whether participants provided different liking ratings depending on which body 

part’s movement they were observing. While trajectory images depicting wrist movement (M= 46.88 ± 

5.91) were liked marginally more than ankle movement images (M= 43.64 ± 5.05), this difference was 

not found to be significant: t(37.107)= -1.865, p= 0.070.

Liking x Dance Experience Results

An ANOVA was conducted to explore whether different levels of previous dance experience influenced 

liking ratings provided for the movement trajectory images. While participants with an intermediate 
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level of experience (M= 51.49 ± 23.81) provided higher overall liking ratings than advanced dancers 

(M= 48.60 ± 28.99), beginner dancers (M= 48.97 ± 22.90), and non-dancers (M= 48.88 ± 14.25), these 

differences were not found to be significant: F(3,54)= 0.04, p= 0.991.

A hierarchical multiple regression was conducted to explore whether physical dance experience, 

observational dance experience, and the number of dance styles known influenced overall liking ratings.

A more detailed breakdown of the results of this analysis can be observed in Table 4.4.

Table 4.4: Results of the hierarchical multiple regression analyses exploring the role of dance 

experience in liking ratings provided for the trajectory drawings.

Model Summary Predictor B T Std Error

Model 1 F(1,56)= 0.26n.s., R2
Adj= -0.013, RSE= 

19.56

Intercept

Physical 

Experience

47.76

6.70 0.509n.s. 13.15

Model 2 F(2,55)= 2.65n.s., R2
Adj= -0.055, RSE=

18.90

Intercept

Physical 

Experience

Observational 

Experience

41.08

-1.37

24.01

-0.104

2.240*

13.21

10.72

Model 3 F(3,54)= 1.83n.s., R2
Adj= 0.042, RSE= 

19.02

Intercept

Physical 

Experience

Observational 

Experience

Number of 

Styles

41.24

-6.36

23.16

5.36

-0.389

2.123*

0.523

16.36

10.91

10.25

N = 50; n.s. p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001.

Model 1: liking rating − physical dance experience factor

Model 2: liking rating −  physical dance experience factor + observational dance experience factor

Model 3: liking rating − physical dance experience factor + observational dance experience factor + number of 

dance styles a participant has experience with
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None of the models explained the data significantly better than the null model (all p> 0.05). In the stage 

one model, physical dance experience only explained 1.3% of the variation in average recognition rate. 

Introducing observational dance experience to the model at stage two only explained an additional 4.2% 

of variance, and adding the number of styles known at stage three actually decreased the variance in 

liking ratings explained by the model to 4.2%. Therefore, these results do not provide support for our 

prediction that participants with previous dance experience would provide higher liking ratings for the 

movement trajectory images in this experiment.

Liking x Empathy Results

A Pearson’s correlation was conducted to explore whether trait empathy (as measured by the Toronto 

Empathy Scale; Spreng et al., 2009) influenced the liking ratings provided by participants for the 

trajectory line drawings. While there appeared to be a very small negative relationship between empathy 

score and liking ratings, this relationship was not statistically significant: r(56) = -0.181, p=0.174.

Therefore, in this experiment, we did not find support for the prediction that individuals with higher 

trait empathy would provide higher liking ratings. 

Beauty Results

The overall beauty rating provided for the trajectory images was 44.53 (± 5.78). Beauty ratings differed 

depending on which emotion was contained within the movement the trajectory image was depicting. 

Average beauty ratings for images from each of the intended emotion categories can be observed in 

Table 4.5 below.

Table 4.5: The average beauty ratings provided by participants for trajectory images from each emotion 

category.

Neutral Happy Sad Angry Fearful

Average 

Beauty Rating

49.04

(± 7.70)

44.68

(± 6.49)

41.76

(± 4.83)

44.34

(± 3.39)

42.86

(± 3.79)

While clips depicting the trajectory of neutral movements were deemed to be the most beautiful, and 

the sad movement trajectory images deemed to be the least beautiful, the results of a 1 x 5 ANOVA 

revealed that these differences were not significant: F(4, 35)= 2.047, p= 0.109. A visualisation of the 

differences in beauty ratings provided for images from each of the emotion categories can be observed 

in Figure 4.5.
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Figure 4.5: A visualisation of the average beauty ratings provided by participants for trajectory 

images from each of the emotion categories.

As with liking, trajectory images depicting wrist movement (M= 46.05 ± 5.71) received more positive 

beauty appraisals than ankle movement images (M= 43.02 ± 5.57), but this difference was not found 

to be significant: t(37.978)= -1.70, p= 0.098.

Beauty x Dance Experience Results

An ANOVA was conducted to explore whether different levels of previous dance experience influenced 

beauty ratings provided for the movement trajectory images. Advanced (M= 61.25 ± 34.76) and 

intermediate (M= 52.88 ± 26.23) dancers provided higher overall beauty ratings than beginner dancers 

(M= 47.98 ± 23.70) and non-dancers (M= 46.07 ± 14.22). However, these differences were not 

statistically significant: F(3,54)= 0.59, p= 0.626.

A hierarchical multiple regression was conducted to explore whether physical dance experience, 

observational dance experience, and the number of dance styles known influenced overall beauty 

ratings. A more detailed breakdown of the results of this analysis can be found in Table 4.6.

Table 4.6: Results of the hierarchical multiple regression analyses exploring the role of dance 

experience in beauty ratings provided for the trajectory drawings.



127

Model Summary Predictor B T Std Error

Model 1
F(1,56)= 1.01n.s., R2

Adj= 0.0002, RSE= 

20.74

Intercept

Physical 

Experience

45.39

14.03 1.01n.s. 13.95

Model 2 F(2,55)= 5.56**, R2
Adj= 0.138, RSE= 19.26 Intercept

Physical 

Experience

Observational 

Experience

35.81

2.46

34.42

0.183n.s.

3.150**

13.46

10.93

Model 3 F(3,54)= 3.68*., R2
Adj= 0.124, RSE= 19.42 Intercept

Physical 

Experience

Observational 

Experience

Number of 

Styles

35.92

-0.87

33.85

3.58

-0.052n.s.

3.039**

0.343n.s.

16.70

11.14

10.46

N = 50; n.s. p > 0.05, *p < 0.05, **p < 0.01, ***p < 0.001.

Model 1: beauty rating − physical dance experience factor

Model 2: beauty rating −  physical dance experience factor + observational dance experience factor

Model 3: beauty rating − physical dance experience factor + observational dance experience factor + number of 

dance styles a participant has experience with

The model at stage one only explained 0.02% of the variance in beauty ratings, and was not a 

significantly better fit for the data than the null model: F(1,56)= 1.101, p= 0.319.  However, introducing 

observational dance experience to the model at stage two explained an additional 13.7% of variance in 

the beauty ratings, and this model was found to fit the data significantly better than the null model: 

F(2,55)=5.55, p< 0.01. Adding the number of dance styles known as a factor in the maximal model 

actually decreased the amount of variance explained by the model to 12.4%, but it was a significantly 

better fit for the data than the null model: F(3,54)= 3.68, p< 0.05. However, the maximal model did not 

fit the data significantly better than the model at stage two (p= 0.73). Across the stage two modal and 

the maximal model, only observational dance experience had a significant impact on the average beauty 
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rating provided by participants. Partial support, then, was found for the prediction that dance experience 

should influence beauty ratings provided for the trajectory line drawings. However, the prediction that 

physical dance experience would play a larger role than observational experience was not supported, as 

we found only observational dance experience increased how beautiful participants found the 

movement trajectory images to be. 

Beauty x Empathy Results 

A Spearman’s correlation was conducted to explore whether trait empathy (as measured by the Toronto 

Empathy Scale; Spreng et al., 2009) influenced the beauty ratings provided by participants for the 

trajectory line drawings. A small negative relationship was observed between empathy score and

average beauty ratings, and this relationship was found to be statistically significant: r(56)= -0.291, p< 

0.05. These results show that in this experiment, participants with higher trait empathy actually provided 

less positive beauty ratings than participants with lower empathy. Therefore, we did not obtain support 

for the prediction that high empathy mediates more positive aesthetic appraisals of movement depicted 

in this form. 

Movement Video vs Trajectory Image Analysis

Liking Results

To explore whether liking ratings aligned for the trajectory images (this experiment) and the 

corresponding movement videos (Smith & Cross, under review) they were created from, a Pearson’s 

correlation analysis was conducted to explore whether there was a relationship between liking ratings 

for the McNorm Library movements across both formats. A weak negative relationship in liking scores 

was observed, as participants generally appeared to prefer trajectory images made from the least liked  

movement videos, and disliked the trajectory images from movement videos which were well liked. 

However, this relationship was not significant: r(18)= -0.381, p= 0.097. A visualisation of this 

relationship can be observed in Figure 4.6 below.
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Figure 4.6: A visualisation of the relationship between liking ratings for the trajectory line drawings 

(this experiment), and liking ratings for the videos from which the images were created (Smith & Cross, 

unpublished).

Beauty Results

A Pearson’s correlation analysis was also conducted to explore whether there was a relationship 

between beauty ratings for the McNorm Library movements across both formats (trajectory images in 

this experiment; movement videos from Smith & Cross, under review). Again, a non-significant weak 

negative relationship was observed: r(18)= -0.387, p= 0.092. A visualisation of this relationship can be 

observed in Figure 4.7.
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Figure 4.7: A visualisation of the relationship between beauty ratings for the trajectory line drawings 

(this experiment), and beauty ratings for the videos from which the images were created (Smith & Cross, 

under review).
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EXPERIMENT 1: DISCUSSION

The primary aim of this experiment was to explore whether creating continuous line drawings from the 

trajectories of emotionally expressive movement sequences could provide an alternative way to 

visualise human motion for social perception research. More specifically, it was hoped that these line 

drawings would provide a novel alternative to PLDs for researchers who wish to examine human motion 

through stimuli with a reduced level of morphological information and confounding visual features. To 

test whether these drawings are a viable way to depict human movement, an emotion recognition task 

was conducted to explore whether intended emotion expressions could be recognised from these 

drawings at greater than chance level. However, results obtained from judgements of 58 observers 

showed that recognition was significantly greater than chance for only the neutral stimuli. Across two 

validation experiments presented in the McNorm Library manuscript (Smith & Cross, 2022), where 

movement was represented in the form of PLDs, the average recognition rate obtained across all stimuli 

was around 50.2%. In the present experiment, when these same movements were converted into 

trajectory line drawings, the average recognition rate obtained across all stimuli was only around 20.5%, 

which is almost exactly at chance. Therefore, we failed to obtain support for the primary experimental 

hypothesis, and conclude that these trajectory line drawings, at least in their current form, are not a 

suitable way to visualise the human body in motion.

Additional evidence to suggest that these trajectory images do not function in the same way as other 

movement stimuli (e.g., live movement performance, FLDs, PLDs) can be found when examining the 

empathy and dance experience results. A number of studies have shown that movement expertise can 

influence the affective and aesthetic value judgements assigned to whole-body movements (Christensen 

et al., 2016; Christensen et al., 2019; Kirsch et al., 2015; Calvo-Merino et al., 2008). In the present 

experiment, however, we did not find evidence to suggest that either physical or observational dance 

experience had a significant impact on recognition accuracy, or beauty and liking ratings assigned to 

the trajectory line drawings. Similarly, a wealth of previous research suggests there is an inherent link 

between trait empathy and these kinds of social judgements (Arnold et al., 2014; Crozier & Greenhalgh, 

1992; Wilkinson et al., 2021; Gernot et al., 2018), but we did not find evidence of this relationship 

within our sample. Therefore, as we also failed to obtain support for either of the secondary 

experimental predictions, we conclude that creating this type of continuous line drawing from 

movement trajectories is not an appropriate way to visualise human movement in social perception 

research.

The idea that observers can recognise human movement from simple line drawings was first proposed 

by Chamberlain and colleagues. In a series of experiments, they observed that participants could 

distinguish between simple graffiti-style shapes produced from human drawing actions, and those 

generated computationally (Chamberlain et al., 2022). However, it should be noted that in the first 
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experiments, participants observed videos of the drawings being produced, rather than static images of 

the final products. The authors concluded that participants could identify humanlike characteristics 

present in the kinematics of the line-drawing videos (i.e., imperfect circles, uneven speed profiles), and 

that these motion characteristics were important for the perception of human movement within the 

images. Kinematics too play a significant role in affective perception from human movement videos. It 

has been found that differences in speed, fluidity, and contraction (among other parameters) assist 

participants in deciding which emotional expressivity to assign to everyday actions (e.g., walking, 

knocking; Gross et al., 2012; Barliya et al., 2013; Gross et al., 2010) and more complex motion (e.g., 

human dance movement; Orlandi et al., 2020; White & Egermann, 2021; Van Dyck et al., 2014). With 

this in mind, it is possible that for participants to associate trajectory line drawings with the movements 

they were created from, this necessitates the use of dynamic drawings rather than static images. 

Therefore, while recognition rates obtained in this experiment were relatively unsuccessful (compared 

to those obtained for other stimulus presentation methods; i.e., FLDs, PLDs), it is possible that 

recognition rates may improve if participants could observe the kinematics present in the dynamic 

production of these drawings. Future research should be conducted to explore this possibility.

It is also possible that the ability to recognise human movement from line drawings is more pronounced 

in participants with art expertise. Indeed, support for this notion was obtained in the later experiments 

conducted in the project by Chamberlain and colleagues (2022). When art students and art-naïve 

observers were asked to identify the human-made drawings from static image pairs (human-made and 

computer-generated), only the art experienced participants could successfully identify which line 

drawings were created as a result of human drawing actions. In this experiment, as we were examining 

these continuous line drawings as an alternative way to visualise human movement, we only explored 

emotion recognition judgements made by participants with various degrees of movement experience, 

but it may have also been beneficial to explore affective judgements made by participants with different 

levels of previous art expertise. 

On the note of expertise, it has been found that experience with a particular artform can produce a 

variety of skills related to that specific medium. It has been found that experienced drummers are more 

attuned to audio-visual synchrony than novice drummers (Petrini et al., 2009; Petrini et al., 2011). 

Additionally, it has been observed that both musicians and music-lovers possess a series of specific 

empathy-related skills that facilitate expertise related differences in the cognitive processing of music 

(Kreutz et al., 2008). A number of behavioural and neurocognitive changes have also been found to 

result from both long- and short-term dance training. For example, several papers have observed that 

dancers are more accurate in emotion recognition tasks for human movement stimuli than those without 

training (Christensen et al., 2016; Christensen et al., 2019), and it has been found that movement 

expertise can guide visual attention when observing others in motion (Stevens et al., 2010; Moran et 

al., 2002; Betram et al., 2013). In the study conducted by Chamberlain and colleagues (2022), although 
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the experiment centred around the detection of humanlike motion from graffiti-style drawings, it is 

likely that the art-experienced participants relied on knowledge about the image’s visual characteristics 

(rather than inferences about inferred motion) to assign social judgements to the stimuli. It is possible 

that participants in the present experiment were evaluating these images in a similar way; using visual 

cues from the continuous line drawings as a guide for their emotion labelling and aesthetic value 

judgements. Therefore, it may be useful to explore the possibility that these trajectory line drawings 

function as pieces of visual art, in their own right, rather than as a proxy for human motion.

In light of the findings from the first experiment, we wished to conduct a follow-up experiment to 

explore the impact of computational image properties on the emotion labelling and aesthetic judgements 

provided by participants for these continuous line drawings. 
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EXPERIMENT 2: INTRODUCTION

The dominant model for the role of size in aesthetic appreciation of visual arts postulates that bigger is 

better, and there is a wealth of evidence to support this notion. For example, in a series of experiments 

participants were presented with images of paintings which varied in terms of size and were asked to 

rate each of the paintings along a series of aesthetic dimensions (e.g., interest, awe). Participants 

provided significantly more positive aesthetic appraisals of the paintings presented at a larger scale than 

for smaller versions of those paintings (Seidel & Prinz, 2018). In another experiment, participants were 

presented with a series of basic 2D and 3D shapes varying in size. Small shapes were approximately 

one-sixteenth the size of the medium shapes, and large shapes were around four times the size of the 

medium shapes (in area). They found that both medium and large versions of shapes were liked 

significantly more than small versions of the same shapes (Chen et al., 2016). Further there is evidence 

to suggest that this preference for larger stimuli persists across the lifespan, as Silvera and colleagues 

have found a preference for larger geometric shapes and alphanumeric characters in both adults and 3-

year-old children (Silvera et al., 2002). Therefore, these results add support to the idea that for visual 

artworks ‘bigger is better’, or the inverse that ‘smaller is worse’, in terms of aesthetic value. 

Additionally, in one of the experiments conducted by Silvera and colleagues, adult participants were 

asked to assign a meanings to the shapes, in addition to providing aesthetic judgements (Silvera et al., 

2002). These meanings were coded as positive or negative, and it was found that in addition to providing 

more positive aesthetic value judgements, participants assigned more positive meanings to the larger 

versions of shapes (Silvera et al., 2002). Evidence for the role of image size in aesthetic and affective 

processing has also been observed for simple drawings, as Bromgard and colleagues observed that 

aesthetic preference judgements were concurrently influenced by both the size and valence of these 

stimuli (Bromgard et al., 2013). Therefore, considered together, from these results it would appear that 

bigger is indeed better for the aesthetic evaluation of traditional visual artworks, and of simple 2D 

polygons, but also that size may be involved in mediating the affective processing of visual art stimuli.

Curvature

As is the case with size, a wealth of evidence points to a single dominant theory for the relationship 

between curvature and aesthetic evaluation for simple and complex visual artworks, in that there appears 

to be a clear preference for curvature over angularity. In one experiment, participants observed a series 

of curved and angular versions of simple shapes and random polygons, and were asked to rate each of 

these items in terms of pleasantness. After controlling for symmetry, prototypicality, and balance, they 

found that participants preferred the curved versions of these shapes than the more angular versions of 

the same shapes (Silvia & Barona, 2009). A preference for smoothed contours has been observed in 

participants from different cultural backgrounds, providing support for the idea that a preference for 
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curvature in polygons extends beyond traditional western samples, and may indicate the generalisability 

of this preference in visual artworks (Gómez-Puerto et al., 2018).

Additionally, there is evidence to suggest that curvature, like size, mediates both aesthetic and affective 

judgements for basic shapes, and that these factors may interact. Leder and colleagues aimed to explore 

whether curvature preferences for neutral shapes and objects could be replicated in objects with positive 

and negative valence. In this experiment, participants observed a series of curved versus sharp versions 

of stimuli with positive (e.g., teddy bear, chocolate), negative (e.g., snake, missile) and neutral (e.g., 

stapler, lantern) valence, and provided liking ratings for each of the objects. They found that participants 

significantly preferred the curved versions of objects and shapes, but only for those stimuli with positive 

or neutral valence (Leder et al., 2011). These results suggest that curvature has simultaneous effects on 

both aesthetic and affective perception of objects. Further evidence for the role of curvature on the 

affective perception of images can be observed in the work of Lu and colleagues. Using the International 

Affective Picture System (IAPS; Verschuere et al., 2001) dataset, they investigated how different 

properties of images (including roundness, and complexity) influenced the emotions aroused in 

participants. They observed a distinct profile of image properties associated with several emotions. 

More specifically, roundness was associated with both anger and sadness, but fear-inducing shapes were 

jagged, rather than rounded (Lu et al., 2012).

Complexity

While the impact of size and curvature seems to be relatively clear, the role of complexity in aesthetic 

evaluation is highly contested. Two main accounts have been suggested to explain this relationship.

First, it has been argued that there is a negative linear relationship between complexity and preference 

judgements. Termed the perceptual fluency account, this theory suggests that observers will prefer 

simpler shapes, as processing these stimuli requires significantly less cognitive demand. A number of 

studies have provided support for the role of perceptual fluency in aesthetic preference, through indirect 

measurements of complexity. For example, Reber and colleagues have observed a preference for images 

which participants have been repeatedly exposed to, using the mere exposure effect as a proxy for lower 

perceptual complexity (Reber et al., 1998). Additionally, Chen and colleagues observed that both 

symmetry and familiarity (argued to be indirect measures of complexity) were preferred in pattern 

stimuli (Chen et al., 2011). While such studies provide evidence to support a link between these facets 

of perceptual fluency (i.e., repeated exposure, familiarity and symmetry; as reflections of stimulus 

complexity) and aesthetic value judgements, it is unclear how these results translate to more direct 

computational measures of image complexity. 

Results from recent research, taking into consideration more explicit measures of image complexity, 

suggest a different account for its influence on aesthetic evaluation. More specifically, results from 

several studies suggest that this relationship follows an inverse-U shaped trajectory. In one such series 
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of experiments, participants provided beauty ratings for a series of random density patterns with 

progressively larger numbers of elements. The authors reported that patterns with higher complexity 

received more positive beauty ratings until a saturation point was achieved, after which the aesthetic 

value judgements became more negative (Friedenberg & Liby, 2016). This was also observed in their 

follow up experiment which included controls for patterns with fixed densities. Their data were later 

reanalysed by a different research team, who included some additional measures (e.g., entropy, and 

algorithmic complexity), and found that the U-shaped curve of preference could be explained by other 

features present in the images (low redundancy, balanced patterns) which were not reflected in the 

original measures of algorithmic complexity. These authors conclude by highlighting the problems 

posed by fluidity in what constitutes complexity in visual aesthetic stimuli (Gauvrit et al., 2017).  

Indeed, based on the breadth of methodologies employed, and variation in reported results, it would 

appear that the confusion around how to empirically, and computationally, define “complexity” is 

currently limiting our understanding of its role in the aesthetic processing of visual stimuli. This, 

therefore, suggests additional research attention is needed in this area, and perhaps requires the inclusion 

of a wide array of complexity measures to bring some clarity to the nature of this relationship.

Experimental Hypotheses

In light of the previous findings, when considering our stimuli as pieces of visual art we can make a 

series of predictions about the impact of these visual properties (size, curvature, and complexity) on the

emotion labels and aesthetic judgements provided for our continuous line drawings.

First, it was predicted that observers would provide beauty and liking ratings which reflect a general 

preference for larger, over smaller, stimuli. It was also expected that size of the images may influence 

perceptions about their emotional content. However, the specifics of this relationship were unclear in 

the previous literature, so no specific directional predictions were made.

Secondly, it was predicted that participants would generally prefer curved, over more jagged, trajectory 

images. Therefore, we expected higher beauty and liking ratings for images which featured softer 

curves. Additionally, as Lu and colleagues (2012) observed that the roundness or jaggedness of a shape 

influenced specific emotion perceptions, we further predicted that images which are perceived to 

convey anger and sadness would be more rounded, while images which are considered to depict fear 

would be more jagged.

As the role of image complexity in aesthetic judgements is highly contested, no specific predictions 

were made for this property with regard to liking and beauty ratings for the trajectory images. However, 

one of two patterns may emerge. Participants may prefer simpler trajectory images (the perceptual 

fluency account), or complexity may have a bell-shaped impact on these judgements.
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EXPERIMENT 2: METHODS

The emotion labels and aesthetic value judgements assigned by participants (N= 58) to the black and 

white line drawing images in the first experiment were reanalysed in relation to a series of 

computational properties of the images. These properties included 1 measure of size, 1 measure of 

curvature and 6 measures of image complexity. A more detailed breakdown of how each of the specific 

properties were computed can be found in Supplementary Section B.
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EXPERIMENT 2: RESULTS

A series of visual properties were extracted from the trajectory images. The mean values for each of 

these properties (averaged across all images) can be observed in Table 4.7 below.

Table 4.7: An overview of the average values for each of the image properties included in this analysis. 

Image Property
Average Value

Curvature 3.78 (± 3.37)

Drawing Size 0.30 (± 0.15)

Perimeter (# of pixels) 12598.46 (± 3584.14)

Ink Size (# of black pixels) 77197.49 (± 28751.01)

Jpeg Bytes 150584.30 (± 40883.21)

Perimeter to Ink Ratio 0.18 (± 0.08)

Spectral Complexity 1D -5.65 (± 3.09)

Spectral Complexity 2D 0.0019 (± 0.0022)

Subjective Emotion Results

Based on the results of the five-option forced-choice emotion recognition task, each image pair was 

assigned a percentage for how often participants classified that image as neutral, happy, sad, angry or 

fearful. These values ranged from 0% (no assignment of that particular emotion to the image pair) to 

100% (every classification of the image pair was for that particular emotion), and a specific attribution 

value for each emotion category was assigned to each image pair. These values were each used as the 

dependant variable in a multiple regression for each perceived emotion category, with the image 

properties included as the independent variables, to examine the impact of these properties on the 

perception of each particular emotion for the trajectory images. The image properties varied widely in 

scale, so min-max normalisation was applied across each of the values prior to the regression analyses.

In addition, as it was hoped that all complexity measures would be comparable in their suitability for 

examining the complexity of the line drawings, as including all of these factors into the regression 

model may introduce the problem of multicollinearity. Indeed, we observed multiple significant 

correlations between the different complexity measures. A more detailed breakdown of the relationships 

between these different factors can be observed in Table 4.8.
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Table 4.8: A scatterplot matrix which shows the relationship between each of the different measures of 

complexity calculated in this experiment.

Perimeter Size Ink Size Jpeg Bytes
Perimeter to Ink 

Ratio

1D Spectral 

Complexity

2D Spectral 

Complexity

Perimeter 

Size
- rs= 0.03n.s. rs= -0.04n.s. rs= 0.56*** rs= 0.42*** rs= -0.42***

Ink Size - rs= 0.97*** rs= -0.76*** rs= -0.68*** rs= 0.64***

Jpeg Bytes - rs= -0.79*** rs= -0.74*** rs= 0.70***

Perimeter 

to Ink 

Ratio

- rs= 0.81*** rs= -0.77***

1D 

Spectral 

Complexit

y

- rs= -0.97***

2D 

Spectral 

Complexit

y

-

Therefore, as there were a number of significant correlations between each of these individual factors, 

before proceeding with the regression analyses we decided to create a general complexity factor. 

Perimeter size was strongly correlated with some factors (perimeter to ink ratio, 1D spectral complexity, 

and 2D spectral complexity), but not with others (ink size, and jpeg bytes). Due to the high degree of 

consistency between the other measures of complexity, which was not as clear for this factor, it was 

decided that the general complexity measure would be created by averaging across values for all of 

other normalised complexity factors, but not perimeter size. For both the perimeter to ink ratio and 1D 

spectral complexity, smaller values are associated with greater complexity, while all other factors 

represent greater complexity with higher values; this explains why these two factors are negatively 

correlated with all of the other measures. Therefore, when adding the former two factors into the 

averaging formula they were first multiplied by a factor of -1. 

= ( )
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It is also important to note here that each of the complexity measured yielded a slightly different 

ordering of the continuous line drawing stimuli. A visualisation of the line drawing with the minimum, 

median, and maximum values for each of the original complexity factors, and the new general 

complexity factor, can be observed for comparison in Table 4.9.

Table 4.9: A visualisation of trajectory images from our stimuli set with the lowest, median, and highest 

complexity for each of the individual complexity factors, and for the general complexity factor we 

propose.

Least Complexity Median Complexity Most Complexity

Ink Size

Perimeter 

Size

Jpeg File 

Size

Perimeter to 

Ink Ratio

1D Spectral 

Complexity

2D Spectral 

Complexity
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Normalised

General 

Complexity 

Factor

To explore the contribution of each of the image properties (i.e., curvature, drawing size, general 

complexity factor) on the perception of each of the emotions (neutral, happy, sad, angry, and fearful) 

for the continuous line drawings, a series of hierarchical multiple regression analyses were conducted. 

As, to our knowledge, no research has explored the impact of these properties on affective and aesthetic 

perception of this type of stimuli, the order in which these features were added to the model was based 

on both the frequency and consistency with which they are reported in the previous literature using 

simple shapes and visual artworks. First, the impact of size appears to be the most consistently reported 

in the previous literature, therefore, this factor was introduced in the Stage 1 model. The impact of 

curvature also seems to be relatively clear from previous work in this area, therefore this factor was 

included in the model next at Stage 2. The relationship between perception and complexity seems to be 

less clear (compared to the two aforementioned factors), therefore, the general complexity factor was 

included at Stage 3. Finally, while there is some evidence to suggest that the tilt or orientation of a shape 

influences perceptions, it is unclear how this finding applies to more complex shapes (like our 

continuous line drawings). 

Table 4.10: Summary of hierarchical multiple regression analysis for the image properties predicting 

the perception of neutrality from the continuous line drawings.

NEUTRAL Summary Predictor B T Std Error

Model 1 F(1,78)= 4.455*, R2
Adj= 0.042, 

RSE= 7.764

Intercept

Drawing 

Size

29.12

-6.97 -2.11* 3.30

Model 2 F(2,77)= 2.56n.s, R2
Adj= 0.038, 

RSE= 7.766

Intercept

Drawing 

Size

Curvature

30.08

-7.71

-5.67

-2.25*

-0.82n.s.

3.43

6.87
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Model 3 F(3,76)= 10.44***, R2
Adj= 0.264, 

RSE= 6.805

Intercept

Drawing 

Size

Curvature

General 

Complexity 

Factor

34.02

20.42

-6.99

-47.00

3.19**

-1.16n.s.

-4.96***

6.41

6.02

9.47

Model 1: Percentage of Neutral Classifications ~ Drawing Size

Model 2: Percentage of Neutral Classifications ~ Drawing Size + Curvature

Model 3: Percentage of Neutral Classifications ~ Drawing Size + Curvature + Complexity Factor

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***

The hierarchical multiple regression for the perception of neutral emotion (detailed in Table 4.10) 

revealed that at Stage one, the regression model was a significantly better fit for the data than the null 

model F(1,78) = 4.46, p < 0.05, and that the drawing size factor explained 4.2% of the variation in the 

attribution of the neutral label to the line drawings. Introducing the curvature factor at Stage two 

generated a model which was not a significantly better fit for the data than the null 

model F(2,77) = 2.56, p = 0.840, and adding curvature decreased the variation in attribution of neutral 

explained by the model by around 0.4%. Finally, the maximal model added the general complexity 

factor, and the addition of this predictor did significantly improve the fit of the model to the 

data F(3,76) = 6.81, p <0.001. Additionally, after adding the general complexity factor, the model

explained an additional 22.6% of the variance in the perception of neutral emotion from the line 

drawings (compared to the Stage two model). These results indicate that participants were more likely 

to attribute the neutral option to a continuous drawing if it was larger in size, and this judgement too 

was more likely if the drawing was less complex.

Table 4.11: Summary of hierarchical multiple regression analysis for the image properties predicting 

the perception of happiness from the continuous line drawings.

HAPPY Summary Predictor B T Std Error

Model 1 F(1,78)= 3.68n.s., R2
Adj= 0.033, 

RSE= 10.970

Intercept

Drawing 

Size

24.05

8.95 1.92n.s. 4.67
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Model 2 F(2,77)= 2.24n.s, R2
Adj= 0.030, 

RSE= 10.99

Intercept

Drawing 

Size

Curvature

25.52

7.83

-8.69

1.62*.

-0.90n.s.

4.84

9.71

Model 3 F(3,76)= 2.44n.s. R2
Adj= 0.052, 

RSE= 10.86

Intercept

Drawing 

Size

Curvature

General 

Complexity 

Factor

27.62

22.83

-9.39

-25.08

2.23*

-0.98n.s.

-1.66n.s.

10.23

9.61

15.11

Model 1: Percentage of Happy Classifications ~ Drawing Size

Model 2: Percentage of Happy Classifications ~ Drawing Size + Curvature

Model 3: Percentage of Happy Classifications ~ Drawing Size + Curvature + Complexity Factor

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***

The hierarchical multiple regression for the perception of happiness (Table 4.11) revealed that at Stage 

one, the regression model was not a significantly better fit for the data than the null 

model F(1,78) = 3.68, p = 0.059, and that the drawing size factor only explained 3.3% of the variation 

in the attribution of the happy label to the line drawings. Introducing the curvature factor at Stage two 

generated a model which was also not a significantly better fit for the data than the null 

model F(2,77) = 2.24, p = 0.114, and adding curvature decreased the variation in attribution of 

happiness explained by around 0.3%. Finally, the maximal model added the general complexity factor,

but the addition of this predictor also did not create a model which fit the data better than the null model 

F(3,76) = 2.44, p = 0.071, and only explained an additional 2.2% of the variance in the perception of 

happiness from the line drawings (compared to the Stage two model). These results indicate that none 

of the image properties (i.e., size, curvature, or complexity) had an impact on whether participants 

perceived happiness from the continuous line drawings. 

