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Summary 

____________________________________________________ 

 

As humans, we share a strong desire to interact with other people. This 

strong motivation to engage socially directs our attention to social signals, guides us 

to participate in behaviours that help us to establish, maintain, and enhance our 

relationships with others, and allows us to enjoy social interactions and to find them 

rewarding. However, the Social Motivation Theory posits that individuals with 

Autism Spectrum Disorder may have deficits in social motivation, which may lead to 

difficulties in social interactions and communication. This thesis employs several 

methods (including behavioural, psychophysiological and neurological) to 

investigate social motivation in the typical population, and examines how autistic 

traits influence the reward value assigned to social stimuli. Specifically, this thesis 

investigates social motivation in relation to an important type of social stimulus, 

namely biological motion, which has not been the topic of research investigating 

social motivation. 

 

The first empirical chapter (Chapter 3) presents a behavioural experiment 

that investigates the reward value of biological motion, and how this value changes 

as a function of autistic traits among the participant sample. The following chapter 

(Chapter 4) comprises two eye-tracking experiments aiming to address how viewing 

biological motion affects attention and arousal. The final empirical chapter (Chapter 

5) employs functional magnetic resonance imaging (fMRI) to examine brain regions 



	   x 

involved in the anticipation of social reward or social punishment in a task where 

participants work to either receive positive feedback or avoid negative feedback. 

 

As a whole, this thesis sheds valuable new light on questions surrounding 

social motivation, such as whether individuals find a broad conceptualisation of 

social stimuli rewarding and whether the perceived reward value of social stimuli is 

influenced by autistic traits. The findings from this work have important implications 

for developing a greater understanding of social motivation and human social 

behaviour more broadly. 
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Humans have a fundamental need to belong to social groups and this is 

evident from early on in life. Evolutionary theory suggests that we are innately social 

creatures, as individuals who remained alone were not able to reproduce (Buss & 

Kenrick, 1998) and those able to cooperate well with others were more likely to 

survive (de Waal, 1989). Evolution thus strongly favoured individuals capable of 

forming strong social bonds, and social relationships have thus become invaluable to 

the human organism.  

It is unsurprising, therefore, that research investigating our social behaviours, 

the driving forces behind them, and what may cause them to be impaired in conditions 

such as Autism Spectrum disorders (ASD), is becoming increasingly prevalent. The 

overarching aim of my doctoral dissertation was to investigate social motivation and 

the reward value of biological motion in the typical population, and to investigate 

whether ‘autistic traits’ influences this value. Before describing the experimental 

aspects of my dissertation, it is important to first establish the theoretical and 

empirical foundations for my work. In this general introduction, I firstly discuss 

typical social behaviour throughout the lifespan, and then how these behaviours differ 

in ASD. I move on to discuss social motivation in both typical and autistic 

populations, before concluding with a general overview of the empirical chapters that 

compose the body of the thesis.  

 

Social behaviour throughout the lifespan  

From birth, human infants are entirely dependent on their caregivers. As such, 

during the first few months of life, infants not only cry to attract the attention of more 
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capable beings to satisfy their biological needs, but also engage in social crying 

(termed ‘amae’ crying) even when no physical needs are present (Nakayama, 2015; 

Murray, 1985). Although studies suggest the importance of experience on social 

preference (Di Giorgio, Turati, Altoè, & Simion, 2012), other studies have 

demonstrated that newborns, with limited social experience, prefer to look at face-like 

patterns compared to non-face-like patterns soon after birth, suggesting an innate, 

unlearned preference for faces (Johnson, Dziurawiec, Ellis, & Morton, 1991; Goren, 

Sarty, & Wu, 1975). Soon after birth, infants will show signs of distress when an adult 

stops interacting with them (Nagy, 2008). When infants are presented with schematic 

drawings of faces with the features presented naturally or unnaturally, they 

preferentially orient their attention towards the drawing with a natural arrangement 

(Simion, Valenza, Umiltà, & Dalla Barba, 1989). As well as demonstrating an early 

preference for face-like stimuli, newborns demonstrate discriminatory abilities in the 

faces they prefer. For example, they demonstrate a visual preference for their 

mother’s face compared to other faces (Bushneil, Sai, & Mullin, 1989). 

 Infants’ abilities to discriminate and preferentially orient towards social 

stimuli improve over time. For example, neonates show a preference for images of 

faces with eyes open compared to eyes closed (Batki, Baron-Cohen, Wheelwright, 

Connellan, & Ahluwalia, 2000), which suggests a possible existence of an innate 

mechanism that guides our attention towards eye-like stimuli in the environment 

(Batki et al., 2000). By two months of age, human infants demonstrate a preference 

for looking at the eyes of other individuals compared to other regions of the face 

(Hainline, 1978; Haith, Bergman, & Moore, 1977). By three months, infants turn their 

attention quickly towards a location cued by an adult’s gaze direction (Hood, Willen, 

& Driver, 1998), and by four months of age, infants are able to discriminate between 
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direct and averted gaze (Johnson & Vecera, 1993), and imitate the facial expressions 

of faces with direct gaze (Klerk, Hamilton, & Southgate, 2018). By ten months of age, 

infants are able to use the emotional reactions of others as cues to how they should 

respond to social situations (Feinman & Lewis, 1983). 

 The preference for social stimuli in infants is not limited to faces, however. 

Newborns show a preference for their mother’s voice compared to other voices 

(DeCasper & Fifer, 1980), and 4-6 month old infants show an attentional preference 

for biological compared to non-biological motion via random moving dots (Fox & 

McDaniel, 1982). The human visual system is also functionally specialised early in 

life (from 4 months of age) to integrate the form and motion cues of an agent 

(Grossman, Cross, Ticini, & Daum, 2012).  

Social attention in early life is thus arguably necessary to facilitate survival, 

but also, social attention in early life is vital for the development of social skills and 

social cognition, which are important in later years. As Mundy and Neal (2001) 

discuss, failure to naturally and reflexively attend to the social world may disrupt the 

development of social abilities in children by depriving them of appropriate social 

stimulation. Through interacting with those around us, we develop complex skills for 

understanding their behaviour (Wang & Hamilton, 2012) and their mental states 

(Wimmer & Perner, 1983). 

 One important process considered central to the development of social 

cognition and social learning (Nagell, Olguin, & Tomasello, 1993) is imitation 

(Heyes, 2009). Not only can we learn new skills by observing and imitating others 

(Nagell et al., 1993; Frith & Frith, 2012; Legare & Nielsen, 2015), but in new 
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situations or environments, we can also learn socially appropriate behaviours by 

watching others, and adjusting our own behaviours accordingly.  

Another important tool for social cognition and social development is Theory 

of Mind (ToM). This is the ability to impute mental states such as goals, beliefs, and 

desires to oneself and to others (Premack & Woodruff, 1978). This ability therefore 

allows individuals to both understand and predict others’ actions based on their 

understanding of what others want, feel, and think. ToM is classically tested using a 

false-belief task, where participants are required to predict the behaviour of an 

individual who holds a false belief. In the Sally-Anne task (Baron-Cohen, Leslie, & 

Frith, 1985), participants are presented with a character named Sally, who places a 

marble inside a basket and then leaves the room. A second character, named Anne, 

enters the room after Sally has exited, and moves the marble from the basket into a 

box. The false-belief question requires the participants to predict where Sally will 

look for the object on her return to the room. If participants demonstrate an 

understanding that Sally holds a false-belief which differs from their own beliefs, they 

will explain that Sally will look for the marble in the original location – the basket.  

Typically developing infants start to develop this ability from as early as 7 

months of age (Kovacs, Teglas, & Endress, 2010). By ages 4-6 years, children begin 

passing the test frequently, and by ages 6-9 years children consistently demonstrate 

ToM and demonstrate a clear understanding that other people can hold false-beliefs 

(Wimmer & Perner, 1983), demonstrating that children’s false belief abilities 

undergoes major changes early in development. ToM also continues developing until 

late adolescence (Dumontheil, Apperly, & Blakemore, 2010). 
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However, some argue that ToM tasks are unnecessarily difficult, and that 3-

year-olds can demonstrate good false belief ability with simpler tasks (Siegal & 

Beattie, 1991; Sullivan & Winner, 1993). In a looking-time paradigm using a similar 

task set-up to the Sally-Anne task (Onishi & Baillargeon, 2005), 15-month-old infants 

spent significantly more time looking at incongruent trials (trials in which an actor 

looked for an object in the box it had been moved to without their knowledge) 

compared to congruent trials (trials in which an actor looked for an object in the box 

they had originally placed it in), suggesting that the infants found the actor looking for 

the object where it was hidden unexpected, and that they have some understanding 

that people’s actions should be dependent on their experience (Southgate, 2013).  

The perception of biological motion is suggested to be an important element 

of ToM (Koster-Hale & Saxe, 2013). Recognition of biological motion allows us to 

make predictions about another agent’s intentions, behaviours, and emotions. For 

example, movements that violate biological laws, such as a human moving robotically 

(Saygin, Chaminade, Ishiguro, Driver, & Frith, 2012), impair an individual’s ability to 

predict the agent’s actions. Biological motion perception, therefore, not only alerts us 

to agents in our environments, but also, improves our ability to predict the actions of 

others (Atherton & Cross, 2018). Functional near infrared spectroscopy work with 4-

month-old infants suggests that from a very early age, the brains of infants are tuned 

to associate biological motion with human agents, and non-biological motion with 

non-human agents (Grossman, Cross, Ticini, & Daum, 2012). Successfully perceiving 

biological motion is therefore suggested to be important in the development of ToM 

and, subsequently, navigating the social world.  
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However, research has demonstrated that visual experience with the social 

world is not the only factor leading to ToM development. For example, congenitally 

blind individuals, who cannot develop ToM through visual social experience, are not 

impaired in their ToM abilities (Bedny, Pascual-Leone, & Saxe, 2009), although they 

do demonstrate delayed ToM development (Brown, Hobson, Lee, & Stephenson, 

1997; Peterson, Peterson, & Webb, 2000). Thus, although visual experience of the 

social world (e.g. perceiving biological motion) can aid us in understanding another 

person’s intentions and emotions, visual inexperience of the social world does not 

lead to impaired ToM in congenitally blind individuals. This suggests that visual 

experience with the social world is not the only contributor to ToM development.  

Similarly to newborns and infants, adults’ attention is also captured quickly by 

social information such as faces and bodies (Fletcher-Watson, Findlay, Leekam, & 

Benson, 2008), and such stimuli are granted attentional priority due to their salience. 

Attention is engaged more by stimuli that signal social engagement, such as faces 

with direct gaze, than faces with averted gaze (Senju & Hasegawa, 2005). Changes in 

faces are detected better than changes in objects (Ro, Russell, & Lavie, 2001), and 

masked faces are detected better than masked objects (Purcell & Stewart, 1988). 

Adults automatically follow the gaze of others (Driver, Davis, Ricciardelli, Kidd, 

Maxwell, & Baron-Cohen, 1999), and express a strong preference for objects gazed 

upon by others compared to objects that do not receive attention from others (Bayliss, 

Paul, Cannon, & Tipper, 2006). Adults are also able to accurately identify personality 

traits, such as agreeableness and neuroticism, from faces alone (Kramer & Ward, 

2010; Jones, Kramer, & Ward, 2012). 
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The abilities of both young children and adults to perceive socialness in their 

environments, and the tendencies to preferentially attend to social stimuli and to 

prefer social to non-social stimuli, all reinforce the importance of social stimuli to the 

human organism. However, although the amount of social interactions individuals 

prefer to engage in can differ between individuals, a strong desire to avoid, or a lack 

of motivation to engage in, social interaction can have demonstrably negative 

consequences on the development of social skills in conditions such as Autism 

Spectrum Disorders (ASD), by limiting or affecting these individuals’ social 

experiences.  

Social behaviour in Autism Spectrum Disorder  

In the 1940s, Kanner (1943) and Asperger (1944) both independently 

described a condition where individuals demonstrated social impairments, repetitive 

behaviours, and restricted interests. Since then, Autism Spectrum Disorder (ASD) has 

been characterised by deficits in social communication and interaction and displaying 

restricted and repetitive patterns of behaviour or interests. Moreover, these deficits or 

behaviours must have been present since early in development (American Psychiatric 

Association, 2013). ASD is a lifelong neurodevelopmental disorder occurring along a 

continuum of severity; thus, due to ASD being a spectrum disorder, social abilities 

among individuals who have been diagnosed with this disorder can vary greatly. 

In ASD, social impairments are observed very early in life. Reduced attention 

to other individuals and a failure to orient to being called by one’s own name 

(Werner, Dawson, Osterling, & Dinno, 2000) and to engage in joint attention 

(Osterling and Dawson, 1994), often appear before children are 1 year of age. During 

childhood, impairments are evident in imitation (Charman, Swettenham, Baron-
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Cohen, Cox, Baird, & Drew, 1997; Forbes, Wang, & Hamilton, 2017), eye-contact 

(Pelphrey, Sasson, Reznick, Paul, Goldman, & Piven, 2002; Dalton, Nacewicz, 

Johnstone, Schaefer, Gernsbacher, Goldsmith, Alexander, & Davidson, 2005), face 

recognition (Dawson, Carver, Meltzoff, Panagiotides, McPartland, & Webb, 2002), 

and social orienting (Dawson, Toth, Abbott, Osterling, Munson, Estes, & Liaw, 

2004). For example, studies analysing video footage of first birthday parties of 

children later diagnosed with autism demonstrate that these infants fail to respond to 

their names, orient less towards other people, and display impairments in joint 

attention compared to typically developing individuals and individuals with learning 

disabilities (Osterling and Dawson, 1994). These individuals also appear to orient less 

towards social stimuli (such as name-calling and hand clapping) compared to non-

social stimuli (such as musical toys) (Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 

1998). Importantly, a lack of natural orienting towards social stimuli may deprive 

these children of critical social experiences during a crucial time for activity-

dependent plasticity in the visual system (Mundy & Neal, 2000). In cases other than 

autism, for example, infants deprived of high-resolution visual input for a short period 

during childhood due to congenital cataract show deficits in facial recognition 8 to 9 

years later (Le Grand, Mondloch, Maurer, & Brent, 2003). This finding thus 

underscores the importance of visual social experiences during childhood on 

subsequent social abilities. 

Theories of Autism Spectrum Disorder 

The absence of an accepted biological cause of autism has instigated a number 

of studies investigating whether a primary psychological deficit is responsible. Three 

theories have dominated the autism literature: Theory of Mind (ToM), Weak Central 
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Coherence (WCC), and Executive Dysfunction (ED). These theories and a more 

recent theory of Social Motivation are each considered in more detail below. 

Theory of Mind (ToM) 

	  
The social impairments observed in ASD are commonly explained under the 

ToM hypothesis (Baron-Cohen et al., 1985). This hypothesis proposes that the 

difficulties in communication, imagination, and social abilities that individuals with 

ASD experience can be explained by an inability to form second-order representations 

(Dennet, 1978; Happé, 1994). Second-order representations are defined as our ability 

to impute mental states such as goals, beliefs, and desires to oneself and to others 

(Premack and Woodruff, 1978).  

 

As discussed previously, ToM is classically tested using a False Belief task, 

where participants are required to predict the behaviour of an individual who holds a 

false belief. Although typically developing children begin to frequently demonstrate 

ToM by the age of 4 (Wimmer & Perner, 1983), and children with Down’s syndrome 

show similar false belief abilities to typically developing children (Baron-Cohen et 

al., 1985), children with ASD consistently fail false-belief tasks (Baron-Cohen et al., 

1985). It is suggested that a delayed development of ToM in ASD (Tager-Flusberg, 

2007) is linked to impairments in joint attention, pretend play, and gaze following 

(Charman et al., 1997).  

 

A deficit in the development of ToM thus provides a possible explanation for 

the symptoms of ASD, particularly the difficulties in social interaction, 

communication and reciprocity. However, although the ToM hypothesis offers 
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explanations as to the cause of the difficulties in social abilities among individuals 

diagnosed with ASD, it fails to explain other symptoms of the disorder, specifically 

the repetitive behaviours and restricted patterns of interest. Further, mentalising 

difficulties are not witnessed in all individuals with ASD (Chevallier, 2012; Senju, 

Southgate, White, & Frith, 2009), and there are growing concerns about false belief 

tasks, due to their complexity and reliance on other cognitive abilities (Chevallier, 

Kohls, Troiani, Brodkin, & Schultz, 2012).  