Table 4.12: Summary of hierarchical multiple regression analysis for the image properties predicting 

the perception of sadness from the continuous line drawings.
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SAD Summary Predictor B T Std Error

Model 1 F(1,78)= 7.35**, R2
Adj= 0.074, 

RSE= 4.753

Intercept

Drawing 

Size

16.70

-5.48 2.71**. 2.02

Model 2 F(2,77)= 3.64*, R2
Adj= 0.063, 

RSE= 4.783

Intercept

Drawing 

Size

Curvature

16.81

-5.57

-0.66

-2.64*.

-0.16n.s.

2.11

4.23

Model 3 F(3,76)= 9.16***, R2
Adj= 0.237, 

RSE= 4.317

Intercept

Drawing 

Size

Curvature

General 

Complexity 

Factor

18.98

9.91

-1.39

-25.86

2.44*

-0.37n.s.

-4.31***

4.07

3.82

6.01

Model 1: Percentage of Sad Classifications ~ Drawing Size

Model 2: Percentage of Sad Classifications ~ Drawing Size + Curvature

Model 3: Percentage of Sad Classifications ~ Drawing Size + Curvature + Complexity Factor

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***

The hierarchical multiple regression for the perception of sadness (Table 4.12) revealed that at Stage 

one, the regression model was a significantly better fit for the data than the null 

model F(1,78) = 4.75, p < 0.01, and that the drawing size factor explained 7.4% of the variation in the 

attribution of the sad label to the line drawings. Introducing the curvature factor at Stage two generated 

a model which was also a significantly better fit for the data than the null model F(2,77) = 3.64, p < 0.05, 

but decreased the variation in attribution of sadness explained by the model by around 1.1%. Finally, 

the maximal model added the general complexity factor, and the addition of this predictor did 

significantly improve the fit of the model to the data F(3,76) = 9.16, p <0.001. After adding the general 

complexity factor, the model explained an additional 17.4% of the variance in the perception of sadness 
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from the line drawings (compared to the Stage two model). As with the perception of neutral emotion, 

these results indicate that participants were more likely to attribute the sad option to a continuous line 

drawing if it was larger in size, and this judgement too was more likely if the drawing was less complex. 

It should be noted that for recognition of neutral, the model revealed a larger contribution of the increase 

in drawing size than for the recognition of sadness.

Table 4.13: Summary of hierarchical multiple regression analysis for the image properties predicting 

the perception of anger from the continuous line drawings.

ANGRY Summary Predictor B T Std Error

Model 1 F(1,78)= 5.29*, R2
Adj= 0.052, 

RSE= 10.99

Intercept

Drawing 

Size

13.00

10.75 2.30*. 4.67

Model 2 F(2,77)= 2.70n.s., R2
Adj= 0.041, 

RSE= 11.05

Intercept

Drawing 

Size

Curvature

12.32

11.27

3.99

2.32*.

0.41n.s.

4.87

9.76

Model 3 F(3,76)= 16.95***, R2
Adj= 0.377, 

RSE= 8.90

Intercept

Drawing 

Size

Curvature

General 

Complexity 

Factor

5.55

-37.08

6.27

80.80

-4.42***

0.80n.s.

6.52***

8.39

7.88

12.39

Model 1: Percentage of Angry Classifications ~ Drawing Size

Model 2: Percentage of Angry Classifications ~ Drawing Size + Curvature

Model 3: Percentage of Angry Classifications ~ Drawing Size + Curvature + Complexity Factor

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***
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The hierarchical multiple regression for the perception of anger (Table 4.13) revealed that at Stage one, 

the regression model was a significantly better fit for the data than the null model F(1,78) = 5.29, p < 

0.05, and that the drawing size factor explained 5.1% of the variation in the attribution of anger to the 

line drawings. Introducing the curvature factor at Stage two generated a model which was not a 

significantly better fit for the data than the null model F(2,77) = 2.70, p = 0.073, and adding curvature 

decreased the variation in attribution of anger explained by the model by around 1%. Finally, the 

maximal model added the general complexity factor, and the addition of this predictor did significantly 

improve the fit of the model to the data F(3,76) = 16.95, p <0.001. Additionally, after adding the general 

complexity factor, the model explained an additional 33.6% of the variance in the perception of anger 

from the line drawings (compared to the Stage two model). These results indicate that participants were 

more likely to attribute the anger option to a continuous drawing if it was smaller in size, and this 

judgement too was more likely if the drawing was more complex.

Table 4.14: Summary of hierarchical multiple regression analysis for the image properties predicting 

the perception of fear from the continuous line drawings.

FEARFUL Summary Predictor B T Std Error

Model 1 F(1,78)= 10.15**, R2
Adj= 0.104, 

RSE= 5.35

Intercept

Drawing 

Size

17.14

-7.25 -3.19** 2.28

Model 2 F(2,77)= 8.27***, R2
Adj= 0.155, 

RSE= 5.20

Intercept

Drawing 

Size

Curvature

15.27

-5.82

11.03

-2.54*.

2.40*.

2.29

4.59

Model 3 F(3,76)= 7.87***, R2
Adj= 0.207, 

RSE= 5.03

Intercept

Drawing 

Size

Curvature

13.83

-16.08

11.51

-3.39**

2.59*

4.74

4.45
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General 

Complexity 

Factor

17.14 2.45* 7.01

Model 1: Percentage of Fearful Classifications ~ Drawing Size

Model 2: Percentage of Fearful Classifications ~ Drawing Size + Curvature

Model 3: Percentage of Fearful Classifications ~ Drawing Size + Curvature + Complexity Factor

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***

The hierarchical multiple regression for the perception of fear (Table 4.14) revealed that at Stage one, 

the regression model was a significantly better fit for the data than the null model F(1,78) = 10.15, p < 

0.01, and that the drawing size factor explained 10.4% of the variation in the attribution of fear to the 

line drawings. Introducing the curvature factor at Stage two generated a model which was also a 

significantly better fit for the data than the null model F(2,77) = 8.27, p <0.001, and adding curvature 

increased the variation in attribution of fear explained by an additional 5.1%. Finally, the maximal 

model added the general complexity factor, and the addition of this predictor did significantly improve 

the fit of the model to the data F(3,76) = 7.87, p <0.001, and explained an additional 5.2% of the 

variance in the perception of fear from the line drawings (compared to the Stage two model). These 

results indicate that participants were more likely to attribute the fearful option to a continuous drawing 

if it was smaller in size, if it was more jagged, and if the drawing was more complex.

This shows that the regression analyses revealed a combination of image properties that significantly 

influenced the perception of all emotions apart from happiness. Both neutral and sad emotions were 

perceived from larger drawings, and line drawings which were less complex. An increase in the size 

factor seemed to play a larger role in the perception of neutral emotion than the perception of sadness. 

The perception of both anger and fear were also influenced by the size and complexity of the continuous 

line drawings, as both emotion labels were more likely to be assigned to images which were smaller, 

and images which were more complex. However, these factors seemed to play a larger role in the 

perception of anger. An additional distinction between the perception of anger and fear can be found 

when examining results for the curvature factor. Curvature only had a significant impact on the 

recognition of fear from the continuous line drawings. Therefore, jaggedness of these drawings was 

uniquely associated with the perception of fear. 

Aesthetics Results

To explore the contribution of each of the image properties (i.e., curvature, drawing size, general 

complexity factor) to aesthetic perceptions (liking, and beauty) for the continuous line drawings, two 

further hierarchical multiple regression analyses were conducted. As with the emotion models, image 

property factors will be added to the model in the order which reflects the frequency and consistency 

with which they are reported in the previous literature. Therefore, again, drawing size will be added to 
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the model at Stage one, curvature at Stage two, and the general complexity factor will be added to create 

the maximal model.

It is possible that the relationship between aesthetic evaluation and complexity is non-linear; as previous 

research has suggested that an inverse U-shaped distribution will be observed. Therefore, we will also 

explore this possibility.

Liking

Table 4.15: Summary of hierarchical multiple regression analysis for the image properties predicting 

liking ratings for the continuous line drawings.

LIKING Summary Predictor B T Std Error

Model 1 F(1,78)= 1.03n.s., R2
Adj= 0.0003, 

RSE= 5.63

Intercept

Drawing 

Size

44.11

2.43 1.01n.s. 2.39

Model 2 F(2,77)= 2.57n.s., R2
Adj= 0.038, 

RSE= 5.52

Intercept

Drawing 

Size

Curvature

45.78

1.15

-9.85

0.47n.s..

-2.02*.

2.43

4.88

Model 3 F(3,76)= 1.72n.s., R2
Adj= 0.027, 

RSE= 5.56

Intercept

Drawing 

Size

Curvature

General 

Complexity 

Factor

45.60

-0.16

-9.79

2.19

-0.03n.s.

-1.99*

0.28n.s.

5.23

4.91

7.73

Model 4 F(1,78)= 4.97*, R2
Adj= 0.048 Intercept

Curvature

46.39

-10.45 -2.23* 4.69

Model 1: Liking Ratings ~ Drawing Size
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Model 2: Liking Ratings ~ Drawing Size + Curvature

Model 3: Liking Ratings ~ Drawing Size + Curvature + Complexity Factor

Model 4: Liking Ratings ~ Curvature

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***

The hierarchical multiple regression for liking ratings (Table 4.15) revealed that at Stage one, the 

regression model was not a significantly better fit for the data than the null model F(1,78) = 1.03, p = 

0.314, and that the drawing size factor explained less than 0.1% of the variation in liking ratings 

provided for the line drawings. Introducing the curvature factor at Stage two generated a model which 

was a better fit for the data, but not significantly better than the null model F(2,77) = 2.57, p = 0.083, 

and adding curvature increased the variation in liking ratings explained by an additional 3.8%. Finally, 

the maximal model added the general complexity factor, and the addition of this predictor did not 

significantly improve the fit of the model to the data F(3,76) = 1.72, p = 0.170, and adding complexity 

decreased the variance in liking explained by around 1% (compared to the Stage two model). As 

curvature was the only significant predictor in any of the liking models, a simple linear regression was 

used to test whether this factor (in isolation from the other image properties) was significantly better 

for explaining the variance in liking ratings. Indeed, the model exploring only curvature was a 

significantly better fit for the data than the null model F(1,78) = 4.97, p < 0.05, and that curvature alone 

explained 4.8% of the variation in liking ratings provided for the continuous line drawings. Therefore, 

these results suggest that a decrease in jaggedness of an image produced higher liking ratings.

The results of the regression analyses suggest that the relationship between liking and complexity is 

indeed non-linear. To more closely examine the nature of this relationship, the average liking rating 

provided for  each clip was plotted against its general complexity factor score, and a trendline was fitted 

on top of these points. This visualisation can be observed in Figure 4.8 below.
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Figure 4.8: A visualisation of the relationship between our general complexity score, and the average 

liking rating provided for each of the continuous line drawings. The blue line represents the line of best 

fit through applying the ‘loess’ function to the scatterplot in RStudio.

It appears that this relationship follows an inverse-U shaped distribution, therefore, in this experiment 

we obtain additional support for the idea that there is a non-linear relationship between complexity and 

aesthetic evaluation.

Beauty

Table 4.16: Summary of hierarchical multiple regression analysis for the image properties predicting 

beauty ratings assigned to the continuous line drawings.

BEAUTY Summary Predictor B T Std 

Error

Model 1 F(1,78)= 0.78n.s., R2
Adj= -0.003, 

RSE= 5.75

Intercept

Drawing Size

43.52

2.14 0.88n.s. 2.44

Model 2 F(2,77)= 2.38n.s., R2
Adj= 0.034, 

RSE= 5.64

Intercept

Drawing Size

Curvature

45.20

0.86

-9.92

0.35n.s..

-1.99n.s.

2.48

4.98

Model 3 F(3,76)= 1.61n.s., R2
Adj= 0.023, 

RSE= 5.67

Intercept

Drawing Size

Curvature

General 

Complexity 

Factor

44.96

-0.84

-9.84

2.84

-0.16n.s.

-1.96n.s.

0.36n.s.

5.34

5.02

7.89

Model 4 F(1,78)= 4.97*, R2
Adj= 0.048 Intercept

Curvature -2.23*

Model 1: Beauty Ratings ~ Drawing Size

Model 2: Beauty Ratings ~ Drawing Size + Curvature
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Model 3: Beauty Ratings ~ Drawing Size + Curvature + Complexity Factor

Model 4: Beauty Ratings ~ Curvature

p> 0.05n.s., p< 0.05*, p< 0.01**, p< 0.001***

The hierarchical multiple regression for beauty ratings (Table 4.16) revealed that at Stage one, the 

regression model was not a significantly better fit for the data than the null model F(1,78) = 0.77, p = 

0.383, and that the drawing size factor explained less than 0.1% of the variation in beauty ratings 

provided for the line drawings. Introducing the curvature factor at Stage two generated a model which 

was a better fit for the data, but not significantly better than the null model F(2,77) = 2.38, p = 0.099, 

and adding curvature increased the variation in liking ratings explained by an additional 3.4%. Finally, 

the maximal model added the general complexity factor, and the addition of this predictor did not 

significantly improve the fit of the model to the data F(3,76) = 1.61, p = 0.194, and adding complexity 

decreased the variance in liking explained by around 1% (compared to the Stage two model). As with 

for liking, curvature was the only significant predictor in any of the beauty models. Therefore, a simple 

linear regression was used to test whether curvature (in isolation from the other image properties) was 

also significantly better for explaining the variance in beauty ratings. Indeed, this model was a 

significantly better fit for the data than the null model F(1,78) = 4.97, p < 0.05, and that curvature alone 

explained 4.8% of the variation in beauty ratings provided for the continuous line drawings. Therefore, 

these results suggest that a decrease in jaggedness of an image also produced higher beauty ratings.

As with liking, the results of these regression analyses suggest that the relationship between beauty and 

complexity is also non-linear. To more closely examine the nature of this relationship, the average 

beauty rating provided for each clip was plotted against its general complexity factor score, and a 

trendline was fitted on top of these points. This visualisation can be observed in Figure 4.9 below.
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Figure 4.9: A visualisation of the relationship between our general complexity score, and the average 

beauty rating provided for each of the continuous line drawings. The pink line represents the line of 

best fit through applying the ‘loess’ function to the scatterplot in RStudio.

It appears that this relationship between beauty and complexity follows an almost identical inverse-U 

shaped distribution to that obtained for liking. Therefore, in this experiment we obtain support for the 

idea that there is a non-linear relationship between complexity and both kinds of aesthetic evaluation 

(liking and beauty).
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EXPERIMENT 2: DISCUSSION

Size

In line with previous work exploring the role of size, we predicted that observers would provide beauty 

and liking ratings reflective of a general preference for larger over smaller stimuli. This general 

preference for larger stimuli has been observed across a number visual artworks, including paintings 

(Seidel & Prinz, 2018), basic shapes (Chen et al., 2016), and alphanumeric characters (Silvera et al., 

2002). However, we did not find evidence for the “bigger is better” hypothesis in aesthetic judgements 

for our continuous line drawing stimuli; as hierarchical regression analyses revealed that the normed 

size factor did not significantly contribute to models explaining the average beauty or liking ratings 

provided. 

However, it should be noted that in the work conducted by Chen and colleagues (2016), significant 

differences in preference were only observed in comparisons between small and medium, and small 

and large shapes, but not between medium and large shapes. Similarly, in the experiment exploring 

aesthetic appraisals of paintings differing in scale, the canvases used to display the paintings were 

drastically different in size. The continuous line drawings used in this experiment all had consistent 

image boundaries of 8 x 5 (inches), and the size factor only described the area of the shape contained 

within the perimeter of the drawings. Therefore, it is possible that the stimuli used in this experiment 

did not vary enough in size to produce differences in these judgements. It may be beneficial to introduce 

more subtle manipulations in the scaling of visual artworks to determine the level at which size becomes 

a key determinant of aesthetic evaluation.

An additional aim of this experiment was to explore whether the size of the line drawings would mediate 

perceptions about their emotional content. In the study conducted by Bromgard and colleagues, size 

played a concurrent role in both affective valence and aesthetic judgements for images of objects 

(Bromgard et al., 2013). However, to our knowledge, no experiments to date have directly explored the 

role of image size on emotion categorisation, and as a result no set predictions were made about the 

nature of this potential relationship. Through hierarchical regression analyses, we explored the 

possibility that differences in size may have influenced the emotion categories assigned to the 

continuous line drawings. We observed that size played a role in mediating the perception of neutrality, 

sadness, anger and fear, but not happiness, from the line drawings. More specifically, it was observed 

that larger shapes were assigned the neutral and sad labels, while smaller shapes were more commonly 

assigned the angry and fearful labels. Typically work in this area has explored the role of size on the 

perception of binary valence categories (i.e., positive or negative), but here we provide evidence to 

suggest that differences exist at the emotion-specific level; as sadness, anger, and fear are all situated 

within the negative valence category. Additionally, here we observed that size did not play a role in the 

perception of happiness, specifically, but it may play a role in the perception of other positive valence 
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emotional states. Until future research works specifically examine the role of size and other visual 

properties in the perception of a broader spectrum of emotional states, rather than binary valence 

categories, the specifics of this relationship remain unclear. 

Curvature

A number of studies, which vary in specific methodologies and participant samples have observed that 

participants show a general preference for curvature over jaggedness in visual stimuli (Silvia & Barona, 

2009; Gómez-Puerto et al., 2018; Leder et al., 2011). Therefore, in line with these findings, we predicted 

that participants would provide more positive aesthetic value judgements for the continuous line 

drawings which featured smoother curves. The results of hierarchical regression analyses revealed that 

lower values on the curvature factor (an indicator of “jaggedness”) were associated with higher beauty 

and liking ratings for the line drawings in this experiment. Therefore, we obtained full support for this 

experimental hypothesis. These results add to the previous literature by indicating that this curvature 

preference can be observed over a broader spectrum of visual stimuli (i.e., in visual stimuli that are 

simpler than paintings, and more complex than simple polygons). 

It was also predicted that curvature would play a significant role in emotion classifications for the line 

drawings. Lu and colleagues explored this relationship by examining how different visual properties of 

images influenced the emotions aroused in participants, and found that images with smoother contours 

evoked both anger and sadness, while more jagged shapes induced fear in observers (Lu et al., 2012). 

We, therefore, predicted that line drawings with lower values on the curvature factor (i.e., smoother 

contours) would be associated with the perception of anger and sadness, while drawings with higher 

values (i.e., “jaggedness”) would be associated with fear. No specific predictions were made about the 

relationship between curvature and happiness, as this was not explored in the study conducted by Lu 

and colleagues. We obtained partial support for this hypothesis, as the results of the hierarchical 

regression analyses revealed that the curvature factor was only a significant predictor of fearful 

classifications. It was, indeed, found that line drawings with higher curvature (i.e., jaggedness) values 

were more often assigned the fearful category. However, while curvature loaded negatively on the 

perception of sadness, and positively on the perception of anger, curvature did not significantly 

contribute to either of the models. It should be noted here that in the study conducted by Lu and 

colleagues, the image stimuli were extracted from the IAPS, which is comprised of a series of coloured 

images depicting everyday objects and scenes. It is possible then that curvature may only play a role in 

emotion judgements of anger and sadness for stimuli that are semantically, or socially, meaningful. To 

our knowledge, no experiments have explored the recognition of specific emotion categories from 

simpler visual stimuli (such as our continuous line drawings). With this in mind, it would be beneficial 

for future research to explore the role of curvature in a more diverse sample of visual stimuli, to allow 
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us to draw more robust conclusions about the impact of curvature on emotion communication in visual 

aesthetics stimuli.  

Complexity

Unlike with size and curvature, where there exists a single dominant theory for their impact on aesthetic 

evaluations, the role of image complexity is highly contested within the previous literature. Some 

researchers have suggested that, as a result of differences in perceptual fluency, observers will 

demonstrate a preference for less complex stimuli (Reber et al., 1998; Chen et al., 2011). However, it 

should be acknowledged that many of these experiments have explored perceptual fluency, and by 

extension complexity, through the lens of familiarity (e.g., mere exposure effect, using matching or 

non-matching primers), rather than through direct computational measures. Research works that have 

employed quantifiable measures of complexity suggest that the relationship between curvature and 

aesthetic evaluation follows an inverse-U shaped trajectory (Friedenberg & Liby, 2016). However, 

using computational methods to compute complexity presents its own challenges. As noted by Gauvrit 

and colleagues, there is perhaps too much fluidity in what constitutes complexity in visual aesthetic 

research, and this may be partially responsible for inconsistencies in reporting on the role of complexity 

on aesthetic value judgements assigned to aesthetic stimuli. As a result of these factors, in this 

experiment we did not make any specific predictions about the impact of complexity on the beauty and 

liking judgements for the continuous line drawings. However, we did aim to explore a broader range of 

computational measures than typically used in existing work, with the hope of generating a more robust 

way to quantify the complexity present within the artworks. 

In our analyses we extracted six different complexity measures from the continuous line drawings. 

These features included a count of the black pixels making up the drawings (ink size), a count of the 

pixels comprising the perimeter of the shape (perimeter size), the file size of the line drawings after a 

consistent file compression was applied across the stimuli set (jpeg file size), a measure of pixel density 

(perimeter to ink ratio), and both 1D and 2D spectral complexity. When manually checking and 

comparing the output of these methods, we observed subtle differences in ordering of the stimuli set; 

particularly for line drawings with roughly median values on these factors, and less so for drawings 

with the minimum and maximum values. Through testing for multicollinearity between these features, 

we observed a number of significant linear relationships, and this prompted us to create a general 

complexity factor to use in the hierarchical regression analyses.

Through these regression analyses, we did not obtain support for a negative linear relationship between 

complexity and aesthetic evaluation, as the general complexity factor did not significantly contribute to 

either the beauty or liking model. However, when examining the distribution of aesthetic judgements 

and image complexity, an inverted-U shaped distribution emerged. Therefore, through results from this 

experiment, we provide additional evidence that the relationship between these factors is non-linear.



156

While our method for creating a general complexity factor (from an aggregated average of six specific 

measures) appears to be fairly successful, from a manual examination of the data and in replicating the 

results obtained by other researchers in this area (e.g., Fridenberg & Liby, 2016), we believe it would 

be beneficial in a future experiment to compare each of these specific measures, and the aggregated 

complexity factor, to subjective complexity ratings provided by observers. Indeed, a similar method for 

testing a variety of measures was employed by Chikhman and colleagues (Chikhman et al., 2012). We 

believe in doing so, we can begin to address the problem with defining “complexity” in visual aesthetics 

highlighted by Gauvrit and colleagues, and form a clearer picture of its role in deciding which visual 

artworks we like and find to be beautiful. 

Finally, there appears to be a complete absence of any previous literature exploring the impact of 

complexity on emotion classifications for visual images. As a result of this, we did not make any specific 

predictions about how complexity would impact the emotion categories assigned to our continuous line 

drawings. However, the results of several hierarchical regression analyses revealed that images with 

lower complexity were perceived to be neutral and sad, whereas line drawings with greater complexity 

were more often associated with anger and fear. As with both size and curvature, complexity was not 

found to play a significant role in the perception of happiness from the continuous line drawings. These 

results provide some tentative first steps in elucidating the relationship between image complexity and 

the emotional expressivities we assign to visual art stimuli. However, as these results are the first to 

report on these relationships, we encourage further research in this area to examine the robustness of 

these findings.
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OVERALL CONCLUSIONS

In the first experiment presented in this paper, we aimed to examine whether creating continuous line 

drawings from the trajectories of wrist and ankle movements of a dancer during emotionally expressive 

whole-body movements could provide a novel, alternative way to visualise human motion for social 

perception research. To explore this idea, we asked participants to complete a shortened measure of the 

Goldsmith’s Dance Sophistication Index (Rose et al., 2020), and the Toronto Empathy Scale (Spreng 

et al., 2009), before taking part in an emotion recognition task. We proposed that if recognition rates 

were impoverished compared to those obtained for the PLD movement videos they were created from 

(Smith & Cross, 2022), but were still significantly greater than chance level, they may be useful for 

future emotion recognition experiments. However, we failed to obtain evidence in support of this 

notion. Additionally, we explored whether these continuous line drawings could function as a proxy for 

human dance motion, indirectly, by examining recognition rates obtained from individuals with higher 

levels of trait empathy and those with prior dance experience (two factors known to mediate the success 

of these judgements). Again, however, we failed to find support for these predictions. Therefore, we 

conclude that, in their current form, these trajectory line drawings do not provide a viable, or empirically 

robust, way to visualise movement of the human body in motion.

However, we also explored the possibility that these drawings could function as pieces of visual art in 

their own right, in isolation from their movement origins. In the second experiment, we explored the 

role of size, curvature, and complexity on the aesthetic value judgements and emotion labels assigned 

to these images; to determine whether these visual properties would produce similar social judgements 

to those obtained for other visual art stimuli. We, for the most part, observed evidence to support our 

experimental predictions; as both curvature and complexity facilitated similar beauty and liking 

judgements to those obtained for paintings and simple shapes. We also provided new evidence for the 

role of these factors in mediating emotion judgements, and explored a novel way to quantify 

“complexity” in visual aesthetics research.

Therefore, in summary, while this stimulus creation method was not suitable for its intended purpose 

(as an alternative to existing human movement stimuli), we believe the methodology presented in this 

manuscript provides a new way to generate visual artworks which are suitable for use in visual empirical 

aesthetics research. 
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ABSTRACT

The dyadic nature of communicating and interpreting social cues from others in our environment plays 

a key role in forming and maintaining relationships with others, which in turn has an impact on our 

mental wellbeing, sense of identity and belonging, and ability to successfully navigate our social world. 

A number of researchers have explored how we perceive and interpret the emotional expressivity 

present in human movement (through emotion recognition tasks), and the factors that can facilitate or 

impair these abilities (e.g., neurodevelopmental disorders like Autism Spectrum Disorder, individual 

differences in trait empathy, and previous movement experience). Forced-choice tasks have dominated 

the bulk of the previous emotion research, and exploration of the role of individual differences, such as 

previous dance experience and kinaesthetic empathy, is also typically examined through a quantitative 

lens. However, an over-reliance on these kinds of tasks limits the scope of information we can obtain 

about whole-body social signalling. The primary aim of this study was to begin to overcome some of 

these limitations through exploration of how observers assign judgements of happiness, sadness, anger 

and fear (in addition to an absence of emotional expressivity – i.e., neutrality) to whole-body movement 

sequences, through open-ended questions asked during semi-structured interviews. To this end, 10 

dancers and 10 non-dancers observed emotionally expressive whole-body dance movement sequences 

from the McNorm Library (Smith & Cross, 2022), assigned emotion labels to each of the videos, and 

were asked to explain the reasons for their decisions. Through these interviews, we observed that a 

number of factors can influence decision-making processes in emotion recognition tasks. These factors 

included the imagination of contextual cues (i.e., the visualisation of environmental triggers and 

interaction partners), movement speed, aesthetic considerations (e.g., beauty, liking, interest), 

kinaesthetic empathy, and learned associations from previous experiences. This hybrid approach, 

combining standard quantitative measures of emotion perception with deeper qualitative insights, 

provides novel perspectives on the individual differences that can sculpt decision-making in emotion 

recognition tasks, and in so doing has also provided several avenues for future research in this area.



161

INTRODUCTION

Throughout history, people have been deeply interested in understanding emotion. The nature of 

emotional experiences has been of long-standing discussion within philosophy (Knuuttila, 2014; 

Leigton, 1982; Konstan, 2006), and debate about how to empirically define emotions can be observed 

through the chronicles of prominent psychologists, neuroscientists, and physiologists (Scheff, 2015; 

Hofmann & Doan, 2018; Scherer, 2005; Celeghin et al., 2017; Adolphs & Anderson, 2018; Kleinginna 

& Kleinginna, 1981). Within this discourse, a number of emotion theories have been proposed. 

Darwin’s evolutionary perspective highlights the adaptive and functional purpose of emotions (Darwin, 

1872/1965; Ekman, 2009). Within this framework, he proposes that we experience certain negative 

emotions, like fear, to evade danger or harm, and we experience emotions like love and affection for 

the purpose of finding and retaining a mate to procreate with (Hess & Thibault, 2009). Beyond such 

theories about the function of emotional experiences, a number of theoretical accounts have been 

proposed to explain how emotions are produced within an individual. 

The James-Lange (James, 1884; Lange, 1885), Cannon-Bard (Cannon, 1927; Bard, 1928), and 

Schachter and Singer (Schachter & Singer, 1962) theories of emotion diverge slightly in the specific 

mechanisms by which emotional experiences occur within the individual, but broadly agree that this 

process involves physiological responses to and cognitive processing of an emotionally-salient stimulus 

in the environment. Through successive refinements of these theories, we have made substantial 

advances in our understanding of how emotions occur at an individual level. However, these theories 

do not account for how emotional experiences occur in our social world, more specifically, they do not 

provide an overview of how these affective states can be successfully communicated and interpreted by 

both parties in the interaction dyad. In fact, to our knowledge, only in facial expression research has 

any substantial conceptual framework for the recognition of emotional expressivity been proposed. 

Although the Universality Hypothesis for facial expressions (Elfenbein & Ambady, 2002; Ekman & 

Friesen, 1978; Andrew, 1963; Susskind et al., 2008) has received criticism (Jack et al., 2016), through 

research in this area we are starting to develop an understanding of the communication potential of the 

face in social interactions. However, we can obtain a wealth of socially-relevant information from other 

non-verbal cues, such as movement of the human body (Dekeyser et al., 2002; Ma et al., 2006; Vanrie 

& Verfaillie, 2004; Pollick et al., 2005; Mitchell & Curry, 2016), but to our knowledge there does not 

currently exist such a framework for the recognition of emotional expressivity through such bodily cues.

Despite the lack of a unified theory, a wealth of research has explored specific aspects of social 

perception of the human body in motion through a variety of quantitative methods. For example, the 

success of emotional communication is typically measured through forced-choice emotion recognition 

experiments (Johnson et al., 1968; Demenescu et al., 2014; Atkinson et al., 2004; Ross et al., 2012). 

Atkinson and colleagues are among a number of researchers who have employed such methods to 
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examine the recognition of emotion from whole body movements. In their 2004 paper, Atkinson and 

colleagues developed a new set of dynamic and static whole-body stimuli depicting five emotions 

(happiness, sadness, anger, fear and disgust) with various degrees of exaggeration, in the form of full-

light and point-light displays. Participants were asked to identify the target emotion for each of these 

stimuli from the five forced-choice emotion options. Results from this study showed that recognition 

rates as high as 92% could be obtained from such stimuli (Atkinson et al., 2004). Similar methods were 

employed by Ross and colleagues, who explored developmental changes in the recognition of 

happiness, sadness, anger and fear from human movement. In this experiment, children aged 4-17 and 

a group of adults observed the movement sequences and were asked to make forced-choice emotion 

judgements for whole-body movements depicted in the form of full-light and point-light displays. They 

observed that children recognised the intended emotion with less accuracy than the adults for both 

movement presentation styles, but these recognition rates could still be as high as 90% in teenage 

participants (Ross et al., 2012).

These results suggest that observers can recognise target emotions from whole-body movements with 

high levels of accuracy. However, it has been argued that such simple “button-pressing” tasks are 

critically limited for enabling us to build a rich understanding of emotion perception (Russell, 1993;

Tracy & Robins, 2004; see Limbrecht-Ecklund et al., 2013 for an evaluation). For example, it has been 

argued that the presence of several options may lead observers to provide relative judgements, whereby 

observer may be selecting an option that seems most likely within the constraints of the experiment 

rather than providing a response that reflects their genuine beliefs (Russell, 1993). It has also been 

suggested that the nature of forced-choice tasks can lead to the presence of ceiling effects, which may 

explain why recognition rates of more than 90% (and sometimes as high as 100%; Gross, Crane & 

Fredrickson, 2010) have been reported in the previous literature (Atkinson et al., 2004; Ross et al., 2012; 

Montepare et al., 1999; Bernhardt & Robinson, 2007; Dael et al., 2012). This may be of greatest concern 

in studies examining the recognition of happiness. Happiness or Joy is frequently the only positively-

valenced option present within such forced-choice formats (Tracy & Robins, 2004), and this could 

explain why stimuli depicting happiness often receive the highest levels of recognition in emotion 

recognition tasks (Atkinson et al., 2004; Pasch & Poppe, 2007; Melzer et al., 2019; Dahl & Friberg, 

2007).