Executive Dysfunction (ED) 

Executive functions are cognitive processes that allow individuals to plan, 

execute, and control behaviours that are important for complex, goal-oriented tasks 

(Buckner, 2004). They consist of three components: inhibition, working memory, and 

cognitive flexibility (Miyake, Friedman, Emerson, Witzki, Howerter &Wager, 2000).  

Studies have found that individuals with an autism diagnosis are impaired in 

tasks that require them to plan (Tower of Hanoi; Bennetto, Pennington, & Rogers, 

1996) and to employ mental flexibility (Wisconsin Card Sorting Task; Shu, Lung, 

Tien, & Chen, 2001). Executive functions are also relevant for social functioning, as 

in order to successfully interact with other people, individuals should be able to 

inhibit or modulate responses or behaviours according to the social context. 

Supporting this idea, children who demonstrate better executive functioning, 

measured via inhibiting responses, are more likely to engage in prosocial behaviour 

(Moore, Barresi, & Thompson, 1998).  

Studies have also reported an association between executive functioning and 

ToM abilities. This relationship is argued to arise from the demands that false belief 
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tasks place on executive functions (Perner, Lang, & Kloo, 2002). As such, it has been 

demonstrated that children need executive functions to successfully demonstrate an 

understanding of ToM (Devine & Hughes, 2014; Wang, Devine, Wong, & Hughes, 

2016). Russell (1997) suggests that an ED causes difficulties in mentalising and 

having a ToM, which is supported by the correlation of scores on tasks measuring 

executive functions and mentalising ability (Ozonoff, Pennington, & Rogers, 1991).  

However, the ED theory of autism has been criticised by White (2013). Tasks 

measuring executive functioning lack explicit instructions and involve arbitrary rules, 

which may be leading to poor performance in individuals with autism, due to their 

difficulty in interpreting the experimenter’s expectations.  

Weak Central Coherence (WCC)  

The Weak Central Coherence (WCC) hypothesis proposed by Frith (1989) 

attempts to explain the differences in perceptual information processing that exist 

between those with and without ASD. This hypothesis suggests that individuals with 

an autism diagnosis have a tendency to process local rather than global perceptual 

information, and fail to process information in context. It proposes that individuals 

with ASD have a detail-focused processing style (Happé & Frith, 2006). Researchers 

have also suggested that the WCC hypothesis can explain the social difficulties 

observed in ASD (Jolliffe & Baron-Cohen, 1999). In order to understand the mental 

states of others, we must understand and integrate information from a number of 

different sources, such as tone of voice, body language, and facial expressions. A 

difficulty in doing so would lead to a reduction in important social information 

received, and jeopardise the development of a ToM, and consequently, affect social 

interaction abilities (Frith, 1989). This reasoning has also been applied to explain the 
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language difficulties observed in ASD, as our understanding of speech relies on our 

understanding of the context. Jolliffe and Baron-Cohen (1999) found that individuals 

with ASD were significantly poorer than their typically developing peers in 

interpreting ambiguous sentences based on context. A difficulty in integrating the 

many sources of information that allow us to understand context may lead to the 

literal interpretation of speech in ASD.  

Criticism for the WCC theory of autism also exists, however, and conclusions 

regarding the relationship between social abilities and central coherence are mixed. 

Morgan, Maybery, and Durkin (2003) found no relationship between central 

coherence and social abilities, and a longitudinal intervention aimed at improving 

social abilities in adults with ASD found no relationship between weak central 

coherence and social improvement (Berger, Aerts, Spaendonck, Cools, & Teunisse, 

2003). Thus, it seems likely that WCC might not be able to fully explain the social 

deficits in ASD.  

A number of theories have been put forward to explain the social and non-

social impairments observed in ASD (ToM, ED, WCC). However, and importantly, 

some individuals with ASD are able to pass ToM tasks and tasks measuring executive 

functioning, while still demonstrating difficulties in social interaction and 

communication. Recently, research has emerged which supports social motivation as 

an important force guiding us to engage in social behaviours, and that disruptions in 

social motivation may be a primary cause of ASD. Impairments in social motivation 

early in development may deprive children with ASD of important social experiences, 

which are crucial for developing social skills and behaviour (Mundy & Neal, 2001). 

Individuals with autism may demonstrate disturbances in the motivational 
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mechanisms that attract attention to social stimuli, such as faces and voices (Rochat & 

Striano, 1999). These individuals might assign a lower, or fail to assign completely, 

reward value to social stimuli (Dawson, Carver, & McPartland, 2000; Mundy & Neal, 

2001). Social motivational mechanisms are thought to be important in the 

development of social cognition, thus deficits in social cognition are seen as the result 

of disrupted social motivation rather than a cause (Chevallier et al., 2012). Carr 

(2007) suggested that teaching skills to aid social abilities in individuals with ASD 

would only help if the individuals were motivated to engage socially. For example, 

interventions targeting social skills show little improvement in everyday social 

abilities (Reichow & Volkmar, 2010); thus, individuals must acquire the skills 

necessary to engage in successful social interaction, but also the motivation to do so.  

The overarching aim of this thesis is to improve our understanding of social 

motivation in the typically developing population, and to investigate how autistic 

traits affect the motivation to engage socially. As such, the rest of this chapter focuses 

on providing a background to social motivation in both typical and autistic 

populations, as this forms the theoretical backbone of the three empirical chapters.  

Social Motivation  

What is social motivation?  

 Social motivation refers to an individual’s propensity to interact with others 

and behave in ways that helps them to obtain social rewards and to avoid social 

punishment. The social motivation theory (Chevallier et al., 2012; Figure 1.1) 

suggests that a set of behavioural dispositions work alongside a set of biological 
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mechanisms that are evolutionarily adapted to provide us with the best chance of 

survival in collaborative environments.  

The social motivation theory (Chevallier, et al., 2012) posits that we possess a 

set of behavioural dispositions that guide us to preferentially orient our attention to 

the social world (social orienting), behave in ways that allow us to develop, 

strengthen, and maintain our social relationships (social maintaining), and to seek 

social interaction and communication, and take pleasure in our relationships and 

interactions (social seeking and liking). Each of these tiers of social motivation will 

be discussed in both typical and ASD populations. 

Figure 1.1. Illustrates the behavioural dispositions and biological mechanisms of 
social motivation. Proximate level explanations pertain to how a behaviour 
functions. Ultimate explanations pertain to how behaviour has been selected by 
evolution. Figure taken from Chevallier et al., (2012).  
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Social Maintaining  

Individuals have a strong desire to engage and interact with others over 

prolonged periods of time, thus they behave in ways that help strengthen and maintain 

their social relationships. People want to view and present themselves positively, be 

liked by their peers and viewed as competent, attractive, and kind, and people even lie 

in order to facilitate successful social interaction (DePaulo & Kashy, 1998; DePaulo 

& Bell, 1996). Social maintaining behaviours are mostly expressed through 

ingratiating behaviours, such as flattery and politeness (Higgins, Judge, & Ferris, 

2003), which enhances an individual's chances of acceptance, and improves their 

reputation. Our concern for our reputation affects the way we behave in social 

situations; for example, giving players information about one another’s choices in 

economic games, where there are opportunities for punishment, generosity, and 

cooperation, increases prosocial behaviour (Barclay, 2004; Fehr & Gächter, 2000; 

Izuma, Matsumoto, Camerer, & Adolphs, 2011). Social maintaining emerges early in 

life, and research demonstrates that children as young as 3 engage in prosocial lies to 

be polite (Talwar, Murphy, & Lee, 2007). 

Perceived similarity increases likeability and affiliation (Macdonald & 

Wilson, 2005), and non-conscious imitation, or mimicry, of the behaviours and 

mannerisms of others is thought to serve as a ‘social-glue’ (Lakin, Jefferis, Cheng, & 

Chartrand, 2003). Accordingly, individuals with high social motivation, measured via 

their desire to affiliate, demonstrate stronger mimicry (Lakin & Chartrand, 2003).  

Conversely, however, individuals with a diagnosis of ASD engage in fewer 

social maintaining behaviours compared to their typically developing peers. For 

example, children with autism are less likely to understand ‘display rules’, which 
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decide whether an emotion should be expressed to, or concealed from, another 

individual (Ekman & Friesan, 1969) to protect their self-image (Barbaro & 

Dissanayake, 2006). Individuals with autism are also less likely to engage in 

reputation management. In other words, these individuals do not demonstrate an 

increased likelihood in giving a charitable donation in the presence of an observer, as 

is the case with typically developing participants (Izuma et al., 2011). However, when 

individuals with autism are told that their donation to charity would be reciprocated, 

this increases the amount donated (Cage, Pellicano, Shah, & Bird, 2013). This finding 

suggests that autistic individuals are not as interested in reputation management as 

typically developing individuals, and supports research suggesting that individuals 

with autism do not automatically think about others’ opinions of them (Frith, 2004).   

However, some individuals with autism report concerns about their 

friendships (Carrington, Templeton, & Papinczak, 2003), and their lack of skills to 

obtain friendships (Bauminger & Shulman, 2003). Accordingly, these individuals 

engage in social maintaining behaviours by ‘masquerading’, where they hide their 

social difficulties from their peers (Carrington et al., 2003). Thus, some individuals 

are concerned about other people’s impressions of them. Overall, however, 

individuals with ASD appear to engage in fewer relationship maintaining strategies 

compared to TD individuals.  

Social Orienting  

Our attention is captured quickly by both potentially threatening and 

potentially rewarding social signals. Orienting our attention to others is an automatic 

process, and is a natural feature in our everyday life. However, this behaviour is not 

unique to humans, and has deep evolutionary roots. Such behaviours guide our 
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attention to potential mates and collaborators, help us to detect predators, and support 

us in avoiding social threat.  

As well as a tendency to naturally orient our attention to faces (Maurer & 

Salapatek, 1976), our attention is captured quickly by biological motion. Human 

infants as young as 2 days old show a preference for looking at displays of biological 

motion compared to non-biological motion, demonstrating an intrinsic capacity in the 

visual system to detect the motion of other living beings (Simion, Regolin, & Bulf, 

2008). This has been demonstrated in a range of studies (Fox & McDaniel, 1982; 

Bardi, Regolin, & Simion, 2011), as well as across phylogeny (Vallortigara, Regolin, 

& Marconato, 2005; Oram & Perrett, 1996; Omori & Watanabe, 1996), demonstrating 

a non-species-specific system in orienting attention towards socially relevant 

information. Biological motion can also be detected when only point-lights on the 

joints of an agent are visible (Johansson, 1973), and even when parts of the agent 

have been occluded (Thompson, Clarke, Stewart, & Price, 2005). Participants are able 

to identify gender (Mather & Murdoch, 1994), emotions (Dittrich, Troscianko, Lea, & 

Morgan, 1996), and intentions (Manera, Schouten, Becchio, Bara, & Verfaillie, 2010) 

from point-light displays of biological motion alone (Johansson, 1973; Atkinson, 

Dittrich, Gemmell, & Young, 2004; Pollick, Kay, Heim & Stringer, 2005). As well as 

this, biological motion perception is well preserved even when other types of motion 

perception are impaired in individuals with visuo-spatial difficulties, as in Williams 

syndrome, for example (Jordan, Reiss, Hoffman, & Landau, 2002). Taken together, 

these findings demonstrate that we posses an evolutionarily well preserved, and early 

emerging, ability to recognise and preferentially attend to the movements of other 

living beings. This ability allows us to understand the emotions and intentions of 

others (Koster-Hale & Saxe, 2013). 
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Single cell recording in macaque monkeys first identified cells in the superior 

temporal sulcus (STS) as selectively responsive to biological motion (Perrett, Smith, 

Mistlin, Chitty, Head, Potter, et al., 1985; Oram & Perrett, 1994), and more recent 

research suggests that, specifically, the posterior (pSTS) part of this region is 

responsive to upright point-light walkers (Grossman & Blake, 2001, 2002; Grossman, 

Blake, & Kim, 2004). However, the STS is also responsive to speech, faces, and 

motion from specific body parts, such as the eyes or mouth (Grezes, Costes, & 

Decety, 1998; Puce, Allison, Bentin, Gore, & McCarthy, 1998). Positron emission 

tomography (PET) and fMRI demonstrate a network of regions involved in biological 

motion processing, including the fusiform gyrus, extrastriate body area (Peelen, 

Wiggett, & Downing, 2006), and the parietal and frontal cortices (Saygin, Wilson, 

Hagler, Bates, & Sereno, 2004; Bonda, Petrides, Ostry, & Evans, 1996). However, the 

pSTS is considered vital for processing expressive biological motion (Grossman, 

Donnelly, Price, Morgan, Pickens, Neighbor, & Blake, 2000; Beauchamp, Lee, 

Haxby, & Martin, 2003; Peuskens, Vanrie, Verfaillie, & Orban, 2005).  

Biological motion perception firstly acts as a ‘life-detector’ helping us to 

detect other living beings in our environment (Troje & Westhoff, 2006); after 

detecting an agent, the type of agent (i.e. human or animal) performing biological 

motion can be determined, and its actions can be interpreted as a result. The style of 

motion is sufficient to identify familiar individuals (Troje, Westhoff, & Lavrov, 

2005), and the sex, age, actions, emotions, and intentions of unfamiliar individuals 

can be perceived from their motion alone (Mather & Murdoch, 1994; Dittrich, 

Troscianko, Lea, & Morgan, 1996; Manera, Schouten, Becchio, Bara, & Verfaillie, 

2010). The recognition of biological motion is considered vital for communicating, 

understanding body language, and learning via imitation (Giese & Poggio, 2003).  
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One typical method to measure social orienting is eye tracking, which 

provides an objective measure of social attention (Frank, Vul, & Saxe, 2012). Social 

attention using an eye-tracker can be measured in tasks such as the preferential 

looking or free viewing tasks, where participants are presented with static or dynamic 

social stimuli and asked to view the stimuli freely. For example, in a preferential 

looking task, new-borns preferentially look towards videos of biological-motion 

compared to non-biological motion depicted via moving objects (Bardi, Regolin, & 

Simion, 2011). Typically, eye tracking techniques are used in laboratory settings, 

however, recent technological advancements have made it possible to measure social 

attention in the real world using mobile eye trackers (Laidlaw, Foulsham, Kuhn, & 

Kingstone, 2011; Freeth, Foulsham, & Kingstone, 2013), giving us an insight into 

social attention in settings beyond the laboratory.  

Research has demonstrated that individuals with ASD fail to naturally orient 

their attention towards social stimuli. Although attention is preferentially oriented 

towards biological motion across phylogeny (Vallortigara et al., 2005; Oram & 

Perrett, 1996; Omori & Watanabe, 1996), and well preserved in conditions where 

motion perception is impaired (Jordan et al., 2002), interestingly, this behaviour 

appears to be impaired in infants with ASD (Klin, Lin, Gorrindo, Ramsay, & Jones, 

2009; Annaz, Campbell, Coleman, Milne, & Swettenham, 2012; Falck-Ytter, 

Rehnberg, & Bölte, 2013). In a preferential looking task where participants were 

presented with videos of upright and inverted biological motion side by side, children 

with autism demonstrated random looking patterns, whereas TD and developmentally 

delayed children demonstrated significant preferential attention to the upright 

biological motion videos (Klin et al., 2009). However, the stimuli presented in this 

study used a combination of motion and sound. This combination led children with 
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ASD to show a preference for moments in the videos where the motion and sounds 

were contingent (e.g. a clapping noise when two point-lights came together). 

Nonetheless, in another preferential looking task, Annaz and colleagues (2012) also 

found that children with autism do not preferentially attend to biological motion and 

demonstrate a preference for attending to the motion of objects (i.e. spinning tops) 

even when no sound was played in the video.  

Other studies have recognised impairments in biological motion perception 

from point-light displays in individuals with ASD (Blake, Turner, Smoski, Pozdol, & 

Stone, 2003; Hubert, Wicker, Moore, Monfardini, Duverger, Da Fonseca, & Deruelle, 

2007). As such, the reduced preference for biological motion in these individuals 

compared to TD individuals could be due to differences in motion perception, rather 

than differences in social orienting. However, due to research suggesting that 

individuals with autism possess a local rather than global processing style (weak 

central coherence; Frith, 1989), it is possible that these individuals fail to perceive 

biological motion from point-light displays as focusing on individual dots provides no 

information about the human form.  

Diminished attention to others’ eyes is also a symptom of ASD, is evident 

across the lifespan (Pelphrey et al., 2002), and is included in the screening criteria for 

a diagnosis of ASD (Lord, Risi, Lambrecht, Cook, Leventhal, DiLavore, et al., 2000). 

Instead of fixating on other people’s eyes, individuals with autism appear to exhibit 

excessive fixation on the mouth (Joseph & Tanaka, 2003; Rutherford, Clements, 

Sekuler, 2007). As the eyes allow an individual to both perceive the world around 

them and to signal their own intentions to others (and have poetically been referred to 

as ‘the window to the soul’), a lack of orienting to the eyes could lead to a loss of vital 
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information about other social agents. One hypothesis for this reduced attention to the 

eye region is because of a gaze aversion, due to the eyes having a perceived negative 

affective valence for individuals with ASD (Hutt & Ounsted, 1966; Kliemann, 

Dziobek, Hatri, Steimke, & Heekeren, 2010). Another hypothesis states that 

individuals with autism are indifferent to the eyes of others, as they find them neither 

engaging nor informative (Senju & Johnson, 2009; Cohen, Vietze, Sudhalter, Jenkins, 

& Brown, 1989).   

While the studies reviewed above provide compelling evidence of social 

orienting impairments among individuals with ASD, other studies have failed to find 

these kinds of social orienting impairments in these individuals (Fletcher-Watson et 

al., 2008; Fischer, Koldewyn, Jiang, & Kanwisher, 2014). Sasson and Touchstone 

(2014) found that children with ASD showed similar visual exploration to TD 

children when presented with images of social stimuli or objects. However, children 

with ASD attended significantly less to faces when they were presented alongside 

objects or items of circumscribed interests (e.g. trains). Therefore, these findings 

suggest that social attention in ASD could be influenced by the context in which 

stimuli are presented, rather than a general reduced attention to social stimuli.  

Overall, studies suggest that individuals with autism show social orienting 

impairments, or less pronounced social orienting behaviours, compared to typically 

developing individuals. A lack of social orienting early in life could reduce the 

amount and quality of social experiences in individuals with ASD, which could have 

negative downstream consequences for acquiring and practising social skills.   
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Social Seeking and Liking  

It has been proposed that individuals orient to the social world and engage in 

relationship maintaining strategies as they find social interactions rewarding. A deficit 

in representing the reward value of social stimuli is suggested to cause the 

impairments in social orienting, social seeking and liking, and social maintaining 

evident in ASD (Abrams, Lynch, Cheng, & Phillips, 2013; Chevallier et al., 2012). A 

rewarding stimulus can be defined as a stimulus that produces repeated approach 

behaviours; thus, reward is an operational concept for the value an individual assigns 

to an object, behaviour, or physical state, and can incite, or reinforce, behaviours 

(Breiter & Rosen, 1999). Reward can be divided into two components – ‘liking’ and 

‘wanting’ (Berridge, Robinson, & Aldridge, 2009). ‘Liking’ is the hedonic pleasure 

experienced from a reward, whereas ‘wanting’ is an anticipatory drive that motivates 

an individual to obtain a reward. ‘Liking’ and ‘wanting’ behaviours are typically 

measured as one concept due to their close temporal association.  

Social stimuli, such as human faces, are suggested to be rewarding as they 

provide an abundance of information about our social environment and facilitate 

social interaction, and help us to predict social outcomes and understand others’ 

intentions. Behavioural economic studies have shown that individuals will exert effort 

to obtain social rewards; for example, participants will work harder to view images 

and videos of faces in effort tasks (Hayden, Parikh, Deaner, & Platt, 2007; Dubey, 

Ropar, & Hamilton, 2015), and will respond faster in reaction time tasks for social 

rewards compared to non-social or neutral rewards (Spreckelmeyer, Krach, Kohls, 

Rademacher, Irmak, Kondrad et al., 2009; Kohls, Perino, Taylor, Madva, Cayless, 

Troiani, et al., 2013), highlighting the incentive value of social stimuli. 
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Social stimuli and interactions are suggested to be intrinsically rewarding; 

people typically engage in prosocial behaviours because they find them inherently 

rewarding, and not because they expect a direct benefit in return. For example, paying 

donors to give blood reduces their motivation to donate (Titmuss, 1971; Mellstrom & 

Johannesson, 2008), and toddlers are less willing to engage in helping behaviours 

when incentives are offered in return (Warneken & Tomasello, 2008) – this has been 

termed the ‘overjustification effect’ (Deci, 1971; Lepper, 1981).   

While social seeking and liking behaviours are ubiquitous among typically 

developing individuals, these behaviours are impaired among individuals with autism. 

Individuals with ASD report a lack of friends, but loneliness is not reported 

(Chamberlain, Kasari, & Rotheram-Fuller, 2007), and obtain lower scores on The 

Friendship Questionnaire, which measures whether a participant enjoys close, 

empathic, supportive, and caring friendships (Baron-Cohen & Wheelwright, 2003). 

Individuals with autism also report experiencing less pleasure from social situations, 

but not non-social situations, compared to typically developing individuals, and social 

anhedonia is correlated with autism severity (Chevallier, Grèzes, Molesworth, 

Berthos, & Happé, 2012). Further, these individuals are less likely to engage in 

spontaneous helping behaviours (Liebal, Colombi, Rogers, Warneken, & Tomasello, 

2008). Overall, individuals with ASD seem to demonstrate impairments in social 

seeking and liking and assign a reduced reward value to social situations and stimuli. 

In a recent attempt to measure social seeking and liking, Dubey and colleagues 

(2015) conducted an experiment to measure the reward value assigned to social 

stimuli in individuals with and without a clinical diagnosis of ASD. The authors 

measured the value of dynamic smiling faces with direct or averted gaze in an effort 
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task, named Choose-a-Movie (Figure 1.2), designed to gauge the reward value of each 

stimulus type. The results demonstrated that typically developing participants exerted 

more effort to watch videos of smiling faces with direct compared to averted gaze. 

However, this preference for smiling faces with direct gaze was reduced in 

individuals reporting more autistic traits, or with a diagnosis of ASD, thus supporting 

the view that typically developing individuals value social stimuli, and that those 

individuals with an ASD assign a reduced value to social stimuli. Adolescents, 

however, do not show this preference for social stimuli, suggesting that social 

motivation undergoes changes throughout development (Dubey, Ropar, & Hamilton, 

2017).  

Although explicit preference tasks, such as the Choose-a-Movie task (Dubey 

et al., 2015), provide useful measures of social motivation, another method of 

examining social reward involves measuring pupillary dilations when participants 

Figure 1.2. The Choose-a-Movie paradigm aimed to measure social seeking and 
liking in typical and autistic participants. Figure taken from Dubey, Ropar, and 
Hamilton (2015).  
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look at a particular stimulus. This method is thought to be an unconscious and 

automatic measure of social reward. Pupil size not only reflects changes in the light in 

our environments, but is also linked to arousal level, attention, processing load 

(Beatty, 1982; Sepeta, Tsuchiya, Davies, Sigman, Bookheimer, & Dapretto, 2012; 

Kahneman & Beatty, 1966; Hess & Polt, 1964; Unsworth & Robinson, 2016), and 

thoughts and emotions (Goldwater, 1972). Thus, studies have begun utilising 

pupillometry as an implicit measure of social reward (Sepeta et al., 2012; Hess, 

Seltzer, & Shlien, 1965; Garrett, Harrison, & Kelly, 1989; Rieger & Savin-Williams, 

2012; Bijleveld, Custers, & Aarts, 2009). Recently, Sepeta and colleagues (2012) 

measured pupillary dilations as an index of social reward in children with and without 

a diagnosis of ASD when viewing images of faces expressing different emotions with 

either direct or averted gaze. The findings demonstrated that TD children showed a 

greater increase in pupil size when viewing images of happy faces with direct 

compared to averted gaze, whereas children with ASD did not show this sensitivity 

for gaze direction. The authors concluded that the increased pupil diameter in TD 

children when viewing happy faces with direct gaze reflected the intrinsic reward 

value of this type of stimulus, while the absence of this effect among children with 

ASD suggests reduced sensitivity to the reward value of social stimuli. 

Recent studies have also aimed to assess the neural mechanisms underlying 

social reward (Kohls et al., 2013; Kohls, Peltzer, Schulte-Rüther, Kamp-Becker, 

Remschmidt, Herpertz-Dahlmann, et al., 2011; Spreckelmeyer et al., 2009; 

Rademacher, Krach, Kohls, Irmak, Gründer, & Spreckelmeyer, 2010). Subcortical 

structures are involved in the generation of reward values (Berridge et al., 2009; 

Chevallier et al., 2012); the amygdala is important for social orienting towards social 

stimuli with high values (Klein, Shepherd, & Platt, 2009), and shares connections 
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with the striatum and orbitofrontal cortex (OFC) (Ghashghaei, Hilgetag, & Barbas, 

2007), which compute the reward value of social stimuli and respond to reinforcing 

stimuli.  

Studies have found that anticipating the receipt of social feedback provided 

via faces activates reward-related brain regions (such as the striatum and the 

amygdala) in a similar manner to non-social feedback, such as money (Spreckelmeyer 

et al., 2009). The anticipation of receiving a reward triggers ‘wanting’, or approach 

behaviour (Young, 1959), and activates brain regions such as the striatum (including 

the nucleus accumbens (NAcc; Knutson, Adams, Fong, & Hommer, 2001), and the 

receipt of a reward, or ‘liking’, is typically associated with activation of the OFC 

(Kohls et al., 2013). A common method to measure the neural underpinnings of 

reward anticipation and consumption is the Incentive Delay task (Knutson, Westdorp, 

Kaiser, and Hommer, 2000; Figure 1.3). This task requires participants to work to 

obtain a reward or avoid a punishment, allows for the dissociation between reward 

‘wanting’ and ‘liking’, and can be used to measure responses to both social (Social 

Incentive Delay task; SID) and non-social incentives (Monetary Incentive Delay task; 

MID). Research has employed these tasks to compare neural activation for the 

anticipation of social (e.g. faces) compared to monetary rewards, and has found that 

the anticipation of both social and monetary rewards activates the reward circuitry 

(Spreckelmeyer et al., 2009; Dichter, Richey, Rittenberg, Sabatino, & Bodfish, 2012; 

Gasic, Smoller, Perlis, Sun, Lee, Kim, et al., 2009), highlighting the rewarding value 

of these stimuli. In both tasks, NAcc activity increases with expected reward value 

and subjective preference  (Knutson et al., 2001; Spreckelmeyer et al., 2009), thus 

NAcc activation is mediated by the saliency of a reward. Increased activation of the 

NAcc is suggested to be due to a projection of dopamine from the Ventral Tegmental 
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Area (Satoh, Nakai, Sato, & Kimura, 2003), with dopamine encoding the value of an 

outcome and motivating goal-directed behaviour (Morris, Nevet, Arkadir, Vaadia, & 

Bergman, 2006).  

 Although studies have demonstrated that social incentives activate the reward 

circuitry similarly to monetary incentives in TD individuals, impairments have been 

found in individuals with ASD. For example, in incentive delay tasks, reduced 

activation of the reward circuitry to social but not monetary incentives has been found 

in individuals with ASD (Zeeland, Ashley, Dapretto, Ghahremani, Poldrack, & 

Booheimer, 2010; Delmonte, Balsters, McGrath, Fitzgerald, Brennan, Fagan, & 

Gallagher, 2012) and in those reporting more autistic traits (Cox, Kohls, Naples, 

Mukerji, Coffman, Rutherford, Mayes, & McPartland, 2015). However, other studies 

Figure 1.3. The Monetary and Social Incentive Delay tasks. Participants are 
asked to press a key as quickly as possible when they see a target. Quick 
responses result in receiving rewards, while slow responses result in receiving 
no reward. Figure taken from Spreckelmeyer, Krach, Kohls, Rademacher, 
Irmak, Conrad, Kircher, and Grunder (2009).  
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have found attenuated reward circuitry activation for the anticipation of both social 

and monetary incentives in ASD (Dichter et al., 2012), suggesting a possible general 

deficit in reward processing in these individuals. Overall, across a range of different 

tasks and techniques measuring social seeking and liking, individuals with ASD 

demonstrate impairments in assigning a high reward value to social stimuli as is 

shown in TD individuals. A failure in representing the reward value of social stimuli 

may lead to reduced attention to social stimuli and fewer engagements with social 

experiences (Chevallier et al., 2012).  

The social motivation theory, therefore, not only explains social behaviour in 

the typical population, but can also explain social deficits in ASD. However, deficits 

in social communication and interaction alone are not sufficient for a diagnosis of 

ASD, as restricted and repetitive behaviours and interests (RRBs) must also be 

present for a diagnosis (American Psychiatric Association, 2013; Bottini, 2018). The 

social motivation theory does not explain RRBs, similarly to the ToM hypothesis 

(Chevallier et al., 2012). This is only a limitation if we consider a single explanation 

behind all the symptoms of ASD, whereas if we look at ASD from a multiple-deficit 

perspective, the importance rests on selecting the theories that provide the best 

explanation for the symptoms (Chevallier et al., 2012; Happé, Ronald, & Plomin, 

2006). Nonetheless, Schultz (2005) claims that RRBs are symptoms that arise from 

motivational impairments; this is supported by the reduction of disruptive and 

stereotypical behaviours after motivation interventions in ASD (Koegel, Koegel, & 

McNerney, 2001).  

It is worth comparing the explanatory abilities of social motivation and social 

cognition accounts of ASD in explaining social impairments. In the social motivation 
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hypothesis, reduced social interest deprives a child of social experiences, which may 

lead to diminished social cognition. Conversely, the social cognition explanation 

suggests that a lack of understanding of the social world leads to a reduced interest in 

social experiences (Chevallier et al., 2012). To support the social motivation 

hypothesis as opposed to the social cognition hypothesis, deficits in social motivation 

should emerge earlier than deficits in social cognition; as discussed above, deficits in 

social orienting are evidenced as early as 6-months-old, but social cognition deficits 

emerge much later, with 4-year-old children with autism demonstrating impairments 

in ToM (Baron-Cohen, Leslie, & Frith, 1985). 

Overview and aims of the thesis 

 To date, most studies investigating social motivation in both typical and ASD 

populations have focused on individuals’ motivation to engage with social stimuli that 

signal engagement, such as faces (Sepeta et al., 2012; Dubey et al., 2015; Kohls et al., 

2013). However, as previously discussed, biological motion is an important social 

stimulus that we perceive and interact with on a daily basis. Biological motion 

provides us with a wealth of information about the age, gender, emotions, and 

intentions of others around us, and can be particularly informative when access to 

facial cues is restricted (such as seeing someone from a distance or from behind). 

Research has demonstrated that typically developing individuals preferentially orient 

their attention towards biological motion from birth (Fox & McDaniel, 1982; Bardi et 

al., 2011), but this is impaired in individuals with ASD (Klin et al., 2009; Annaz et 

al., 2012; Falck-Ytter et al., 2013). However, the reward value assigned to this type of 

social stimulus remains unknown. Thus, in order to advance our understanding of 

social motivation, and the types of social stimuli that we find rewarding, it is 



	   31 

important to address questions relating to social motivation using social stimuli other 

than images and videos of faces and those that do not signal direct social engagement.  

 Further, it is important to understand whether the value assigned to this 

stimulus is influenced by an ASD diagnosis, or by the number of autistic traits held by 

an individual. Autistic traits are commonly measured using the Autism Spectrum 

Quotient (AQ) (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001). The 

AQ is a short, self-administered questionnaire that identifies the degree to which any 

adult with normal IQ has autistic traits (Bailey, Le Couteur, Gottesman, Bolton, 

Simonoff, Yuzda, & Rutter, 1995). 

The chapters composing this thesis will explore social motivation in relation to 

biological motion in the typical population, and will further investigate whether, and 

how, autistic traits affect social motivation.  

As a general introduction to the methods used in the empirical work, Chapter 2 

provides an overview of the different techniques used throughout the empirical 

chapters of this thesis. Through this chapter, I provide a rationale for the use of an 

eye-tracker to investigate social motivation and arousal, and explain the use of 

functional magnetic resonance imaging to investigate the neural underpinnings of 

social reward. I will explain the primary method of behavioural data analysis used 

throughout this thesis, namely, mixed-effects modelling.  

Chapter 3 investigates the social reward aspect of social motivation by investigating 

the value of biological motion in an effort task, and further investigates how autistic 

traits in the typical population affect this value. This is the first study to investigate 

how, or whether, biological motion is valued in the typical population.  
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Chapter 4 investigates the social orienting and reward aspects of social motivation in 

two eye-tracking experiments. These studies investigate how viewing biological 

motion affects attention and arousal.  

Chapter 5 investigates the social reward aspect of social motivation in relation to 

biological motion in an fMRI experiment. This is the first study to use a social 

incentive delay task to investigate the value of social feedback provided via biological 

motion.  