We argue that perhaps a larger concern with such simple “button-pressing” tasks, however, is that they 

necessarily reduce the myriad complexities of emotion communication to a single percentage value of 

recognition. Forced-choice tasks have dominated the bulk of the previous emotion research, setting out 

a standard operating procedure for affective science, but an over-reliance on these kinds of tasks limit 

the scope of information we can obtain about whole-body social signalling. For example, while such 

experiments have allowed us to develop an understanding of the accuracy with which observers can 

assign emotions to socially-salient stimuli, they do not provide any indication of how observers make 
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these decisions. Indeed, the reasons for why observers assign specific kinds of emotional expressivity 

to whole-body human movement represents a significant gap in our understanding of affective 

cognition. Therefore, for researchers aiming to wade into these uncharted waters, it may also be useful 

to turn to more open empirical methodologies. Qualitative research methods can be invaluable for 

exploring novel, complex, or relatively unaddressed areas of research (Clarke & Jack, 1998), as the 

open-format of such experimental procedures can be used to identify new perspectives on existing 

findings and to generate new avenues for future research.  

Therefore, the primary aim of this study was to explore how observers assign judgements of happiness, 

sadness, anger and fear (in addition to an absence of emotional expressivity – i.e., neutrality) to whole-

body movement sequences, through a combination of more standard forced-choice questionnaires and 

open-ended questions asked during semi-structured interviews. The choice to explore only these four 

kinds of emotional expressivity, excluding disgust or surprise, is rooted in both the uncertainty 

surrounding their universality in recognition from facial expressions (Jack et al., 2016), and the lack of 

research exploring observer recognition of these kinds of expressivity from human motion, more 

specifically. In this experiment, participants were asked to observe a series of emotionally expressive 

dance movement sequences from the McNorm Dance Movement Library (Smith & Cross, 2022), and 

provide evaluations of the movements in a forced-choice emotion recognition task. During this task, 

participants were also asked to provide justification for their choices and detail about anything present 

within the movements that assisted them with their decisions. Our aim was that combining in-depth 

examination of how observers assign emotional expressivity to the body in motion with objective 

measures should provide new insights into the mechanisms of whole-body emotion communication, 

while also generating new research questions which can be submitted to rigorous quantitative 

assessment in future work. 

We are not the first to address the question of how emotion judgements are made. A number of 

researchers have identified individual differences that can mediate success in emotion recognition tasks, 

as a way to isolate the mechanisms underlying these judgements. The role of previous dance training is 

one such factor which has been found to sculpt the way individuals perceive human motion, and can 

result in improved ability to read social cues from the movement of others. Numerous studies conducted 

by Christensen and colleagues have observed that dancers are more accurate than non-dancers in 

identifying emotional expressivity from human movement stimuli (Christensen et al., 2016; Christensen 

et al., 2019; Christensen et al., 2021). However, the reason for these improvements following extensive 

dance training are unclear. It is common for these results to be explained through the concepts of 

kinaesthetic empathy, simulation or embodiment. The idea being that dancers are better able to put 

themselves in another’s shoes, prompting them to imagine themselves performing those movements 

and ultimately helping them to identify how doing those movements would make them feel. 

Neuroscientific evidence provides some support for this claim. For example, in a study conducted by 
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Cross and colleagues, expert dancers were found to showed heightened activity in areas associated with 

the “Action Observation Network” (AON; including the ventral premotor, supplementary and primary 

motor cortices) when observing the movement of others, and imagining themselves performing those 

movements. Additionally, they found that self-reported physical ability mediated activity within the 

inferior parietal lobule (IPL) and ventral premotor cortex, suggesting that motor simulation may occur 

more strongly in response to movements that observer feel they can successfully execute themselves 

(Cross et al., 2006). In a separate experiment, the IPL was found to play a causal role in processing 

affective cues from the human body in motion (Engelen et al., 2015). Considered together, these results 

show that motor expertise prompts greater activation in the IPL (which is involved in both movement 

simulation and processing of social cues from the dynamic human body) and suggests that movement 

expertise, motor simulation and affective recognition are related.

However, the conclusions drawn about how dance experience and empathy may interact to influence 

emotion recognition from human movement are rooted in a quantitative approach, and are often inferred 

from quantitative data; obtained from studies exploring similar, but empirically distinct, research 

questions. Few experiments have explored these elements of social processing in tandem within the 

context of an emotion recognition task specifically and, to our knowledge, no research has examined 

these factors using qualitative research methods. Therefore, an additional aim of this study was to 

explore how dancers draw upon previous physical experience to assist them in this emotion recognition 

task, and to probe the extent to which kinaesthetic imagery and embodiment sculpt their decision-

making process, by asking them directly. Additionally, although non-dancers do not have the same rich 

history of motor experience to draw upon, it is possible that they too make use of kinaesthetic imagery 

to assist them with their emotion judgements. Therefore, questions about the use of kinaesthetic 

empathy will be posed to all participants in the interview sessions, regardless of their dance background. 

Furthermore, the concept of ‘previous experience’ in movement perception experiments typically refers 

to motor experience, specifically. It is unclear whether other types of previous experiences or personal 

associations assist participants with making these emotion judgements. While dance is a key component 

of the lives of professional dancers, they do not exist within a vacuum, and movement experts will have 

a wealth of other previous life experiences which they may draw upon to assist them with social 

decision-making tasks. Therefore, it is possible that non-dance related experiences may be a tool used 

by both dancers and non-dancers in such tasks. However, the question of whether, and the extent to 

which, these experiences contribute to affective decision-making remains so far unexplored. Therefore, 

bridging this gap in the previous literature was the final aim of this project. To address this, we will 

explore the influence of various kinds of previous experiences in assigning emotional expressivity to 

whole-body human movement. 
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It should be noted here that this study is exploratory in nature, and for that reason we do not evaluate 

specific, pre-registered hypotheses. Instead, we hope to show the value of employing more open-format, 

qualitative research methods and hope that this work can be used to generate future hypotheses, and 

research questions, which can be submitted to further rigorous empirical evaluation in future work.
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METHODS

PARTICIPANTS

Two groups of participants were recruited to take part in this experiment: experienced dancers, and non-

dancers. Ten experienced dancers with three or more years of formal training at a dance institution, 

and/or years of experience dancing with a professional company participated in this experiment. Ten 

non-dancers with no previous physical dance experience, including hobby dance classes were recruited 

to take part in this experiment. However, sound quality of the audio recording from one non-dancer 

participant was too poor to allow for successful transcription, therefore this data was discarded. One 

additional non-dancer’s data was excluded from the analysis, as technical issues resulted in an 

incomplete recording. As a result of these exclusions, to allow for equal groups, a further two non-

dancer participants were recruited to take part in this experiment. Therefore, data from 20 participants 

(10 experienced dancers, 10 non-dancers) are included in this manuscript. A more detailed breakdown 

of each participant’s demographics information can be found in Table 5.1.

Table 5.1: A summary of the age and gender of each participant, and their total years of dance 

experience, and the main dance style they had the most experience with. It should be noted that one 

participants in the non-dancer group provided a numeric value for years of experience that was not zero 

(i.e., GM161853), as they mentioned dancing for social reasons and felt that the response of “2” most 

accurately described their informal dance experience. Additionally, a number of non-dancers provided 

a dance style they were most familiar with (e.g., Waltz, Ceilidh, Disco, Formal Dance) based on their 

lifetime exposure to dance in informal settings.

Subject ID Group Age Gender

Years of 

Dance 

Experience

Main Dance 

Style

AM031508 Non-Dancer 27 Male 0 N/A

CB241104 Dancer 26 Male 8 Jazz

CC051508 Dancer 20 Female 18 Ballet

CR201309 Dancer 24 Female 15 Contemporary

CT041605 Dancer 24 Male 7 Breakdancing

EH301811 Non-Dancer 34 Female 0 N/A

ET270909 Dancer 29 Male 15 Ballet

GM161853 Non-Dancer 56 Male 2 Waltz

GW011752 Non-Dancer 27 Male 0 Ceilidh

KM161203 Dancer 21 Female 15 Ballet

KR281508 Dancer 19 Female 15 Jazz
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LJ181312 Non-Dancer 24 Female 0 N/A

LM1111 Dancer 31 Female 12 Ballet

PS291837 Non-Dancer 44 Male 0 N/A

RT231409 Non-Dancer 65 Male 0 Disco

SD081104 Non-Dancer 20 Female 0 N/A

SK161007 Dancer 28 Female 8 Cabaret

SM031603 Non-Dancer 25 Female 0 Formal Dance

SMW021605 Dancer 22 Male 16 Ballet

TC081402 Non-Dancer 23
Gender Variant/ 

Non-Conforming
0 N/A

The experiment was advertised via word of mouth, through correspondence with UK-based dance and 

performing art companies (e.g., Scottish Dance Theatre, National Theatre of Scotland), and on a variety 

of social media channels (including Twitter, Facebook, and Instagram).

Participant samples included in qualitative research are typically smaller than those used in quantitative 

research, to facilitate the kind of in-depth analysis that is fundamental to this kind of empirical work 

(Vasileiou et al., 2018; Sandelowski, 1996). Small scale quantitative works often fall victim to issues 

such as low statistical power, inflated false discovery rates, and a low rate of reproducibility (Button et 

al., 2013; Colquhoun, 2014; Lakens & Albers, 2017). It should be acknowledged here that quantitative 

data analysis was not the primary focus of this manuscript, and was only included for the sake of 

completeness. Using results from the original McNorm Movement Library validation experiments (i.e., 

where testing whether overall recognition rates were greater than chance level produced an effect size 

of 1.54 in Experiment 1, and 2.13 in Experiment 2), we calculated the smallest sample size required to 

achieve adequate study power in this emotion recognition task. Using the smaller effect size of 1.54, 

we found that a minimum of 12 participants were required to make up the total sample size, and the 

suggested group size was 6 participants. Therefore, it is likely from a quantitative perspective that a 

sample size of 20 may be adequately powered. However, including only 10 dancers and 10 non-dancers 

to take part in this experiment may not have been sufficient to capture more subtle group differences in 

the recognition of specific expressivity, and as such, quantitative conclusions drawn from this work 

should be treated with caution.

STIMULI

The stimuli used in this experiment were selected from the McNorm Movement Library. These 

movement clips have been validated for emotion recognition in a series of prior experiments by the 

authors (Smith & Cross, 2022). 
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Clips from the full McNorm Movement Library (N=10; 2 Neutral, 2 Happy, 2 Sad, 2 Angry, 2 Fearful) 

used in this aesthetic judgment experiment were selected as they were found to be most representative 

of their intended emotion category. In the creation of the McNorm Movement Library, movement 

sequences were devised by a professional dancer who was instructed to exclude any movements which 

are tied to a particular emotional state (e.g. shaking fist for anger, arms thrown in the air for joy), or 

movements that are associated with specific emotionally evocative narratives. These pieces of 

choreography were then performed five times, each time with the aim to communicate a different 

emotion (happy, sad, angry, fearful, and neutral/non-expressive as a control) to an imagined spectator. 

Stimuli considered to be most representative of these emotion categories were decided based on 

recognition rates for the emotion intended to be communicated by the movement performer (i.e., clips 

which were intended to be happy by the movement performer which received the highest proportion of 

‘happy’ responses in the emotion validation experiments). A more detailed breakdown of the emotion 

recognition rates for each clip used in this experiment can be found in Table 5.2. 

Table 5.2: Summary of the whole-body dance movement stimuli from the McNorm Library used in 

this experiment. The table provides information about the name of the clip, the emotion category 

assigned to the clip, and the average rate of recognition for the intended emotion for the clip across the 

two validation experiments in Smith & Cross (2022).

The 10 movement sequences outlined in the previous section were uploaded to Vimeo and were 

displayed through formr using embed codes. In Vimeo, the embed codes were   manipulated   to   remove   

the   standard   online   video   handles   (video   title,   uploader information,   suggested   videos,   and   

Vimeo   branding).   The   video   controllers   were   also removed, and the video was set to loop 

automatically until participants had submitted their responses for the item.

Clip Name Emotion 

Category

Average Emotion Recognition Rate 

(%)

plie_N Neutral 60.13

tendu_N Neutral 61.19

char_H Happy 53.30

pirouette_H Happy 50.76

fondu_S Sad 67.96

plie_S Sad 64.08

bitter_A Angry 43.93

char_A Angry 65.12

ever_con_F Fearful 43.64

ice_F Fearful 43.47
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PROCEDURE

Participants who had agreed to take part in this experiment after reading the information sheet (available 

on the OSF: https://osf.io/wbm6s/), received an invitation to join a password-protected Zoom meeting, 

where the interviews would be conducted. After an opportunity to ask questions, participants were 

provided with a formr link to begin the experiment. After reading the task information, consenting to 

participate, and consenting to the recording of the Zoom meeting for the purpose of transcription (in 

accordance with BPS guidelines), participants completed several questions from the Goldsmith’s Dance 

Sophistication Index (Gold-DSI; Rose et al., 2020). Selected questions from the early Gold-DSI 

included demographics measures which allowed participants to provide detail about their previous 

dance experience, covering both formal and informal experience, and both visual and physical 

experience. Participants were also asked to select which level of dance experience was most applicable 

to them from five options (non-dancer, beginner, intermediate, advanced, or professional), and to 

quantify the number of years of dance experience they had. 

After completing the Gold-DSI measures, recording of the session began and participants started the 

emotion recognition task. At this point, participants were also invited to share their screen to allow the 

researcher to guide them through the experiment. During the emotion recognition task, participants 

observed the selected clips from the McNorm Movement Library (10 clips presented in a randomised 

order; 2 neutral, 2 happy, 2 sad, 2 angry, and 2 fearful), and were asked to select which emotion they 

believed the dancer was conveying through their movements from five forced-choice options; neutral, 

happy, sad, angry or fearful. After making their decision, all participants were asked the following two 

questions;

1. “What made this clip seem X (i.e., the emotion they selected) to you?”

2. “Is there a different emotion, outside of these options, that you think is a better description for 

what the dancer is communicating?”

This process was repeated for each of the 10 McNorm Movement Library clips. Additional unscripted 

questions were sometimes asked during the task to allow participants to elaborate on how they made 

their decisions. After completing the emotion labelling task, participants were asked to stop sharing 

their screen, and were asked a series of final questions about their decision-making processes. These 

questions centred largely around the topics of emotion regulation, visual attention, kinaesthetic 

empathy, the use of imagery, and the role of specific movements and performative quality on decision-

making in an emotion-labelling task. Further questions were asked when required to allow the 

participant to provide clarification or to expand upon their responses. A full list of these questions is 

available on the OSF page for this project (https://osf.io/wbm6s/). After completing the experiment, the 

session recording was terminated. Participants were then informed of the purpose of the experiment, 

given a final opportunity to ask any questions, and thanked for their time.  

https://osf.io/wbm6s/
https://osf.io/wbm6s/
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Qualitative Data Processing

The video conferencing software (Zoom) produced automated transcripts which were manually checked 

and edited by the experimenter to correct for errors. The text files were then merged to create a 

document which contained all of the interview data. In conducting the analysis of this interview data, 

we followed the guidance proposed by Braun and Clarke (2002) for thematic analysis. 

1. Initial Coding

This file was then printed and coded by hand by the lead investigator. The first stage of coding the data 

involved identifying any words or phrases that related to any of the research questions and those which 

appeared to be relevant to decision-making more broadly. Therefore, it should be noted here that this 

process involved both deductive and inductive methods of coding. A worked example of this initial 

coding process can be observed in Figure 5.1. This process was carried out across all 210 pages of the 

collated transcripts, and a number of common codes emerged.

Figure 5.1: An example of the initial coding process carried out on an excerpt of the transcription data. 

During the first pass of the transcription data, words and phrases relevant to the research questions were 

underlined with code-specific colours and annotated. In this visualisation, words underlined in yellow 

indicated any references made to a specific emotion, purple was used to highlight any references to 

aesthetic parameters, valence was highlighted in blue, and references to specific body parts were 
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underlined in orange. Phrases highlighted with brown or red were associated with the concepts of 

“defining emotions” and “difficulty verbalising”, respectively.

2. Identifying Initial Codes

Over time, a number of common codes emerged, and segments of the transcripts (words and phrases) 

were collated under each of these headings. For example, Figure 5.2 shows how words and phrases 

were collated under the code “knowledge of performative dance”. A number of such codes were 

identified, and participants’ comments were grouped under the relevant headings.

Figure 5.2: A visualisation of words and phrases assigned to the code “knowledge of performative 

dance”. These excerpts were extracted from the transcripts of three participants, all of whom provided 

separate references to specific performative ballets. Over time, any such references to specific ballet 

stories were added under this code.

3. Identifying Themes

After identifying the initial codes, thematic analysis was used to group these codes into broader 

“themes”. Several of these themes were created through deductive coding (Braun & Clarke, 2002; Joffe, 

2012), as they were identified to be of interest before beginning the experiment. These centred around 

the concepts of kinaesthetic empathy, kinematics, and previous dance experience. For example, the 
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code “knowledge of performative dance” (Figure 5.2) was identified to be a subset of the theme 

“previous experience”; along with the codes “learned associations in dance”, “learned associations 

from real-world experiences”, and “learned associations from popular culture”. An additional code

related to visual attention was also identified to be of interest prior to the collection of this data, but 

results pertaining to visual attention were ultimately outwith the scope of this chapter. 

A number of additional codes and themes emerged through inductive coding (Braun & Clarke 2002; 

Joffe, 2012). These themes were not identified to be of interest prior to the beginning of data collection, 

but appeared frequently within the transcripts and seemed to be relevant to decision-making, and 

perception of dance more broadly. These centred around difficulties in defining emotions, difficulties 

with verbalising thought processes, aesthetic considerations, and the influence of other imagined social 

cues. A full list of the themes and codes identified in these interviews can be found in a collated 

document on the OSF (https://osf.io/wbm6s/).

REFLEXIVITY

In this section, we acknowledge the role of the researcher, and their potential assumptions or biases, 

within the research process. All qualitative research is subject to the influence of subjectivity, therefore 

this is not intended to be a criticism of the researcher or the work discussed in this manuscript. However, 

we believe that the role of the experimenter’s previous knowledge and beliefs should be addressed 

before presenting the results of the experimental process. The primary experimenter (RAS) has a 

background in Psychology, with a specific interest in Social Psychology and Affective Science. As a 

result, the research process may have been influenced by their previous knowledge and experiences, 

and it is to be expected that findings will be interpreted with a strong emphasis on concepts identified 

in the previous literature. In addition, the primary experimenter has around 20 years of informal (hobby) 

ballet training, therefore it is likely that an understanding of dance-specific concepts and dance-related 

vernacular will be greater than in an experimenter without such training. This experience also creates a 

shared point of reference between the experimenter and the dancer participants which may have 

unintentionally influenced certain aspects of the discussion.

https://osf.io/wbm6s/
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QUANTITATIVE RESULTS

Again, it is worth reiterating here that quantitative data analysis was only included for the sake of 

completeness, and was not the primary focus of this manuscript. Therefore, we should be careful about 

drawing conclusions from this data, given the small sample size and the potential lack of statistical 

power for more complex group differences.

Emotion Recognition Results

The average percentage recognition of the intended emotion, across all participants and all emotions 

was 52.00% (SD = 10.05). With a baseline of 20% established as chance level (from a 1 in 5 chance of 

selecting the intended emotion), after normality testing (p > 0.05), a one-sample t-test revealed that 

overall participants identified the intended emotions at greater than chance level: t(19) = 14.24, 

p < 0.001, d = 3.18.

Examining each emotion individually, all emotions were recognised at significantly greater than chance 

level. See Table 5.3 for a summary of the recognition rates for clips from each emotion category, and a 

summary of the inferential tests performed on the data. Further, the mean recognition rates for each 

expression category, and the distribution of responses can be observed in Figure 5.3.

Table 5.3: A summary of recognition rates for each emotion category (means and standard deviations), 

and the results of inferential tests performed on the data to determine whether they were recognised at 

greater than chance level. 

Emotion

Average 

Recognition 

Rate (%)

Greater than 

Chance 

Recognition?

Test Results

Neutral
60.00

(± 34.79)
Yes

One-Sample 

Wilcoxon 

Signed Rank 

Test

Z = 204,

p< 0.001,

d = 1.15

Happy
75.00

(± 30.35)
Yes

One-Sample 

Wilcoxon 

Signed Rank 

Test

Z = 209,

p< 0.001,

d = 1.81

Sad
62.50

(± 39.32)
Yes

One-Sample 

Wilcoxon 

Signed Rank 

Test

Z = 200,

p< 0.001,

d = 1.08
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Angry
32.50

(± 29.36)
Yes

One-Sample 

Wilcoxon 

Signed Rank 

Test

Z = 174,

p< 0.01,

d = 0.43

Fearful
30.00

(± 34.03)
Yes

One-Sample 

Wilcoxon 

Signed Rank 

Test

Z = 155,

p< 0.05,

d = 0.29

Figure 5.3: Violin plots depicting the distribution of recognition rates for each emotion category. 

Values presented in the centre of each of the violins represent the mean recognition rate, and the red 

dotted line indicates chance level of recognition. All emotions were recognised at significantly greater 

than chance level.

Although all emotions were recognised at greater than chance level, a number of frequent 

misclassifications still occurred. Movements intended to communicate sadness were frequently 

perceived to communicate neutral expression (25%). Movements intended to express anger were very 
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frequently mistaken for happiness (47.5%), even more often than they were labelled correctly (32.5%). 

Fearful movements were frequently confused with all other emotion categories; neutral expression

(15%), happiness (17.5%), sadness (17.5%), and anger (20%), but not more often than it was correctly

labelled (30%). A more detailed breakdown of the correct classification and misclassification rates can 

be found in Table 5.4.

Table 5.4: Correct classification and misclassification rates for clips from each emotion category.

Perceived 

Emotion

Neutral Happy Sad Angry Fearful

Intended 

Emotion

Neutral 60.00% 17.50% 7.50% 7.50% 7.50%

Happy 5.00% 75.00% 10.00% 7.50% 2.50%

Sad 25.00% 10.00% 62.50% 0.00% 2.50%

Angry 5.00% 47.50% 7.50% 32.50% 7.50%

Fearful 15.00% 17.50% 17.50% 20.00% 30.00%

These results align with those obtained in the original validation experiments conducted on the McNorm 

Library (Smith & Cross, 2022), as clips from all emotion categories were recognised at greater than 

chance level, and the lowest recognition rates were obtained for the fearful clips. 

Impact of Dance Experience on Recognition

Participants were recruited to form two different groups, each containing observers with different levels 

of previous dance experience. One group comprised participants who had received three or more years 

of formal dance training, and the other group comprised participants who had no previous dance training 

(including informal or hobby dance lessons). A series of independent samples t-tests were conducted to 

explore whether differences in previous dance experience had an impact on performance in the emotion 

recognition task in general, and whether any differences would emerge at the emotion-specific level. 

While experienced dancers (M= 53.00%, SD= 9.49) performed slightly better in the emotion 

recognition task, overall, than the non-dancers (M= 51.82%, SD= 10.79), this difference was not 

statistically significant: t(19)= 0.267, p= 0.792. At the emotion-specific level, the only significant 

difference in recognition between experienced dancers and non-dancers occurred for recognition of the 

sad movement clips. In this experiment, non-dancers (M= 86.36%, SD= 23.35) recognised sadness from 

the McNorm Library clips with greater accuracy than the experienced dancers (M= 40.00%, SD= 

39.44): t(14.3)= -3.237, p< 0.01. No other group differences emerged (all p> 0.05). A detailed 

breakdown of these group differences in recognition accuracy can be found in Table 5.5.
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Table 5.5: A summary of recognition rates for each emotion category (means and standard deviations)

for each participant group (i.e., dancers and non-dancers), and the results of inferential tests performed 

on the data to determine whether group differences were significant.

Average 

Recognition 

Rate (%)
Inferential Test 

Results
Dancers 

(N= 10)

Non-Dancers 

(N= 11)

Overall 53.00 (± 9.49) 51.00 (± 11.00)

t(17.6) = 0.44,

p = 0.67,

d =  0.19

Neutral 75.00 (± 35.36) 45.00 (± 28.38)

t(17.2) = 2.09, 

p = 0.05,

d = 0.94

Happy 80.00 (± 25.82) 70.00 (± 34.96)

t(16.6) = 0.73,

p = 0.48,

d = 0.33

Sad 40.00 (± 39.44) 85.00 (± 24.15)

t(14.9) = -3.08,

p < 0.01,

d = 1.38

Angry 30.00 (± 34.96) 35.00 (± 24.)

t(16) = -0.37,

p = 0.71,

d = 0.17

Fearful 40.00 (± 39.44) 20.00 (± 25.82)

t(15.5) = 1.34,

p = 0.20,

d = 0.60

Therefore, these results do not provide support for the prediction that dancers would perform better on 

the emotion recognition task than non-dancers, as the difference in overall recognition between these 

two groups was not significant. In addition, when examining recognition rates at the emotion-specific 

level, non-dancers were significantly more accurate in assigning the correct emotion label to the sad 

clips from the McNorm Library than dancers.

Impact of Kinaesthetic Empathy on Recognition

During the interviews, participants were asked the following question: “Did you find you were 

imagining yourself performing the movements while you were watching them?”. Answers were coded 
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as “Yes” or “No” depending on their response to this question, and this was used as an indicator of 

whether the participants made use of kinaesthetic empathy during the emotion recognition task.

A series of independent samples t-tests were conducted to explore whether recognition accuracy 

differed between participants who did and did not report using kinaesthetic empathy during the 

recognition task. For overall performance on the task, the participants who did report using kinaesthetic 

empathy obtained higher recognition rates (M= 53.08%, SD= 10.32) than those who did not (M= 50%, 

SD= 10), but this difference was not found to be significant: t(12.8)= -0.649, p= 0.528. 

At the emotion-specific level, significant differences emerged in recognition of neutrality (non-

expression) from the McNorm Movement Library clips. Participants who reported using kinaesthetic 

empathy (M= 76.92%, SD= 25.94) recognised neutral expression with greater accuracy than those 

participants who reported not using kinaesthetic empathy (M= 28.57%, SD= 26.73): t(12.1)= -3.897, 

p< 0.01. At the emotion-specific level, no other differences were found to be significant (all p> 0.05). 

A detailed breakdown of these comparisons can be found in Table 5.6. 

Table 5.6: A summary of recognition rates for each emotion category (means and standard deviations)

for participants who did, and did not, report using kinaesthetic empathy, and the results of inferential 

tests performed on the data to determine whether differences between these participants were 

significant.

Average Recognition 

Rate (%)
Inferential Test 

Results
Used Kinaesthetic 

Empathy

(N= 13)

Did Not Use 

Kinaesthetic Empathy

(N= 8)

Overall 53.08 (± 10.32) 50.00 (± 10.0)

t(12.8)= -0.65,

p = 0.53,

d = 0.30

Neutral 76.92 (± 25.92) 28.57 (± 26.73)

t(12.1)= -3.90,

p < 0.01,

d = 1.84

Happy 69.23 (± 32.52) 85.71 (± 24.40)

t(15.8)= 1.28,

p = 0.22,

d = 0.55

Sad 61.24 (± 46.34) 64.29 (± 24.40)

t(18)= 0.17,

p = 0.86,

d = 0.07
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Angry 34.62 (± 31.52) 28.57 (± 26.73)

t(14.3)= -0.45,

p = 0.66,

d = 0.20

Fearful 23.08 (± 33.01) 42.86 (± 33.01)

t(11.9)= 1.24,

p = 0.24,

d = 0.59

These results provide partial support for the idea that kinaesthetic empathy facilitates improved 

performance on emotion recognition tasks. Specifically, overall recognition did not differ between those 

who did and did not report using kinaesthetic empathy, but recognition of neutrality (non-expression) 

in the McNorm Library clips was significantly greater among participants who reported using 

kinaesthetic empathy. Therefore, these results provide at least partial support for the idea that imagining 

how the movements would feel within their own bodies aided participants in recognising a lack of 

emotional expressivity within human movement, but not the recognition of specific emotional states.
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QUALITATIVE RESULTS

An overview of the most frequently occurring words in the transcripts can be found in Figure 5.4 below. 

This visualisation provides a summary of the responses provided by participants during the emotion 

recognition task and semi-structured interviews.

Figure 5.4: An overview of the 50 most frequently occurring words in the transcripts. For the purpose 

of this visualisation common words were excluded, and duplicates of words (e.g., with different tenses) 

were removed.  

Through the use of Thematic Analysis, we identified a series of initial codes which were then collated 

under broader themes. These themes included: 1) Difficulty Defining Emotions, 2) Links to Basic 

Emotion Theories, 3) Kinematics in Emotion Recognition, 4) Role of Aesthetics in Emotion 

Judgements, 5) Kinaesthetic Empathy, and 6) Role of Previous Experience. In the following section we 

will discuss each of these themes in more detail, and provide relevant excerpts from the interview 

transcripts. 

Difficulty Defining Emotions

Whilst coding the data, it became apparent that several participants experienced difficulties with 

defining what constitutes an emotion. Five out of 20 (25%) participants noted that they struggled to 

understand whether certain descriptive labels (pride, enticement, pensive, introverted, hesitant, 

cautious) for the movements would “count” as an emotion for the purpose of task. It should be noted 

that these comments were mainly made by participants when they were asked to consider emotions 
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beyond the five basic emotions included in the forced-choice options, in response to the free-labelling 

question: “Is there any other emotion outside of that list of five [neutral, happy, sad, angry, fearful] that 

you think is a better description for what the dancer is communicating to you?”.

CB241104-DANCER (P14, L56): “Is pride an emotion? I’d say pride.”

CB241104-DANCER (P17, L34-35): “…I don’t know if it’s an emotion but it’s enticement, 

that feels like an enticement.”

LM1111-DANCER (P79, L37-38): “I don’t know if that’s an emotion, but it's quite sort of 

pensive like introverted…”

SMW021605-DANCER (P105, L11-14): “I [laughs] found kind of overall sometimes I 

questioned if I knew exactly what an emotion was. Like some of the examples I gave, then I’d 

think is this- does that actually classify as an emotion technically, if you know what I mean?”

These results suggest these difficulties with defining emotions occur when discussing more complex 

(and potentially culturally-specific – e.g., pride) emotions.

These excerpts suggest that the conceptual understanding of what actually constitutes an emotion may 

pose difficulties for some emotion recognition tasks, particularly for free-labelling tasks. They also 

suggest that these difficulties with defining emotions are most salient when discussing more complex, 

and potentially culturally-specific emotions (e.g., pride).

Links to Basic Emotion Theories

Whilst coding participant responses to the emotion recognition task, several aspects appeared to relate 

to components, or limitations, of the basic emotion theories (i.e., James-Lange, Cannon-Bard, Schachter 

& Singer). These included difficulty defining emotions, the impact of a trigger in the emotional 

experience, and the social nature of emotion communication. These codes will be discussed in the 

following section.

Impact of a Trigger in the Emotional Experience

It has already been noted that the basic emotion theories (James-Lange, Cannon-Bard, Schachter & 

Singer) disagree about the specific mechanisms of emotion production, but these theories do share a 

number of common characteristics. For example, these theories agree that some kind of external trigger 

or stressor is required initiate an emotional response. 

Although the McNorm Movement Library clips were presented in the form of PLDs, which contain 

simply a number of white dots moving against a black background (i.e., stripped of any other contextual 

visual cues), 7 participants (35%) noted imagining the dancer responding to some environmental trigger 

or stressor when they were assigning an emotion label to the clips. One participant, for example, 
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imagined the presence of a monster that the dancer was trying to avoid, and this prompted the participant 

to assign the fearful label to the movement sequence.

CT041605-DANCER (P27, L14-17): “…I say more fearful... They're really slow movements 

like sort of like, checking if there is like a monster there…”

CT041605-DANCER (P32, L32-36): “I remember the one uh, there was one that I picked up 

as fearful when it started like really, uh, still and sort of checking out, I imagine sort of his, the 

dancer was checking out the room, if there was like anybody or like sort of monster I don't 

know- a fearful figure in there…”

Indeed, a total of 5 participants (25%) reported imagined the dancer in the McNorm Library clips to be 

avoiding, or hiding from, a threat.

SMW021605-DANCER (P98, L46-50): “…I kind of feel like it's almost like they’re trying not 

to like be noticed in some way… They don't really seem to travel much it's almost as if they're 

moving in and out of hiding places, I guess, that type of thing. Yeah it seems like they’re trying 

to hide from something.”

EH301811-NON DANCER (P123, L38-41): “…it kind of felt like you were like tiptoeing 

through a hallway or something. Okay, and then kind of how they lunged really low like they 

were trying to like sneak by or avoid something.”

Another participant discussed imagining oppressive weather conditions which were placing physical 

strain on the dancer, and this imagery sculpted their emotion classification.

SK161007-DANCER (P213, L15-18): “Hmm. Yes, a texture, or temperature, or a weather-

like something like a weather phenomenon. Like I have seconds where I see them struggling 

with heat, or rain, an external factor making them not comfortable in their body.”

While these examples do not provide direct support for the necessity of an environmental trigger for

producing an emotional response in an (observed) individual, it does suggest that an imagined trigger 

can guide responses to human movement in an emotion recognition task.

It should also be noted that while environmental imagery was described in response to clips perceived 

to be angry (N=1), and happy (N=1), the majority of these examples were provided as justification for 

assigning the fearful emotion label to the movement sequences (N=5). In the vignette often used to 

illustrate the basic emotion theories (i.e., encountering a bear in the woods), the emotion typically 

discussed is the production of fear. It may be that the fear response, in particular, requires (at least the 

imagination of) some kind of environmental trigger to appear genuine or obvious to observer.

Social Nature of Emotion Communication
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It has also been noted that these basic emotion theories do not account for the social nature of emotional 

communication. However,  a wealth of evidence from previous literature highlights the social functions 

of emotion (Polo et al., 2016; Van Kleef et al., 2016; Morris & Keltner, 2000; Algoe et al., 2020). 

Through these interviews, we obtained further evidence to support this notion, as 11 participants (55%) 

reported imagining the movements in an interpersonal context to assist them with their emotion 

classifications. 

Some of these imagined social contexts were negative. For example, imagined confrontations frequently 

prompted the selection of anger from the forced-choice options. 

KM161203-DANCER (P70, L33-35): “I don’t know it just kind of looks like a fight, if you 

imagine like another person. I feel like I can almost see another person fitting into it, doing 

similar things in it looking like a fight.”

TC081402-NON DANCER (P207, L38-41): “…I think there should be another person besides 

this dancer and it’s kind of part of a conversation. And this dancer’s trying to show maybe some 

angriness, but specifically towards another person if he's there [laughs].”

TC081402-NON DANCER (P207, L47-50): “…because, I think, the person is walking towards 

one direction, and then is immediately turning back. So from that kind of movement, I think he's 

getting angry with someone else.”

GW011752-NON DANCER (P148, L30-32): “…I imagine like another person being there as 

well in that one. Like that felt very, like, sort of like a workplace kind of squabble almost.”

Others, however, were positive and lead to the selection of happiness or joy; or emotions not included 

in the forced-choice option list, such as seduction. For example, several participants noted that it looked 

like the dancer in the McNorm clips was “showing off” to others.

SK161007-DANCER (P90, L33-36): “…And I see something seductive or like trying to 

impress, like I would assume it was something that someone does to impress someone, to be 

seen, and to convince someone to dance with them. It's like inviting.”

SK161007-DANCER (P90, L41-43): “Yes, I imagine like I could totally see this person telling 

me, “Why don't you want to dance? Look!” as if they're waiting for me to go and dance with 

them.”

CB241104-DANCER (P18, L58 – P19, L2): “Yeah I'd put happy for this in terms of there's an, 

well I feel there's an enjoyment to it. Like if, like there was someone who got tipsy at a party 

but they were still in control. But they were really cool, and they just started dancing which is 

like “watch this”.”
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CB241104-DANCER (P22, L23-24): “…Like here’s this person, like I said, was at a party and 

got slightly drunk but they were like, they were showing off…”

Others suggested that the dancer in the McNorm sequences looked excited to see their friends.

GW011752-NON DANCER (P146, L16-19): “It's coming across as someone who's walked 

into a room of friends, and then like when the knees go, it's like when you see your best friend 

in the room, if that makes sense.”

GW011752-NON DANCER (P148, L12-16): “…as soon as I saw that I was like, to me, that’s 

someone who's walked into a pub. Like in a weird way, that’s just like something I clocked in 

my head. I was just like someone's walked into a pub, seen their friends, then seen like a very-

like, you know, the person I’m going to sit next to the whole night.”

These specific excerpts, and the frequency with which such comments were made throughout the 

interviews, provide evidence to support the idea that the social nature of emotions plays a significant 

role in the recognition of emotional expressivity.

Social Communication Styles

Further evidence for the social nature of emotions can be found when examining the communication 

styles participants used when they struggled to verbalise their thought processes. Thirteen out of the 20 

participants (65%) noted that they struggled to verbalise their thought processes. Of these 13 

participants, 6 dancers reported finding it particularly difficult to discuss movement verbally.

CR201309-DANCER (P35, L51-56): “I do, like it's hard to describe it sort of, like I just know 

the feeling of that sort of… Oh it’s so hard to put into words. When you do like those expansive 

sort of movements, for me it feels like I’m sort of dancing through space, and I think there's a 

lot more joy in that. Sorry, it's probably not helping them in terms of describing things. It’s 

really, it's quite hard.”

CB241104-DANCER (P14, L8-11): “…I'm thinking of like, yeah, there’s kind of- it’s- I don’t 

know I’m going off on one here. Yeah, God, Jesus I just can’t- I knew this was gonna happen. 

I have no idea how to communicate dance in verbal form.”

Often when such communication difficulties arose, participants would resort to “acting out” a specific 

scenario to illustrate their ideas. Out of the 20 participants, 8 dancers (80%) and 3 non-dancers (30%) 

communicated with the researcher in this way. 

PS291837-NON DANCER (P168, L54 – P169, L4): “…But then, it’s like sometimes you can 

get a person who can watch a movie, and you see the same movie, and you’re like “oh did you 

see that bit and that bit?”, “oh no I didn’t notice that bit or that bit, oh I’ll need to watch it 
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again to see that”. Whereas like sometimes people go to see the same movie but they see 

different movies, if that makes sense. They see different bits, different clips, different- say for 

example, sometimes a person says “oh such and such is in that movie”, “are they? Is she? I 

didn’t see them, no, but who are they playing?”…”

PS291837-NON DANCER (P170, L33-40): “…I mean who knows, they could be having a bad 

day but they’re smiling all the time, and you’re like “are you okay?”, “yeah I’m fine, aye, no 

problem” [laughs], you’re like “are you really fine?”, “yeah, yeah”. You know, you sometimes 

get that, they can keep it hidden. So I find that sometimes with people, it’s hard to kind of read 

them sometimes, and sometimes people have got a poker face and you don’t know. “How are 

you feeling?”, “Aye, aye, I’m fine, I’m okay” [laughs], but you don’t know that, or they could 

be really good and really bad, you know.”

KR281508-DANCER (P58, L23-27): “I can see this one being an angry one. But not in a loud, 

shout in your face like I'm so angry. But, especially this bit it's almost like hurt rather than 

angry? Like turn back and almost look back as if it's like “you've done this to me”. Here's me 

expressing how I am hurt.”

KM161203-DANCER (P64, L53-54): “I don't know how to explain it, but it's almost like a 

very “look at what I'm doing”, if that makes sense.”

It is possible that drawing attention to a social scenario that is familiar in everyday life and ‘acting out’ 

the response they would typically provide was an easier way for participants to communicate their 

understanding of emotional states demonstrated by the dancer in the McNorm Library clips. In other 

words, their descriptions were based on a perceived mutual understanding of social communication 

scenarios. It may be that, rather than having to verbalise a thought or idea, participants relied on a 

theoretical understanding (on the part of the researcher) to communicate their perception, thus providing 

further evidence for the need to capture the social aspects of affective communication.

Kinematics in Emotion Recognition

Many researchers have tried to identify a unique profile of movement kinematics associated with 

specific emotions, but this has produced mixed results so far (Sawada et al., 2003; Wallbott, 1998; 

Gross et al., 2010; Brownlow et al., 1997). By a substantial margin, the most consistent finding appears 

to be the role of speed in differentiating between different emotions, more specifically between high 

and low intensity emotions.

We obtained substantial support for the importance of speed in emotion recognition, as in these 

interviews all of the participants (100%) noted that speed played a role in their decision-making.
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TC081402-NON DANCER (P206, L43-45): “So I sort of think this is quite similar to the one 

I've select neutral for, but this time is much slower and it kind of have a sad vibe to it because, 

just because it's slower.”

TC081402-NON DANCER (P206, L55-56): “Yeah, because I think the movement is the same 

it's just the speed that makes a difference.”

CB241104-DANCER (P17, L54 – P17, L4): “We've seen this one before haven’t we?” 

[RESEARCHER: “I guess that’s for you to say.”] “Or is this a combination of the two? Is this 

the other one but faster? God, now I’m confused. I think this is the other one but faster isn’t it? 

Yeah it is the other one but faster. And that is slightly closer to anger.”

EH301811-NON DANCER (P124, L42-43): “…I probably wasn't looking for emotions at first, 

I think I was looking for speed at first.”

SM031603-DANCER (P187, L36): “High speed movement tends to me to speak of heightened 

emotion.”

These frequency with which speed was discussed during the emotion recognition task, and the apparent 

importance of speed to participants’ judgements noted in these excerpts, adds to the literature suggesting 

that movement speed plays a key role in whether participants assign high or low intensity emotion labels 

to movement sequences (Smith & Pollick, forthcoming; Halvoic & Kroos, 2018; Gross et al., 2012; 

Roether et al., 2009). Speed as a kinematic parameter therefore appears to be important from a 

computational standpoint (evident from previous kinematics research), but also from a perceptual 

standpoint as participants in this experiment were aware of how speed sculpted their emotion decisions.

Role of Aesthetics in Emotion Judgements

Previous research has implied that affective and aesthetic judgements are intrinsically linked (Gernot et 

al., 2018; Marković, 2010; Jankowski et al., 2020; Sachs et al., 2015; Brattico et al., 2016; Van den Tol

et al., 2016; Christensen et al., 2021). Additional evidence for this relationship can be observed the 

similar mechanisms involved in producing aesthetic and emotional experiences. In these interviews, we 

obtained further evidence that these processes may be linked, at least for the processing of abstract, 

whole-body dance movements.

Although the forced-choice task and interviews did not involve any specific mention of aesthetics, nor 

were participants asked to provide any aesthetic judgements for the clips, 17 of the participants (85%) 

provided spontaneous aesthetic evaluations of the movements in the McNorm clips. These judgements 
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included the standard dimensions of liking (7 participants), interest (2 participants), and beauty or 

prettiness (each by 1 participant). Other aesthetic-related judgements were also provided by participants 

(nice and graceful each noted by 4 participants, elegant and impressive each by 3 participants, sexy and 

cool each by 2 participants, and 1 participant noted each of the following characteristics; awesome, 

amazing, enjoyable, eye-catching, forgettable, funky, good, lovely, poised, satisfying, surprising). 

SK161007-DANCER (P89, L26-27): “I really like this [indicates to clip] the lifting of the leg, 

this is impressive and really interesting.”

CB241104-DANCER (P17, L30-36): “Oh this person’s sick. Yeah that’s cool, I like that. Out 

of those I’d say happy just because it’s the only- is that like the only positive one? …But there 

is a better word I would use to describe it, which is kind of, its, I don’t know if it’s an emotion 

but it’s enticement, that feels like an enticement. That’s kind of sexy, I like that.”

These examples provide evidence to suggest that aesthetic appraisals occurred spontaneously (i.e., 

unprompted) during the emotion recognition task, and that these judgements were sometimes used to 

inform the emotion judgements. These examples also provide evidence in support of the “what is 

beautiful is good” hypothesis, as participants tended to provide a positive aesthetic appraisal (only 2 

negative characteristics were reported; disliking and forgettable, each by 1 participant), which then 

typically prompted the selection of a positive emotion label (i.e., happy). 

Indeed, even more specific evidence emerged from our investigation that suggests that aesthetic 

evaluation influenced participants’ emotion judgements for the movement sequences. One dancer 

participant noted that they felt they could not assign the label of anger to the movement sequence, 

despite the fact they felt it may be most accurate, because they found it difficult to reconcile something 

beautiful with that particular negative emotional state.

CR201309-DANCER: “This one’s quite hard to…”

RESEARCHER: “Struggling a bit more with this one?”

CR201309-DANCER: “Yeah. I find it hard because I want to say angry, but see because the 

ballet movements are so beautiful it's so hard to- [laughs] Because for me, angry is something 

really that's not beautiful in a sense. But I think from the structure of the movement, especially 

the very beginning which was really destructive, like you weren't expecting. And the angular 

positions. I think I’m going to go for angry again.”
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RESEARCHER: “Okay, would you say you find this one beautiful?”

CR201309-DANCER: “Yeah, yeah.”

RESEARCHER: “So is that kind of where that struggle for angry comes from? Would you say 

you, kind of for you, it's hard to match up something that's beautiful with something that's 

angry?”

CR201309-DANCER: “Yeah. I think so.”

In review, as aesthetic evaluations were provided spontaneously (i.e., unprompted) during the emotion 

recognition task, and considering the specific difficulty one participant experienced in assigning a 

negative emotion label to stimuli perceived to be beautiful, this provides crucial support for the notion 

that an intrinsic link may exist between affective and aesthetic processing.

Kinaesthetic Empathy

Previous research has suggested that domain-specific empathy skills can help with processing of the 

domain-specific stimuli (e.g., musicians possess a set of music-specific empathy skills; Peters, 2015; 

Van der Schyff & Krueger, 2019; De Bruyn et al., 2011; Garrido, 2017). In dance, the greater use of 

kinaesthetic empathy is one reason why dancers are thought to perform better on emotion recognition 

tasks (Reason & Reynolds, 2010; Behrends et al., 2016; Seifert, 2018). This is believed to be linked to 

the concept of embodiment and, in turn, to empathy. It is argued that the ability to emulate the 

movements of others within our own body allows us to better place ourselves in another’s shoes. 

However, these claims tend to be inferred from neuroimaging data of dancers (i.e., greater activity in 

motor areas for familiar movements), rather than by asking dancers specifically. As a result of this gap 

in the literature, it is unclear the extent to which kinaesthetic empathy is universally used across dancers, 

whether this is exclusive to dancers or movement experts, and the extent to which those who do use 

kinaesthetic empathy believe this aids their ability to recognise emotion from the movement of others.

During these interviews, 7 out of the 10 dancer participants (70%) reported making use of kinaesthetic 

empathy, and explained that doing so assisted them with assigning emotions to the McNorm Library 

stimuli.

LM1111-DANCER (P82, L25-27): “…I think it's also interesting, I find it easier to think about 

the emotion not looking at it, but trying to do it [hand movements] like a little bit.”
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CC051508-DANCER (P9, L46-50): “… I think it was the first one I was quite unsure about, 

and I went to say neutral. And then, based on looking at it and thinking about how I would feel 

doing those movements I started changing my answer to more happy. Like I can picture doing 

those movements and like smiling [laughs].”

CB241104-DANCER (P21, L20-41): “…I am putting myself in their position and I would 

imagine what I would be feeling. That’s how I, that’s how I judged it. …that's basically what I 

was doing. I was like, I'm empathizing with them… that was essentially what I was doing I was 

just looking at it from like, if I was performing this, this is what I’d perform it with. This is what 

I’d give it so yeah. … Yeah, it helped firm up the decisions, because I would go off my initial 

imprint and then like, my initial watch it, and then I’d go yeah that's how I'd be performing that 

piece. Like, it was like see someone else, be like yeah I’d do the same as that so yeah.”

KR281508-DANCER (P59, L44-47): “It's almost, I could feel myself as I watched it like 

multiple times then, [arm and torso movement] not doing this [laughs], I’d like- I’d start like 

picturing how it would feel to do it, and then I’d just think how like, my emotions would be as I 

was dancing it.”

These excerpts provide support for the idea that dancers make use of kinaesthetic empathy, or motor 

simulation, when observing other bodies in motion, and that imagining how those movements would 

feel in their own body helped them to assign an emotion label to the movement sequences.

It is also of note that one of the dancer participants used a combination of both visual and kinaesthetic 

imagery to make their decisions. They discussed making their emotion judgements based on how doing 

the movements would feel within their own body, but they also noted that for some of the clips they 

envisioned a visual image of themselves performing the movements from the McNorm clips. They 

noted that which method they used differed depending on the perceived difficulty of assigning an 

emotion label to a particular clip.

KR281508-DANCER (P60, L9-16): “The ones that I kind of imagined myself watching almost 

were like clearer emotions. The ones that I could picture myself dancing were much harder to 

like, decipher what I’d then be feeling. I think it was just strange because it shouldn't like. In 

my head I think if I was what it's done and it like, in my head I’d think if I was the one that was 

dancing it I’d know how I feel. But then it was almost then like imagining yourself dancing it, 

and then imagine watching myself dance it, and then that almost felt different as well.”



189

However, through these discussions we observed that kinaesthetic imagery was not used universally by 

dancers, as 3 of the dancer participants (30%) explicitly stated that they did not imagine simulating the 

movements within their own bodies.

CC051508-DANCER: “Like I didn't really, yeah, didn’t really like relate it to my own life, or 

like picture it being, yeah, myself particularly.”

In addition, while 4 non-dancer participants (40%) did not report using kinaesthetic empathy or motor 

simulation to make their emotion decisions, 6 non-dancers (60%) did report imagining themselves 

performing the movements to assist them with their emotion decisions. 

[RESEARCHER: “Okay. Did you find you at any point imagined yourself doing the 

movements?] EH301811-NON DANCER (P124, L52): “No.” [RESEARCHER: “No. If you 

had do you think that would have helped with your decisions?”] EH301811-NON DANCER

(P124, L57): “No, probably not.”

SM031603-NON DANCER (P192, L35-36): “I think I might have tried to do one or two of the 

movements as well, yes.”

SM031603-NON DANCER (P192, L48-50): “I think I sort of, yeah I did the movement and I 

sort of correlated it in my head with the emotion that would make me do the movement, as it 

were.”

TC081402-NON DANCER (P209, L25-27): Yeah because I first trying to do all the movement 

myself and then trying to imagine what will I feel if I act like that, so yeah. That's how I judge 

the emotion going on.

These excerpts suggest that domain-specific empathy skills (i.e., kinaesthetic empathy) may be of 

importance to some observers, but appears not to be universal, nor unique, to movement experts. 

Therefore, this is not the sole reason why previous experience may lead to improvements in 

performance in emotion recognition tasks, and should not be considered as such going forward. There 

may be other facets of previous experience that facilitate the improvements in emotion recognition 

capabilities observed in dance-experienced samples.

Role of Previous Experience

Extensive evidence suggests that dancers perform better in emotion recognition tasks than non-dancers. 

But, if kinaesthetic empathy alone does not distinguish between movement experts and non-dancers, 

through these interviews we uncovered a number of additional aspects of previous experience which 
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may facilitate these improvements. Findings in this area related to the themes of learned associations in 

dance, knowledge of performative dance, learned associations from real-world experiences, and learned 

associations from popular culture. These themes are discussed in more detail in the following section.

Learned Associations in Dance

In these interviews, 9 out of the 10 dancer participants (90%) indicated that they had learned 

associations between specific movements and particular kinds of emotional expressivity from their own 

dancing experiences (as performers and as choreographers).

LM1111-DANCER (P80, L24-29): “Yeah. I would associate that with… Like especially 

quicker turns. Like anything fast I would associate with something either like anger or, or like, 

but it was essentially faster movements and turns and sort of the turning away from the audience 

but looking I would very much associate with like joy and happiness or something flirtatious or 

yeah quite out- it feels quite outgoing also this one.”

LM1111-DANCER (P82, L48-53): “Yeah I think it's similar with, with jumps I tend to think 

more joyful, more happy also more angry, maybe. Whereas, I think anything slow, especially… 

Hm, I think slow can be, can be fearful or sad or sad, especially. But like it can also be intimate 

like sort of for me is very slow movements or like développés or things like that they also happen 

in pas de deuxs.”

SK161007-DANCER (P92, L42-53): “…when I see a dancer being on one leg and lifting all 

other limbs, this is associated with freedom and joy. Absolutely, when I see someone doing this 

comfortably. When I see someone lifting their leg, but in a straight, strict position this is 

associated with discipline to me, and concentration. And then I really like seeing dancers- I 

really like when they bend their back because this is something that I find really- I use a lot in 

my work, in cabaret- like as I said, cabaret is the dance that I have the most experience with, 

it's important to have the lower back arced so this is something charming, this is something 

that I find charming when I see a dancer lifting their head and curving their back, I would say 

seduction. It conveys seduction to me.”

KM161203-DANCER (P73, L2-14): “… I feel like we would always be told like [claps] sharp, 

you need to make it sharp [claps] and that’s just stuff that’s like almost stuck in my head. When 

I was doing it, I would like try [hand movements] and do it like as sharp as possible. I think 

because that was one of the things I could actually do, like it was one of the things I think I 

would get kind of complimented on. It would be like “oh [KM161203]’s good at doing that 
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sharp”, so I think it's one of those things that I would really focus on, because I know like maybe 

someone else would be better at pirouettes, maybe someone else would be better at this. So I 

think that kind of like… you’re almost told to [hand movements – imitating feet movements from 

clip 10] kind of put anger into it. So I think that’s maybe why that’s stuck in my mind for that. 

Whereas someone else maybe wouldn’t have that association.”

Another dancer participant indicated that they held associations between particular movements and the 

expression of a particular emotion based on their experience of choreographing a performative dance 

sequence.

SMW021605-DANCER (P103, L6-12): “…One of the ones, when they bring your arms [arm 

movement] round I think they turned and brought their arms to the other side, the fourth. I

choreographed a dance like June in my last year of my undergrad for one of the competition 

teams and that was in my dance. So that dance was very upbeat, it was to Physical by Dua Lipa, 

so I kind of think of joy when I see that, and happiness if that makes sense, and it reminds me 

of a happy time.”

These personal associations seemed to be of particular relevance for the identification of neutral (or 

non-expressive) movements, as 7 out of the 10 dancers (70%) reported associating the specific 

movements included in the neutral stimuli with movements they had performed as warm ups, or 

technique exercises in a training setting (i.e., classes), and this helped to guide them to provide the 

correct response.

CB241104-DANCER (P16, L56-57): “I mean I'm just going to be putting neutral, because I 

know they’re at the barre or they’re in the centre doing stuff…”

CB241104-DANCER (P17, L15-19): “…yeah it’s kind of, that’s an exercise, so at least- so the 

purpose of that is for exercise so yeah, you sort of do it neutrally. …I just thought that’s, I know 

what that person is doing.”

CR201309-DANCER (P18, L25-30): “I think for this one I'm going to go for neutral. Maybe 

because I recognize the exercise is like a warm up. Something you would do in class. Which I 

think I associate more in terms of getting into the body, rather than expressing something. Say 

it’s in like, I don't think the dancer’s in like a performance mode, it's more just internally, for 

themselves. Yeah and it's very, it’s functional movement.”

SMW021605-DANCER (P98, L16-18): “It does look very much kind of just like a standard 

ballet barre exercise or like a centre plié exercise. So I think because of that, because it's kind 

of standardized, it just seems neutral overall.”
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SMW021605-DANCER (P102, L47-54): “…I think, also because I do ballet, it’s one of like 

my main styles, I’m just very used to associating them more with technique, rather than like 

performance. So I think it's probably ingrained in me to just see them and think of them as being 

quite neutral because part of the whole kind of essence of those exercises, I guess, is about 

being controlled, and keeping your composure, and making sure your technique is as good as 

possible. So I think when I see them, I just instantly think of that.”

These results suggest that learned associations with specific movements can influence the emotional 

expressivity observers assign to those same movements. This may be particularly salient for 

experiments which involve presenting dance movement stimuli to dance-experienced samples. 

Knowledge of Performative Dance

The dancer participants in our study sample also drew upon their professional knowledge and 

observational experience with dance in general, and performative ballets specifically. Four out of the 

10 dancer participants (40%) used these associations to draw comparisons between the experimental 

stimuli and specific ballet stories.

CB241104-DANCER (P21, L58 – P22, L7): “Like the first one, because they weren't really 

going that far above like the legs were- their attitudes and arabesque weren’t going above, but 

this is like a technical thing. So I imagined it’s a romantic ballet because back then the skirts 

didn’t allow- they stay below 90 degrees, they didn’t go above. So I was thinking like Giselle 

and that. And then later on, like the Swans you- there’s just a way- yeah, so I did associate it 

with stuff, I was like “I imagine that’s kind of like Swan Lake?”. That’s kind of Swan like 

movement there…”

CB241104-DANCER (P23, L22-25): “In a state of sorrow it would be the head would be down, 

like I’m thinking Swan Lake, but like there’s it’s a kind of- a sort of need to go down, like go to 

the floor kind of thing. Which is what happens in Swan Lake…”

CC051508-DANCER (P2, L53-55): “It's like, very like big and it reminds me of, oh what’s the 

one in Nutcracker with like the two guys and they’re like tumbling and stuff? It reminds me of 

that.”

However, we also found that three out of the 10 non-dancers (30%) also related the movements they 

were observing in the McNorm Library stimuli set with ballet performances they were familiar with. It 

has been suggested that even visual experience (without motor experience) of dance leads to changes 
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in movement perception. It may be that both dancers and non-dancers who have observed performative 

ballet may draw on previous knowledge to associate particular movements with narratives, to aid them 

in assigning emotion categories to expressive motion stimuli.

RT231409-NON DANCER (P181, L17-19): “…you know, you're looking at it, you’re thinking 

that’s reminiscent of Swan Lake or, you know, a movement in Swan Lake or something like 

that.”

SD081104-NON DANCER (P201, L4-6): …I was sort of visualizing like trees and forests and 

things. Just sort of that just must be like my natural association with like dance performances.”

These results provide additional support for the idea that observational experience may sculpt the 

perception of emotionally expressive human movement, regardless of motor experience.

Learned Associations from Real-World Experiences

Drawing upon learned associations and knowledge of performative dance was utilised much less by the 

non-dancer participants. Instead they tended to base their emotion judgments for the movements on 

their memories of experiencing those same emotions in their everyday life. In these interviews, 6 out of 

the 10 non-dancers (60%) discussed specific circumstances where they had performed similar 

movements, physically, in response to events or experiences in their own lives. For example, one 

participant discussed a very vivid example, where they related movements in the McNorm Library clips 

to their own experiences of dancing in a bar when on holiday, and used this previous experience to 

assign the happy label to the clip.

PS291837-NON DANCER (P161, L26-30): “Yeah. Very happy, like the blue sky in the 

summer, you’re in the bar, you’ve got a few beers, you know, like going out and having a bit of 

a cha-cha-cha kind of thing, you know [laughs]. It kind of puts you in the mind of holidays, if 

you were in Spain, Portugal or wherever, kind of, that’s the impression I get.”

PS291837-NON DANCER (P168, L19-27): “…like the salsa one, if you put on like that song, 

what was the holiday song years ago, you might remember it if you’re young enough, Las 

Ketchup, that was the one where you kind of [laughs] do that dance [hand movements]. That 

kind of brought that back in my memory, and it’s just like you know, you’ve got that memory of 

the sun setting, you’ve got the kind of pina coladas in the bar and all that, that’s playing in the 

background and you think “oh cool”, you know. But it’s amazing, you know, how one thought 

can trigger a whole lot of memories…”

Another non-dancer participant mentioned finding some of the movements in the McNorm clips to 

reflect the way they celebrate when their favourite football team wins.
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RT231409-NON DANCER (P180, L45-48): “Again, just perhaps the first one, the fact that, 

you know, it seemed to be carefree and I think we've all experienced that sort of feeling at times. 

Particularly when Celtic are gubbing Rangers 3-0 on a Wednesday night [laughs].”

Similar anecdotes were provided by non-dancers who noted that some movements in the McNorm 

Library clips reminded them of negative previous experiences, and that they based their judgement of 

anger on interpersonal confrontations they have had in the past.

TC081402-NON DANCER (P208, L44-47): “I think there's one I told you about there should 

be another dancer beside this dancer. Yeah, for that one because that picture kind of appeared 

to me quite vividly, I'm guessing that's from one of my life experience arguing with another 

person. Yeah [laughs].”

These results suggest that various types of previous experiences, not just those related to dance 

specifically, may influence the affective perception of the human body in motion.

Learned Associations from Popular Culture 

In addition to real-world experiences, 6 out of the 10 non-dancer participants (60%) made a number of 

references to popular culture when explaining the associations they had with some of the movements 

in the McNorm clips. There were references made to films and television programmes, some of which 

were specifically related to dance (e.g., Strictly Ballroom, Strictly Come Dancing), and others which 

were not obviously related to dance (e.g., Toy Story, The Titanic). Musicals, such as West Side Story, 

were also discussed. 

PS291837-NON DANCER (P171, L22-30): “…But the one where it was like, the sad one or 

like the kind of the lamenting one, I was imagining a bit of The Titanic soundtrack, or the sad 

soundtracks, or even like in that movie, you might have seen it years ago, Toy Story. You’ve got 

the sad bit where it’s like Woody is left on his own, and like in Toy Story 2 when Jessie’s left 

down the back of the bed and like years go past, and it’s playing a sad song and she’s sitting 

with her wee head down, and that kind of brings it back to you, you’ve got that in your mind, 

that image, of making them sad…”

SM031603-NON DANCER (P191, L38-39): “…I don't watch a lot of dance, videos and things 

in general but Strictly Ballroom, that influenced my decisions…”

RT231409-NON DANCER (P181, L56 – P182, L4): “You know, just think perhaps maybe 

West Side Story, you know that there’s you know, obviously between the Jets and the Sharks, 

and that’s quite dynamic, and rapid action if you know what I mean, it’s sudden. Jerky 

movements almost would tend to sort of lead you to think, aye there was anger in that.”
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LJ181312-NON DANCER (P157, L18-20): “…most like have the happy dance is like in some 

movies, like cartoons, when you see them dancing they usually do almost the same as in the 

moves as those…”

These excerpts provide some suggestion that previous motor and observation experiences which are not 

specific to performative dance, may also influence success in emotion recognition tasks. Overall, these 

comments provide some clue as to how previous experience can influence emotion judgements assigned 

to emotionally expressive movement, beyond the role of domain-specific empathy skills or motor 

simulation. 

Other Factors

Several other interesting factors emerged during these interviews that are beyond the scope of the 

current manuscript. These included references to visual attention strategies (e.g., holistic visual 

processing, movement-driven visual attention, experience-driven fixations, and body region-specific 

attention), and the role of other imagined social cues (e.g., music, facial expressions, morphological 

body information). However, all interview data is publicly available on the OSF (https://osf.io/wbm6s/), 

and we would encourage other researchers to make use of this rich source of data to pursue new research 

questions.
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DISCUSSION

1. QUANTITATIVE FINDINGS

1.1.Emotion Recognition Results

In comparing the emotion recognition results obtained in this study, we observed a number of 

similarities to those obtained in the original McNorm validation experiments (Smith & Cross, 2022). 

First, in the present experiment, participants obtained an average recognition rate of around 52% for the 

selected clips from the McNorm Library. These results align extremely well with recognition rates 

reported in the original validation experiments (52.2% in Experiment 1, 49% in Experiment 2). 

Additionally, as in the original validation experiments, all emotion categories (neutral, happy, sad, 

angry, and fearful) were recognised at greater than chance level. Finally, similarities can be found when 

examining recognition rates at the emotion-specific level. In the original validation experiments 

movements depicting the expression of fear were recognised with the lowest level of accuracy (38% in 

Experiment 1, 39% in Experiment 2), and in the present experiment fear was also recognised with the 

lowest accuracy (30%). Despite the small sample size for a replication study, these results do provide 

compelling evidence for the high consistency in recognition of emotional expressivity from whole-body 

dance movement clips in the McNorm Library, and provide further evidence of its utility in social 

cognition research.

1.2.Dance Experience Results

In the current study, participants with extensive dance experience recognised the intended emotions 

with slightly greater accuracy (53%) than non-dancers (51%), but this difference was not found to be

significant. The only significant difference that emerged between these groups was that non-dancer 

participants recognised the expression of sadness with greater accuracy than dancers. This result is 

surprising considering the previous literature. Researchers have observed on multiple occasions that 

dance experience sculpts the perception of human movement (Kirsch et al., 2015; Cross et al., 2011; 

Bläsing et al., 2012; Orgs et al., 2018), and that dancers perform better in emotion recognition tasks 

than non-dancers (Christensen et al., 2016; Christensen et al., 2019; Christensen et al., 2021). However, 

it should be noted here that in the original McNorm validation experiments (which examined responses 

from dance-experienced and non-dancer observers) neither physical, nor observational, dance 

experience had a significantly positive effect on the recognition of emotional expressivity. It should 

also be noted that in the experiment conducted by Christensen and colleagues, movement was typically 

depicted in the form of full-light displays, while clips in the McNorm Library depict such movements 

in a reduced format (i.e., as point-light displays). It is possible that greater morphological information 

is required for dancers to successfully identify emotional states from the dynamic human body, 

particularly when considering the widely ranging choreographic repertoires associated with different 

dance styles.  
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The movement repertoires of certain non-Western dance styles (e.g., Bharatanatyam, Mohiniyattam) 

and some Western dance styles (e.g., Scottish Country Dancing) rely on specific movements or 

positioning of the hands and fingers, and Western ballet repertoires are centred around five specific 

positions of the feet (‘cinq positions des pieds’). However, due to the reduced visual format of the 

McNorm Library’s PLD movement representations, fine motions of specific body parts (e.g., fingers) 

and specific limb positions are not clearly visible to observers (as the feet and hands are represented as 

singular markers). This lack of visual detail may be particularly important to take into consideration in 

future emotion recognition tasks using dance-experienced samples. We suggest that it may be useful to 

conduct a similar task exploring emotion recognition in dancers and non-dancers using both PLD and 

FLD representations of emotionally expressive whole-body dance movement sequences. 