Chapter 6 summarises the findings from the empirical chapters and discusses how, 

together, the findings expand our knowledge of social motivation. Finally, I discuss 

the limitations of, and future directions for, this work. 
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Chapter 2 – Methods 

______________________________________________________________________________________________	  
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The primary objective of this thesis is to investigate social motivation in 

relation to biological motion in the typical population. Research has used a variety of 

methodologies to investigate social motivation in relation to social stimuli that signal 

direct engagement with an observer, such as smiling faces with direct gaze, but it is 

still unclear how socially motivated individuals are to engage with other social 

stimuli, such as biological motion. To this end, the empirical chapters presented in 

this thesis employ a number of methodologies to address this question, in order to 

build a more complete understanding of the relationship between social motivation 

and social perception. 

 

 In Chapter 3, we measure participants’ motivation to view biological motion 

in an effort task. In this task, we operationalise the reward value of biological motion 

by measuring the amount of effort participants are willing to exert in order to view 

this stimulus. In Chapter 4, in two experiments, we use an eye-tracking technique to 

measure how engaged participants are with videos of biological motion in attentional 

disengagement tasks, combined with pupillometry to measure task-related arousal. In 

Chapter 5, we use functional magnetic resonance imaging (fMRI) to measure the 

neural mechanisms underlying social reward when participants complete a social 

incentive delay task where feedback, via biological motion, is provided on their task 

performance. In each of these chapters, aspects of the data are analysed using mixed-

effects models, which are statistical models that contain both fixed and random 

effects. Due to this thesis including a variety of different methodologies, this chapter 

will provide a rationale behind choosing some of these methodologies.   
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Eye-Tracking 

	  
 Eye tracking is a non-invasive method of detecting and recording eye 

movements. Advancements in eye-tracking technology over the years have led to a 

surge in research using this technique to investigate the relationship between eye 

behaviour and cognitive processes. Modern eye-trackers allow for more accurate and 

objective measurements than simply recording a participant using a video camera. 

These eye-trackers illuminate the eye with an infrared beam, and the reflected image 

is captured with a video camera. Two points in this video are captured: the reflection 

of the cornea and the pupil. The relative position of these two points provides 

information about where on a screen a participant is looking. These modern eye-

trackers allow researchers to be more confident in their ability to accurately measure 

the gaze patterns of their participants.  

 

Eye movements are a result of an interaction between cognitive and perceptual 

processes (Richardson & Johnson, 2008); when gaze is fixated on an object, the 

image falls on the fovea, which is the part of the retina that is specialised in detailed 

visual processing (Norton & Stark, 1971). Therefore, when an individual looks 

directly at an object, it is likely that their attention is engaged with that object.  

 

In experimental psychology research, different tasks can measure social 

attention and orienting in participants, based on the premise that where a person is 

looking is where their attention is allocated. Although individuals can covertly direct 

their attention towards an object without directly fixating at it (Colegate, Hoffman, & 

Eriksen, 1973), and when fixating their eyes on a scene can miss changes happening 

within it (Rensink, 2000). Preferential looking tasks are widely used in psychological 
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research as a measure of preference (Fantz, 1965, 1967), as time spent looking at a 

stimulus is related to preference (Shimojo, Simion, & Scheier, 2003). In preferential 

looking tasks, participants are presented with two images or videos side-by-side, and 

provided with no instructions. This creates an unconstrained setting where 

participants can choose to direct their attention to either stimulus, and they can switch 

their attention between both for as long as the stimuli are visible. From this task, the 

duration of fixation on each stimulus is measured and taken as an index of preference.  

The preferential looking task typically measures how quickly participants orient their 

attention towards social stimuli, and how long they spend fixating on each stimulus.  

 

In addition to measuring how attention is captured in a reflexive way, eye-

tracking paradigms are also able to measure how well stimuli hold attention. The 

attentional disengagement task measures how long it takes participants to disengage 

their attention from a centrally presented stimulus and towards another stimulus or 

target presented on screen. It is suggested that the more engaging the central stimulus 

is, the longer it will take to disengage attention from the central stimulus. Given the 

strong relationship between covert attention and saccades (Belopolsky & Theeuwes, 

2009), as well as eye movements first requiring a covert shift of attention to the point 

of destination (Deubel & Schneider, 1996), oculomotor disengagement provides a 

direct measure of attentional disengagement (Brockmole & Boot, 2009).  

 

Azarian, Esser and Peterson (2016) found that participants reporting more 

anxiety were slower to disengage their attention away from bodies expressing 

threatening postures to attend to other targets on screen, compared to bodies 

expressing non-threatening postures. The slower reaction time to respond to 
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peripheral targets in the presence of a threatening stimulus is explained by an increase 

in attentional dwell time for more salient social information (Fox et al., 2001; 2002). 

 

Another recent experiment that employed the attentional disengagement task 

aimed to investigate whether social and non-social agents affect attentional 

engagement differently (Smith & Wiese, 2016). Participants were required to fixate 

on a centrally presented agent (one of four different agents, that ranged from fully 

robotic to fully human, with two intermediate steps of robot-human hybrids), and 

move their eyes towards a peripheral target when it appeared on the screen. However, 

the authors found no significant differences in attentional disengagement from the 

different agents, thus suggesting that attention was engaged equally by all stimuli.  

 

 The attentional disengagement task, therefore, provides a means to measure 

how engaged participants are with visual stimuli and also to compare across stimuli. 

Due to this, Chapter 4 of this thesis employs this technique using both oculomotor and 

behavioural disengagement, in order to investigate whether participants are more 

engaged with biological motion compared to other types of stimuli.  

 

Pupillometry 

	  
 Modern eye trackers also collect information about a participant’s pupil 

dilation during a task; this is known as pupillometry. Pupil size not only changes as a 

result of a light reflex, but is also linked to arousal level, attention, processing load 

(Beatty, 1982; Sepeta, Tsuchiya, Davies, Sigman, Bookheimer, & Dapretto, 2013; 
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Kahneman & Beatty, 1966; Hess & Polt, 1964; Unsworth & Robinson, 2016), 

thoughts and emotions (Goldwater, 1972).  

 

Two muscles in the eye determine the size of the pupil; pupils can dilate due 

to stimulation of the dilator muscle or an inhibition of the constrictor muscle. 

Increased activity in the sympathetic nervous system leads to stimulation of the 

dilator muscle, while activity in the parasympathetic system leads to stimulation of 

the constrictor muscle (Steinhauer, Condray, & Pless, 2004). In standard light 

conditions, the average size of the pupil is around 3 mm (Wyatt, 1995), however, 

changes in illumination can enlarge the pupil to around 7 mm (MacLachlan & 

Howland, 2002). However, cognitively driven changes in pupil size are rarely greater 

than 0.5 mm (Beatty & Lucero-Wagoner, 2000). Pupillary responses are spontaneous 

and involuntary; individuals can cause pupillary dilation by mentally imaging an 

object or event (Whipple, Ogden, & Komisaruk, 1992), but would find it impossible 

to suppress a dilation or constriction (Loewenfeld, 1993). Pupillary changes are 

driven by the norepinephrine neurotransmitter controlled by the Locus Coeruleus 

(LC) in the brain stem (Kahneman, 1973; Kahneman & Beatty, 1966), which plays an 

important role in attentional processes. Due to the link between ocular muscles and 

the norepinephrine neurotransmitter system (Kahneman, 1973), pupillometry can be 

used to investigate changes in state of mind (Laeng, Sirois, & Gredbäck, 2012).  

 

Research studies using pupillometry to measure emotional responses to stimuli 

have recently grown in numbers. Interestingly, the largest increases in pupil dilation 

are evoked by stimuli rated the most arousing (with either positive or negative 

valence) (Bradley, Miccoli, Escrig, & Lang, 2008; O’Doherty, Buchanan, Seymour, 
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& Dolan, 2006), which demonstrates that emotions affect pupillary reactions 

regardless of valence. Pupil dilation and skin conductance responses are greatest for 

emotional images (both positive and negative), thus suggesting that pupil changes 

during picture viewing are related to sympathetic nervous system activity (Bradley et 

al., 2008). Research has shown pupillary dilations in response to negatively valenced 

stimuli compared to neutral stimuli (Partala & Surakka, 2003), and in response to 

rewarding stimuli, such as those that are sexually arousing compared to not sexually 

arousing (Hess, Seltzer, & Shlien, 1965; Garrett, Harrison, & Kelly, 1989; Rieger & 

Savin-Williams, 2012), or cues suggesting large rewards can be obtained compared to 

smaller rewards (Bijleveld, Custers, & Aarts, 2009). For example, smoking-related 

cues produced pupillary dilations in smokers compared to non-smokers (Chae, Lee, 

Park, Kang, Park, & Lee, 2008). These cues also led to the activation of reward-

related brain regions, such as the ventral striatum (Wang, Faith, Patterson, Tang, 

Kerrin, Wileyto, et al., 2007), which suggests that pupil dilation is related to reward 

anticipation (Sepeta, Tsuchiya, Davies, Sigman, Bookheimer, & Dapretto, 2012).  

 

Although only a few studies have utilised pupillometry as a measure of 

autonomic arousal in response to social stimuli, one study found that typically-

developing (TD) children demonstrated an increase in pupil size when viewing 

children’s faces, whereas children with autism demonstrated pupillary constriction 

(Anderson, Colombo, & Shaddy, 2006). In another, more recent eye-tracking study, 

Sepeta and colleagues (2012) measured pupillary reactions as a measure of autonomic 

response in children with and without Autism Spectrum Disorders (ASD) when 

viewing images of faces displaying different emotions with either direct or averted 

gaze. The results demonstrated a greater increase in pupil size in TD children when 
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viewing images of happy faces with direct gaze compared to averted gaze. However, 

this sensitivity to gaze direction was not found in children with ASD. Due to the link 

between pupillary dilation and reward anticipation, the increase in pupil size in 

response to happy faces with direct gaze in TD children may be due to the intrinsic 

reward value of a smiling face looking directly at the observer (Sepeta et al., 2012).  

 

Importantly, these aforementioned studies demonstrate the potential for 

answering questions relating to the reward value of social stimuli by measuring 

arousal via pupillometry. Pupillometry is non-invasive and is easily combined with 

other eye-tracking methods to measure attention and gaze direction, thus the 

relationship between attention and arousal can be explored. Chapter 4 therefore 

combines pupillometry with more traditional eye-tracking measures to investigate 

attention and emotional arousal when viewing videos of biological motion.  

 

Functional Magnetic Resonance Imaging (fMRI) 

	  
 The increasing accessibility of fMRI-based neuroimaging techniques have 

allowed psychologists to more easily investigate the neural substrates involved in 

different psychological tasks. Functional MRI allows researchers to measure brain 

activity in response to experimental tasks. This technique utilises the phenomenon of 

blood-oxygen-level dependent (BOLD) contrast imaging (Ogawa & Lee, 1990; 

Ogawa, Lee, Kay, & Tank, 1990), where increasing blood flow in the brain is 

associated with brain activity (Roy & Sherrington, 1890). For example, during 

exercise, more blood travels to the region in use (e.g. arms when lifting weights), to 

resupply the area with oxygen. This principle also applies to the brain; when a 
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particular part of the brain is used for a particular task, increased oxygen is required 

by this region to support optimal functioning. Haemoglobin is diamagnetic when 

oxygenated, and paramagnetic when deoxygenated; this difference in magnetic 

properties leads to differences in the magnetic resonance (MR) signal of blood, 

depending on its level of oxygenation. As oxygenation differs based on the level of 

neural activity, the differences between oxygenated and deoxygenated blood can be 

used to detect brain activity.  

 

Although the BOLD fMRI technique does not allow for as precise temporal 

resolution as with other techniques, such as electroencephalography (EEG), it allows 

precise spatial resolution of a few millimetres, thus allowing researchers to focus on 

the engagement of relatively exact anatomical regions  

 

As the aim of this thesis was to investigate social motivation in relation to 

biological motion, and Chapters 3 and 4 address these questions using behavioural 

and eye-tracking techniques, Chapter 5 of this thesis uses fMRI to investigate the 

neural underpinnings of social motivation. A good understanding of the relationship 

between neural processes and behaviour associated with social motivation and reward 

is not only important for understanding the biology of socially motivated behaviours, 

but also imperative to understanding social impairments seen in disorders such as 

ASD. Thus, the final empirical chapter of this thesis investigates the neural 

underpinnings of social reward in the typical population, when participants view 

videos of feedback provided via biological motion. Previous research has 

demonstrated that images and videos of faces activate the reward regions of the brain 

(e.g. ventral and dorsal striatum, Orbitofrontal Cortex (OFC)) in a similar manner to 
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other, non-social rewards such as money (Dichter, Richey, Rittenberg, Sabatino, & 

Bodfish, 2012); therefore, the research presented in Chapter 5 expands our knowledge 

of the types of stimuli that motivate participants to engage in approach behaviour, and 

the types of social stimuli that activate these aforementioned reward regions.  

 

Mixed-Effects Models 

	  
 Throughout the empirical chapters included in this thesis, some data are 

analysed using mixed-effects models. Like other statistical models, these models 

describe a relationship between a response variable and some other covariates that 

have been measured. The term ‘mixed’ refers to the use of both fixed and random 

effects in one analysis. Fixed effects have levels of interest to the researcher and 

random effects are not of primary interest. Participant effects are almost always 

random effects and treatment effects are almost always fixed effects. In mixed-

models, the fixed parts explain how population means differ between variables, while 

the random parts represent the general variability between subjects or other units.  

 

In typical psychological tests, we take multiple measures per participant, 

which violates the independence assumption for a linear model, as multiple 

observations from the same participant cannot be regarded as independent. Traditional 

ANOVA approaches to data analysis aggregate the data over participants to overcome 

this issue. However, in mixed-models, to include multiple observations per participant 

and to take account for the heterogeneity that might exist between participants, 

participants are usually included in mixed-models as random-effects. In doing so, the 

random variation between participants is accounted for by including different random 
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intercepts for each participant. Each participant is assigned a different intercept value, 

and the mixed-model estimates these intercepts – however, the slope of these 

intercepts is the same for each participant.  

 

In a similar way to the variation between participants, items included within a 

task can also vary. Different items might lead to different responses in participants; 

that is, different participants might be similarly affected by a random factor caused by 

item idiosyncrasies. Therefore, different responses to one item cannot be classed as 

independent, thus again violating the assumption of independence. To resolve this 

issue, in some models, it is also necessary to include different intercepts for different 

items.  

 

In models including random intercepts only, each participant or item has a 

different intercept value, and the slope of the group line is the same. However, for 

some participants or items, the explanatory variable might have a large effect on the 

response, but could have a small effect for others. Therefore, a random-intercept only 

model would not fit the data appropriately. Allowing different intercept values for 

participants and/or items, and also including random slopes in the model, allows each 

group line to have a different slope. This allows the relationship between the 

explanatory variable and the response to be different for each group.  

 

Maximal approaches to fitting mixed-effects models (including both random 

slopes and intercepts) are analogous to model building with traditional ANOVA 

approaches (i.e. all factors are included in the model), with the exception that 



	   44 

maximal effects models allow you to model random variation in the slope and 

intercepts.  

  

Models consisting of within-subjects data that include only random intercepts 

(not random slopes) can lead to high type-1 error rates. Including appropriate random 

slopes reduces the risk of inflating type-1 error (Barr, Levy, Scheepers, & Tily, 2013). 

Research has shown that not including both random slopes and intercepts can lead to 

anti-conservative conclusions regarding the data (Barr et al., 2013). Barr and 

colleagues (2013) suggest that when fitting maximal effects models for hypothesis 

testing that the maximal random-effects structure should be included. One danger 

with this approach however, is that it is possible to over-fit the data. As such, Bates, 

Kliegl, Vasishth, and Baayen (2015) later proposed that the random-effects structure 

should be evaluated to ensure that the most parsimonious random-effects structure is 

included in the final model, so as not to over-fit the models – a trade-off which 

maintains type-1 error rates and power (Matuschek, Kliegl, Vasishth, Baayen, & 

Bates, 2017).  