1.3.Kinaesthetic Empathy

As part of the semi-structured interviews, participants provided yes or no answers when asked whether 

they imagined themselves performing the movements while they observed the McNorm Library clips. 

These responses were coded to provide a binary measure of the use of kinaesthetic empathy; which was 

entered into a two-sample t-test to explore group differences in average recognition of emotional 

expressivity in those who did and did not imagine simulating the movements within their own body. 

Although no significant differences were observed in overall task performance, we observed that 

participants who reported using kinaesthetic empathy were more accurate in identifying neutral clips 

from McNorm Library than those who did not. These results suggest that using kinaesthetic empathy in 

this emotion recognition task may not have assisted with identifying specific target emotions, but did 

assist participants in discriminating between expressive and non-expressive whole-body movement 

sequences more generally.

It has already been noted in this manuscript that evidence supporting a relationship between kinaesthetic 

empathy and improved performance in emotion recognition tasks is often inferred from the results of 

related, but disparate, quantitative experiments. We aimed to probe the extent of this relationship 

through our semi-structured interviews, therefore additional discussion of qualitative kinaesthetic 

empathy results can be found in section 2.5. of this chapter.

2. QUALITATIVE FINDINGS

In the following, we discuss results from the semi-structured interviews pertaining to the following 

themes: 1) Difficulty Defining Emotions, 2) Links to Basic Emotion Theories, 3) Kinematics in 

Emotion Recognition, 4) Role of Aesthetics in Emotion Judgements, 5) Kinaesthetic Empathy, and 6) 

Role of Previous Experience. 
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2.1.Difficulty Defining Emotions

During the experimental proceedings, a quarter of the participants specifically noted being unsure of 

whether the descriptive label they had assigned to the McNorm Movement Library clips “counted” as 

an emotion. This ambiguity in what exactly constitutes an emotion is mirrored in the range of dictionary 

definitions provided to summarise the term. In the Merriam-Webster Dictionary, the first entry under 

the definition of emotion is, “a conscious mental reaction (such as anger or fear) subjectively 

experienced as strong feeling, usually directed towards a specific object and typically accompanied by 

physiological and behavioural changes in the body” (Merriam-Webster(b), n.d.). This definition brings 

attention to a number of key identifying components of emotion; including the need for conscious 

awareness of the affective response and the experience of strong feelings, and the typical requirement 

of both a trigger and a bodily response. However, previous behavioural and neuroscientific research 

highlights some issues with the specificity of this description. In a study conducted by Sato and Aoki 

(2006), participants were asked to provide preference judgements for a series of ideograms which were 

preceded by 25ms positive or negative valence primes (happy and angry faces) on the left or right of 

the target ideogram. They found that the participants were not consciously aware of the presence of the 

primes, but also found that the presence of a negative prime significantly reduced liking ratings assigned 

to the target ideogram, compared to the positive or neutral primes. These results suggest that the 

experience of emotions, and production of subsequent behavioural responses, do not always require 

conscious attention. 

Returning to the definitions of emotion in the Merriam-Webster dictionary, the second and third entries 

are simply, “a state of feeling” and “the affective aspect of consciousness”, respectively. While these 

latter entries may be more appealing than the first due to their simplicity, they leave room for ambiguity 

in conceptually and operationally defining emotions for social perception research. This is perhaps best 

illustrated through evaluation of the experience of “calmness”. We choose to discuss this example, as 

two participants noted difficulty in deciding whether “calmness” would count as an emotion when 

describing the movement clips in this experiment (CR201309, pg. 34, L52-53; EH301811, pg. 117, 

L41). Taking the first definition, calmness would likely not be classified as an emotion, given where it 

is situated on the spectrum of arousal, as it does not meet the proposed requirement of producing strong 

feeling. However, calmness would be classified as an emotion under the second definition, as there is a 

wealth of evidence highlighting the physiological and cognitive effects associated with the ‘feeling’ of 

being calm. 

We should note, that neither we nor the participants in this experiment are the first to draw attention to 

this issue. In a recent essay, Scheff (2015) provides an exceptional summary of the uncertainties in this 

area when he says that the, “meaning of words that refer to emotions are so confused that we hardly 

know what we are talking about” (Scheff, 2015, p111). Moving forward, it would be beneficial to 
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develop a definition for what we mean by “emotions” in the context of social perception research, and 

it may be useful to provide this definition to individuals who participate in emotion recognition tasks; 

particularly in cases that involve free-labelling.

2.2.Basic Emotion Theories 

It has already been noted that few existing theoretical frameworks capture the real-world human 

experience of emotions. However, the seminal emotion theories proposed by James-Lange (James, 

1884; Lange, 1885), Cannon-Bard (Cannon, 1927; Bard, 1928), and Schachter and Singer (Schachter 

& Singer, 1962) have allowed us to develop a thorough understanding of how physiological and 

cognitive processes interact to produce emotional experiences. A number of participants in these 

interviews alluded to certain aspects, or limitations, of these theories during the emotion recognition 

task.

2.2.1. Impact of an External Trigger

While the James-Lange, Cannon-Bard and Schachter and Singer theories of emotion disagree about the 

specific mechanisms underlying the elicitation of emotions, they do share a number of common 

features. First, they broadly agree that physiological responses and cognitive processing are required 

for an emotion to be felt. Secondly, they all indicate the need for some external trigger or stressor for 

the experience of an emotion to be produced. In these semi-structured interviews, a number of 

participants reported imagining the presence of some kind of trigger in the environment of the McNorm 

Library movement clips, that the dancer was reacting to, when they were making their emotion 

decisions.

It should be noted again here that the clips from the McNorm Library represented the movement of the 

dancer in the form of point-light displays. By reiterating this point, we draw attention to the fact that 

the clips contained the movements of only one dancer (depicted as a series of moving white dots without 

morphological body information) presented on a black background. Therefore, the clips contained no 

visual information that could indicate features of the environment, highlighting the fact that all triggers 

were completely imagined by the observers during the emotion recognition task. While these comments 

do not provide support for the necessity of an environmental trigger (as is suggested in the traditional 

emotion theories), they do provides support for the idea that an imagined trigger may strongly invoke 

the perception of certain emotional states. 

It is unclear how employing the use of such imagery (e.g., a general threat, a monster, or extreme 

weather conditions) contributed to the participants’ emotion decisions. However, it should be 

acknowledged that in the majority of these cases, these examples were provided as justification for 

assigning the fearful emotion label to the movement sequences and this is interesting when we consider 

the vignette typically used to illustrate the basic emotion theories. Typically, to illustrate differences in 
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the emotion elicitation processes proposed in the James-Lange, Cannon-Bard, and Schacter and Singer 

theories, we are encouraged to consider the following situation: we encounter a bear in the woods, then 

in some order we experience a physiological response (e.g., sweating, increased heart rate) and process 

cognitively (i.e., we associate growling with aggressive animals and know this means danger), which 

produces the experience of fear. Therefore, fear is often used as the exemplar emotion in such 

illustrations. When considering both this, and the fact that the fear response was most frequently 

associated with the imagery of an environmental trigger during this experiment, we suggest that perhaps 

the communication of fear, in particular, is most dependent on some external trigger (be it real or 

imagined).

This may provide some tentative explanation for why fear is often recognised with the lowest frequency 

in emotion recognition tasks (in this manuscript, and in the previous literature; Smith & Cross, 2022; 

Pasch & Poppe, 2007; Camurri et al., 2003; Dittrich et al., 1996; Grèzes et al., 2007; Dahl & Friberg, 

2007). When creating emotionally salient stimuli for social perception research it is not possible, for 

obvious reasons, to introduce any genuine threat or trigger to the experimental proceedings. However, 

it is possible that introducing an emotion elicitation task to the stimulus creation methodology may be 

useful for the emotional expressivity captured in such stimuli to appear more genuinely authentic, and 

may translate to greater recognition among observers. Indeed, there is evidence from facial expression 

research to suggest that observers are sensitive to the authenticity of emotional expressivity. A number 

of studies report that observers can differentiate between spontaneous (Duchenne) and posed (non-

Duchenne) smiles (Etcoff et al., 2021; Krumhuber & Manstead, 2009; Trutoiu et al., 2014).

Additionally, it has been found that observers can be specifically sensitive to the detection of 

inauthenticity in facial expressions of fear (McLellan et al., 2010). 

It is unclear the extent to which these findings from facial expression research extend to the 

communication of genuine or inauthentic portrayals of emotional expressivity, and of fearful expression 

in particular, for whole-body human movement. Again, for obvious ethical reasons, it is not possible to 

generate authentic emotional reactions through exposure to potentially harmful triggers in the creation 

of stimuli sets for social perception research, but emotion elicitation tasks could present a viable 

alternative (Gross & Levenson, 1995; Clark, 1983; Sun & Yin, 2008; Cowie & Cornelius, 2003). To 

our knowledge, no research to date has explored differences in the perception of expressivity from a set 

of movements recorded following an emotion elicitation session, versus a matched set of movements 

that were not preceded by such a session. Such an experimental approach has the potential to reveal the 

importance of authenticity in expression for the successful recognition of emotion, and may shed some 

light on whether this is of specific importance for the successful recognition of fear. 

2.2.2. Emotions in a Social World
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It has already been noted that a significant limitation of existing emotion theories lies in the fact that 

they only provide an account of how emotions are produced within the individual, and do not account 

for the social nature of emotional experiences as they occur in the real-world. We obtained evidence 

from these interviews which suggests that the social aspects of emotional expressivity play a vital role 

in the recognition of emotion from whole-body movement. 

Various examples of what we term interpersonal imagery emerged throughout the interview transcripts, 

as many of the participants reported imagining the dancer in the McNorm Library clips within a social 

context to assist them with their emotion judgements. Unlike with the environmental imagery, instances 

of interpersonal imagery were discussed evenly in both positive and negative contexts. For example, 

several participants reported believing the dancer to be engaged in a confrontation with an imagined 

other (e.g., a workplace squabble, argument with a friend), and others mentioned that they imagined the 

dancer to be present at some sort of gathering or celebration (e.g., dancing at a party, seeing their friends 

in a pub). These comments provide some evidence to suggest that imagining social contexts may be 

important for affective recognition more broadly, rather than for recognition of specific kinds of 

emotional expressivity.

The importance of social aspects of emotional communication were also reflected within the nature of 

the discussions themselves. Many of the participants made comments suggesting that they were 

experiencing difficulty in communicating their ideas with the interviewer (e.g., “how do I say this?”, 

“it’s hard to put into words”). Such instances appeared to be more prevalent among the dancer 

participants, but several non-dancers also noted similar struggles. On a number of occasions, when 

struggling to verbalise their thought processes, participants would resort to “acting out” certain 

scenarios to clarify the meaning of their comments. For example, when struggling to communicate why 

they were labelling a movement sequence as angry, one participant adopted the role of two imagined 

others navigating a situation where one of these others felt “hurt” during a confrontation (i.e., “you’ve 

done this, you’ve hurt me”). In linguistics research, this has been referred to as providing quotations 

(Sams, 2010; Clark & Gerrig, 1990). It has been suggested that these quotations function as thought 

experiments, allowing the speaker to present something they believe in the hope that the listener shares 

their understanding, and can offer their own interpretation or thoughts on the relevant assumption or 

question (Myers, 1999). In the context of this experiment, it is possible that the participants were 

highlighting these social examples as a way to resolve difficulties in verbalising their ideas through the 

presentation of a scenario through which the interviewer and interviewee can evaluate a shared point of 

reference. If this notion holds weight, it implies a perceived mutual understanding of social factors 

involved in the experience of emotion, and provides further evidence for the importance of considering 

emotions within a social context. This idea, however, is rooted in linguistics and philosophy, so it is 

unclear how quotations function within the context of social psychology research. Therefore, future 
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research in this area may be beneficial for developing a picture of the extent to which mutual 

understanding of social situations contributes to the success of social communication. 

2.3.Kinematics in Emotion Recognition

It has already been noted that in the study of facial expressions, researchers have identified unique 

patterns of muscle activity (‘action units’) that correspond to the expression of particular emotional 

states. This approach is mirrored in social perception research exploring affective expressivity through 

whole body movement cues, as a number of researchers have attempted to isolate unique patterns of 

movement kinematics that correspond to the expression of different emotional states. However, in 

review of the existing literature, compared to the consensus in which action units corresponds to which 

emotions in facial expressions (e.g., happiness involves raising the orbicularis oculi and pars orbitalis, 

and the zygomaticus major, to scrunch the eyes and smile, respectively), researchers provide 

contradictory accounts of which human movement kinematics result in the communication of these 

same emotional states. For example, sadness has been associated with both contracted (Shikanai et al., 

2013) and limp (Shafir et al., 2016) motion, and happiness has been associated with both relaxed (Gross

et al., 2010) and high energy (Brownlow & Dixon, 1997) movement. These inconsistencies are further 

exacerbated by the lack of unity in which emotions are studied within this context. For example, some 

studies explore the emotion of ‘grief’ or ‘despair’ in place of ‘sadness’ when studying the basic 

emotions (Camurri et al., 2002), while others have considered sadness and such emotions separately 

(Wallbott, 1998). This is even more pronounced in the exploration of ‘happiness’, perhaps to 

accommodate for the lack of positively-valenced emotions typically included in these experiments, as 

many researchers choose to forgo the inclusion of ‘happiness’ completely, in favour of ‘contentedness’, 

‘pleasure’, or ‘joy’ instead (Shikanai et al., 2013; Masuda & Kato, 2010; Castellano et al., 2007; Crane 

& Gross, 2013). 

By a clear margin, the most consistently reported result in this field is that speed allows observers to 

differentiate between high and low intensity emotions (Smith & Pollick, forthcoming; Halvoic & Kroos, 

2018; Gross et al., 2012; Roether et al., 2009). Therefore, from a quantitative perspective, it would 

appear that speed of movement plays a pivotal role in emotion recognition. However, it is unclear 

whether this finding is of conscious perceptual importance to observers as few researchers have directly 

asked observers what aspects of movement are important for discriminating between different 

emotional states. We addressed this gap in the literature in the present experiment and indeed, we found 

that speed was important; as all of the participants mentioned speed of motion at some point during the 

emotion recognition task. These results suggest that speed is important from both a quantitative and 

perceptual perspective in discriminating between different emotional states communicated through 

whole-body movement of the human body. It may then be important for any framework for whole-body 

affective signalling to include movement speed as a key component of emotion recognition. The 
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importance of accounting for movement speed in such a framework may be of additional importance 

when we consider the potential role of aesthetic evaluation in affective decision-making (a relationship 

that will be given further consideration in the following section). In a recent study conducted by Orlandi 

and colleagues (2020), participants observed a series of dance sequences, which varied in speed but not 

choreographic content, before providing judgements of movement reproducibility, speed, effort and 

aesthetic value. They found that faster movements were judged to be more enjoyable than those with 

slower, more uniform velocity profiles (Orlandi et al., 2020). Therefore, speed may too play a role in 

aesthetic evaluation of human movement stimuli, which may in turn impact the emotional expressivity 

assigned to those movements. Considered together, these results provide evidence for the inclusion of 

this kinematic property within a framework for whole-body social signalling. 

2.4.The Role of Aesthetics in Emotion Recognition

As we have alluded to in the previous section, research suggests that affective and aesthetic processing 

may be related. This has been observed in the evaluation of paintings (Gernot et al., 2018; Marković, 

2010; Jankowski et al., 2020), music (Sachs et al., 2015; Brattico et al., 2016; van den Tol et al., 2016), 

and more recently in the evaluation of whole-body dance movements (Christensen et al., 2021; Smith 

& Cross, under review). Additionally, the elicitation processes involved in the production of both 

affective and aesthetic experiences bear a number of strikingly common features (see Chapter 1 for a 

more thorough discussion of the similarities). Despite the wealth of evidence for a link between these 

processes, there is a lack of research directly exploring the impact of aesthetic evaluation on the 

emotional expressivity assigned to such stimuli, as typically this relationship is explored in the inverse; 

determining whether emotional expressivity influences the aesthetic value assigned to such stimuli. 

However, in this experiment, we obtained evidence to suggest that aesthetic processing did influence 

the emotional expressivity assigned to human movement stimuli in this experiment.

During this experiment, participants were not asked to provide aesthetic evaluation of the McNorm 

Library movement clips, and none of the questions asked in the post-task interview made any reference 

to aesthetic parameters. Despite the absence of aesthetic considerations within the experimental 

proceedings, the majority of the participants provided unprompted aesthetic value judgements (e.g., 

beauty, liking, interest) for the whole-body movement sequences. This, therefore, provides further 

evidence that affective and aesthetic processing of whole-body dance movements may be intrinsically 

linked.

One participant discussed a more specific example of aesthetic evaluation directly influencing their 

emotion judgements for the stimuli. This dancer participant noted that they struggled to assign the label 

of ‘anger’ to a movement sequence, despite believing it to be the ‘correct’ answer, because they could 

not reconcile the expression of that negative emotion with something that was beautiful. While this was 

the only excerpt where a participant explicitly mentioned the direct influence of aesthetic parameters 
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on the emotional expressivity they assigned to the movement sequences, a wealth of additional evidence 

for this idea can be found when examining the aesthetic value judgements other participants assigned 

to the movement sequences, and the emotion judgments that followed. It should be noted that the vast 

majority of the aesthetic judgements were positive (there was only one mention of ‘boring’ and 

‘dislike’), and the subsequent decision in the emotion recognition task was typically that of ‘happiness’. 

This finding is unsurprising when we consider previous research in support of the idea that ‘what is 

beautiful is good’. This perspective can be traced back to the great philosophers of ancient Greece (e.g., 

Sappho, Plato; Dayan, 2011), and more recent evidence from facial attractiveness research also support 

this notion (Little et al., 2006; Lorenzo et al., 2010). It is implied that perhaps the spontaneous, positive 

aesthetic evaluation (i.e., what is beautiful) of the McNorm Library clips in this experiment may have 

guided participants to assign positive affective labels (i.e., the positive valence, or good, label of 

‘happiness’) to those same clips. 

As such specific comments about aesthetic evaluation interfering with emotion judgements were made 

by only one participant, and the more frequent behaviour of assigning happiness to clips perceived to 

be beautiful, likeable or interesting provides only indirect evidence of this relationship, these examples 

should be considered carefully. However, they do add to growing bank of evidence suggesting that 

affective and aesthetic evaluation of human movement may be intertwined, and reciprocal. 

2.5.Kinaesthetic Empathy

The role of kinaesthetic empathy has already been discussed in relation to the quantitative emotion 

recognition rates obtained in this experiment, but kinaesthetic empathy was also a key component of 

the qualitative interview discussions. 

Previous research has observed that both long-term and short-term dance training can result in 

neurophysiological changes within brain structures involved in the performance, observation and 

simulation of movement (the AON; Cross et al., 2009), and those involved in empathic processes (Neal 

& Kilner, 2010; Avenanti et al., 2013; Nummenmaa et al., 2014; Keysers & Gazzola, 2006; Caspers et 

al., 2010). From such results, it has been suggested that individuals with previous dance training 

experience greater motor simulation when observing movement (evident from greater activity in the 

AON), and that this greater degree of kinaesthetic empathy may be responsible for the improved 

performance in emotion recognition tasks observed among dance experienced samples (Christensen et 

al., 2016; 2019; 2021). However, as noted earlier in this manuscript, such conclusions rely on 

extrapolating the rationale from findings of studies testing similar, but empirically distinct, research 

questions. To our knowledge, this experiment is the first to explicitly ask observers whether they made 

use of kinaesthetic empathy during an emotion recognition task, specifically.

Through the interviews, we observed several findings which are relevant to the evaluation of the use of 

kinaesthetic empathy in observing and judging the emotional expressivity of whole-body movement 
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sequences. First, we obtained evidence to suggest that while kinaesthetic empathy was used by the 

majority of the dancer participants during the emotion recognition task, this was not universal across 

the sample. Three out of the ten dancer participants noted that they did not imagine themselves 

executing the movements while they were watching them. There are several factors to consider when

dissecting this finding. First, it should be noted that one of these dancers who did not report using 

kinaesthetic empathy was male. Classical ballet is deeply rooted in strict choreographic rules and 

tradition, which is reflected in gender roles typically employed in the choreography of performative 

ballets, and in turn is emphasised in the diverging movement repertoires taught to male and female 

dancers. For example, it is typically only female ballet dancers who perform movements en pointe

(dancing on the tip of the toes, aided by a specific kind of shoe reinforced with wooden blocks), the act 

of which facilitates a particular set of dance movements, and it is typically only male ballet dancers who 

perform lifts during choreographic sequences (Oliver & Risner, 2017; Angyal, 2021). While gender-

based choreographic repertoires may not be so evident in different dance styles, the McNorm Library 

clips for the most part contained Western Classical Ballet movements from a female dancer’s repertoire. 

It is possible that this male dancer participant did not make use of kinaesthetic empathy when observing 

the clips in this experiment because they did not have physical experience of performing those 

movements themselves, but may make use of kinaesthetic empathy when observing dance movements 

from a male ballet dancer’s repertoire. 

Further, many of the dancer participants noted being familiar with more than one dance style, and were 

not required to be most familiar with Western classical ballet to be included within this study. Therefore, 

the observers may not have had experience performing the specific movements included within the 

McNorm Library, potentially limiting their ability to simulate the movements within their own bodies. 

It is possible that kinaesthetic empathy may have been used more ubiquitously if the stimuli included 

movements from a variety of different dance styles. Reviewing these findings, perhaps it would be 

useful to account for such dance style-specific considerations when creating future movement stimuli, 

by including sequences from the repertoires of both male and female dancers (when using western 

classical ballet), and expanding the breadth of dance styles captured within the resulting movement 

repository. 

Secondly, it was observed that the use of kinaesthetic empathy was not exclusive to dancers, as six out 

of the ten non-dancers who participated in this experiment also reported that they imagined the 

movements within their own bodies to assist them in assigning emotion labels to the stimuli. Finding 

that the majority of the non-dancer participants reported using kinaesthetic empathy is surprising, as 

previous research has suggested that kinaesthetic empathy has an expertise-specific influence on the 

processing of human movement stimuli (Reason & Reynolds, 2010; Behrends et al., 2016; Seifert, 

2018). The evidence provided in this experiment, however, indicates that kinaesthetic empathy may be 

used more extensively, and by a less specific subset of observers, in the evaluation of emotionally 
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expressive whole-body human movement. Given these results, it is likely that additional factors (e.g., 

previous experience or personality traits), other than previous motor or observational dance expertise, 

contribute to whether an individual imagines simulating movement within their own bodies when 

observing another in motion. However, as a result of the lack of research exploring this possibility, 

these factors are currently unclear and merit due consideration in future work. 

2.6.Previous Experience 

The role of previous experience in emotion recognition tasks using human movement tends to be 

discussed specifically through the lens of motor experience (e.g., dance training), and with reference to 

the concept of kinaesthetic empathy or motor simulation. However, the findings highlighted in the 

previous section suggest that there are likely to be additional aspects of an individual’s previous 

experiences that can influence the evaluation of human movement. Several of these factors were raised 

by participants during the semi-structured interviews, and each is discussed in more detail in the 

following sections.

2.6.1. Learned Associations from Dance

A number of dancer participants noted that they held associations between specific movements and the 

expression of particular emotions based on what they had learned during their dance training. The most 

common example of this noted by the dancer participants was an association between certain 

movements, like plies for example, and the absence of expressivity due to prior experience of 

performing those movements primarily in the context of warm-up exercises, rather than performances. 

This specific association was noted by seven out of the ten dancer participants, and this provides 

evidence to suggest that certain movements may elicit a particular emotional context among dance-

experienced samples. 

When creating the McNorm Library, we aimed to develop a series of movement sequences which were 

devoid of emotionally-salient gestures (e.g., shaking fist in anger, throwing arms into the air in joy), 

and did not include movements which were associated with a narrative from any known performative 

ballet (e.g., the “dying swan” arm movements which characterise the grief felt by Odette in Swan Lake); 

to allow the dancer to express emotion through performative qualities of the movement, rather than 

through emotion associations with specific movements (Smith & Cross, 2022). However, we did not 

consider the possibility that dancers may have associated movements with the absence of expression 

(e.g., neutrality), and that this may provide additional assistance in an emotion recognition task using 

the McNorm Library Stimuli. It is unclear whether there are other movements that elicit specific kinds 

of emotional expressivity in performative dance, and this possibility should be addressed in future 

research. For example, it may be useful to conduct follow up interviews with a larger group of dancers 

to identify any similarly common movements that are linked to the expression of a particular emotion, 

or to the lack of expressivity. Further, it may also be useful to invite choreographers to participate in 
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these discussions, to address this same question from the alternative perspective of the choreographic 

process. 

Several participants also likened certain movements contained within the McNorm Library clips to 

movements they had observed in performative ballets, including Swan Lake, Giselle and the Nutcracker. 

While most of the participants who made such comments were dancers, three had no previous dance 

training. This provides further evidence to support the idea that observers may draw upon observational 

experience of dance to assist them with assigning emotional expressivity to whole-body human 

movement. Behavioural and neurophysiological changes associated with watching dance have been 

noted in a number of studies (Cross et al., 2006; Kirsch et al., 2015; Cross et al., 2011; Bläsing et al., 

2012; Orgs et al., 2018), but here we obtained direct evidence to indicate that awareness of movements 

included in performative dance stories can influence the lens through which observers perceive social 

aspects of others in motion.

2.6.2. Learned Associations from Real-World Social Experiences

A number of participants in this experiment mentioned that the movements contained within the 

McNorm clips conjured memories of specific social situations they had experienced in their personal 

lives, which they used to assign emotional expressivity to the movements. The majority of the examples 

were associated with negative emotions, particularly of times when participants had been engaged in 

some type of confrontation (e.g., argument, workplace squabble), but on other occasions participants 

noted that the movements reminded them of celebrations or positive interactions (e.g., parties, seeing 

friends). It is interesting that the vast majority of these comments arose when participants were 

assigning the labels of anger or happiness, respectively, as these emotions are often confused with one 

another in emotion recognition tasks (both in this experiment, and in the previous literature; Smith & 

Cross, 2022; Badshah et al., 2017; Kadiri et al., 2015; Kuchibhotla et al., 2014; Emerich et al., 2009). 

It is possible that successful discrimination between happiness and anger necessitates stimuli that depict 

the emotionally expressive movements of more than one performer interacting with one another. 

Perhaps the expression of happiness and anger are more dependent on the response of an interaction 

partner to comprehend the social context, and ultimately assign the correct emotion judgement. Future 

research could explore this possibility by creating movement stimuli which depict the interactive motion 

of two, or more, performers. Submitting this kind of stimuli to assessment in emotion recognition tasks 

may clarify on the relative importance of social interaction in the recognition of specific kinds of 

expressivity.  

2.6.3. Learned Associations from Popular Culture

Finally, a number of participants referenced things from popular culture when evaluating the stimuli

clips, noting that elements of the movements reminded them of things they had witnessed in films, or 

on television; some of which centred around dance (e.g., Strictly Ballroom, Strictly Come Dancing). 
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These comments imply that perhaps asking participants how often they observe dance in a formal 

performance setting may not provide an adequate picture of their observational experience of dance. 

Additionally, during the Covid-19 pandemic, a number of theatre and dance companies began 

broadcasting their performances online, making the consumption of performative dance easier than ever 

before. It is possible that our current understanding of observational experience may need to be adjusted 

to account for the range of ways in which arts consumers can now access and interact with dance, as 

existing measures may not capture an accurate picture of an individual’s experience with dance in 

various forms. This may be worth considering in future studies exploring the role of observational 

experience in social processing of emotionally expressive whole-body movements, particularly in post-

pandemic world. 

However, not all popular culture references were associated with dance, specifically. For example, one 

participant imagined music from the animated film Toy Story playing when they observed one of the 

movement sequences. They noted that the movements made them vividly imagine specific upsetting 

scenes from the film, and that this guided them to assign the sad label to the clip. To our knowledge, no 

studies exploring affective evaluation of human dance movement have included any measures of 

engagement with other kinds of media (e.g., film, television, theatre, musicals). It is possible that 

exposure to certain emotionally-salient media, and individual differences in sensitivity to such media, 

may influence behaviour during emotion recognition tasks. The idea that engagement with different 

kinds of media can influence behaviour in social psychology experiments is already given consideration 

in artificial intelligence research. In a number of experiments in the field of social robotics, researchers 

have chosen to include questionnaires which allow participants to provide an overview of the context 

in which they have engaged with robots and virtual and augmented reality, for example, as it has been 

found that this can influence the ways in which participants can engage with such technology (Riek et 

al., 2011; Sundar et al., 2016; Saffari et al., 2021). In responding to such measures, participants can 

indicate which popular science fiction films (e.g., Ex Machina, Wall-E), television programmes (e.g., 

Westworld, Black Mirror), and fiction novels (e.g., 2001: A Space Odyssey, Do Androids Dream of 

Electric Sheep) they have watched, or read, and how this has influenced their attitudes towards various 

kinds of AI. Extrapolating this rationale, it may be useful in affective research to explore exposure and 

sensitivity to emotion-inducing media in participants to understand whether engaging with such media 

can influence the success with which they can assign expressivity judgements to emotionally-salient 

stimuli. 
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CONCLUSIONS

In this study quantitative results showed that participants recognised emotional expressivity from the 

McNorm Library movement clips with a similar level of accuracy that was reported in the original 

validation experiments, thus providing further evidence for their viability in social perception research. 

However, contrary to the previous literature, in this experiment we did not find evidence to support the 

idea that dancers perform better in emotion recognition tasks than non-dancers. Further, while we did 

not obtain evidence to suggest that kinaesthetic empathy assisted with recognising the expression of 

specific emotional states, the results suggest that mentally simulating the movements in the McNorm 

clips assisted participants in discriminating between emotionally expressive, and non-expressive whole-

body movement.

Through a series of semi-structured interviews that composed the qualitative component of this study, 

we discovered a number of factors that influenced decision-making during the emotion recognition task. 

First, we observed that a number of the participants experienced difficulty in deciding what constituted 

an emotion within the context of the task. Second, we found that many of the participants mentioned 

elements of their perceptual processes  that were related in some way to the basic James-Lange, Cannon-

Bard, and Schachter and Singer theories of emotion. More specifically, despite the reduced visual 

format of the McNorm Library clips, many of the participants noted that they visualised the image of 

some form of environmental trigger that the dancer was responding to when making their decisions, 

and this appeared to be particularly salient for the recognition of fear. Additionally, we have previously 

suggested that failing to account for the social nature of emotions in real-world settings is a criticism of 

these basic emotion theories. Comments made by participants in this experiment provide further 

evidence that the social context of emotions is important for the successful communication and 

interpretation of emotional expressivity. Thirdly, we noted that a number of researchers have attempted 

to identify unique profiles of movement kinematics that correspond to the expression of different 

emotional states, with mixed results. We obtained a substantial amount of evidence from the participants 

in this experiment to suggest that movement speed plays a vital role in discriminating between different 

kinds of expressivity from the motion of others.

Another factor found to be important for decision making in this emotion recognition task was the role 

of aesthetic evaluation. Previous research has suggested that affective and aesthetic processing of 

whole-body human movement may be intrinsically linked, and we obtained further support for this 

notion as almost all of the participants in this experiment provided spontaneous, unprompted aesthetic 

value judgements for the movements in the McNorm Library clips during the experiment.

Finally, it has been suggested that previous dance experience facilitates emotion recognition through 

kinaesthetic empathy, or motor simulation. However, during these interviews, we observed that the use 

of kinaesthetic empathy was neither universal, nor unique, to dancers when assigning emotional 
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expressivity to the dance movement sequences. Several of the dancer participants explicitly stated that 

they did not imagine simulating the movements within their own bodies, and the majority of the non-

dancer participants did report doing so to assist them with their decision making during the task. Further, 

we found that there were other elements of previous experience that contributed to the decision-making 

processes employed by participants in this emotion recognition task, some of which were related to 

dance experience, and others which related to real-life experiences more broadly. We found that dancers 

made use of learned associations from their training to assist them in assigning emotion labels to the 

movements. Additionally, both dancers and non-dancers relied on their observational experience of 

dance to guide their decisions, and this occurred through likening movements in the stimuli to 

choreographic sequences in performative ballets, and to dance performances observed in more informal 

settings; such as those depicted on television and in films. Finally, it was also found that memories of 

“real-world” social experiences permeated the emotion judgements made in response to the stimuli in 

this experiment. Participants reported comparing certain elements of the observed movements to their 

own movements during instances of social engagement with others, in both positive and negative 

contexts.

In sum, we believe this study has provided novel perspectives on the individual differences that can 

sculpt decision-making in emotion recognition tasks, and these results provide several avenues for 

future research in this domain.
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CHAPTER 6

GENERAL DISCUSSION
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GENERAL DISCUSSION

1. Summary of Thesis Findings

The overall aim of this present thesis was to explore the factors influencing emotion recognition from 

expressive whole-body movement and to suggest a new framework for how emotional expressivity is 

interpreted from the human body in motion. In addressing these goals, a new repository of expressive 

whole-body dance movements (The McNorm Library; Smith & Cross, 2022) was created, and a series 

of quantitative and qualitative experiments were conducted to examine observer evaluations of these 

movements (in terms of emotional and aesthetic content), and the factors which may have sculpted these 

social judgements (i.e., individual differences in empathy, and previous dance experience). In summary 

of the main experimental findings, there are several important results to mention here. First, through 

several replication experiments, movement clips from the McNorm Library were found to be recognised 

with a consistent accuracy of around 50% by 147 observers. Second, aesthetic value judgements 

assigned to these same movements showed that the presence of emotional expressivity had a significant 

impact on how beautiful observers found the movements to be, and how much they liked them; 

suggesting a link between affective and aesthetic processing of human dance movement. Finally, 

through the use of semi-structured interviews, we found that both physical and observational dance 

experience sculpts the lens through which observers evaluate the choreographic content of dance 

sequences, and we obtained evidence to suggest that kinaesthetic empathy is not uniquely nor 

universally employed by those with previous movement training during emotion recognition tasks. 

In this general discussion, I will begin by summarising the aims, predictions and results from each of 

the empirical chapters included within this thesis. I will then situate results from these empirical 

chapters within the context of theoretical contributions from the previous literature, before suggesting 

a potential framework for emotion communication through the movement of the human body.

1.1.The McNorm Library: Creating and Validating a New Library of Emotionally Expressive 

Whole-Body Dance Movements

In Chapter 2, I describe the creation of a new library of emotionally expressive whole-body dance 

movement sequences, named the McNorm Movement Library. One of the primary aims behind 

developing this movement library was to address several of the key limitations associated with existing 

movement repositories. These movement stimuli were validated in two experiments, and we found that 

participants could reliably discriminate the intended emotion for a subset of these clips with accuracy 

rates of more than 50% (where chance is 20%). Across both experiments, observers recognised non-

expressive and sad movement sequences with the greatest accuracy, and movements conveying fear 

were consistently recognised least accurately. We provided several potential explanations for the 

relatively poor recognition of fear. First, we suggest that fear may be the most idiosyncratic of the 

emotions explored in this experiment; due to the various ways in which it can manifest physically within 
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the human body (i.e., fight, flight, or freeze). Alternatively, the basic emotion theories (i.e., James-

Lange, Cannon-Bard, Schachter & Singer) imply the need for some external trigger to induce the feeling 

of fear. For obvious reasons, it was not possible to introduce a genuine threat into the environment when 

generating the McNorm Library clips, and this lack of a stimulus to react to may have produced an 

inauthentic expression of fear; which evidence from facial expression research suggests observers may 

be particularly sensitivity to. 

Through these validation experiments, we also explored the potential influence of previous dance 

experience and trait empathy, but found that neither had a significant impact on accuracy in the emotion 

recognition task. This result was surprising, considering the weight of previous literature suggesting the 

mediating role empathy and experience play in sculpting perceptions of human movement. However, 

in discussing these results, we note that the majority of existing work makes use of highly experienced 

dancer participants, and only a very small percentage of our participant samples classified themselves 

as such. Indeed, the majority of our dancer participants classified themselves as “Beginner” or 

“Intermediate” dancers. Less is known about the role of amateur, or hobby, dance training in sculpting 

the social evaluation of emotionally expressive whole-body movement, but these results suggest that 

specific aspects of formal dance training may be required to significantly change the way we perceive 

others in motion.

1.2.Moving Me, Moving You: Emotional Expressivity, Empathy, and Prior Experience Shape 

Whole-Body Movement Preferences

In Chapter 3, we sought to examine how individual differences in empathy and previous experience 

influence aesthetic evaluations of dance movements communicating different kinds of emotional 

expressivity. In this experiment, observers completed a self-report measure of empathy, provided an 

overview of their previous dance experience, and rated 20 videos of emotionally expressive whole-body 

movements from the McNorm Library (Smith & Cross, 2022) in terms of beauty and liking. We found 

that observers preferred emotionally expressive over non-expressive movement. In addition, specific 

types of emotional expressivity influenced liking, but not beauty, judgements. More specifically, 

observers showed a preference for angry and happy movement sequences over sad sequences, in terms 

of their liking ratings. Finally, our finding revealed that both a greater degree of previous dance 

experience and higher trait empathy resulted in increased beauty and liking ratings for the McNorm 

Library dance clips. We conclude that emotional expressivity plays a significant role in the aesthetic 

appraisal of whole-body human movement and this may suggest that these evaluation processes may 

be intrinsically linked. 

1.3. Read Between the Lines: Behavioural and Computational Exploration of Factors Involved in 

the Emotion and Aesthetic Evaluation of Motion-Generated Continuous Line Drawing
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In this experiment, we explored whether emotionally expressivity from whole-body human motion 

could be recognised when that motion was represented as visual images of the movement trajectories. 

To this end, we created a series of continuous line drawings using the movement trajectories of the

wrists and ankles of the dancer who performed the emotionally expressive whole-body movements

contained within the McNorm Library. In an emotion recognition experiment, we examined whether 

these drawings could function as a viable proxy for human motion, but found that recognition of the 

target emotions (neutral, happy, sad, angry, and fearful) was significantly impoverished compared to

point-light display representations of those movements, and recognition was not significantly greater 

than chance. 

In a second experiment, we explored the possibility that these drawings could function as visual 

artworks in their own right, in isolation from their movement origins. Previous image analysis research 

has suggested that observers prefer images that are larger in size (i.e., the “bigger is better” hypothesis),

which have contours that are more rounded than jagged, and that are average in terms of complexity. 

This research also suggests that the factors of size, curvature, and complexity play specific roles in the 

affective ratings assigned to various kinds of visual art (e.g., paintings, simple polygons). In this 

experiment, when considering these trajectory drawings as visual artworks instead of alternative ways 

to visualise human movement, we obtained evidence to support a general preference for curved 

contours, and an inverse U-shaped preference for complexity. However, we did not observe a general 

preference for larger images. 

From these results, we conclude that while this stimulus creation method did not produce a viable 

alternative to existing human movement stimuli, it did provide a novel method for generating novel 

visual artworks that might be of use or interest for future empirical aesthetics research. And, perhaps 

the most important contribution from this chapter, we also propose a new method for calculating image 

complexity. Currently, a universal operational definition of “image complexity” does not exist, and 

existing methods rely on specific kinds of stimuli (e.g., images containing greyscale, images of simple 

polygons such as circles and triangles), or require some degree of manual labour which inflates the 

potential for human-error (e.g., manually counting the number of turns in an image). Our measure of 

“image complexity” is an aggregated factor which comprises the output of several fully-automated 

methods for calculating complexity and, to our knowledge, is the first of its kind to be suggested for 

computational image analysis research.

1.4. “A Little More Conversation”: A Qualitative Assessment of Decision-Making by Dancers and 

Non-Dancers During a Whole-Body Movement Emotion Recognition Task

Forced-choice tasks are used extensively in social cognition research, but such “button-pressing” tasks 

have often (and rightly) been accused of being too reductive to accurately reflect the complexities of 

human affective communication. Further, the individual differences that can sculpt the success of 
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emotion recognition (e.g., trait empathy, kinaesthetic empathy, dance experience) are typically 

measured using similarly reductive quantitative methods (e.g., a single empathy quotient score, single 

value for “years of experience”). An over-reliance on these kinds of measurements can limit the scope 

of information we can obtain about whole-body social signalling. In the experiment described in 

Chapter 4, we explored how observers assign judgements of happiness, sadness, anger, fear and 

neutrality to whole-body movement sequences, through a mixed methods experiment. In this task, 10 

dancers and 10 non-dancers observed emotionally expressive whole-body dance movement sequences 

from the McNorm Library, assigned emotion labels to each of the videos, and were asked a series of 

interview questions to probe the reasons for their decisions. Through these interviews, we observed that

the imagination of contextual cues (i.e., environmental triggers, and imagined interaction partners), 

speed of motion, aesthetic evaluation (e.g., beauty, liking, interest), and individual differences in 

kinaesthetic empathy and previous experiences had contributed substantially to the emotion judgements 

made by observers. Through the work presented in this chapter, we highlight a hybrid approach to the 

study of decision-making in emotion recognition tasks that combines simple quantitative with richly 

qualitative design elements, with results suggesting a new perspective on the factors that may sculpt 

social perception in this domain.

2. Contribution of the Work

In the following section, I discuss the main contributions of this thesis to the fields of social perception, 

emotion science, and empirical aesthetics.

2.1.The McNorm Library

The work documented in this thesis provides several contributions to the field of social perception. 

First, the McNorm Library provides an open-access repository of emotionally expressive whole-body 

dance movement sequences for use in future work which was designed to resolve several issues present 

within existing libraries. For example, such previous libraries generally do not account for the dyadic 

nature of social communication, as emotion labels are sometimes assigned to items in these sets without 

accounting for the expressive intentions of the movement performer (de Meijer, 1989; Michalak et al., 

2009; Melzer et al., 2019; Christensen et al., 2014; Christensen et al., 2016; Smith & Pollick, 

forthcoming). Additionally, existing libraries have tended to depict certain emotions through the use of 

specific, distinct sets of movements. Others have included culturally or socially-salient gestural cues 

(e.g., shaking the fist in anger, throwing arms in the air in joy – Atkinson et al., 2004; Wallbott, 1989; 

Montepare et al., 1999; Pasch & Poppe, 2007; Dael et al., 2012; Shafir et al., 2016), or movements from 

performative ballets which bring to mind emotionally-charged narratives, particularly in dance-

experienced samples (e.g., “dying swan” arm movements associated with the grief of Swan Lake’s

protagonist Odette – Christensen et al., 2014; Christensen et al., 2016; Smith & Pollick, forthcoming). 

Finally, previous movement libraries which depict movement in the form of full-light displays (e.g., 
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Atkinson et al., 2004; Montepare et al., 1999; Shafir et al., 2016; Melzer et al., 2019; Christensen et al., 

2014; Christensen et al., 2016) contain a wealth of extraneous visual information which may render 

them unsuitable for testing certain questions in the field of social perception (e.g., visual attention 

research).

In generating the McNorm Library, I addressed these issues in several ways. First, I ensured that the 

movement sequences created for this library were devoid of both gestures and choreographies from 

performative ballet. Second, I generated five versions of each movement sequence, wherein the specific 

choreography was maintained but the dancer performed the movements with different kinds of 

expressivity (neutral/non-expressive, happiness, sadness, anger, and fear). Doing so allowed us to 

account for the perspective of the movement performer in the creation of emotionally-relevant stimuli 

(to better account for the dyadic nature of affective communication), and provided the opportunity to 

explore how movement changed when imbued with different kinds of expressivity, without 

necessitating the performance of specific, emotionally-relevant movements. Finally, I chose to depict 

the dancer’s movement in the form of point-light, rather than full-light, displays in order to create a 

movement library that would be suitable for use in specific types of psychophysiological research (i.e., 

eye-tracking).

A further benefit of the McNorm Library lies in its test-retest reliability. Rarely are movement libraries 

subjected to such rigorous validation, but for this library recognition of the intended target emotion was 

explored in 127 participants across the two original validation experiments, and by a further 20 in the 

final mixed-methods experiment. Average recognition rates obtained across these three experiments 

were 52.2%, 49%, and 52%, respectively. These results show the extremely high degree of consistency 

(variance of 3.2%) in recognition of the target emotions from the emotionally expressive whole-body 

movement stimuli contained within the McNorm Library, and provide additional evidence for its value 

in social perception research. 

2.2.The Benefits of Re-Using Research Data 

Due to disruptions to research caused by the global Covid-19 pandemic, restrictions in access to 

laboratory equipment and space led to a fairly drastic restructuring of the shape and scope of this thesis 

in 2021. In order to adapt to new ways of conducting experiments remotely, and a resultant inability to 

generate any new stimuli, I decided to reuse the McNorm Library data in a number of additional 

experiments. 

From the early noughties, there has been a growing interest in finding ways to responsibly reuse research 

data, particularly in STEM fields (Piwowar, 2011). Reuse of existing data offers a number of notable 

benefits. First, reusing data increases the efficiency of research, in terms of both time and resources 

(Boté & Térmens, 2019). Creating new stimuli or data repositories can require extensive access to 

specific equipment, facilities, and specialists; all of which can add significant costs and delays to the 
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timescales of research projects, and consume large portions of allotted research funding. In capturing 

the movements included in the McNorm Library I required several days of uninterrupted access to the 

Motion Capture Laboratory within the School of Psychology at the University of Glasgow, and several 

days of input from a professional dancer and choreographer who was financially reimbursed at an 

appropriate rate to reflect their expertise. After the recording sessions, a significant portion of time was 

required to manually label joint-markers within the Vicon Nexus software, and to fill gaps within the 

recorded motion capture data (that resulted from technical issues). Therefore, the process involved in 

the creation of this movement repository involved extensive access requirements, funding, and time, 

and similar demands are to be expected for the creation of any such stimulus library. These practicalities 

alone demonstrate the value of reusing existing stimuli sets and data, but there are additional benefits 

to doing so.

Reusing data also allows researchers to test the consistency of findings obtained from studies using the 

same data. It has already been noted in the previous section that emotion recognition rates obtained 

from three validation experiments using the McNorm Library movement clips were remarkably 

consistent, and rarely are such movement repositories subjected to such rigorous retesting. By using the 

same stimuli in multiple experiments in this way, we can gain greater clarity about the robustness of 

research findings, which will ultimately strengthen the conclusions we can draw from empirical studies. 

This may be of particular relevance to studies exploring social perception of whole-body human 

movement, as the findings in this area vary widely in terms of reported recognition rates (varying from 

23% to 100% depending on the specific emotion category; Atkinson et al., 2004; Crane & Gross, 2013; 

Gross et al., 2010; Roether et al., 2009) and kinematic profiles associated with different emotional states 

(Sawada et al., 2003; Wallbott, 1998; Gross et al., 2010; Brownlow et al., 1997; Camurri et al., 2002), 

and the specific methodologies employed (i.e., in terms of stimulus type – point-light displays, full-

light displays, stylised avatars; movement styles – dance sequences, walking, knocking, free movement; 

and recognition techniques – automated/machine learning, spectator judgements). 

A further benefit of reusing the McNorm Library clips was that it encouraged me to be creative in my 

approach to studying the evaluation of emotional expressivity, and aesthetic value, of whole-body 

human movement. Disruptions caused by the Covid-19 pandemic forced me to explore novel methods 

(e.g., qualitative research, computational image analysis) that I had not considered using at the 

beginning of my PhD. While there would have been nothing inherently wrong with performing only a 

series of online questionnaire experiments, I felt that doing so would have limited the breadth of my 

research experience and impacted my future employment opportunities. 

Finally, reusing data in this way allows me to cite the McNorm Library in a number of additional 

publications, hopefully bringing more attention to my research output which is beneficial to me as an 

early career researcher, and to my funders who wish to see “bang for their buck”. By using the McNorm 
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Library in several experiments, we have brought additional awareness of this repository to researchers 

in the fields of empirical aesthetics, computing science, and qualitative research methods – in addition 

to those who work in emotion perception, as was the original intention of this work. 

2.3.Development of Novel Research Methods

At various points throughout the thesis, new methods and approaches were proposed which could be 

employed in future social perception research. First, in validating the McNorm Library, recognition 

rates obtained in the first experiment were lower than expected based on the previous literature. The 

average overall recognition, across all 73 clips in the full McNorm Library, was around 30%. While 

this did meet the threshold for significance, indicating that recognition was better than would be 

obtained by chance (20%), this indicated that perhaps some movement clips were not as representative 

of their target emotion as others. Indeed, examining recognition rates for each item in the stimuli set 

there were significant inconsistencies across the full range of stimuli (some were never assigned the 

target emotion label, while others were recognised with accuracy of greater than 65%). Based on these 

inconsistencies, we decided to conduct a follow-up experiment, wherein we presented the 20 clips with 

the highest recognition accuracy (4 each; neutral, happy, sad, angry, fearful) to a new group of 

participants, to examine whether this subset of clips was more representative. In this second validation 

experiment, the overall average recognition rate (49%) was extremely similar to the average recognition 

rate obtained for that same subset in the first experiment (52.2%). To our knowledge, no other 

researchers have employed this method of condensing stimuli sets to include only those that are most 

“successful”, and therefore most useful for future research. We suggest selecting a subset of the original 

stimuli set and submitting it to further testing represents a new solution for other researchers who also 

obtain relatively low recognition rates for their full movement repositories. 

Secondly, in Chapter 4 of this thesis, we propose a novel method for calculating image complexity. It 

has been argued that there is a problematic fluidity in what constitutes “complexity” in visual aesthetics 

research. Researchers have proposed a number of computational methods for calculating complexity, 

but these measures vary widely in scope, and often require extensive manual effort (which increases the 

likelihood of human-error) or specific kinds of stimuli for those methods to be applicable. To our 

knowledge, no researchers have suggested a robust, fully-automated method for calculating complexity 

that can be applied to non-traditional images (i.e., not paintings, greyscale images, or simple shapes like 

circles or triangles). In the fourth thesis chapter, we describe the development of a fully-automated 

method for calculating complexity present within abstract black and white images (without any shade 

gradation) that produces aesthetic evaluations in the expected direction (i.e., an inverse U-shaped 

preference profile). As the factor we describe involves averaging across several possible elements of 

complexity, this provides some allowances for the problematic fluidity in defining computational 

complexity, and permits researchers to include their own measures of complexity into the aggregated 
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factor. It is hoped that despite the lack of an operational definition of complexity in the context of 

computational image analysis, using such an aggregated factor allows us to generate a more robust 

measure that captures the idiosyncrasies of what makes an image “complex”.

Finally, the experiment presented in Chapter 5 presents a novel method for exploring factors influencing 

decision-making during an emotion recognition task. Results from a number of quantitative experiments 

have explored emotion recognition from movement through the use of force-choice tasks, and have 

suggested factors that may contribute to this kind of affective decision-making based on the statistical 

analysis of neuroscientific and behavioural data. However, to my knowledge, no previous research has 

explored what features of movement, or aspects of previous experiences, are perceptually important to 

observers through combined quantitative and qualitative approaches. In employing mixed methods 

when addressing this question, we have gained a more detailed understanding of what is perceptually 

important for the recognition of emotion from the movement of others, and a number of new avenues 

for future research have emerged. 

To our knowledge, this is also the first time observers from various backgrounds have been surveyed 

to understand the extent to which they believe kinaesthetic empathy (or motor simulation) is important 

for understanding emotional expressivity displayed by others. Previous neuroscientific evidence has 

suggested that individuals with previous motor experience (i.e., dancers) make greater use of 

kinaesthetic empathy than those without such training, implied by greater activation observed in brain 

areas of the Action Observation Network in these individuals (Burzynska et al., 2017; Cross et al., 2009; 

Cross, 2010; Gardner et al., 2015; Kirsch et al., 2018; Liew et al., 2013). However, in this experiment, 

we found that this use of kinaesthetic empathy was not universal, nor exclusive, to expert dancer 

participants. Specifically, we found that, at least in our sample, several expert dancers did not report 

imagining themselves performing the movements they were observing, while the majority of non-

dancers did. This result is extremely surprising when considering the previous research, and suggests 

that perhaps the assumption that kinaesthetic empathy results for the most part from extensive 

movement training should be revisited in future work. It is possible that both dancers and non-dancers 

do use kinaesthetic empathy, but that this occurs through different cognitive mechanisms, or with 

differing degrees of success. Until future research can carefully and systematically explore this 

possibility, however, this idea remains speculative. 

Finally, this experiment suggests that certain kinematic parameters are perceived to influence emotion 

judgements more than others. Previous research in this area has explored movement kinematics through 

computational methods (Crane & Gross, 2007; Castellano et al., 2007; Berhardt & Robinson, 2007; 

Roether et al., 2009), or through evaluation of movement along subjective scales (e.g., Laban Movement 

qualities; Crane & Gross, 2013; Gross et al., 2012; Gross et al., 2010; Shafir et al., 2016), but no 

previous research has directly addressed whether these elements of movement are of conscious 
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importance in the decisions of observers from a variety of backgrounds. During the semi-structured 

interviews, every single one of our participants referred to movement speed when explaining their 

rationale for assigning a specific emotional expressivity to the movement sequences. This suggests that 

speed may be particularly important for social evaluation of the human body in motion. Further support 

for this notion can be found in a study conducted by Orlandi and colleagues (2020). In a series of 

experiments participants assigned aesthetic value judgements for dance movement sequences varying 

in velocity profiles, but not choreographic content, and it was found that observers demonstrated a 

significant preference for faster movement sequences – over sequences with slower, more uniform 

velocity profiles (Orlandi et al., 2020). Considered together, these results suggest that it may be 

distinctly important to include speed in any framework for social-signalling through whole-body 

movement.

However, it should be noted here that there were a diverse range of additional kinematic parameters 

mentioned, much more sporadically, by different participants throughout the interviews (e.g., “fluid”, 

“sharp”, “heavy”, “floaty” etc…). Researchers have previously attempted to distil a more diverse 

range of movement parameters into specific kinematic profiles for different kinds of emotional 

expressivity, as other researchers have done with “action units” in the context of facial expressions. 

However, these studies have produced extremely mixed, and sometimes contradictory, results. For 

example, researchers have identified both indirect (Sawada et al., 2003) and direct (Wallbott, 1998) 

movement trajectories to be associated with the communication of sadness. The expression of happiness 

has also been associated with contradictory kinematic parameters; with relaxed motion in some studies 

(Gross et al., 2010), and with high energy motion in others (Brownlow et al., 1997). Further clarity will 

be required if we hope to develop a complementary set of unique movement components that are 

associated with the expression of different emotional states; something which exists for the 

classification of emotional facial expressions (i.e., the Universality Hypothesis). Therefore, we suggest 

that future researchers should look to capitalise on the open structure of qualitative research, to explore 

the complexities associated with this question.

2.4.Toward a Theoretical Framework

Throughout the chapters of this thesis, I have referenced the James-Lange, Cannon-Bard, and Schachter 

and Singer basic theories of emotion (James, 1884; Lange, 1885; Cannon, 1927; Bard, 1928; Schachter 

& Singer, 1962). Revisiting them now, it is important to reiterate that while these theories differ in both 

the specific order and relative importance of the mechanisms involved in producing an emotional 

experience, they broadly agree that emotions occur in the following way. First, we encounter an 

emotionally-salient input stimulus (e.g., a bear in the typically described vignette) which, in some order, 

prompts a physiological response within our body (e.g., increased heart rate, sweating) and cognitive

processing of that stimulus (e.g., growling indicates an aggressive animal which implies danger), which
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then leads to the production of an emotion (e.g., “I am afraid”). In this thesis, I extend this logic for the 

elicitation of emotional experience, by proposing that similar processes may be involved in the 

production of emotion comprehension from human movement. A visualisation of the proposed 

mechanisms can be found in Figure 6.1.

Figure 6.1: A visualisation of the proposed process for the production of an emotion judgement for 

whole-body human movement, based on the processes proposed for emotion elicitation in the James-

Lange, Cannon-Bard and Schachter & Singer theories. This proposed process involves encountering an 

input stimulus (whole-body human movement), which passes through a filter of previous movement 

experience (including both physical and observational aspects of experience) before sociocognitively 

processing the stimulus and reacting to it physiologically. In this thesis we have suggested a number of 

aspects of cognition which may be involved (kinematic parameters like speed, the use of kinaesthetic 

empathy, and aesthetic evaluation; all within a real-world, social context). In section 4 of this chapter, 

we outline several future research projects to explore physiological reactivity including; neural activity 

within the Action Observation Network, micro-activation of the facial muscles, and specific visual 

attention strategies. The combination of these sociocognitive evaluations and bodily responses produces 

an emotion judgement for the whole-body movement input stimulus.

In this thesis, I have argued for the role specific aspects of cognitive decision-making play in an 

individual being able to assign emotional expressivity to a whole-body human movement sequence. 

These factors relate to the concepts of kinaesthetic empathy (e.g., “can I do this movement?”, “do I 

imagine myself doing this movement while I watch it?”), spontaneous aesthetic appraisal (e.g., “do I 

like this movement?”, “is this movement beautiful?”, “is this movement boring?”), and human 

movement kinematics (e.g., “is this movement fast?”, “is this movement slow?”). Over the course of 
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four empirical chapters employing quantitative methods, I have discussed the potential role of each of 

these cognitive evaluations, the factors which may prompt the contemplation of these questions, and 

the limitations of our experimental paradigms which may have influenced the salience of these factors. 

In the final empirical chapter, I moved beyond the quantifiable role of these factors to explore the 

subjective importance of these aspects of cognitive evaluation in influencing the judgements made by 

observers. Therefore, based on the evaluation of previous literature in this domain, and in reviewing the 

contents of this thesis, I believe it is reasonable to suggest that this cognitive processing may be relevant 

to the comprehension of emotion, not only to the elicitation of these states. 

I acknowledge here that this thesis did not explore bodily responses to human movement, and therefore 

in arguing for the role of physiological processes this requires a degree of speculation and inference 

from results obtained by other researchers. However, a wealth of evidence suggests that bodily 

responses may mediate emotional expressivity judgements assigned to socially-salient stimuli. For 

example, masses of neuroscientific evidence show the wide network of brain areas recruited during the 

detection of emotion and affect from various social cues, including faces (Jehna et al., 2011; Phan et 

al., 2002; Menting-Henry et al., 2022; Zhang et al., 2018; Adolphs, 2002) and voices (Drolet et al., 

2012; Drolet et al., 2013; Zhang et al., 2018). However, certain neural activation patterns specifically 

associated with the recognition of emotional expressivity present in human body motion also appear to 

exist (Heberlein & Atkinson, 2009; Kret et al., 2011; Basil et al., 2017). Beyond neuroimaging research, 

a number of psychophysiological substrates of emotion recognition have been identified through 

behavioural tasks. For example, through several such studies, an intimate relationship between 

physiological measures like heart rate variability and galvanic skin responses and the success of emotion 

detection have been suggested (Bal et al., 2010; Quintana et al., 2012; Ménard et al., 2015; Gouizi et 

al., 2011; Du et al., 2020). Further, studies using electromyography and measures of corticospinal 

excitability suggest that micro-activation of bodily and facial muscles reflects the affective evaluation 

of human movement in observers (Jola et al., 2012; Cannon et al., 2010; Coombes et al., 2009; Engelen

et al., 2018). Therefore, although I have not directly explored any measure of psychophysiology in the 

empirical chapters of this thesis, there is extensive evidence to suggest that, as they do in the elicitation 

of emotion, physiological responses to socially-salient human movement play a role in the 

comprehension of emotional expressivity. 

Given the influence of cognitive processing, and the likely role of psychological responsiveness, in the 

affective evaluation of whole-body human movement, I believe that this provides evidence that the 

rationale present in the traditional theories of emotion elicitation (James-Lange, Cannon-Bard, and 

Schachter and Singer) can be extrapolated to describe mechanisms involved in other aspects of the 

experience of human emotions; more specifically in the comprehension of these states from the 

movement of others. However, in applying this theoretical framework to the recognition of emotional 

expressivity, I propose two slight adjustments to this account.
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First, it is important to reiterate that I believe an important limitation of these theories to be the lack of 

acknowledgement given to the role of social factors in the experience of emotions. In real-world 

settings, emotions do not occur in a vacuum, they are social in nature and play a vital role in forging 

and maintaining relationships, communicating successfully with others, and ultimately facilitating 

survival in a social society. Additionally, through the empirical chapters of this thesis (and Chapter 5 in 

particular), we have observed the perceived importance of interpersonal factors in the evaluation of 

emotional expressivity from human movement. Therefore, I propose that in applying the principles of 

the emotion elicitation model in the context of emotion comprehension instead, cognitive processing

should be renamed socio-cognitive processing. This slight adjustment in terminology reflects the 

involvement of interpersonal evaluation which mediates interpretation of the affective content of whole-

body human motion.

This inclusion of social parameters may be of particular salience in the evaluation of human dance 

movement. In a seminal review paper produced by Orgs and colleagues, they suggest, “a new theory of 

aesthetics in the performing arts that is based on communication via movement” (Orgs et al., 2016). In 

presenting this theory, the authors argue that the aesthetic impact of dance relies on dyadic social 

interaction between performers and audiences, and more specifically that interactive and bidirectional 

communication is an essential component of dance. Indeed, this notion was the main justification for 

our decision to categorise the expressive movement clips from the McNorm Library into emotion 

categories based on not only the subjective judgements of observers, but also through the 

communicative intentions of the movement performer. 

Finally, I propose that before an individual can submit an input stimulus to sociocognitive processing, 

and respond to that stimulus physiologically, this stimulus will pass through a “filter” of previous 

movement experience. There are several reasons for the inclusion of this experience filter at this stage 

in a model of emotion comprehension. Numerous studies have shown that previous motor experience 

sculpts the perception and evaluation of human movement, and results in different bodily responses to 

observing another in motion. Previous dance experience can alter social judgements observers assign 

to dance movement, including cognitive assessments of beauty, liking, and interest (Kirsch et al., 2015; 

Kirsch et al., 2013; Orgs et al., 2018), but this previous experience also permeates the 

psychophysiological responses observers have when observing dance movement (Christensen et al., 

2016; Jola et al., 2012; Sze et al., 2010; Vicary et al., 2017). Although the work contained in this thesis 

shows mixed evidence for the quantifiable role of previous experience in the recognition of emotional 

expressivity in the earlier empirical chapters of this thesis, comments made by participants during the 

interviews in the final mixed-methods experiment show that participants believed their previous 

experiences to play a substantial role in their decision-making processes. Therefore, these results, and 

those provided by the previous literature suggest that previous motor experience influences both the 

sociocognitive processing and bodily responsiveness processes when observing the human body in 
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motion, and I believe this justifies the need to award motor experience due consideration in a theoretical 

framework for emotion comprehension from whole-body movement.

3. Limitations of This Thesis

A more detailed discussion of the limitations associated with each specific empirical study can be found 

in the discussion sections of their respective chapters, but in the following, I provide an overview of the 

main limitations this thesis.

3.1.The Physiological Component of Emotion Recognition

In this thesis, I propose that emotion recognition may occur through similar mechanisms to those 

proposed for the elicitation of emotion in the James-Lange, Cannon-Bard, and Schachter and Singer 

theories. Namely, that we encounter an input stimulus (e.g., emotionally expressive whole-body 

movement clips from the McNorm Library), which passes through a “filter” of previous movement 

experience, before we respond to it physiologically (e.g., through galvanic skin responses, specific 

visual-fixation patterns, and micro-facial expressions), and submit it to cognitive processing (e.g., 

“could I do this?”, “do I visualise myself doing this while I’m watching it?”, “is it fast, or slow?”) 

through a social lens. Then bodily responses, and sociocognitive processing leads to an emotion 

judgement (e.g., “This movement is happy”). However, in this thesis, while I have conducted a thorough 

exploration of various aspects of cognitive processing, I have not explored any aspect of 

psychophysiological responses.

In order to gain a comprehensive understanding of whole-body social signalling, and to propose a robust 

framework for how expressivity is communicated through whole-body human movement, a thorough 

understanding is required of how socio-cognitive (i.e., those aspects discussed in this thesis) and 

physiological aspects of the emotional experience interact. While a substantial volume of previous 

research indicates that the kinds of individual differences explored in this thesis (e.g., previous dance 

experience, trait empathy) can alter physiological responses to human movement, I have only explored 

the role of cognitive processing in the recognition of emotional expressivity through the chapters 

contained in this thesis. Looking toward the future, I can already articulate concrete steps for future 

studies that can help fill this gap. More detailed discussion of these proposed studies can be found in 

Sections 4.1 – 4.4 of this chapter. 