 

Mixed-effects models are becoming increasingly popular across a number of 

different fields. This is unsurprising given their advantages in dealing with missing 

data and multiple observations per participant, unlike more traditional ANOVA 

approaches. Given these benefits, the three empirical Chapters in this thesis employ 

mixed-effects techniques for data analysis, where relevant.  
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Autistic Traits  

	  
 In this thesis, I investigate how autistic traits affect social motivation in the 

typical population. Autism was traditionally viewed as a clinical condition distinct 

from the typical population (Wing, 1988); however, evidence suggests that autism 

spectrum disorders represent the upper extreme of a continuous distribution of autistic 

traits in the general population (Constantino, Davis, Todd, Schindler, Gross, Brophy 

et al., 2003; Constantino, Przybeck, Friesen, & Todd, 2000; Piven, Palmer, Jacohbi, 

Childress, & Arndt, 1997). Behavioural measures of autistic traits, such as the Autism 

Spectrum Quotient (AQ) (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 

2001), have supported the idea that autistic traits extend into the general population. 

Although most individuals with diagnoses of ASD score above the suggested cut-off 

of 26 for clinical populations (Woodbury-Smith, Robinson, Wheelwright, & Baron-

Cohen, 2005), autistic traits are continuously distributed in the typical population 

(Baron-Cohen et al., 2001; Ruzich, Allison, Smith, Watson, Auyeung, Ring, & Baron-

Cohen, 2015).  

 

 The AQ has demonstrated sensitivity in measuring autistic traits in the clinical 

population; at a cut-off score of 26, 83% of individuals are correctly identified as 

having ASD. A recent, large-scale, systematic review demonstrates that the mean AQ 

score of the typical population is 16.94, while the mean score for individuals with 

ASD is 35.19 (Ruzich, Allison, Smith, Watson, Auyeung, Ring, & Baron-Cohen, 

2015). 

 

 As well as the questionnaire’s ability to measure autistic traits in the general 

population, it can also be subdivided into five subscales related to strengths and 
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difficulties observed in ASD (social skills, communication, imagination, attention to 

detail, and attention switching), is brief and self-administered, and widely referenced 

(over 3200 citations).  

 

 Due to the AQ’s sensitivity and wide usage in measuring autistic traits, this 

thesis utilises the questionnaire to measure autistic traits in the typical population. 

Although the questionnaire is not diagnostic, and cannot diagnose an individual with 

ASD, it serves as a useful tool in identifying the extent of autistic traits held by an 

individual.   

 

To conclude, this thesis employed several different techniques to collect and 

analyse data relating to social motivation in the typical population. It is well 

established that typically developing individuals are socially motivated to engage with 

social stimuli such as faces, but how socially motivated individuals are to engage with 

other types of social stimuli has been under investigated. By using a range of 

experimental techniques, the work within this thesis helps to build a more thorough 

understanding of the behavioural and neural bases of social motivation.  
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Chapter 3 – Decreased reward value of biological motion among 

individuals with autistic traits 

 

The empirical study presented in this chapter investigates the extent to which 

individuals with a wide range of autistic traits value different kinds of motion, 

including familiar, biological motion, and rigid, non-biological motion performed by 

human figures. To achieve this, I presented these stimuli to a large sample of 

participants using an innovative social reward task. The findings from this chapter 

provide valuable insights about the reward value of biological motion, and advance 

our understanding of social motivation in the typical population, and how autistic 

traits affects the reward value assigned to social stimuli. 

	  

This chapter is published at Cognition. 

 

 

Williams, E.H., & Cross, E.S. (2018). Decreased reward value of biological motion 

among individuals with autistic traits. Cognition (4), 498-512.  
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Abstract 

	  
The Social Motivation Theory posits that a reduced sensitivity to the value of social 

stimuli, specifically faces, can account for social impairments in Autism Spectrum 

Disorder (ASD). Research has demonstrated that typically developing (TD) 

individuals preferentially orient towards another type of salient social stimulus, 

namely biological motion. Individuals with ASD, however, do not show this 

preference. While the reward value of faces to both TD and ASD individuals has been 

well-established, the extent to which individuals from these populations also find 

human motion to be rewarding remains poorly understood. The present study 

investigated the value assigned to biological motion by TD participants in an effort 

task, and further examined whether these values differed among individuals with 

more autistic traits. The results suggest that TD participants value natural human 

motion more than rigid, machine-like motion or non-human control motion, but this 

preference is attenuated among individuals reporting more autistic traits. This study 

provides the first evidence to suggest that individuals with more autistic traits find a 

broader conceptualisation of social stimuli less rewarding compared to individuals 

with fewer autistic traits. By quantifying the social reward value of human motion, the 

present findings contribute an important piece to our understanding of social 

motivation in individuals with and without social impairments. 

 

Keywords: Biological motion, human motion, autism spectrum disorders, autistic 

traits, reward value, social motivation 
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Introduction 

 
Humans naturally find certain types of stimuli more rewarding than others. A 

well-established literature documents the high reward value of food and money 

(Berridge, 1996; Breiter, Aharon, Kahneman, Dale, & Shizgal, 2001), as well as 

social stimuli, such as human faces (Aharon, Etcoff, Ariely, Chabris, O’Connor & 

Breiter, 2001; Kampe, Frith, Dolan & Frith, 2001). When we view such stimuli, 

whether material or social in nature, brain regions associated with reward processing, 

including the ventromedial prefrontal cortex, the striatum, and the orbitofrontal 

cortex, are reliably engaged (Lin, Adolphs, & Rangel, 2012; Spreckelmeyer, Krach, 

Kohls, Rademacher, Irmak, Konrad et al., 2009; Sescousse, Redouté, & Dreher, 

2010).  

 

Stimuli such as faces are suggested to be rewarding because they provide an 

abundance of information about another individual’s mood, feelings and intentions, 

thus providing rich social cues (Kampe et al., 2001). Further, faces may predict social 

outcomes. For example, smiles may lead one to anticipate positive social outcomes, 

while frowns may predict negative social outcomes (Kringelbach & Rolls, 2003). 

Research into the reward value of faces demonstrates that faces with genuine smiles 

are valued more than faces with polite smiles, as demonstrated by participants’ 

willingness to forgo higher monetary rewards to view faces with genuine compared to 

polite smiles (Shore & Heerey, 2011). Male heterosexual participants also work 

harder, or exert more effort, to view images of attractive, rather than average, female 

faces (Hayden, Parikh, Deaner, & Platt, 2007).  
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 However, it has become apparent that the value assigned to social stimuli is 

subject to individual differences. For example, research has demonstrated that 

individuals with an autism diagnosis, or individuals without a clinical diagnosis of 

autism, but who report more autistic traits, show a reduced response to social, but not 

non-social, rewards (Cox, Kohls, Naples, Mukerji, Coffman, Rutherford, et al., 2015; 

Zeeland, Ashley, Dapretto, Ghahremani, Poldrack, & Bookheimer, 2010; Gossen, 

Groppe, Winkler, Kohls, Herrington, Schultz, et al., 2013; Carter Leno, Naples, Cox, 

Rutherford, & McPartland, 2015). This reduced sensitivity to social rewards has been 

observed in a number of different tasks, including incentive delay (Cox et al., 2015; 

Gossen et al., 2013), reward learning (Zeeland et al., 2010), and effort tasks (Dubey, 

Ropar & Hamilton, 2015). Furthermore, modulating the reward value of social 

stimuli, such as faces (Sims, Van Reekum, Johnstone, & Chakrabarti, 2012) and 

hands (Haffey, Press, O’Connell, & Chakrabarti, 2013) in conditioning paradigms 

increases spontaneous mimicry and prosocial behaviour (Panasiti, Puzzo, & 

Chakrabarti, 2015) in individuals with fewer autistic traits, but not in those with more 

autistic traits. Together, these findings provide support for the idea that a deficit in 

sensitivity to social rewards exists in individuals with autism as well as in those 

reporting high numbers of autistic traits.  

 

The Social Motivation Theory of Autism (Chevallier, Kohls, Troiani, Brodkin 

& Schultz, 2012) suggests that individuals with autism spectrum disorders (ASD) fail 

to form a representation of the reward value of social stimuli, and therefore place less 

value on these types of stimuli. It is thought that the reduced reward value associated 

with social stimuli consequently leads individuals with ASD to differ in their 

motivation to engage socially (Dawson, Toth, Abbott, Osterling, Munson, Estes et al., 
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2004). In a recent attempt to test this theory, Dubey, Ropar and Hamilton (2015) 

conducted an elegant behavioural experiment to measure the reward value of social 

stimuli based on the extent of autistic-like traits participants reported, and whether or 

not they had a clinical diagnosis of ASD.  Specifically, the authors investigated the 

value of dynamic smiling faces with direct and averted gaze via an innovative task 

that used participant effort to gauge the reward value of each stimulus type. The 

results demonstrated that participants exerted more effort to watch videos of smiling 

faces with direct gaze, compared to videos of smiling faces with averted gaze or 

videos of moving objects (a non-social control condition). However, this preference 

for social stimuli was reduced in participants who reported more autistic traits or had 

a clinical ASD diagnosis. These results support the notion that individuals with ASD, 

as well as individuals without a clinical ASD diagnosis who report more autistic 

traits, assign a reduced reward value to social stimuli relative to typically developing 

individuals.  

  

Although many studies have suggested that individuals assign a high value to 

faces as they may predict social outcomes (Fridlund, 1991; Hooker, Germine, Knight, 

& D’Esposito, 2006) and provide a wealth of other social cues (Kampe et al., 2001), 

faces are rarely encountered independently from other types of social information, 

such as bodies. Moreover, in a social world, faces and bodies move together. 

Biological motion, defined as motion produced by an animate agent, is another type 

of social stimulus that provides rich social information about others we encounter in 

our environment (Grossman, Donnelly, Price, Pickens, Morgan, Neighbor et al., 

2000). During social interactions, we receive valuable information from bodies as 



	   52 

they gesture and signal emotions, ideas and intentions (Johansson, 1973; Atkinson, 

Dittrich, Gemmell, & Young, 2004; Pollick, Kay, Heim & Stringer, 2005). 

   

 Biological motion is suggested to be of great value for adaptive social 

behaviour, and sensitivity to this type of motion is thought to be a precursor to social 

development (Klin, Lin, Gorrindo, Ramsay, & Jones, 2009). Seminal research 

documents how the human visual system is sensitively tuned to recognise biological 

motion even in minimal circumstances, such as point-light displays (Johansson, 

1973). Preferentially orienting to biological motion is suggested to be an 

evolutionarily important behaviour – protecting us from predators and ensuring filial 

attachment (Atkinson et al., 2004). This natural orientation towards other animate 

agents is manifest in a range of species, from humans to birds (Vallortigara, Regolin, 

& Marconato, 2005; Simion, Regolin, & Bulf, 2008), and is demonstrated in human 

infants as young as two days old (Simion et al., 2008). However, these 

aforementioned behaviours seem to be impaired in infants with ASD, and these 

individuals appear to, instead, preferentially orient to non-biological, or non-social 

motion (Klin et al., 2009). Research has suggested that these behaviours point to a 

disruption in an innate predisposition to attend to biological motion, which may have 

negative downstream consequences for the processing of social cues (Blake, Turner, 

Smoski, Pozdol, & Stone, 2003; Toth, Munson, Meltzoff, & Dawson, 2006; Clarke, 

Bradshaw, Field, Hampson, & Rose, 2005; Grossmann & Johnson, 2007).   

 

To summarise, copious research has demonstrated that typically developing 

individuals assign high reward value to social stimuli, such as human faces, and that 

the value of social stimuli may differ in individuals who report more autistic traits or 
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who have an ASD diagnosis (Dubey et al., 2015; Chevallier, Kohls, Troiani, Brodkin, 

& Schultz, 2012; Sepeta, Tsuchiya, Sigman, Bookheimer, & Dapretto, 2012; Zeeland 

et al., 2010). Research has also demonstrated that typically developing individuals 

preferentially orient to biological motion compared to other types of motion, but this 

same preference is not shown among individuals with ASD. However, it remains 

unknown whether individuals from these two populations assign different reward 

value to biological, or human-like, motion compared to less or non-biological motion, 

in a manner similar to what has been demonstrated for faces. Therefore, it is 

important to determine the extent to which familiar, human-like motion is perceived 

as a rewarding social stimulus among individuals with and without ASD, as well as 

among those reporting greater or fewer autistic-like traits, in order to advance our 

understanding of social motivation in typically developing individuals and those with 

social impairments.  

 

The aim of the present study is to investigate the value individuals assign to 

biological, natural human motion, and how these assigned values differ depending on 

the number of autistic traits reported by each individual. In this study, we 

operationalise reward value by measuring the amount of effort participants are willing 

to exert in order to view a particular stimulus (Aharon, Etcoff, Ariely, Chabris, 

O’Connor, & Breiter, 2001), as we predict that certain stimuli should lead to higher 

positive affect in the viewer than others. A modified version of the Choose-a-Movie 

paradigm (CAM), originally developed by Dubey and colleagues (2015), enables us 

to measure the effort participants are willing to exert to watch different types of 

videos. On each trial of the CAM task, participants choose to open one of two boxes, 

based on their knowledge of the videos that are associated with those boxes (e.g., a 
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green box is always associated with human motion), and the number of locks on each 

box (a box with 3 locks requires more key presses, and therefore more effort to open, 

compared to a box with 1 lock). Participants must choose between opening boxes 

containing videos of natural human motion, machine-like motion or non-human 

control motion. We hypothesised that participants with fewer autistic traits should 

find natural human motion most rewarding, and will thus choose to open more of 

these boxes and exert more effort to watch them relative to the other two video 

categories. However, if participants with more autistic traits value social stimuli less, 

we predict that these individuals should open fewer boxes containing human motion, 

and exert less effort to view these types of videos. This would manifest as an 

interaction between autistic traits and stimulus category, or a three-way interaction 

between autistic traits, effort and stimulus category. 
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Materials and Method 

Participants  

	  
Participants were 105 Bangor University students and individuals from the 

local community, who received either course credits or £7 per hour for their 

participation. Five participants were excluded from the sample due to not following 

task instructions, leaving a final sample for data analysis of 100 participants (77 

females; Mage = 21.45 years, SD = 3.46). Due to the complexity of conducting power 

analyses for experiments employing mixed-effects models (Kain, Bolker & McCoy, 

2015), the sample size for the present study was chosen based on a sample size used 

in a similar experiment by Dubey and colleagues (2015). All participants provided 

written informed consent, and the Research Ethics Committee of the School of 

Psychology at Bangor University, provided ethical approval for all aspects of this 

study (Ethical Approval Code: 2015-15400).  

 

Stimuli  

	  
Stimuli included three kinds of videos. The first category of videos featured a 

human actor performing simple, natural, human-like motion (such as moving his arms 

or legs from side to side smoothly). This motion was used as a proxy for biological 

motion, and is henceforth referred to as ‘Natural Human Motion’. The second 

category of videos featured rigid, jerky, robotic-like motion, such as the actor moving 

his arms or legs up and down or from side to side rigidly. These videos were created 

as a proxy for non-biological motion, and are henceforth referred to as ‘Machine-Like 

Motion’. From these original video recordings, an additional set of CGI videos 
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featuring a non-human control figure “performing” both types of motion were 

developed.  

 

To create the original videos, a male actor was instructed to move in front of a 

green screen in a fluid, human-like manner for natural human motion videos, and to 

move in a rigid, robotic manner for machine-like motion videos (Figure 3.1). Videos 

were recorded on a SONY HD Handycam video recorder and were edited in 

MATLAB (R2015b, The MathWorks Inc. 2000). The model’s figure was extracted 

from the green screen and placed onto a white background, and all facial information 

was removed. These steps were undertaken in order to minimise the effects of any 

other information on task performance other than the effects of body motion.  The 

control videos were created by mapping the motion created by the model, using 

MOCAP (Reallusion Inc, 2015), a motion capture software for Windows Kinect 

(Microsoft, 2015), onto a non-human figure via iClone 6 (Reallusion Inc, 2015). 

Thus, our control stimuli, although a non-human figure, performed the exact same 

motions as our human figure. The control figure was further manipulated to minimise 

human-likeness by rotating limbs at different angles, and moving the arms to the 

location of the legs and the legs to the location of the arms (Figure 3.1).  

 

Experimental stimuli were piloted in an online experiment prior to the main 

study in order to ascertain whether the two motion categories, human and machine-

like, were rated by naïve observers as human-like and machine-like, respectively. 

Thirty-two independent participants were asked to rate each of the 30 videos on a 

scale from 0 to 100, with 0 corresponding to ‘not human like at all’ and 100 being 

‘very human like’. Participants rated the videos in the human motion category (M = 

69.00, SE = 2.51) as being significantly more human-like than the motion in the 
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machine-like motion category (M= 40.40, SE= 3.20) (t(31) = 8.63, p < 0.001). This 

confirmed that the agent’s motion in the human category was perceived as more 

human-like, and that the agent’s motion in the machine-like category was perceived 

as less human-like. Ten videos from each video category were included in this 

experiment; human-motion videos that were rated as the most human-like, and 

machine-like motion videos that were rated as least human-like in the pilot study, 

were chosen. Each video lasted 3 seconds. Additionally, three coloured squares were 

used as prompts for each movie category (Figure 3.2A). 