3.2.Role of Aesthetics Primed by the Concept of Dance as an Artform

Through results from the experiments described in this thesis, and considering evidence from previous 

empirical aesthetics research, I have proposed that affective and aesthetic evaluation of human 

movement stimuli may be intrinsically linked.



225

A potential criticism of this notion may be that observers may have provided spontaneous aesthetic 

evaluations of the McNorm Library clips because they were primed with the idea of dance, which exists 

as an artform in its own right. The links between aesthetic appraisal and the arts is obvious, and is the 

central tenet of empirical aesthetics and neuroaesthetics research, therefore it is clear why presenting 

observers with artistically-relevant stimuli may have invoked the consideration of aesthetic factors. 

However, there exists several results from previous experiments, and arguments made by prominent 

researchers in this field that may call this assumption into question. First, it has been argued that the 

process of submitting dance to rigorous scientific experimentation in empirical aesthetics research 

results in the use of stimuli which no longer resemble the artform of performative dance. In a review of 

the relevant literature, Christensen and Calvo-Merino provide a thorough discussion of issues related to 

ecological validity when we reduce the content present within dance movement stimuli (Christensen & 

Calvo-Merino, 2013). Here, I will briefly discuss each of these points, and how they relate to items 

from the McNorm Library used in the empirical chapters of this thesis, and to movement stimuli used 

in studies of this nature more broadly.

First, Christensen and Calvo-Merino (2013) acknowledge that when spectators observe performative 

dance, they obtain information not only from the body, but also from the face. It is true that we can 

obtain a wealth of social information from facial expressions, and visual attention research has shown 

that the presence of a face drives our gaze when observing the entire body of another (Gullberg & 

Holmqvist, 2006; Leehr et al., 2018; Wilkinson & Light, 2011). Further, research conducted by Aviezer 

and colleagues shows that observers believe the face to be the most salient cue to emotional expressivity, 

regardless of the validity of this assumption (Aviezer et al., 2012a). Therefore, when aiming to explore 

the recognition of emotional expressivity from movement of the human body in isolation, the previous 

research suggests that faces may present an undesirable confound for these judgements, and merits their 

exclusion from movement stimuli for social perception research. The vast majority of researchers have 

chosen to address this issue through manual blurring of faces in stimuli (e.g., Christensen et al., 2014; 

Christensen et al., 2016; Melzer et al., 2019; Shafir et al., 2016), and others have reduced the potential 

influence of this cue even further by presenting movements in the form of point-light displays – as I 

have chosen to do in creating the McNorm Library. Further, through obscuring morphological 

information about the dancer’s body through representing movement in the form of point-light displays 

removes additional visual information which spectators are privy to when watching dance in the context 

of performance. While employing this approach in social perception research presents a unique kind of 

control which is only possible in laboratory conditions, in doing so, the resulting movement stimuli are 

several steps removed from the artform of performative dance. 

Second, they note that the movement stimuli used in social perception research rarely include music or 

other sounds (Christensen & Calvo-Merino, 2013). Generally, the only exception to this is within 

experiments using such stimuli to specifically explore how the auditory cues interact with motion to 
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influence perceptions (e.g., the role of breathing and effort sounds on aesthetic evaluation – Jola et al., 

2014; exploring the influence of emotionally-salient music on valence recognition – Christensen et al., 

2014). However, historically, musical scores were developed in tandem with choreography to create a 

number of world-renowned classical ballets (e.g., Swan Lake, The Nutcracker), and orchestras continue 

to play a substantial role in performative dance productions. Again, given the potentially confounding 

role of auditory cues, it is clear to see why such cues are removed from stimuli used in social perception 

research for movement in isolation. Indeed, I did not include musical accompaniments to the McNorm 

Library clips for this exact reason. However, removing the presence of music brings us yet another step 

away from dance as an artform.

Finally, Christensen and Calvo-Merino argue that condensing the experience of a full-scale dance 

performance into a series of short clips (some as short at 3-seconds; Calvo-Merino, 2010; Sun et al., 

2020) brings us an additional step further removed from the artform of dance. They suggest several 

potential consequences of reducing dance sequences in this way. For example, by selecting short 

excerpts of movement to meet the aim of temporal consistency across stimuli, choreographic phrases 

may be trimmed at inappropriate points, and this may result in the complete loss of context which is 

developed throughout the often hours-long duration of dance performances (Christensen & Calvo-

Merino, 2013). While in the creation of the McNorm Library, we did not impose restrictions on the 

duration of movement sequences that could be performed by the dancer, and we did produce stimuli 

with significantly longer durations than those in some previous movement repositories (e.g., 3-seconds 

in Calvo-Merino, 2010; 6-seconds in Christensen et al., 2014; 20-seconds in Ma et al., 2006), it is still 

likely that the longest McNorm Library dance sequence is not equivalent in content, or context, to the 

almost three-hour run time of, for example, the Royal Opera House’s production of Swan Lake. 

Therefore, in this way too, the McNorm Library clips may not reflect the nature of performative dance 

as an artform. These factors combined denote that from the perspective of a dance practitioner, or dance 

researcher in the arts domain, there are several degrees of separation between the content of the 

McNorm Library movement clips and the artform of performative dance, and this may limit the extent 

to which participants are primed to provide spontaneous aesthetic evaluation. However, additional 

support for our proposal that aesthetic appraisal is a key aspect of processing in the evaluation of human 

movement more generally, not only in relation to aesthetically-salient movements like dance, can be 

found in a series of research works exploring the evaluation of everyday actions through the use of 

different psychophysiological measures. 

Across several experiments, researchers have found that observers provide implicit aesthetic value 

judgements for actions as simple as grasping movements. Hayes and colleagues asked a series of 

participants to reach toward different household objects (e.g., canned food, washing powder) using 

direct versus convoluted movement trajectories. These object interactions were recorded and later 

shown to those participants, in addition to a new group of observers who had not taken part in the 
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grasping task, and they were asked to provide aesthetic value judgements (i.e., liking ratings) for the 

objects in the videos. They found that individual household objects were assigned higher liking ratings 

when the movement trajectories used to approach an object in question was more fluid (compared to 

convoluted). This was found to be the case for both the participants who performed those grasping 

actions themselves, and for the participants who had merely observed those actions (Hayes et al., 2008). 

In a later experiment, Cannon and colleagues measured micro-facial expressions (as a proxy for 

affective evaluation) in response to those same grasping actions using facial electromyography. In this 

experiment, participants observed a series of videos depicting grasping actions wherein orientation of 

the objects were, or were not, compatible with positioning of the arms, and as a result would produce 

fluid, or stilted motion. In the first four experimental blocks, participants were asked to perform an 

unrelated categorisation task while EMG data were collected (to obtain an implicit measure of affective 

evaluation of the movements), and only in the final block were participants asked to provide liking 

ratings for the objects. They observed that although participants did not provide significantly more 

positive aesthetic appraisals for objects grasped with movements varying in fluidity, they exhibited 

greater activity in the zygomaticus major (i.e., the “smiling muscle”) in response to objects which were 

grasped through fluid arm movements (Cannon et al., 2010). Due to the higher liking ratings assigned 

to fluid movements in the Hayes (2008) experiment, and more positive affective evaluation of the fluid 

movements observed in the Cannon (2010) study, it appears there is clear and consistent evidence of an 

implicit relationship between affective and aesthetic evaluation of human movement even when 

considering mundane, everyday grasping actions. As such, this work provides further support for our 

proposal that aesthetic evaluation is an integral component of human movement perception, more 

generally. 

3.3.Revisiting Limitations of the McNorm Library

The McNorm Library movement clips were at the centre of all four of our empirical research works. 

Therefore, evaluation of these stimuli warrant reconsideration when discussing the contents of this 

thesis as a whole. Before doing so, it should be acknowledged here that I believe the McNorm Library 

holds significant value for researchers in the fields of social perception and empirical aesthetics, for a 

number of reasons which have already been discussed extensively throughout this thesis. However, 

there are a number of potential limitations associated with this movement repository that merit 

deliberation here.

3.3.1. Idiosyncrasies in Emotional Communication

First, I aimed to ensure that emotion classification of our movement stimuli was robust, by accounting 

for the intentions of the movement performer and perceptions of the movement observers. However, it 

should be acknowledged that while we explored the perspectives of 127 observers, we only accounted 

for the expressive intentions of one movement performer. Through the various validation experiments 



228

presented in this thesis, we observed that fear was consistently recognised with the lowest level of

accuracy. I have proposed that fear may be more idiosyncratic, given the various ways in which fear 

can manifest within the human body (i.e., the fight, flight or freeze responses; Barlow, 2004; Schmidt 

et al., 2008). However, in these experiments we also observed that anger was recognised with relatively 

low levels of accuracy. It is possible that anger, and indeed the other emotions explored in this thesis, 

also have idiosyncratic presentations which should be accounted for through the perspective of multiple 

movement performers. During the interviews presented in Chapter 5, one of the participants provided 

the following comment which feels relevant to this discussion;

KR281508-Dancer (P62, L24-30) “…I think almost like with an anger, there’s- I know everybody when 

they’re angry is very, very different and like, to me, sometimes I’m like if I say the word angry I don’t 

mean someone that’s being really, really super violent and like vicious or whatever. Just like when I 

get angry, sometimes I can then get upset because I’m angry. Or it’s like the major like frustration and 

stuff, and that to me in my mind that is my anger and it’s not potentially somebody else’s.”

This excerpt highlights the idea that the way in which one individual expresses anger, for example, may 

diverge significantly from how another person communicates that same emotion. By including only the 

perspective of one movement performer in the creation of a stimulus library, we may be generating a 

kind of emotional expressivity which is very personal, and perhaps unique to that movement performer. 

It may have been more beneficial, perhaps, to capture expressivity of the different emotions, anger and 

fear more specifically, through the movements of multiple performers. In doing so, we may have been 

able to identify certain commonalities to isolate more universal components of emotionally-salient 

movement, and account for any individual differences in the transmission of affective expression. I 

believe this to be a limitation of the current work, which may explain why certain kinds of expressivity 

were recognised with lower accuracy than others in our validation experiments.  

3.3.2. A WEIRD Focus

A widely acknowledged criticism of social perception research, and psychological research more 

broadly, is the almost exclusive focus on the perspectives of Western, Educated, Industrialized, Rich 

and Democratic (WEIRD) participants. The problems associated with exploring judgements of 

exclusively WEIRD samples are evident from the controversy surrounding the validity of the 

Universality Hypothesis for the recognition of emotional facial expressions. As noted in various 

chapters of this thesis, it was widely believed that there are six facial expressions (happy, sad, angry, 

fear, disgust, and surprise) which produce unique patterns of muscular activity in the face, and that these 

six facial expressions are universally recognised by observers from a large number of countries (Ekman

et al., 1969; Tomkins, 2008; Ekman & Friesen, 1978). However, more recent research conducted by 

Jack and colleagues provided a series of challenges to this long-standing assumption. In the seminal 

2016 paper, Jack and colleagues observed that some of these emotional states were recognised with 
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significantly lower accuracy among Asian participants, and suggested that there may only be four, not 

six, culturally common facial expressions (Jack et al., 2016). Although this work was conducted to 

explore emotional expressivity through cues from the human face, not the body, these results suggest 

that cultural differences may be a particularly relevant aspect of social communication to address.

In this thesis, I acknowledge that a focus on recognition of expressivity from Western dance styles 

(classical ballet and western contemporary dance), in participants from the UK, contributes to the 

WEIRD problem, and to a western-centric rhetoric in social science. However, some researchers in the 

fields of social perception and empirical aesthetics have taken steps to broaden our understanding of 

the universality of engaging with and perceiving dance by exploring styles practiced by performers 

from different cultural backgrounds within more diverse participant samples. For example, Darda and 

colleagues have conducted a number of studies exploring evaluation of Indian Bharatanatyam dance 

among culturally-diverse participant samples (Darda & Cross, 2021; Darda & Cross, 2022). Christensen 

and colleagues highlight the importance of doing so, in a recent paper discussing Persian “classical” 

dance. These authors argue several reasons for the importance of exploring such underrepresented 

movement styles in experimental work, but mainly emphasize that due to the social and political climate 

in Iran, there exists a widespread prohibition of Persian “classical” dance. Further, they argue that 

without raising awareness of, and interest in, relatively unfamiliar dance styles among the academic 

community, they may be in danger of underdevelopment, or indeed in the case of Persian dance 

specifically, may risk eradication (Christensen, Khorsandi, Smith et al., submitted manuscript). 

Moreover, including more diverse participant samples may be of particular importance for my research 

questions, as it has already been noted in this chapter that Jack and colleagues found that culture impacts 

emotion recognition from facial expressions (Jack et al., 2016; Jack, Caldara & Schyns, 2012; Jack et 

al., 2012). Across several studies Jack and colleagues have observed that participants from Asia 

recognise facial expressions of disgust and surprise with significantly lower accuracy than participants 

from the UK (Jack et al., 2016). It is likely that cultural differences may too be salient in the context of 

bodily cues, as Monroy and colleagues (2021) have observed differences in aesthetic value judgements 

for movements differing in synchrony between Japanese and British observers. More specifically, 

Japanese participants liked synchronous and asynchronous movements equally, while British 

participants showed  a distinct preference for asynchronous dance movements (Monroy et al., 2021). 

Based on these results, and my proposal that affective and aesthetic evaluation of human movement 

may be intrinsically linked, this further highlights the importance of exploring judgements of less 

WEIRD samples for the McNorm Movement Library clips.

Considering these factors together, it is likely that culture plays a significant role in social perception 

from emotionally expressive stimuli, including videos depicting whole-body dance movements, and

including underrepresented movement styles in empirical work may confer additional benefits in 
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relation to conservation, and improved social awareness. I have not addressed culturally-salient aspects 

of social perception in this thesis, and I believe this should be rectified in future work. For example, it 

may be useful to expand the McNorm Library to include movement sequences from a more diverse 

range of dance styles (e.g., Bharatanatyam, Persian “classical” dance). 

4. Specific Future Research Directions

To conclude this discussion, in the following section I will outline the aims and methods of four follow-

up experiments that I believe would be worthwhile supplements for the contents of this thesis. 

4.1.A Comparison of Computational and Subjective Measures of Image Complexity

In Chapter 4, we describe a study examining the emotional and aesthetic evaluations of black and white 

continuous line drawings. In this experiment, we also describe the creation of a novel method for 

quantifying the complexity present in such images. From a visual examination of the data, and given 

the behavioural results showing an expected inverse U-shaped relationship between complexity and 

aesthetic value judgements using this metric, it would appear that we have developed a robust, and 

fully-automated method for capturing the complexity of an image within a single value. However, it is 

unclear whether this metric is reflective of subjective assessments of complexity, and if it is, how this 

aggregated complexity factor compares with existing methods for quantifying complexity present in 

images. 

To this end, I would like to conduct a follow-up experiment wherein a large participant sample (N = 

~200) is presented with the same 40 trajectory images used in our original line drawing experiment, and 

are asked to provide subjective complexity ratings for each of the images along a 100-point slider scale. 

After obtaining an average subjective complexity score for each image, I can explore how the observer 

judgements align with the individual component measures, and our aggregated complexity factor. By 

examining which factor produces an order that is most similar to the order provided by a large group of 

observers, we could potentially validate our metric, or identify which of the existing measures is most 

representative of image complexity from a perceptual standpoint. 

4.2.The Role of Visual Attention in the Evaluation of Social Signalling from Whole-Body 

Movements

An observer’s visual fixation patterns provide insight into the structure of attention and awareness 

(Kietzmann, Geuter & König, 2011). As noted in a recent review by Lockhofen & Mulert, visual 

attention facilitates processing of information or stimuli based on what may be most salient for 

achieving a particular goal (Lockhofen & Mulert, 2021). Eye-tracking studies have been employed in a 

number of fields to evaluate what features of a visual stimulus are most important for the acquisition of 

knowledge, and comprehension of information (Hasanzadeh et al., 2018; Bard et al., 1980; Wallenborn, 

2011; Hancock & Ste-Marie, 2013). In applying this logic within the context of my research questions, 
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it may be possible to uncover whether there are particular body regions which are perceived to 

communicate the most salient cues to emotional expressivity through the use of an eye-tracking and 

emotion recognition experiment.

In such an experiment, research suggests that it may be useful to collect data from participants with 

various levels of expertise, in relation to both movement experience and emotion recognition 

capabilities. Expertise-driven visual fixation patterns have emerged among experts in a variety of 

professions, including construction workers (Hasanzadeh et al., 2018), gymnastics and dressage judges 

(Bard et al., 1980; Wallenborn, 2011), ice hockey referees (Hancock & Ste-Marie, 2013), and medical 

professionals (Bertram et al., 2013). But expertise driven visual attention has also been found to emerge 

among professional dancers and choreographers (Petrakis, 1987; Stevens et al., 2010). Therefore, when 

using human movement as stimuli in such an emotion recognition experiment, it may be important to 

collect data from participants with varying degrees of previous dance experience. 

To this end, I propose the following experimental paradigm. A number of non-dancers, amateur dancers 

and professional dancers will be asked to complete the Goldsmith’s Dance Sophistication Index (Rose 

et al., 2020) before assigning emotion labels to 20 clips from the McNorm Library (4 of each; neutral, 

happy, sad, angry, and fearful). During the emotion recognition task, eye-movement data will be 

collected (using EyeLink, Tobii or similar tools), to explore visual attention directed toward five target 

body regions (head, arms, torso, legs, and feet).

An iteration of this experiment was the focus of my Undergraduate and Masters degree theses (Smith 

& Pollick, forthcoming). In these earlier experiments, I used FLD movement videos of performative 

ballet sequences (taken from the library created by Christensen et al., 2014). These FLDs included a 

number of superfluous visual confounds (including stage furniture, costumes, and occasionally the 

presence of other dancers in the background), which results suggested may have detracted attention 

from the movements themselves. Further, in my earlier experiments I only explored visual attention 

patterns during the recognition of happiness and sadness. Therefore, these results did not provide any 

indication of whether visual attention or emotion recognition may differ among dancers (both amateur 

and professionals), and non-dancers for other basic emotions (e.g., anger and fear), or for the absence 

of expressivity (i.e., neutral).

Therefore, to address the limitations of my previous work, I plan to carry out an experiment which 

explores visual attention directed toward movement specifically, in isolation from other contextual cues, 

using the point-light display representations of movement from the McNorm Library. The McNorm 

Library allows us to examine recognition of emotion from movement sequences which contain an 

emotional expressivity which is agreed upon by both observers and the movement performer, contain 

no superficial visual information, and contains motion depicting four basic emotional states (happiness, 
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sadness, anger, and fear), in addition to the absence of expressivity (neutral motion), without containing 

culturally and socially-relevant gestures or choreography from existing performative ballets.

Results obtained from this experiment may indicate whether, during the observation of movement for 

the purposes of emotion recognition, there are particular body regions which observers believe to 

convey the most salient social cues. Further, by exploring visual fixation patterns of observers with the 

greatest recognition accuracy may provide some insight into which body areas, or visual-search 

strategies may be most useful for the perception of social signals from the dynamic human body. 

Therefore, I believe this experiment would be a valuable next step in developing the model I propose 

in this thesis, and would hold benefits for the social psychology researcher community more broadly.

4.3.Using Electromyography to Explore the Conscious and Unconscious Evaluation of 

Emotionally Expressive Whole-Body Motion

A wealth of previous literature suggests that dancers exhibit stronger bodily responses when observing 

others in motion than individuals without any prior movement training. Evidence of this can be observed 

through the results of numerous neuroimaging experiments which show that extensive dance experience 

prompts greater activation of the Action Observation Network (Burzynska et al., 2017; Cross, 2010; 

Gardner et al., 2015; Kirsch et al., 2018; Liew et al., 2013; Calvo-Merino et al., 2005; Cross et al., 2009; 

Gerson et al., 2015), and through expertise-related differences observed across a number of studies 

using psychophysiological measurements (e.g., corticospinal excitability – Jola et al., 2012; galvanic 

skin response – Christensen et al., 2016; Christensen et al., 2021). Additionally, results from a study 

conducted by Kirsch and colleagues suggest that dance experience may provoke heightened and 

valence-specific physiological responses in observer’s faces when evaluating human movement stimuli. 

Based on these results, it is likely that dancers and non-dancers would exhibit diverging EMG responses 

when observing dance, and that emotion-specific microfacial expressions may be more distinct among 

those with previous motor training.

However, to our knowledge, no research has explored expertise-related differences in the EMG 

responses of dancers and non-dancers while assigning a wider array of basic emotional labels to human 

dance motion. It is important to understand whether such differences would emerge because this may 

provide valuable insights into the success of both conscious and unconscious processing of socially-

salient stimuli, as EMG responses may reveal microfacial expressions which align more closely with 

either the intended (i.e., target) or perceived (i.e., explicit judgement) expressivity of different emotional 

states within human movement stimuli. Therefore, to address this gap in the literature, I plan to conduct 

an experiment which addresses this question directly.

In this experiment, participants with varying degrees of previous experience will be asked to complete 

the Gold-DSI (Rose et al., 2020), and the Toronto Empathy Scale (Spreng et al., 2009) before taking 

part in an emotion recognition task. During this task, they will assign emotion labels to 20 whole-body 
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movement clips from the McNorm Library (4 each; neutral, happy, sad, angry, and fearful) while EMG 

responses are collected from the corrugator supercilia and zygomaticus major. I will then evaluate 

whether activity in facial muscles reflects the intended emotional expressivity of the movement clip 

(i.e., the target emotion), and the perceived emotional expressivity (i.e., label chosen by participants). I 

will also explore whether EMG responses are stronger when the target and perceived emotions are 

congruous (i.e., when assigning the correct emotion label) compared to when they are incongruous (i.e., 

when assigning an emotion label which is different to the target emotion label). Finally, I will explore 

whether participants with a more extensive physical or observational dance history will produce 

quantifiably different EMG responses to those without such experience, in addition to exploring 

whether individual differences in trait empathy influence these responses. 

By identifying the relationship between EMG responses to human movement, and the judgements of 

emotion provided explicitly by observers, we may be able to identify the extent to which physiology 

contributes to the identification of emotion from whole-body human movement. Regardless of the 

results obtained, this experiment could contribute to our appreciation of whole-body social signalling 

more generally, and may provide more specific benefits for the content of this thesis; by providing some 

insight into the role of the physiological processes in the model for the production of emotion 

judgements I have proposed in this chapter.

4.4.A Qualitative Exploration of Choreographic and Performative Decision-Making in the 

Communication of Emotional Expressivity Through Dance Movement

During the interviews, from the experiment presented in Chapter 5, a number of participants noted that 

they assigned emotions to the McNorm Library clips based on learned associations. Additionally, 

participants noted that during the task they had based their emotion judgements on the specific 

choreography, rather than the expressive quality present within the movement clips. Although in 

creating the McNorm Library, we aimed to create a series of movement sequences which were devoid 

of culturally or socially relevant gestures, and any specific choreographic sequences from performative 

ballet, discussions during these interviews suggest that observers may hold certain emotional 

associations with specific movements based on their previous experiences (with dance, from real-world 

social situations, or with things they had seen in the media).

It is unclear from existing research whether there are specific movements that are included within 

performative dance for the communication of specific emotional states through whole-body movement. 

Further, it is unclear how, when provided with specific movement phrases, dancers alter the way in 

which they perform those movements to communicate expressivity that is relevant to the emotionally-

charged narratives in performative dance. To address this gap in our understanding, I plan to conduct a 

qualitative investigation of this question.
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More specifically, in a future experiment, I will recruit a series of professional dancers and 

choreographers to take part in a series of semi-structured interviews or focus groups where I will 

explore, for example, the following kinds of questions;

For choreographers;

1. When designing a piece of choreography which aims to communicate X emotion (i.e., 

happiness, sadness, anger, or fear), are there any particular movements you would include 

within that choreography?

2. Are there any movements that have long-standing associations with, or are characteristic of X 

(i.e., happiness, sadness, anger, or fear) emotion in performative dance?

For dancers;

1. When you are given a movement, or movement phrase, how do you alter the way you perform 

that movement/those movements to express X emotion (i.e., happiness, sadness, anger, or fear)?

During the interviews (Chapter 5), it was also noted that many dancers struggled to verbalise their

thought processes, often resorting to using their physicality or illustrative examples of motion to aid in 

this communication. In light of this, it will be extremely important to record these interviews in full 

using a video camera. In doing so, I can evaluate not only the verbal responses provided by the 

participants, but I can also annotate the gestures, movements, and physicality they employ during the 

discussions.

After initially identifying any specific movements which are associated with a particular kind of 

emotional expressivity within our sample of participants, I (or other researchers) could conduct further 

replications of such an experiment to explore the universality of these findings across different dance 

practitioners. After cross-validation, it is hoped that the resultant findings may be useful in serving as a 

guide for annotation of past and future emotionally expressive dance movement libraries, and may 

highlight movements to avoid including during the creation of such repositories. 
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CONCLUSIONS

Through the use of both quantitative and qualitative research methods, this thesis has explored a number 

of factors that can influence the success of emotion recognition from expressive whole-body movement 

sequences. Overall, results from a validation experiment, and several replications of that experiment, 

show that the movement library proposed in this thesis (The McNorm Movement Library) is a valuable 

resource for researchers in the fields of social psychology, empirical aesthetics, and other related 

disciplines due to its high level of test-retest reliability, and its more balanced reflection of the dyadic 

nature of affective social communication. Throughout the four main empirical chapters of this thesis, 

results show that the relationship between empathy, previous dance experience, and emotion 

recognition skills may be more complex than previous studies (primarily those conducted with 

neuroimaging) might suggest. Here we found that general trait empathy did not always influence 

recognition ability in the predicted direction, kinaesthetic empathy was neither universal nor unique to 

individuals with previous movement training, and both observational and physical dance experience 

did not always result in global improvements to performance in emotion recognition tasks.

Finally, by drawing on new insights gained through the empirical chapters, I have proposed an updated 

model of emotion judgement, which is grounded in the historical theories of emotion elicitation. More 

specifically, I propose that when an individual encounters whole-body human movement as an input 

stimulus, this passes through a filter of previous dance experience (including both physical and 

observational aspects of experience), before that stimulus is appraised in a socio-cognitive context 

(including aesthetic evaluation – is this beautiful?; perception of movement kinematics – is this fast?; 

and kinaesthetic empathy processes – do I imagine myself doing this while I watch it?), and reacted to 

by aspects of human physiology (e.g., microfacial expressions, specific visual fixation patterns, activity 

of the Action Observation Network). These processes then combine to produce an emotion judgement. 

While the empirical work presented in this thesis has focused on elements of socio-cognitive processing, 

I have proposed a number of future follow-up research directions in this final general discussion chapter 

to address gaps in the proposed role of physiological processes based on existing, related literature. 
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FINAL THOUGHTS

This framework I propose for how the dynamic human body can transmit socially salient information 

requires further research, which I aim to pursue in the future, and would encourage other researchers to 

consider too. Facial expression research has dominated the bulk of existing affective communication 

research, but the results presented in this thesis suggest that the human body in motion provides a wealth 

of social cues that are highly valuable to observers. Therefore, until testable theoretical accounts (like 

the one proposed in this thesis) for social cues beyond facial expressions are offered, and submitted to 

the same kind of rigorous empirical evaluation, our current appreciation of human social signalling, as 

a whole, cannot be taken at face-value. 
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Supplementary Table S.1: A summary of movement characteristics, identified in the previous kinematic analysis literature, which are considered to be 

associated with particular emotional states.

Authors
Type of 

Motion

Kinematics 

Methodology
Kinematics Findings

Crane & 

Gross 

(2007)

Whole Body, 

Walking 

Motions

Computational

Joy: fast, high amplitude elbow flexion

Anger: fast, increased step frequency

Sad: slow, head oriented down, decreased motion in upper body, lower range of motion

Crane & 

Gross 

(2013)

Whole Body, 

Walking 

Motions

LMA Efforts

Joy: expansion, direct, strong, fast, bound

Anger: direct, strong, bound

Sad: contraction, indirect, light, slow, relaxed

Wallbott 

(1998)
Whole Body

Subjective 

Coding

Elated Joy: raised shoulders, head oriented backwards, raised arms (upward and frontal), opening and 

closing hands, high movement activity, expansion

Happy: low movement activity

Cold Anger: arms stretched (frontal), lateralised hand movements
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Hot Anger: raised shoulders, arms stretched (frontal), lateralised hand movements, pointing gestures

Sadness: collapsed upper body, low movement activity

Despair: shoulders forward, hands opening and closing, expansive

Fear: hands opening and closing

Terror: arms stretched (sides), high movement dynamics

Montepare, 

Koff, 

Zaitchik & 

Albert 

(1999)

Whole Body
Subjective 

Coding

Happy: jerky, loose, fast, soft, expansive, high movement dynamics

Angry: jerky, stiff, fast, hard, expansion, high movement dynamics

Sad: smooth, loose, slow, soft, contracted, low movement dynamics

Neutral: smooth, loose, slow, soft, contracted, low movement dynamics

Castellano, 

Villalba & 

Camurri 

(2007)

Raising and 

Lowering 

Arms (in 

Coronal 

Plane)

Computational

Joy: high quantity of motion, expansion

Pleasure: low quantity of motion, expansion

Anger: high quantity of motion, contraction
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Sad: low quantity of motion, contraction

Bernhardt & 

Robinson 

(2007)

Whole Body Computational

Anger: energetic, forceful

Sad: slow, slack

Sawada, 

Suda & 

Ishii (2003)

Arm 

Movements, 

Dance 

Motions

Computational

Joy: high travel distance

Anger: high acceleration

Sad: low travel distance, low acceleration

Roether, 

Omlor, 

Christensen 

& Giese 

(2009)

Whole Body, 

Walking 

Motions

Computational

Happy: fast, high movement dynamics

Anger: fast, high movement dynamics, angular arrangement of body segments

Sad: slow, low movement dynamics, head oriented down

Fear: slow, low movement dynamics, reduced motion in lower body (knees, hips)
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Gross, 

Crane & 

Fredrickson 

(2012)

Whole Body, 

Walking 

Motions

LMA Efforts & 

Computational

Joy: fast, high amplitude of joint motion (hip, shoulder, elbow, pelvis), high torso motion, torso 

expansion, shoulder depression

Anger: fast, high amplitude of joint motion (hip, shoulder, elbow, pelvis), high torso motion

Sad: slow, high flexion (neck, torso)

Gross, 

Crane & 

Fredrickson 

(2010)

Arm 

Movements, 

Knocking 

Motion

LMA Efforts & 

Computational

Joy: fast, expansion, relaxed

Content: slow

Proud: fast 

Angry: fast, expansion, strong

Sad: slow, tense

Anxious: slow, expansive, slow, tense

Camurri, 

Lagerlöf & 

Volpe 

(2003)

Whole Body, 

Dance Motion

Subjective 

Coding & 

Computational

Joy: expansion, high quantity of motion, high fluidity

Angry: high quantity of motion, low fluidity
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Grief: slow, contraction, low quantity of motion, low fluidity, frequent transitions between movements

Fear: contraction, low fluidity, more movement phases

Shafir, 

Tsachor & 

Welch 

(2016)

Whole Body LMA Efforts

Happy: free, light, spreading, rising, upward-accented motion, jumping, rhythmic

Angry: strong, sudden, direct, advancing

Sad: passive weight (limp), sinking, head oriented down, arms close to upper body

Fear: bound, retreating, condensing, enclosing, upper body oriented backward

Halovic &

Kroos 

(2018)

Whole Body, 

Walking 

Motion

Subjective 

Coding & 

Computational

Happy: upward-accented motion, high quantity of motion (arms), long strides

Angry: fast, heavy, long strides, high quantity of motion (arms)

Sad: slow, slouching, short strides, low quantity of motion (arms)

Fear: mixed speed (fast and slow), short strides, low quantity of motion (arms)

Shikanai, 

Sawada & 

Ishii (2013)

Whole Body, 

Dance Motion

Subjective 

Coding

Joy: expansion, high stability, turning, jumping, high quantity of motion, expansion (limbs), body 

closing
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Anger: high stability, high quantity of motion, body closing

Sad: low quantity of motion, contraction, low stability, body closing

Masuda & 

Kato (2010)
Whole Body LMA Efforts

Pleasure: fast, strong, expansion, reclining posture, upward-accented motion

Relaxation: slow, weak, mixed posture (reclining and straight)

Anger: fast, strong, expansion, movement in various directions

Sad: slow, weak, contraction, forward-tilted posture, downward-accented motion

Smith & 

Pollick (in 

Preparation)

Whole Body, 

Dance Motion
LMA Efforts

Happy: fast, 

Sad: slow
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Supplementary Table S.2: A brief overview of the methods and results of previous emotion recognition, and stimulus library validation experiments. This 

table includes the following details: the authors and date of publication, the sample size used in the experiment, the nature of the participants (e.g., university 

students, dancers), the type of movements explored (e.g., dance, walking - and where possible whether gestures were included or excluded), the duration of 

the stimuli, the way the body was represented in the stimuli (e.g., full-light displays, point-light displays, avatars), the method for collecting and measuring 

emotion recognition, the emotions explored in the experiment, and recognition rates reported in the papers. It should be noted that recognition rates (expressed

as percentage) were not always available. Some authors used different measures (e.g., Crane & Gross (2013) used mean decoding accuracy expressed as a 

decimal value; Christensen et al., (2016), (2019) and (2021) used a 0-100 slider scale for the extent of expressivity, and Dahl & Friberg (2007) used a 6-point 

Likert scale to measure the extent of expressivity of each specific emotion), and some authors did not provide emotion-specific recognition rates (e.g., 

Atkinson, Tunstall & Dittrich (2007) show recognition rates for each emotion in Figure 2, but the specific values were not available in the text).

Authors
Sample 

Size

Nature of 

Participants

Movement 

Type

Stimuli 

Duration

Experimental 

Design

Chance 

Level 

Recognition

Stimuli 

Type

Emotion 

Category

Recognition 

Rate

Atkinson, 

Dittrich, 

Gemmell & 

Young (2004)

N = 36
University 

Students

Free Movement 

(including 

gestural cues)

6 seconds

Forced-choice 

emotion 

recognition task

20%

Point-Light 

Videos & 

Full-Light 

Videos

Point-Light 

Videos

Anger

Disgust

Fear

Happiness

Sadness

71.94%

63.06%■

79.72%

84.17%▲

82.22%
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Full-Light 

Videos

Anger

Disgust

Fear

Happiness

Sadness

85.55%

75.28%■

91.11%▲

86.67%

86.94%

Crane & 

Gross (2007)
N = 60

University 

Students (who 

performed the 

walking 

motions)

Walking 

motions after 

emotion 

elicitation 

phase

Various 

durations

Binary choice 

for agreement 

with the felt 

emotion 

(agreement or 

disagreement)

50%
Point-Light 

Videos

Neutral

Sad

Content

Joy

Anger

83%▲

76%

74%

67%

62%■

Crane & 

Gross (2013)
N = 42

University 

Students (who 

performed the 

walking 

motions)

Walking 

motions after 

emotion 

elicitation 

phase

Various 

durations

Forced-choice 

emotion 

recognition task

.10
Full-Light 

Videos

Anger

Content

Joy

Neutral

Sad

.23■

.23■

.24

.25

.43▲

(mean decoding 

accuracies)

Gross, Crane 

& 
N= 30

University 

Students

Walking 

motions

Various 

durations

Forced-choice 

emotion 

recognition task

10%
Full-Light 

Videos

Anger

Joy

Sad

22%

20%

43%▲
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Fredrickson 

(2012)

Content

Neutral

19%■

25%

Montepare, 

Koff, Zaitchik 

& Albert 

(1999)

N = 41

University 

Students

(N = 20) & 

Older Adults (N 

= 21)

Dramatized 

depictions of 

emotions 

(including 

gestural cues)

3 seconds

Forced-choice 

emotion 

recognition task

25%
Full-Light 

Videos

University 

Students

Neutral

Happy

Angry

Sad

Older Adults

Neutral

Happy

Angry

Sad

95.74%▲

73.68%■

90.99%

82.41%

92.34%▲

71.92%

78.66%

68.77%■

Pasch & 

Poppe (2007)
N = 48

University 

Students & 

Staff

Static Images 

of Body 

Postures

N/A

Forced-choice 

emotion 

recognition task

16.67%

Full-Light 

3D 

Renderings 

of Human 

Bodies and 

Human-

Like 

Wooden 

Avatars

Human Body 

Renderings

Anger

Disgust

Fear

Happiness

Sadness

Surprise

32%

9%■

36%

57%

58%▲

32%
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Wooden Avatars

Anger

Disgust

Fear

Happiness

Sadness

Surprise

39%

24%

23%

62%▲

54%

16%■

Bernhardt & 

Robinson 

(2007)

N/A

Machine 

Learning 

Algorithm

Everyday 

Motions (e.g., 

knocking, 

throwing, 

lifting)

Various 

durations

Machine 

Learning 

Algorithm 

based on 

Movement 

Kinematics

25%
Point-Light 

Displays

Using Unbiased 

Features

Neutral

Happy

Angry

Sad

Using Biased 

Features

Neutral

Happy

Angry

Sad

37.9%■

41.1%

59.1%

62.4%▲

74.2%

65.3%■

92.4%▲

92.4%▲

Dael, 

Mortillaro & 
N/A

Algorithm 

based on 

Emotions 

Portrayed in 

Scenario-Based 

Various 

Durations

Algorithm 

based on 
8.33%

Full-Light 

Videos

Amusement

Pride

Elated Joy

70%

50%

90%▲
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Scherer 

(2012)

Movement 

Characteristics

Interaction 

Settings by 

Actors

Movement 

Characteristics

Panic Fear

Anxiety

Despair

Sadness

Hot Anger

Irritation

Interest

Pleasure

Relief

60%

50%

40%

30%■

70%

30%■

60%

60%

50%

Roether, 

Omlor, 

Christensen & 

Giese (2009)

N = 21
University 

Students

Walking 

motion

Various 

Durations

Forced-choice 

emotion 

recognition task

25%
3D Avatar 

Renderings

Anger

Happiness

Neutral

Fear

Sadness

76.0%

65.1%■

71.5%

80.0%

92.0%▲

Gross, Crane 

& 

Fredrickson 

(2010)

N = 35
University 

Students

Knocking 

motion after 

emotion 

elicitation 

phase

Various 

durations

Intensity scores 

for each 

emotion 

including the 

target emotion 

on a 5-point 

Likert scale 

(classified as 

recognised if 

N/A
Full-Light 

Videos

Across All Clips 

(Emotions Felt 

and Unfelt) 

Angry

Anxious

Sad

Joyful

Proud

Content

78%▲

65%

56%

39%

56%

33%■
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the target 

emotion was 

rated 

‘moderately’ 

(3) or above in 

intensity

Across Only 

Clips where 

Emotion was 

Felt

Angry

Anxious

Content

Joy

Proud

Sad

8%▲

6%

3%■

3%■

6%

6%

Camurri, 

Lagerlöf & 

Volpe (2003)

N = 32

University 

Students

Modern Dance 

movements 

(specifically 

excluding 

gestures)

Various 

durations

Forced-choice 

emotion 

recognition task 

& Intensity 

Ratings for All 

Emotions

25%
Full-Light 

Videos

Across All 

Participants and 

Portrayals

Anger

Joy

Fear

Grief

60.6%

55.0%

39.8%■

70.4%▲

Melzer, Shafir 

& Tsachor 

(2019)

N = 62
General 

Population

Free movement 

(including 

gestural cues)

3 seconds

Forced-choice 

emotion 

recognition task

20.7%

(for the 

entire 

sample)

Full-Light 

Videos

Happy

Sadness

Fear

Anger

Neutral

81.39%▲

78.57%

51.15%

47.29%■

67.42%
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Alaerts et al., 

(2011)

N = 32 

(after 

technical 

issues)

University 

Students

Everyday 

Motions (e.g., 

walking, 

jumping, 

kicking)

3 seconds

Forced-choice 

emotion 

recognition task 

(happier’, 

‘sadder, 

‘angrier’ or 

‘not-different’ 

to a neutral 

clip)

25%
Point-Light 

Videos

Neutral

Happy

Sad

Angry

54.3%

44.2%■

45.8%

58.6%▲

Atkinson, 

Tunstall & 

Dittrich 

(2007)

N = 32
University 

Students

Free movement 

(including 

gestural cues)

3 seconds

Forced-choice 

emotion 

recognition task

16.67%

Full-Light 

Videos & 

Point-Light 

Videos

Full-Light 

Videos

Overall

Point-Light 

Videos

Overall

*Note: No 

means for 

emotion-specific 

recognition rates 

were available 

in the paper

84.2%

81.7%

From Figure 2, 

the general order 

of recognition 

rates (from 

highest to 

lowest) was
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1. Sadness▲

2. Happiness

3. Neutral

4. Anger

5. Fear

6. Disgust■

Bachmann, 

Zabicki, 

Munzert & 

Krüger (2020)

N = 30
General 

Population

Emotions 

Portrayed in 

Interaction 

Settings by 

Actors

4 seconds

Forced-choice 

emotion 

recognition task

20%
Point-Light 

Videos

Full-Body 

Stimuli

Overall

Anger

Happiness

Sadness

Affection

Arms-Only 

Stimuli

Overall

Trunk-Only 

Stimuli

Overall

80.7%

87.8%▲

85.6%

82.1%

67.6%■

68.9%

57.8%
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Christensen et 

al., (2016)
N = 44

University 

Students (N = 

24) & Ballet 

Dancers (N = 

20)

Ballet Dance 

Movements

5-6 

seconds

Slider Scale 

Response from 

‘Very Sad’ (0) 

to ‘Very 

Happy’ (100)

Slider Scale 

Value for 

Perfect 

Recognition 

of Happy = 

100

Slider Scale 

Value for 

Perfect 

Recognition 

of Sad = 0

Full-Light 

Videos

Happy

Sad

60.54

39.68

Christensen, 

Azevedo & 

Tsakiris 

(2021)

N = 41

General 

Population 

(with varying 

levels of prior 

dance 

experience)

Western Ballet 

and 

Contemporary 

Dance 

Movements 

(Emotionally 

Expressive-

Positive, 

Emotionally 

Expressive-

Negative & 

6-8 

seconds

Slider Scale 

Response from 

‘Not at all 

(expressive)’ 

(0) to ‘Very 

(expressive)’ 

(100)

Slider Scale 

Value for 

Perfect 

Recognition 

of 

Expression = 

100

Slider Scale 

Value for 

Perfect 

Full-Light 

Videos

Expressive 

Contemporary

Not-Expressive 

Contemporary

Expressive 

Ballet

Not-Expressive 

Ballet

61.88

43.34

57.22

46.40
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Non-

Expressive)

Recognition 

of Non-

Expression = 

0

Christensen, 

Lambrechts & 

Tsakiris 

(2019)

N=80 (in 

each 

experiment)

Western Ballet 

and 

Contemporary 

Dance 

Movements 

(Emotionally 

Expressive-

Positive, 

Emotionally 

Expressive-

Negative & 

Non-

Expressive)

6 seconds

Slider Scale 

Response from 

‘Not at all 

(expressive)’ 

(0) to ‘Very 

(expressive)’ 

(100)

Slider Scale 

Value for 

Perfect 

Recognition 

of 

Expression = 

100

Slider Scale 

Value for 

Perfect 

Recognition 

of Non-

Expression = 

0
Full-Light 

Videos

Expressive-

Positive 

Contemporary

Expressive-

Negative 

Contemporary

Not-Expressive 

Contemporary

Expressive-

Positive Ballet

Expressive-

Negative Ballet

Not-Expressive 

Ballet

57.99

56.16

50.46

58.49

56.51

46.22
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Dittrich, 

Troscianko, 

Lea & 

Morgan 

(1996)

N = 72
University 

Students

Emotional 

Dance 

Movements

5 seconds

Rating 

Questionnaire 

(numbers 

assigned to 

emotions based 

on likelihood of 

being the 

intended 

emotion)

Rescaled 

values range 

from 0 (least 

likely) to 5 

(most likely) 

where 5 is 

Perfect 

Recognition 

of the 

Intended 

Emotion

Chance = 2.5

Full-Light 

Videos & 

Point-Light 

Videos

Full-Light 

Videos

Surprise

Fear

Anger

Disgust

Grief

Joy

Point-Light 

Videos

Surprise

Fear

Anger

Disgust

Grief

Joy

4.80▲

3.92

4.43

3.50■

4.65

4.79

3.11

3.02■

3.06

2.77

3.72▲

3.69

Grèzes, 

Pichon & de 

Gelder (2007)

[Pilot Study]

N = 12
Information 

Unavailable

Emotions 

Portrayed in 

Scenarios by 

Actors

3 seconds

Forced-choice 

emotion 

Recognition 

Task

33.33%
Full-Light 

Videos

Fear

Neutral

79%■

88%▲
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Dahl & 

Friberg 

(2007)

N = 20
University 

Students

Musician 

Playing the 

Marimba with 

Different 

Emotion 

Expressions

30-50 

seconds

Rating the 

Expression of 

Each Emotion 

on a 6-Point 

Scale from 

‘Nothing’ (0) to 

“Very much’ 

(6)

N/A
Full-Light 

Videos

Happy

Sad

Angry

Fearful

*Note: No exact 

values for 

emotion-specific 

recognition were 

available in the 

paper

~ 4.0▲

~ 4.5

~ 3.5

~ 2.0■

Where ■ denotes the emotion with the lowest level of recognition, and where ▲ denotes the emotion with the highest level of recognition.
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Supplementary Table S.3: A summary of average recognition rates (%) for different types of stimuli reported in the previous emotion recognition tasks 

(from the publications summarised in Supplementary Table S.1). Recognition rates expressed as percentage were not always available.

Stimuli 

Type

Emotion 

Category

Average

Recognition 

Rate (%)

Number of Data 

Points Included in 

Calculation

Range in Reported Recognition 

Rates (%)

Avatar Overall 54.78 11 16 – 92

Avatar Neutral 71.5 1 N/A

Avatar Happy 63.55 2 62 – 65.1

Avatar Sad 73 2 54 – 92

Avatar Anger 57.5 2 39 – 76

Avatar Fear 51.5 2 23 – 80

Avatar Other 20 2 16 – 24

FLD Overall 50.67 64 3 – 95.74

FLD Neutral 65.58 6 25 – 95.74

FLD Happy 54.7 11 3 – 90

FLD Sad 55.26 12 6 – 86.94

FLD Anger 54.19 12 8 – 90.99

FLD Fear 59.51 6 36 – 91.11

FLD Other 38.74 18 3 – 75.28

PLD Overall 69 26 37.9 – 92.4

PLD Neutral 62.35 4 37.9 – 83

PLD Happy 64.56 6 41.1 – 85.6
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PLD Sad 73.49 6 45.8 – 92.4

PLD Anger 71.97 6 58.6 – 92.4

PLD Fear 79.72 1 N/A

PLD Other 68.22 3 63.06 – 74

Overall Neutral 64.95 11 25 – 95.74

Overall Happy 58.74 19 3 – 90

Overall Sad 62.5 20 6 – 92.4

Overall Anger 60.15 19 8 – 92.4

Overall Fear 59.98 9 23 – 91.11

Overall Other 40.95 23 3 – 75.28
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SECTION A:

MOTION CAPTURE GAP-FILLING TECHNIQUE

For each instance of missing data, the 100 preceding and succeeding points were graphed to show the intended trajectory of the coordinates across each time 

point of the gap. If the gap appeared to show a linear trajectory, the data was interpolated linearly (Supplementary Figure S.1). If the gap in the trajectory 

appeared to be parabolic then a different method was used. For seemingly parabolic gaps, the data was extrapolated linearly from the datapoints preceding the 

gap, and from the datapoints following the gap, the point where these lines intersected was used as the peak of the parabola and the missing data was extrapolated 

accordingly (Supplementary Figure S.2).

Supplementary Figure S.1: Case-by-Case Linear Extrapolation: Shows an example of missing data which appears to follow a linear trajectory. The red line 

depicts the points which were extrapolated to fill this type of gap.
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Supplementary Figure S.2: Depicts an example of missing data which appears to follow a parabolic trajectory. On each side of the gap a linear extrapolation 

was carried out. The point where these two lines intersected was identified as the peak of the parabola and the surrounding points were manually smoothed to 

create a curve in the trajectory. 

This was identified as the best method for estimating the missing data points when examining the visual output of these manipulations (compared to linear 

extrapolation and other such methods), but it should be acknowledged that this case-by-case method may have led to several errors that should be considered 

when running a computational kinematic analysis on this data. Movements contained in these sequences were often mathematically unpredictable, and the 

trajectories created using this method may not have accurately captured all of the complexities of this motion. However, for the creation of these point light 

displays, the aim was only to create stimuli with no missing movement information (i.e., to avoid markers disappearing throughout the duration of the sequence) 

and to minimise the amount of movement perturbation. Therefore, for this purpose, this method of gap filling was deemed sufficient.
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Supplementary Table S.4: Information about each individual clip within the full, original McNorm Library. 

Movement 

Sequence

Emotion 

Portraya

l

Stimuli 

Code

Validated in 

Experiment 

1?

Validated in 

Experiment 

2?

Duration

(seconds)

Video Size 

(pixel width x 

pixel height)

Average Recognition 

Accuracy (%) in 

Experiment 1

Average 

Recognition 

Accuracy (%) in 

Experiment 2

Average 

Recognition 

Accuracy (%) 

Across 

Experiments 1 & 2

rdej Neutral N1 Y N 31.6 496 x 370 42 — —

rdej Happy H1 Y N 30.6 496 x 370 38 — —

rdej Sad S2 Y Y 32.6 496 x 370 52 45.28 48.64

rdej Angry A1 Y N 30.2 496 x 370 12 — —

rdej Fearful F1 Y N 30.4 496 x 370 14 — —

tendu Neutral N2 Y Y 22.3 496 x 370 62 60.38 61.19

tendu Happy H2 Y N 23.0 496 x 370 32 — —

tendu Sad S3 Y N 23.8 496 x 370 42 — —

tendu Angry A2 Y N 21.5 496 x 370 2 — —

tendu Fearful F2 Y N 22.6 496 x 370 20 — —

ever_con Neutral N3 Y N 12.6 496 x 370 20 — —

ever_con Happy H3 Y N 13.6 496 x 370 22 — —

ever_con Sad S4 Y N 16.4 496 x 370 26 — —

ever_con Angry — N N — — — — —

ever_con Fearful F3 Y Y 17.2 496 x 370 42 45.28 43.64

bitter Neutral N4 Y N 17.1 496 x 370 6 — —
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bitter Happy H4 Y N 17.1 496 x 370 18 — —

bitter Sad S5 Y N 17.7 496 x 370 18 — —

bitter Angry A3 Y Y 17.4 496 x 370 52 35.85 43.93

bitter Fearful F4 Y Y 18.2 496 x 370 30 30.19 30.10

char Neutral N6 Y N 6.6 496 x 370 4 — —

char Happy H5 Y Y 8.1 496 x 370 50 56.60 53.3

char Sad S6 Y N 9.2 496 x 370 2 — —

char Angry A4 Y Y 7.3 496 x 370 66 64.23 65.12

char Fearful F5 Y N 7.8 496 x 370 0 — —

jete Neutral N5 Y Y 19.9 496 x 370 58 58.49 58.25

jete Happy H6 Y N 20.9 496 x 370 42 —

jete Sad S7 Y N 20.2 496 x 370 18 — —

jete Angry A5 Y N 19.4 496 x 370 24 — —

jete Fearful F6 Y N 18.8 496 x 370 10 — —

fondu Neutral N7 Y N 37.2 496 x 370 20 — —

fondu Happy H7 Y N 42.0 496 x 370 12 — —

fondu Sad S8 Y Y 37.3 496 x 370 68 67.92 67.96

fondu Angry A6 Y N 37.2 496 x 370 8 — —

fondu Fearful F7 Y N 42.8 496 x 370 16 — —

free_mov Neutral N8 Y N 26.1 496 x 370 18 — —

free_mov Happy H8 Y N 27.9 496 x 370 14 — —

free_mov Sad S9 Y Y 36.8 496 x 370 56 54.72 55.36
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free_mov Angry A7 Y N 25.1 496 x 370 32 — —

free_mov Fearful F8 Y N 28.1 496 x 370 18 — —

frappe Neutral N9 Y Y 16.3 496 x 370 52 52.83 52.42

frappe Happy H9 Y N 15.4 496 x 370 22 — —

frappe Sad S10 Y N 16.4 496 x 370 10 — —

frappe Angry A8 Y N 15.0 496 x 370 18 — —

frappe Fearful F9 Y N 15.8 496 x 370 6 — —

ice Neutral N10 Y N 25.3 496 x 370 4 — —

ice Happy H10 Y N 22.0 496 x 370 12 — —

ice Sad S11 Y N 27.2 496 x 370 46 — —

ice Angry A9 Y N 19.8 496 x 370 32 — —

ice Fearful F10 Y Y 26.4 496 x 370 36 50.94 43.47

balanch Neutral N11 Y N 8.2 496 x 370 4 — —

balanch Happy H11 Y Y 8.2 496 x 370 48 47.17 47.59

balanch Sad S12 Y N 10.9 496 x 370 0 — —

balanch Angry A10 Y Y 10.1 496 x 370 48 37.74 42.87

balanch Fearful F11 Y N 9.4 496 x 370 0 — —

onegin Neutral N12 Y N 24.6 496 x 370 20 — —

onegin Happy H12 Y Y 25.7 496 x 370 56 43.40 49.7

onegin Sad S13 Y N 31.1 496 x 370 22 — —

onegin Angry A11 Y Y 22.6 496 x 370 42 28.30 35.15

onegin Fearful F12 Y N 24.4 496 x 370 2 — —



296

pirouette Neutral N13 Y N 15.4 496 x 370 34 — —

pirouette Happy H13 Y Y 20.2 496 x 370 60 41.51 50.76

pirouette Sad S14 Y N 19.9 496 x 370 26 — —

pirouette Angry A12 Y N 18.4 496 x 370 8 — —

pirouette Fearful - N N — — — — —

partner Neutral N14 Y N 23.4 496 x 370 20 — —

partner Happy H14 Y N 23.0 496 x 370 4 — —

partner Sad S15 Y N 28.9 496 x 370 40 — —

partner Angry A13 Y N 20.4 496 x 370 18 — —

partner Fearful F13 Y Y 24.1 496 x 370 44 30.19 37.095

plie Neutral N15 Y Y 29.6 496 x 370 58 62.26 60.13

plie Happy H15 Y N 30.6 496 x 370 16 — —

plie Sad S1 Y Y 35.7 496 x 370 64 64.15 64.08

plie Angry A14 Y N 24.4 496 x 370 6 — —

plie Fearful F14 Y N 28.4 496 x 370 4 — —
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Supplementary Table S.5: A summary of the average durations and recognition rates for clips from each emotion category in the McNorm Library.

Clip Emotion 

Category

Mean Duration 

(seconds)

Minimum 

Duration 

(seconds)

Maximum 

Duration 

(seconds)

Mean Recognition Accuracy 

(%) Across All Clips in the 

Full Stimuli Set from 

Experiment 1

Mean Recognition 

Accuracy (%) for Subset 

of Clips Across 

Experiment 1 & 2

Neutral 21.08 6.6 37.2 28.13 (N = 15) 58.00 (N = 4)

Happy 21.89 8.1 42 29.73 (N = 15) 50.34 (N = 4)

Sad 24.27 9.2 37.3 32.67 (N = 15) 59.01 (N = 4)

Angry 20.63 7.3 37.2 26.00 (N = 14) 46.77 (N = 4)

Fearful 22.46 7.8 42.8 17.29 (N = 14) 38.58 (N = 4)
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S4: SUMMARY OF INDIVIDUAL RECOGNITION RATES ACROSS ALL CLIPS IN THE FULL, ORIGINAL MCNORM LIBRARY

Supplementary Figure S.3: The bar plot shows average recognition of the intended emotion for each individual clip in the full McNorm Library from 

Experiment 1. This ranged from 0% (S12, F5, F11) to 68% (S8). Neutral clips are shown in grey, happy clips are shown in yellow, sad clips are shown in blue, 

anger in red, and fear in green. Highlighted bars indicate clips from the full McNorm library which were selected for further study in Experiment 2. 4 clips from 

each emotion category (with the highest recognition rates for the target emotion) were selected. These individual stimuli clips are N2, N5, N9, and N15 for 

neutral (grey); H5, H11, H12 and H13 for happy (yellow); S1, S2, S8 and S9 for sad (blue); A3, A4, A10 and A11 for anger (red); F3, F4, F10 and F13 for fear 

(green). 
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Supplementary Figure S.4: A Visualisation of the relationship between trait empathy (as measured by the Toronto Empathy Scale), and average beauty ratings 

provided by observers.
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Supplementary Figure S.5: A visualisation of the interaction between self-reported level of previous dance experience and emotional expressivity of the clip 

on average beauty judgements provided by participants in this experiment.
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Supplementary Figure S.6: Visualisation of the relationship between trait empathy (as measured by the Toronto Empathy Scale), and average liking ratings 

provided by observers.
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Supplementary Figure S.7: A visualisation of the interaction between self-reported level of previous dance experience and emotional expressivity of the clip 

on average liking judgements provided by participants in this experiment.
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SECTION B:

EXTRACTION OF COMPUTATIONAL IMAGE PROPERTIES

Due to the nature of the image creation process (see Experiment 1 Methods section in Chapter 4), we have access to two kinds of data; the final continuous line 

drawing images themselves (denoted by i), and the original movement coordinate position data (denoted by pd) they were created from. 

An important caveat for the use of the pd data is that when the dancer's speed varied during the movement performances, the number of points in the resultant

pd data varies too (i.e., faster movements will have less sequential points in the pd data than slower movements). To compensate for this imbalance we used 

cubic spline interpolation to resample the sequential data at intervals that are spaced equally (at intervals of 0.03 units in the pd).

For some of the image features, we required the pd as the sequential ordering could not be inferred from the i alone. Below we describe how each of these 

computational features were extracted in more detail. These features will then be explored in relation to the emotion classifications and aesthetic value 

judgements (beauty and liking) provided by participants in the previous experiment. 

1. Size Related Features

Drawing size (i, 0-1 ratio) is calculated by extracting the perimeter value (see Section 3.2. below), counting how many pixels fall inside this perimeter, and 

dividing this count by the total number of pixels in the image. Therefore, drawing size is a ratio with values ranging between 0 (no black pixels in the image) 

and 1 (where the perimeter of the line drawing covers the full image). We note here, that “empty” circles (i.e., only the outline of the circle), for example, will 

have the same drawing size as “filled” circles; as we only consider perimeter in this calculation, rather than ink size (see Section 3.1. below). A simplified 

example of which values are extracted during this process can be found in Supplementary Figure S.8, and the drawing size values assigned to a sample of our 

images can be found in Supplementary Figure S.9.
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Supplementary Figure 8: Here, A represents the target drawing (note, rectangles around the circles indicate the boundaries of the image; i.e., width x, height 

y). As before, the perimeter of the drawing is represented by the yellow area in C. The “drawing size” feature requires extracting the total number of pixels that 

fall within the perimeter (i.e., all pixels within the yellow perimeter area in image C; this includes pixels in the blue area, and pixels from the original black 

circle). This total is then divided by the total number of pixels in the image. 

Supplementary Figure S.9: Images from our stimuli set with small, median, and large values for the factor Drawing Size.

2. Curvature Related Features
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Curvature (pd, in °), in this instance means something different computationally than it would in everyday conversation, as higher values for this factor actually 

represent a greater degree of “jaggedness”, rather than roundedness of contours. The possible values for this feature range between 0° (which would represent 

a continuous straight line; denoted by 0° in Figure 10) and 180° (the sharpest possible U-turn; denoted by 180° in Figure S.10). This value for each image was 

calculated by examining the angle of the turn between each of the interpolated coordinate points, and averaging these angles over the entire sequence. Higher 

values on this feature will correspond to a greater degree of jaggedness in general. See Supplementary Figure S.10 for a visualisation, and Supplementary Figure 

S.11 for the curvature values assigned to a sample of our image stimuli.

Supplementary Figure S.10: A visualisation of lines (from left to right) with the minimum (0°), median (90°), and near maximum (~180°) values for the 

curvature factor.
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Supplementary Figure S.11: A visualisation of trajectory images from our stimuli set with low, median and large values on the curvature factor. Lower values 

(e.g., 1.01 for the leftmost image) indicate lower curvature, translating to lower “jaggedness”, and higher values (e.g., 11.52 for the rightmost image) indicate 

higher curvature, which translates to higher “jaggedness”. 

3. Complexity Related Dimensions

We have implemented, and adapted where necessary, the features below from existing literature on image complexity analysis (Chikhman et al., 2012; Näsänen

et al., 1993).

3.1. Ink Size

Ink size (i, in pixels) refers to the total number of black pixels which make up the line drawing. A visualisation of what is meant by ink size can be observed 

in shape A of Supplementary Figure S.12.

3.2. Perimeter Size

Perimeter size (i, in pixels) was calculated by summing the total number of white pixels which bordered the outermost black pixels of the line drawing. A 

visualisation of this can also be observed in Supplementary Figure S.12 (shape B). 
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Supplementary Figure S.12: A illustration of how the perimeter and ink size factors would be calculated for a simple circle. Ink size is represented by the 

number of black pixels which make up circle A (which is the “target image” in this example). The count of yellow pixels outlining circle B represents the 

perimeter value.  

3.3. JPEG File Size

JPEG bytes (i, in bytes) refers to the file size of the image, compressed to JPEG format. The compression software requires a quality factor where 0 is the 

worst quality and highest compression, and 95 is the best quality and least compression. We used a quality factor of 75 for all images (the default value which 

did not substantially decrease the original image quality), and this feature is the size of the resulting compressed image (in bytes). 

Previously, researchers have suggested that JPEG bytes of an image reflect the computational complexity (Chikhman et al., 2012). Applying this rationale, 

higher file sizes (JPEG bytes) for images with the same dimensions corresponds to greater complexity.

3.4. Perimeter to Ink Ratio

Perimeter to ink ratio (i, 0-1 ratio) is calculated by dividing the perimeter size factor by the ink size factor (see Supplementary Figure S.12). This ratio is 

unitless, yields a positive number, and serves as a proxy for pixel density in an image. Here, larger values would indicate images which are less pixel dense 

(i.e., less complex), while smaller values indicate drawings which are more pixel dense (i.e., more complex).
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3.5. Spectral Complexity

The spectral complexity features included in this analysis are based on the work of Chikman and colleagues (2012), and Näsänen and colleagues (1993). 

3.5.1. 2-Dimensional Spectral Complexity

2D spectral complexity: It has been suggested that the complexity of images can be estimating using the median of the spatial frequency distribution (higher 

median means more complexity; Chikhman et al., 2012; Näsänen et al., 1993). Specifically, they propose to use the square of the spectral median, multiplied 

by image size.

Given the 2-dimensional Discrete Fourier Transformation (DFT) of a drawing, the median is defined by Näsänen and colleagues as the spatial frequency such 

that 50% of the spectral energy is above and 50% below. This definition is also taken by Chikhman and colleagues. Unfortunately, it fails to address the fact 

that a 2-dimensional DFT is defined on a set of spatial frequency pairs, so there are infinitely many ways of doing a 50/50 split. To overcome this, we propose 

to use a decision boundary, such that all frequency pairs with the same (fvert2+fhoriz2) are connected  (see image below). This yields a centred elliptic 

boundary, and naturally extends the idea of the spectral median to 2D, because a smaller ellipse will always contain strictly lower frequencies. The task then,

given a 2D DFT, is simply to find the right size of a centred ellipse such that half of the DFT energy is inside, and half outside. The normalized size of the 

ellipse is in the 0 to √2 range, and we take this value as the 2D spectral complexity, where larger means more complexity.
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Supplementary Figure S.13: This figure represents the 2D spectrogram (right) of one of our line drawing stimuli (left), where the centre contains the zero-

frequency (static) component, and frequencies increase as we get close to the borders. The outlined ellipse separates 2 regions with equal spectral energy. 

Larger ellipses are interpreted here as a proxy for higher drawing complexity.

3.5.2. 1-Dimensional Spectral Complexity

1D spectral complexity: In addition to the 2D spectral complexity described above, we propose this 1-dimensional variant. We do so because unlike previous 

research on images, the data for our experiments consists of 1-dimensional lines embedded in a 2-dimensional space. For that reason, we can also compute the 

1D spectrum of the sequences, and the corresponding median can also be used as a proxy for complexity, by squaring the median and multiplying it by the 

image size (analogously to the 2D counterpart). In this case, the values are normalized to be between 0 (the lowest frequency) and 1 (the highest frequency). 

As with the 2D spectral complexity feature, higher values represent images with greater complexity.
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Supplementary Figure S.14: The top (and middle) plots show the 1D spectrograms of the horizontal (and vertical) positions of the drawing. The bottom plot 

represents the “joint spectrogram” as a result of adding both spectrograms. The vertical line on the bottom represents the median, such that half of the joint 

spectrogram energy is to its left, and half to its right. A line shifted to the right corresponds to a higher median, and represents more complexity.
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