 

Procedure 

	  
The Choose-a-Movie (CAM) task, developed by Dubey, Ropar and Hamilton 

(2015), was presented using Psychopy software (Peirce, 2007; Peirce, 2009). In this 

task, participants were required to open one of two coloured boxes; a coloured box 

was always associated with a particular video category. In order to learn how the task 

Machine-Like 
Motion

Natural Human
Motion

Non-Human
Control Stimuli

Figure 3.1. Video stills from the three stimulus categories.  
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worked and to generate associations between what types of videos were associated 

with the coloured boxes, participants firstly completed 21 familiarisation trials. For 

each of the first 15 trials, one box with one lock was presented, and for the remaining 

six trials, participants were presented with a box on the left and a box on the right 

with one lock on each box. From these familiarisation trials, participants learnt that 

unlocking all locks from a box would reveal a video. Opening a lock required one key 

press, resulting in a one-second delay before the participant would be able to unlock 

another lock. Multiple locks could not be removed at once due to the one-second 

delay between key presses. During the main task, participants saw a coloured box on 

the left, and a coloured box on the right side of the screen with between one and three 

locks on each (Figure 3.2B). Participants chose to open either the coloured box on the 

left or the differently coloured box on the right, and would subsequently see the video 

associated with the chosen coloured box. There were 3 coloured boxes: a blue box, a 

red box, and a green box. The associations between colour and video category 

remained consistent within participants, and were counterbalanced across participants 

(Figure 3.2A).  
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In accordance with Dubey et al., (2015), participants completed 180 

experimental trials. These 180 trials included 60 trials with a choice between human 

motion and control videos, 60 trials with a choice between human motion and 

machine-like motion videos, and 60 trials with a choice between machine-like motion 

and control videos. In each set of 60 trials, 32 trials had 3 locks on one box and 1 on 

the other, 8 had 2 locks on one box and 1 on the other, 8 had 3 locks on one box and 2 

on the other, and 12 had an equal number of locks on each box. The box with the 

greater number of locks was randomly assigned to either the left or the right side of 

the screen. Participants were required to select a box to open from the choice of two – 

they could choose to open the box with fewer locks (requiring fewer key presses, less 

effort and less time) or to open the box with more locks (requiring more key presses, 

effort and time). The number of locks on the boxes, and the videos associated with the 

colour of the boxes, would influence the choices participants made.  

 

A

Instructions Video

first trial only; Xs unlimited time 1s each lock 3 seconds

Machine-
Like Motion

Natural Human
Motion

Non-Human 
Control

B

Box Colours & Examples of Video Stills

Example Trial Sequence
Options Effort

Time

PRESS Z TO OPEN
 LEFT BOX

PRESS M TO OPEN 
RIGHT BOX

Figure 3.2. A) Association between coloured boxes and videos. Three different coloured 
boxes were associated with three different video categories. The associations between 
colour and video type were counterbalanced across participants. B) Trial sequence. 
Participants saw two coloured boxes with differing numbers of locks, and were required to 
choose to open one box.  
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 After providing written informed consent, participants completed a 

demographic questionnaire assessing their age, gender, and education, and then 

completed the Edinburgh Handedness Inventory (EHI) (Oldfield, 1971). Next, the 

CAM task was presented using Psychopy software (Peirce, 2007; Peirce, 2009); 

participants were instructed to open one box on each trial. Lastly, participants 

completed the Adult Autism Spectrum Quotient (AQ) questionnaire (Baron-Cohen, 

Wheelwright, Skinner, Martin, & Clubley, 2001) and the Social Responsiveness Scale 

(SRS; Constantino & Gruber, 2007). The AQ is a brief, self-administered 

questionnaire developed to measure autistic traits in individuals with normal IQ for 

scientific (e.g. to establish the caseness of an individual) and applied reasons (e.g. to 

screen individuals to refer for diagnostic assessment; Baron-Cohen et al., 2001). A 

recent meta-analysis suggests that the mean AQ score of participants in the typical 

population is 16.94, while the mean AQ score of those on the Autism Spectrum is 

35.19 (Ruzich et al., 2015). However, as the mean AQ score of our sample of TD 

participants (M = 19.25, SD = 9.92) is higher than the mean score of the typical 

population and our participants reported a broad range of autistic traits (scores ranged 

from 1-49), we note that the results from our study are not necessarily representative 

of the typical population. To address these possible issues with atypicalities in our 

study sample, we evaluate and report additional analyses focusing on subsamples of 

our participant group in supplementary materials (see section Supplementary Data 

Analyses, below).  

 

The SRS is another widely used measure of autistic traits that can be used 

among the general population (Bölte, Poustka, & Constantino, 2008). SRS scores of 

59 or below are considered to indicate that an individual has few autistic traits, while 
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scores of 76 or higher indicate that an individual has many autistic traits (Constantino 

& Gruber, 2012). As with the AQ, we note that our sample of participants show a 

broad range of SRS scores, ranging from 34 to 90 (M = 65.71, SD = 14.96).  

 

Data Analyses  

	  
 The data were analysed following the approach outlined by Dubey et al. 

(2015). The data from the experiment comprising of 180 trials was split into three sets 

of 60 trials – one data set for trials which consisted of a choice between opening 

human motion and control videos, one set for machine-like motion and control 

videos, and one set for human and machine-like motion videos. Data were split into 

three sets of trials as we were interested in investigating the factors contributing to the 

choice participants make when choosing to open one of two boxes. Three separate 

logistic mixed-effects models were fit for each of the three sets of choice data, using 

the lme4 package (version 1.1-13) (Bates, Maechler, Bolker, & Walker, 2015) in R 

(Version 3.3.3, R Core Team, 2016). Models were fit via a maximum likelihood 

procedure.  

 

The three mixed-effects models aimed to predict the probability of choosing to 

open the box on the left, based on the difference in utility between the box on the left 

and the box on the right. The subjective value, or desirability, of a stimulus in 

economics is referred to as utility. Utility, in this study, is modelled as a function of 1) 

the Effort required to open the box on the left (locks on the left box minus locks on 

the right, thus varied from -2 to +2), and 2) the Stimulus Category of the left box. 

Therefore, Effort and Stimulus Category were included in each model as fixed 

factors. Further, Autistic Traits was included as a grand mean-centred, participant-
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level factor, as well as gender, age, handedness, and the colour of the box on the left. 

We also modelled the interaction between Autistic Traits, Stimulus Category, and 

Effort. A random by-participant intercept was included with random slopes for Effort 

and Stimulus Category. Models were probed for over parameterisation using the 

RePsychLing package in R (Bates et al., 2015); this analysis did not reveal any rank 

deficiency in our models. Plotting and inspecting the residuals for all models detected 

no violations of linearity, homoscedasticity, or normality.  

 

For each model, we made a prediction as to whether the participant would 

choose to open the box on the left based on the effort the participant would have to 

exert to open it, the stimulus category (e.g. natural human motion vs. control stimuli; 

machine-like motion vs. control stimuli; natural human motion vs. machine-like 

motion) and their autistic traits.  

 

Supplementary Data Analyses 

	  
In addition to evaluating our main models of interest, we conducted several 

additional analyses to further explore our data. First, when initially setting up our 

models, we found that including both measures of autistic traits (the AQ and SRS) as 

factors led to non-convergence of the mixed-effects models. This is likely due to their 

strong correlation (r = 0.63), which resulted in issues with multicollinearity. In the 

present study, our primary focus is on results from models that included the AQ 

instead of the SRS as the measure of autistic traits (see above), in order to draw the 

clearest comparisons to the results from a similar study by Dubey et al. (2015). 

However, it should be noted that both questionnaire measures of autistic traits yielded 

similar results, and for transparency, we report full results from the models that used 
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the SRS instead of the AQ as the measure of autistic traits in Appendix 1. We also 

evaluated our three main models of interest with only those participants with AQ 

scores of 20 or below, given that a recent meta-analysis identified the 95% CI for 

neurotypical adults as 11.6-20 (Ruzich et al., 2015). These findings are reported in 

Appendix 2. Furthermore, we evaluated our three main models after excluding 

participants whose AQ scores were > 2 standard deviations from the group mean 

(Appendix 3). Due to the uneven representation of male and female participants in our 

sample, we also evaluate our models with female participants only, and these results 

are reported in Appendix 4. In addition, we ran correlational analyses to evaluate how 

autistic traits influence stimulus preferences, collapsed across effort levels, and to 

illustrate the relationship between autistic traits and stimulus preference in a different 

way to our main analyses. These results are presented as Appendix 5. We also plotted 

the coefficient estimates for each fixed effect of interest for each of the three models 

to visualise how each fixed effect influences the data within each model (Appendix 

6). Further, we ran exploratory multiple regression analyses to investigate the 

relationships between autistic traits, gender, age, and handedness (Appendix 7). 
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Results 

 

Natural Human Motion vs. Control Stimuli 

	  
A fixed effect of Effort showed that choosing the left box was significantly 

influenced by the effort participants needed to exert to open that box; the likelihood of 

choosing to open the box on the left decreased when the effort required increased. A 

fixed effect of the factor Stimulus Category revealed that participants were more 

likely to open the box on the left when it contained a video of Natural Human Motion, 

compared to when it contained control stimuli. Unexpectedly, a fixed effect of 

Autistic Traits also significantly predicted the choice participants made, revealing that 

those with more autistic traits were more likely to open the box on the left regardless 

of any other factors. As predicted, a significant interaction emerged between Autistic 

Traits and Stimulus Category, such that participants with more autistic traits were less 

likely to open the box containing natural human motion compared to individuals with 

fewer autistic traits. The colour of the box, and handedness, were also found to be 

significant predictors of the choice participants made. Participants who were more 

left-handed were more likely to open the box on the left. For all study results, the 

main findings of participant preference for stimuli featuring different kinds of motion, 

as a function of effort and AQ score are illustrated in two different ways for ease of 

interpretation: as a function of high versus low AQ scores (Figure 3.3), and with AQ 

scores as a continuous variable (Figure 3.4). Table 1 details the findings from each of 

the three mixed-effects logistic regression models. 
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Machine-Like Motion vs. Control Stimuli 

	  
A fixed effect of Effort revealed that choosing to open the box on the left was 

significantly influenced by the effort participants needed to exert to open it; 

participants were less likely to open the box on the left if it required more effort to 

open than the box on the right. A fixed effect of Stimulus Category showed that 

participants were more likely to open the box on the left when it contained a video of 

machine-like motion compared to when it contained control stimuli. A fixed effect of 

Autistic Traits was also significant. As hypothesised, a significant interaction 

emerged between Autistic Traits and the Stimulus Category, suggesting that 

participants with more autistic traits were more likely than those with fewer autistic 

traits to open the box containing control stimuli compared to machine-like motion 

Figure 3.3. To highlight differences in participant performance based on AQ scores, 
participants with AQ scores above the mean-centred AQ score were put in a ‘High AQ’ 
group, and participants with AQ scores below the mean-centred AQ score were put in a 
‘Low AQ’ group. The plots show how Effort, the Stimulus Category of the left box, and 
Autistic Traits contribute to opening the box on the left.  
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(Figures 3.3 and 3.4). A significant effect of age also emerged, such that older 

participants were more likely to choose to open the left box (Table 3.1).  

 

Natural Human Motion vs. Machine-Like Motion 

	  
A fixed effect of Stimulus Category showed that participants were more likely 

to open the box on the left when it contained a video of natural human motion, 

compared to when it contained a video of machine-like motion, and a fixed effect of 

Effort showed that the number of locks on the left box significantly influenced the 

choice participants made, such that participants were less likely to open the left box 

when the effort required to open it was greater. Autistic Traits was a significant 

predictor of choice. Further, gender was also a significant predictor, which showed 

that females were more likely to open the box on the right. As predicted, a significant 

interaction emerged between Autistic Traits and Stimulus Category, such that 

participants reporting more autistic traits were less likely to open the box containing 

natural human motion compared to individuals reporting fewer autistic traits. Finally, 

a significant interaction also emerged between Autistic Traits and Effort. This 

demonstrated that although all participants were influenced by effort, and were more 

likely to choose to open the box with fewer locks, participants with fewer autistic 

traits appeared to be more strongly influenced by effort compared to participants with 

more autistic traits (Figures 3.3 and 3.4; Table 3.1; Appendix 8).  
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Figure 3.4. Preferences for stimuli featuring different kinds of motion, as a function of Effort 
and Autistic Traits (plotted here as a continuous variable).  
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Table 3.1.  Mixed-effects logistic regression models investigating variables 

contributing to opening the box on the left, in the three types of choice trials.  

 

 

Natural Human Motion vs. Control  
 

 
          B SE       Z 

p-
value 

Fixed Parts 
Stimulus Category 2.61 0.50 5.22 < 0.001 

Effort -1.12 0.11 -10.26 < 0.001 

Autistic Traits 0.09 0.03 3.43 < 0.001 

Handedness -0.14 0.05 -2.54 0.011 

Age 0.08 0.06 1.29 0.198 

Gender 0.07 0.13 0.57 0.571 

Box Colour 0.18 0.07 2.66 0.008 

Stimulus Category*Effort 0.06 0.07 0.94 0.350 

Stimulus Category*Autistic Traits -0.20 0.05 -3.88 < 0.001 

Effort*Autistic Traits 0.02 0.01 1.66 0.097 

Stimulus Category*Effort*Autistic Traits -0.01 0.01 -1.82 0.068 

Random Parts     
NParticipants 100    
Tjur's D 0.61    
AIC 4255.89       

     Machine-Like Motion vs. Control 
    

 
           B       SE        Z p-value 

Fixed Parts 
Stimulus Category 0.98 0.50 1.98 0.048 

Effort -0.95 0.09 -10.14 < 0.001 

Autistic Traits 0.07 0.02 3.05 0.002 

Handedness -0.03 0.05 -0.64 0.522 

Age 0.10 0.05 2.11 0.035 

Gender 0.01 0.11 0.06 0.951 

Box Colour -0.02 0.06 -0.35 0.726 

Stimulus Category*Effort -0.08 0.06 -1.45 0.148 

Stimulus Category*Autistic Traits -0.14 0.05 -2.90 0.004 

Effort*Autistic Traits 0.01 0.01 1.24 0.216 

Stimulus Category*Effort*Autistic Traits 0.00 0.01 -0.20 0.842 

Random Parts 
NParticipants 100 

   Tjur's D 0.57 
   AIC 4665.89       

 

     
 

    



	   69 

Natural Human Motion vs. Machine-Like Motion 

 
            B  SE        Z 

p-
value 

Fixed Parts 
 Stimulus Category 3.18 0.48 6.65 < 0.001 

Effort -1.52 0.15 -10.16 < 0.001 

Autistic Traits 0.08 0.02 3.31 0.001 

Handedness -0.06 0.06 -1.08 0.282 

Age 0.05 0.06 0.89 0.374 

Gender -0.26 0.13 -1.99 0.047 

Box Colour 0.01 0.07 0.10 0.919 

Stimulus Category*Effort 0.16 0.08 1.93 0.053 

Stimulus Category*Autistic Traits -0.17 0.05 -3.51 < 0.001 

Effort*Autistic Traits 0.03 0.01 2.33 0.020 

Stimulus Category*Effort*Autistic Traits -0.01 0.01 -1.04 0.298 

Random Parts 
    NParticipants 100 

   Tjur's D 0.58 
   AIC 

 4579.43       
Tjur’s D (coefficient of determination) is a measure of discrimination between successes and failures in 
a binomial model, and is related to R2, with values ranging between 0 and 1, with higher values 
indicating better discrimination (Tjur, 2009).  
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Discussion 

 

The results from our Choose-a-Movie task suggest that most participants 

prefer social videos (natural human motion or machine-like motion) compared to non-

social videos (control stimuli), and that the strength of this preference is linked to the 

number of autistic traits they report. Overall, participants preferred to watch the most 

social stimulus out of each pair of stimuli. However, participants who reported fewer 

autistic traits displayed a stronger preference for more social videos, while those 

reporting more autistic traits displayed a weaker preference for more social videos. 

This finding suggests that participants reporting more autistic traits valued these types 

of stimuli less, as they opened fewer of these boxes and exerted less effort to watch 

them. These results are consistent with our hypothesis that participants with fewer 

autistic traits assign a higher value to biological, or natural human motion, compared 

to the motion of the other two video categories.   

 

Unexpectedly, we found that autistic traits significantly predicted box choice 

in all three of our models, regardless of any other factors. To investigate this, we 

assigned participants with AQ scores below the mean AQ into a ‘Low AQ’ group, and 

assigned participants with scores above the mean AQ into a ‘High AQ’ group. This 

revealed that individuals within the Low AQ group (MEHI = 79.46, SE = 4.08) 

appeared to be more strongly right handed than those within the High AQ group 

(MEHI = 63.07, SE = 7.66). As participants were asked to press the ‘Z’ key to unlock 

the left box, and the ‘M’ key to unlock the right box, individuals within the High AQ 

group may have been more likely to open the left box as the ‘Z’ key is easier to press 

with the dominant left hand. However, this explanation requires further investigation 



	   71 

in order to say with certainty that the effect of box choice we see here is explained by 

participant handedness. 

 

Using a similar CAM paradigm, Dubey and colleagues (2015) suggested that 

participants showed a preference for social videos (faces with direct gaze) compared 

to less social videos (faces with averted gaze, or objects), however, this preference 

was reduced in participants with more autistic traits or with a diagnosis of ASD. The 

findings from the present study indicate that participants show a similar pattern of 

preference when asked to open boxes associated with more or less social human body 

motion. On the whole, participants preferred to open the more social video (natural 

human motion) over the less social video (machine-like motion, or non-human 

control), but this preference was reduced in individuals with more autistic traits.  

 

Our findings are consistent with other studies that have investigated the 

reward value of social stimuli, and how this value is modulated by either autistic traits 

or a clinical diagnosis of autism. For example, Cox and colleagues (2015) 

demonstrated that individuals reporting more autistic traits showed decreased 

sensitivity to social compared to non-social rewards in an incentive delay task. 

Reduced spontaneous mimicry and prosocial behaviour to rewarding faces and hands 

has also been observed in individuals with more autistic traits (Sims et al., 2012; 

Panasiti et al., 2015; Haffey et al., 2013). Our findings add support to the growing 

literature that examines how autistic traits modulate the reward value of social stimuli, 

and document how human bodies in motion are also appraised as rewarding social 

stimuli.  
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The Social Motivation Theory of Autism (Chevallier et al., 2012) posits that 

atypical social behaviour observed in individuals on the autism spectrum could be due 

to their failure to assign high reward values to social stimuli. Previous studies that 

have investigated the value of social stimuli have used stimuli that signal engagement 

(e.g. a smiling face with direct gaze, which is an important platform for social 

interaction and communication; Dubey et al., 2015; Spreckelmeyer et al., 2009). 

However, the reward value of another type of social stimulus that we encounter in 

abundance in our daily lives, namely, that of others’ bodies moving around us in a 

social world, has been overlooked. Therefore, it is difficult to disentangle whether TD 

participants value the types of stimuli presented in previous studies because they 

indicate that social interaction will follow as they include faces with direct gaze, or 

simply because they feature other people, and are thus more generically social. The 

findings from the present study lend support to the notion that TD participants value 

different types of social stimuli, not only those that signal imminent social 

engagement, and that individuals with more autistic traits might show a reduced 

preference across a range of social stimuli (again, not only those signalling social 

engagement). As such, these findings contribute significant new insights to our 

understanding of social motivation and the value of bodies in motion, and how 

autistic traits can influence this value.  

 

Previous research has shown that TD participants preferentially orient their 

attention towards biological motion (Simion et al., 2008). It is of note that this 

preference for biological motion is present across a number of non-human species, 

such as birds (Vallortigara et al., 2005) and monkeys (Oram & Perrett, 1996), thus 

demonstrating the adaptive value of attending to biological motion across phylogeny. 
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In humans, this adaptive value is arguably even greater, as the motion of others can 

help us determine whether to engage in or avoid social interaction, and allows us to 

develop complex skills for understanding facial expressions and gaze direction. In the 

present study, typically developing participants preferred to watch videos of natural 

human motion, and exerted more effort to view this type of motion; this preference is 

in accordance with participants’ preferential looking towards biological motion, 

compared to other types of motion, demonstrated in other studies (Simion et al., 2008; 

Fox & McDaniel, 1982). Thus, the data show that not only do participants implicitly 

guide their attention towards human motion as shown in previous studies, but also, 

explicitly behave in ways that results in their viewing the more social motion when 

given a choice of two to choose between.  

 

However, the behaviour of preferentially orienting towards biological motion 

appears impaired in infants with ASD, who preferentially attend to non-biological 

motion instead (Klin et al., 2009; Annaz, Campbell, Coleman, Milne & Swettenham, 

2012). In the present study, we show that the preference for biological motion is 

reduced in typical adults with more autistic traits. These results are consistent with the 

finding that individuals with ASD fail to preferentially orient their attention towards 

biological motion (Klin et al., 2009; Annaz et al., 2012).  

 

Limitations and Future Directions 

	  
Given that males are more likely to receive a clinical diagnosis of ASD 

compared to females (Baio, 2012), it might seem counterintuitive that we find a 

robust relationship between autistic traits and the reward value assigned to body 
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motion when our study sample was predominantly female (77%). One concern that 

could arise from having a majority female sample is that higher scores on the AQ 

would not be observed, as males have higher AQ scores on average (Ruzich et al., 

2015). However, we observed a broad range of AQ scores (1-49) within our sample. 

Results from models analysing data from female participants only is presented in 

supplementary materials (Supplementary Results 4 and Supplementary Table 4). 

These findings demonstrate that males are not driving the results obtained in the 

present study, as the same pattern of findings emerges even when we consider an all-

female sample. Furthermore, the focus of the study was to investigate the influence of 

autistic traits on the reward value of social stimuli within an opportunity sample, and 

not the influence of an ASD diagnosis per se (although it would absolutely be 

valuable for future studies to examine similar questions among a clinical sample).  

 

Another aspect of the present study that warrants consideration is our use of 

full-body stimuli to examine the reward value of human/biological motion. Many 

previous studies that have investigated the perception of biological and non-biological 

motion in ASD (Klin et al., 2009; Atkinson et al., 2004; Blake et al., 2003) presented 

point-light displays of motion to participants; in these experiments, participants must 

infer the shape and size of the human body, as no form cues are present. Thus, the 

inclusion of a real human body in the present study could maximise reward 

differences for those with few or many autistic traits. However, we intentionally 

created body motion stimuli that also included information about body form, as the 

social agents we encounter in the real world feature biologically salient form and 

motion cues. It could nonetheless be of interest to dissect the contributions made by 

form and motion to the reward value of human bodies in future studies. 
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Conclusions 

	  
It is well established that typically developing individuals assign a higher 

value to social stimuli, such as faces, compared to non-social stimuli (Chevallier et 

al., 2012; Dubey, Ropar & Hamilton, 2015; 2017), but the extent to which we find 

other types of highly familiar social stimuli rewarding has remained poorly 

understood. The findings from the present study offer valuable insights about the 

reward value of human bodies in motion, and thus significantly advance our 

knowledge pertaining to social motivation among individuals for whom social 

engagement is pleasurable or painful. The increased value assigned to human motion 

in this study by individuals who report few autistic traits could relate to our innate 

preference to orient our attention towards biological motion. However, as with all lab-

based experiments, it will be vital to confirm that the preferences demonstrated by 

participants in our task are reflected in the real social world. Future studies can thus 

help to establish the generalisability of the present findings, as well as the extent to 

which the present pattern holds when individuals with a clinical diagnosis of ASD are 

tested. Nonetheless, the finding that participants with few autistic traits exert more 

effort to view videos of neutral human motion suggests that the human body in 

motion which conveys a wealth of social information, can be a powerful and 

rewarding stimulus.  
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Chapter 4 – Eyes on biological motion: The influence of 

biological motion on attention and arousal 

	  
	  
	  
	  
In the previous chapter, I demonstrated that typically developing participants were 

willing to exert more effort to view videos of human figures moving biologically 

compared to non-biologically, highlighting the reward value of this type of social 

stimuli. Following on from this finding, this chapter presents two eye-tracking studies 

investigating how biological and robotic motion performed by human and non-human 

figures influences attention and arousal in typically developing participants. In these 

studies, I recorded participants’ saccades and behavioural responses as measures of 

attention, and measured their change in pupil size as a measure of arousal, or social 

reward.  
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Abstract 

 

Social motivation guides individuals to naturally orient their attention to the social 

world. The current study investigated how biological motion affects attention and 

arousal in typically developing participants. Specifically, we aimed to investigate 

whether biological motion engages attention more than non-biological motion, and 

whether viewing this type of motion can induce changes in autonomic arousal 

(measured via pupil size), based on previous research demonstrating its rewarding 

value to this population. To this end, via two independent experiments, participants 

completed an attentional disengagement task while their pupillary responses were 

recorded. The results demonstrated increases in attention and arousal when 

participants viewed biological compared to non-biological motion. The present 

findings contribute an important piece to our understanding of social motivation, and 

the types of social stimuli that engage our attention and induce autonomic arousal.  

 

Keywords: Biological motion, autistic traits, reward value, social motivation, 

pupillometry, eye-tracking, attentional disengagement, autonomic arousal 
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Introduction 

 

From an early age, humans preferentially orient to the social world (Fletcher-

Watson, Leekam, Findlay, & Stanton, 2008) by showing an attentional preference for 

biologically relevant stimuli such as faces, voices, and human body motion (Valenza, 

Simion, Cassia, & Umiltà, 1996; Alegria & Noirot, 1978; Fox & McDaniel, 1982). 

This strong preference for social stimuli has been described as social motivation, 

which biases an individual to engage with the social world (Dawson, Meltzoff, 

Osterling, Rinaldi, & Brown, 1998; Chevallier, Kohls, Troiani, Brodkin, & Schultz, 

2012). Consequently, a reduction in social motivation is suggested to reduce vital 

preferential orienting to social stimuli and cause deficits in social reward processing, 

which may cause negative downstream consequences to social cognition, as shown in 

conditions such as Autism Spectrum Disorders (ASD; Chevallier et al., 2012).  

 

Social stimuli, such as dynamic and static displays of human faces and bodies, 

provide valuable information to the perceiver, including information about an 

observed individual’s age, gender, race, and even emotions and intentions. 

Preferential attention to, and successful detection of, biological motion, for example, 

is a critical mechanism for facilitating adaptive interactions across phylogeny (Bardi, 

Regolin, & Simion, 2011; Blake, 1993). Evidence shows young infants naturally 

orient their attention towards biological motion compared to random moving dots in a 

preferential looking task (Fox & McDaniel, 1982). Strikingly, this same behaviour 

has been identified as impaired in infants who are later diagnosed with autism, with 

these infants instead preferentially orienting their attention towards stimuli that 
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disrupt the perception of biological motion, such as inverted biological motion (Klin, 

Lin, Gorrindo, Ramsay, & Jones, 2009).  

 

Further evidence for socially motivated behaviour comes from Senju and 

Hasegawa (2005), who demonstrated that typically developing (TD) participants were 

slower to detect a target that appeared in the periphery when viewing images of faces 

with direct gaze, compared to faces with averted gaze or closed eyes. A slower 

reaction to targets after direct gaze presentation is explained by an increase in 

attentional dwell time for facial stimuli that convey biologically important 

information (Fox & McDaniel, 1982). As the authors explain, participants were more 

engaged with faces engaging in direct gaze compared to other stimuli, resulting in a 

time cost to disengage attention and redirect their attention towards a peripheral 

target. Individuals with ASD, however, show no differences in attentional dwell time 

when confronted with faces compared to non-social objects (Kikuchi, Senju, Akechi, 

Tojo, Osanai, & Hasegawa, 2013). 

 

However, other studies report that children with ASD show similar social 

orienting abilities to TD children when observing a scene (Fletcher-Watson et al., 

2008), and show no attentional disengagement or social orienting impairments 

compared to TD children (Fischer, Koldewyn, Jiang, & Kanwisher, 2014). Moreover, 

other authors report that children who are later diagnosed with autism spend more 

time looking at faces than TD children (Elsabbagh, Gliga, Pickles, Hudry, Charman & 

Johnson, 2013). Thus, it remains unclear the extent to which social orienting and 

social attentional disengagement is impaired in ASD, and whether social orienting 

impairments have a role in the development of the characteristics of ASD.  
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Research suggests that our attention is captured easily by social information in 

the environment as social signals are inherently rewarding. Recently, the reward value 

of social stimuli has been measured using effort tasks (Dubey, Ropar, & Hamilton, 

2015; Williams & Cross, 2018). In these experiments, TD individuals exert more 

effort to view videos of smiling faces with direct gaze compared to non-social objects 

(Dubey et al., 2015), and videos of humans moving biologically compared to non-

biologically, highlighting their rewarding value to this population (Williams et al., 

2018). However, preference for social stimuli is reduced among participants reporting 

more autistic traits (Williams & Cross, 2018) or with a clinical ASD diagnosis 

(Dubey et al., 2015). 

 

While explicit preference tasks, like those used by Dubey and colleagues 

(2015) and Williams and Cross (2018), provide a useful point of departure for 

examining social reward, another promising approach that enables us to tap into 

implicit and automatic reward processing involves measuring pupil dilation when 

participants view a particular stimulus. Task-evoked pupillary reactions are related to 

variations in arousal level, processing load, and attention (Beatty, 1982; Sepeta 

Tsuchiya, Davies, Sigman, Bookheimer & Dapretto, 2012). In a recent eye-tracking 

study, Sepeta and colleagues (2012) measured pupillary reactions as a measure of 

autonomic response among children with and without ASD when viewing images of 

faces displaying different emotions with either direct or averted gaze. The results 

demonstrated greater pupil size increases among TD children when viewing images of 

happy faces with direct gaze compared to averted gaze. However, this sensitivity to 

gaze direction was not found among children with ASD. Thus, increased pupil 
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diameter among TD children when viewing happy faces with direct gaze may reflect 

the intrinsic reward value of a smiling face looking directly at the observer, while the 

absence of this effect among children with ASD suggests reduced sensitivity to the 

reward value of social stimuli. 

 

The rewarding value of faces to TD participants is well established (Dubey et 

al., 2015), and attentional engagement with faces has also been examined using 

attentional disengagement tasks (Senju et al., 2005). However, it remains unclear 

whether other social cues, such as biological motion and human bodies, also engage 

attention more than non-social form and motion cues, and the extent to which 

socially-relevant body form and motion cues induce autonomic responses in 

participants (such as increases in pupil size), due to their rewarding value. In the 

present study, we used a 2x2 factorial design to examine whether attention is engaged 

more by biological compared to non-biological motion, and by a human figure 

compared to a non-human figure, via two eye-tracking experiments. We measured the 

time participants took to disengage their attention from different centrally presented 

stimuli and attend to peripheral targets. We hypothesised that due to the social 

importance of biological motion, participants would show increased attentional dwell 

time for this type of motion performed by a human figure, compared to a human 

figure performing non-biological motion, or compared to a non-human control figure 

performing both types of motion. Although our main interest is to investigate 

participants’ engagement with biological compared to non-biological motion, the 

design of our experiment enables us to investigate whether it is the social nature of 

form or motion cues (or both) that individuals find engaging. Based on recent 

evidence documenting that individuals reporting more autistic traits assign a reduced 
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reward value to social stimuli, such as faces (Dubey et al. 2015) and biological 

motion in particular (Williams & Cross, 2018), we also tested the extent to which 

autistic traits influence attentional disengagement from biological motion. We 

predicted that individuals reporting more autistic traits would show less pronounced 

differences in attentional dwell time for videos of biological compared to non-

biological motion, whereas those reporting fewer autistic traits would be slower to 

disengage from biological than non-biological motion. 

 

As a further implicit measure of social reward, we also evaluated whether 

differences in pupil size emerge while participants view the different videos. Due to 

pupil size showing robust changes to stimuli that are found to be arousing (Sepeta et 

al., 2012; Hess, Seltzer, & Shlien, 1965; Bijleveld, Custers, & Aarts, 2009; Bradley, 

Miccoli, Escrig, & Lang, 2008; O’Doherty, Buchanan, Seymour, & Dolan, 2006), we 

hypothesised that participants would show a greater pupillary response when viewing 

videos of human figures performing biological motion compared to the other videos. 

Here again, we were interested in examining the relationship between autistic traits 

and pupil size when viewing different videos.  
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Experiment 1 

	  
Previous studies of attentional disengagement have primarily measured 

attentional dwell time via button responses to peripheral targets. However, measuring 

attentional disengagement by saccades with eye tracking technology is thought to be 

more sensitive to subtle differences in response times (Belopolsky, Devue, & 

Theeuwes, 2011). Belopolsky and Theeuwes (2009) suggest this is due to the close 

relationship between covert attention and saccades; thus, oculomotor disengagement 

can provide a more direct and sensitive measure of attentional disengagement. In light 

of this, in Experiment 1, participants completed an attentional disengagement task 

where they were required to watch a video stimulus until a target appeared in their 

peripheral vision, at which time they were asked to make a saccade away from the 

presented stimulus, and towards the peripheral target. 

 

 

Materials and Method 

Participants 

 A total of 51 participants were recruited from the local community or from 

Bangor University’s student participant panel. Data from one participant were 

excluded due to a technical issue that resulted in losing data from a quarter of the 

trials, and one further participant was excluded due to having an Autism Quotient 

score more than 2 standard deviations away from the mean, leaving a final sample for 

data analysis of 49 participants (35 females; Mage = 23.80, SDage = 4.79). Participants 

were reimbursed £7 per hour or were given course credits for their time. The sample 

size was determined prior to data collection using the G*Power calculator (Faul, 
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Erdfelder, Lang, & Buchner, 2007; Faul, Erdfelder, Buchner, & Lang, 2009), which 

enabled us to detect medium to large effect sizes with 80% power – however, this 

sample was determined for analyses using repeated-measures ANOVA rather than 

mixed-effects modelling, due to the complexity of conducting power analyses for 

experiments employing mixed-effects models (Kain, Bolker & McCoy, 2015). All 

participants had normal or corrected-to-normal vision, provided written informed 

consent, and Bangor University’s School of Psychology Research Ethics Committee 

granted ethical approval (Ethics Approval Code: 2015-15400).  

 

Stimuli  

Four kinds of video stimuli developed for a previous study (Williams & Cross, 

2018) were used. The first and second category of videos featured a human actor 

performing Natural Human Motion (movements such as moving arms and legs from 

side to side smoothly) and Machine-Like Motion (movements such as moving arms 

and legs from side to side rigidly). These two stimulus categories are henceforth 

referred to as ‘Human Figure Natural Motion’ and ‘Human Figure Machine-Like 

Motion’ respectively. Human Figure Natural Motion videos were created as a proxy 

for biological motion, and Human Figure Machine-Like Motion videos were created 

as a proxy for non-biological motion. From these video recordings, a set of CGI 

videos featuring a non-human control figure “performing” both Natural Motion and 

Machine-Like Motion were developed; these are referred to as Control Figure Natural 

Motion and Control Figure Machine-Like Motion (Figure 4.1). For a detailed 

description of how the stimulus sets were created see Williams and Cross (2018).   
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Importantly, a static target was placed onto the torso of both human and 

control figures, and the torso region was locked into placed to be stationary; this 

provided participants with a stable point in the video to fixate upon. This 

manipulation allowed for more controlled pupil measurements as pupil size can 

change with gaze position and eye movements (Brisson, Mainville, Mailloux, 

Beaulieu, Serres, & Sirois, 2013). The videos fell into a 2x2 factorial design, with 

Figure (human or control figure) and Motion (natural or machine-like) as factors.   

 

Apparatus  

 Saccadic eye-movements and pupil size were recorded from the right eye only 

of participants, using an EyeLink 1000 desk mounted eye-tracker (SR Research Ltd., 

Mississauga, ON, Canada), which sampled at 1000 Hz. Pupil diameter was measured 

in arbitrary units as recorded by the eye-tracker. Participants were sat in a comfortable 

Human Figure 
Natural Motion 

Human Figure 
Machine Motion 

Control Figure 
Machine Motion 

Control Figure 
Natural Motion 

Figure 4.1. Video stills from the four stimulus categories. 
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chair with their heads supported by a pillow to reduce head movements, in a dimly lit 

room with no windows. Videos were presented in the center of a screen at a viewing 

distance of 100 cm. Target dots were displayed either to the left or to the right of the 

main video. All stimuli were presented on a 27-inch monitor with a resolution of 1080 

x 1920 (60 Hz refresh rate). The experiment was presented using Experiment Builder 

(version 1.10.1630; SR Research Ltd, 2004). 

 

Procedure 

 After reading through an experiment information sheet, being given a chance 

to ask questions, and providing written informed consent, participants were then 

introduced to the eye-tracker set-up, and the task was explained. 

 

The experiment began with a 9-point calibration and a separate validation of 

the eye-tracker. Recalibrations happened after each experimental block, and when 

needed (i.e. after a participant moved their head too much, or needed a break mid-

block). Participants completed 1 practice block of 12 trials, followed by 4 

experimental blocks of 60 trials. In total, there were 80 trials including Human Figure 

Natural Motion videos, 80 Human Figure Machine-Like Motion videos, 40 Control 

Figure Natural Motion, and 40 Control Figure Machine-Like Motion videos. 

Participants were given the opportunity to take a break between each block.  

 

Each trial began with a central fixation cross to perform a drift correction, 

followed by a video stimulus. Participants were required to maintain fixation on the 

circular target on the torso of the figure in the video. A target dot appeared in a non-

predictive fashion to the left or to the right of the stimulus, either 2500 ms or 3000 ms 
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after video onset (Figure 4.2.). These 2 stimulus onset asynchronies (SOA) were 

chosen in order to give the participant enough time to perceive the different types of 

movements in the videos. Further, pupillary reactions are slow; therefore it was 

necessary to play the video for enough time to accurately measure pupil data. The 

target and the video remained on the screen until a saccade was made, or until 2000 

ms had passed. Participants were instructed to move their eyes away from the target 

on the torso and towards the peripheral target as quickly as possible once it appeared. 

If a saccade was made prematurely (before the onset of the target), or if the 

participant blinked before the onset of the target, the message ‘You moved your eyes 

too soon!’ appeared on the screen, and the trial was recycled later in the block. If 

participants failed to make a saccade within 2000 ms of target onset, the trial was 

recycled and appeared later in the block.  

 

The latency (saccadic reaction time) was defined as the time between target 

onset and the saccade start time, with the saccade start time being defined as when the 

eyes moved away from the interest area around the fixation circle, towards the target. 

At the end of a trial, a blank screen appeared for 2000 ms to allow the pupil size to 

return to baseline, and to give participants a short break.  

 

 At the end of the experiment, participants completed a demographic and 

health questionnaire, which assessed their age and gender, the Autism Quotient 

questionnaire (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001) (M = 

15.84, SD = 6.85) to measure autistic traits, and the Oldfield handedness inventory 

(Oldfield, 1971) (M = 69.94, SD = 48.19). 
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Latency Data Analysis 

	  
Due to the way in which the experimental procedure was set up (i.e. trials 

being recycled when participants moved their eyes too soon, blinked, or did not 

respond within 2000 ms), trials were not discarded due to participant errors. However, 

saccadic latencies less than 80 ms were discarded from the analyses, as they were 

unlikely to be under voluntary control; this led to a total of 3.76% of the saccade trials 

being removed. 

 

Our primary aim was to investigate the effects of Motion, Figure, Autistic 

Traits, and their interactions, on participants’ attention. Thus, the remaining data were 

+"

Time 

2500 or  
3000 ms 

Until saccade or 
button press 

2000 ms 

Figure 4.2. Example of a trial presenting a video of a human figure performing natural 
motion. Participants were asked to make a saccade from the centrally presented stimulus 
toward the target dot as quickly as possible in Experiment 1, and were asked to press a 
button in Experiment 2. Pupil size was measured from the onset of the video until the 
onset of the target dot.  
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analysed using linear mixed-effects models with the lme4 package (version 1.1-13; 

Bates, Maechler, Bolker, & Walker, 2015) in R (Version 3.3.3, R Core Team, 2016). 

We fitted our data to maximal models including both random intercepts and slopes 

insofar as possible with respect to model convergence (Barr, Levy, Scheepers, & Tily, 

2013). The final, best-fitting model, predicted the time taken for participants to 

disengage their attention from the video and attend to the target in the periphery by 

modelling the interaction between Autistic Traits, Figure (a factor with 2 levels: 

Human or Control Figure) and Motion (a factor with 2 levels: Natural Motion or 

Machine-Like Motion), and including SOA (a factor with 2 levels: 2500 ms or 3000 

ms) and Target Position (a factor with 2 levels: Left or Right) as covariates. All 

predictors were mean-centred, and the log of saccadic RT was used as the outcome 

variable. A random by-participant intercept, and random slopes for Figure, Motion, 

and Target Position (Barr et al., 2013) were included. The R formula for our model 

was:  

 

Log(Latency) ~ Autistic Traits * Motion * Figure + SOA + Target Position + 

(1 + Motion + Figure + Target Position | Participant) 

 

  After running this model, the ‘romr.fnc’ function within the R package 

‘LMERConvenienceFunctions’ (Tremblay & Ransijn, 2015) was used to exclude 

outliers from the model with standardized residuals greater than 2.5 standard 

deviations from 0. This removed an additional 3.08% of data from the analyses. Both 

models were compared using the ‘relLik’ function in R, which calculates the relative 

log-likelihood between two models, revealing that the model excluding outliers was a 
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better fit. Plotting and inspecting the residuals for this model detected no violations of 

linearity, homoscedasticity, or normality. 

 

Both t and p-values are reported in Table 4.1 due to concerns relating to p-

values estimated from linear mixed-effects models (Bates, 2006). We used t > 2 as a 

threshold for significance in all analyses in this paper, which is comparable to p  < 

0.05 (Baayen, Davidson, & Bates, 2008). The p-values reported are Satterthwaite 

approximated using lmerTest (Kuznetsova, Brockhoff, & Christensen, 2015).  

 

Pupillometry Data Analysis  

	  
Pupil data were cleaned prior to data analysis. Missing pupil data (e.g. data 

missing from blinks, etc.) were linearly interpolated, and data were baseline corrected. 

To perform baseline correction, the median pupil size during the first 10ms of each 

trial for each participant was subtracted from the remaining data in that trial (Mathôt, 

Fabius, Heusden, & Stigchel, 2017).   

 

The epoch of interest was from the onset of the video to 2500 ms (which is 

before the onset of the peripheral target). This led to 2500 data points per trial per 

participant. For each stimulus category, we aggregated the pupil data across time over 

all trials for each participant. This led to a data set consisting of 2500 data points per 

condition per participant.  

 

Data from 0 – 220 ms were not used for analysis as the effects of the 

experimental manipulation on pupil size should develop at the earliest from 220 ms, 
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due to the latency of the pupillary response (Ellis, 1981; Mathôt, van der Linden, 

Grainger, & Vitu, 2015). The remaining data (220 – 2500 ms) were analysed with 

mixed-effects models via the lme4 package in R. Following Mâthot, Grainger, and 

Strijkers (2017), for each 10 ms time window, we conducted a linear mixed-effects 

model. In this model we predicted pupil size by modeling the interaction between the 

fixed effects Autistic Traits, Motion, and Figure. All predictors were mean-centered. 

A random by-participant intercept was included, and also random slopes for the 

interaction between Motion and Figure. To determine the significance of the fixed 

effects, we set a threshold of at least 200 contiguous milliseconds where t > 2. The R 

formula for our models was:  

 

Pupil Size ~ Autistic Traits * Motion * Figure + 

(1 + Motion*Figure | Participant) 

 
  



	   93 

Results 
	  

Latency Results 

	  
Results from the linear mixed-effects model (Figure 4.3 and Table 4.1) 

demonstrated that the time taken for participants to disengage from a stimulus and 

attend to a target was significantly influenced by the category of the stimulus 

presented to them. This was revealed by a significant main effect of Motion, showing 

that participants were slower to disengage their attention from videos of natural 

motion compared to machine-like motion. Further, participants were faster to 

disengage from the video stimulus at the 3000 ms SOA compared to the 2500 ms 

SOA. No other significant effects or interactions were found.  

 

	  

Figure 4.3. Illustrates the mean time (in milliseconds) taken for participants to disengage their 
attention from each stimulus category in Experiment 1 and 2. Reaction times are collapsed 
across SOA, Target Position, and Autistic Traits. The points represent individual participants.   
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Pupil Results 

	  
The results are illustrated in Figure 4.4, in which pupil size is plotted over 

time for each of the four stimulus categories. Using the significance threshold 

outlined above, there was a significant effect of Figure from 220 – 480 ms, where 

participants showed a reliable increase in pupil size for videos of human figures 

compared to control figures. Further, from 750 – 2200 ms there was a significant 

effect of Motion, indicating that participants showed greater pupil dilation for videos 

of natural human motion compared to machine-like motion. Additionally, there was 

an interaction between Motion and Figure from 990 – 1570 ms, demonstrating that 

the difference in pupil size was larger between the two control figures, than the 

human figures. No other main effects or interactions were significant. Overall, this 

suggests that videos of natural human motion led to greater pupil dilation in 

participants, suggesting that participants are finding this kind of motion more 

arousing than machine-like motion. 
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Summary 

	  
Experiment 1 demonstrated that participants were more engaged with 

biological motion than non-biological motion in an attentional disengagement task. 

Participants also showed an increase in pupil size early on (220 – 480 ms) when 

viewing videos of human compared to control figures, and later on in the video (750 – 

2220 ms) when viewing biological compared to non-biological motion. We also 

found a significant interaction between Motion and Figure, where participants 

demonstrated a greater difference in pupil size between the two control figures than 

the human figures. However, we did not find the hypothesised reduced attentional 

engagement with biological motion, nor a reduction in pupil size when viewing 

biological motion, in individuals reporting more autistic traits.  
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Figure 4.4. Illustrates the change in pupil size across time, separately for the four stimulus 
categories in Experiment 1. The shaded area represents ±1 SE, and the vertical dashed line 
indicates that the data from 220ms were included in the mixed-effects model. The horizontal 
lines indicate significant main-effects or interactions. 
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Table 4.1. Results from the mixed-effects models investigating factors contributing to 
attentional disengagement in Experiments 1 and 2. 
	  

Experiment 1 B SE t p-value 

     Fixed Parts 
    Autistic Traits 0.004 0.016 0.256 0.799 

Figure 0.000 0.002 0.096 0.924 
Motion 0.008 0.002 3.541 0.001 
SOA -0.028 0.002 -11.935 < 0.001 
Target Position -0.003 0.002 -1.793 0.073 
Autistic Traits * Figure 0.002 0.002 1.092 0.278 
Autistic Traits * Motion 0.002 0.002 1.043 0.302 
Figure * Motion 0.004 0.002 1.893 0.058 
Autistic Traits * Figure * Motion 0.000 0.002 0.147 0.883 

     Random Parts 
    NParticipants 49 

   
     Experiment 2 B SE t p-value 

     Fixed Parts 
    Autistic Traits 0.037 0.019 1.932 0.059 

Figure -0.002 0.002 -1.025 0.310 
Motion 0.011 0.002 5.544 < 0.001 
SOA -0.030 0.002 -15.787 < 0.001 
Target Position 0.000 0.002 0.243 0.808 
Autistic Traits * Figure 0.000 0.002 0.046 0.964 
Autistic Traits * Motion 0.002 0.002 0.964 0.340 
Figure * Motion 0.003 0.002 1.980 0.049 
Autistic Traits * Figure * Motion -0.002 0.002 -0.968 0.334 

     Random Parts 
    NParticipants 50 

             
Bold font indicates p-values less than 0.05 
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Experiment 2 

	  
In Experiment 1, the latency results showed that participants were slower to 

disengage attention from videos of natural compared to machine-like motion, while 

the pupillometry data also showed that pupil dilation was greater for videos of natural 

compared to machine-like motion. In a follow-up experiment, we aimed to replicate 

the basic findings of the first experiment with a new group of participants, this time 

using a behavioural measure of attentional disengagement. We hypothesised that 

participants would show a similar pattern of attentional disengagement behaviourally 

(via a button press) as was found in Experiment 1 via saccades, and that participants 

would show an increase in pupil dilation when viewing videos of natural compared to 

machine-like motion. 

 

Materials and Method 

	  

Preregistration 

	  
 Experiment 2 was preregistered on 4th September 2017, before any data were 

collected (https://aspredicted.org/kb9p8.pdf).  

 

Participants 

	  
 Fifty participants (25 females; Mage = 20.34, SDage = 2.57) were recruited from 

the local community or from Bangor University’s student participant panel, and were 

paid £7 per hour or were given course credits for their time. As we designed 

Experiment 2 to replicate and extend Experiment 1, we chose the same sample size of 
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50 participants. All participants had normal or corrected-to-normal vision, provided 

written informed consent, and Bangor University’s School of Psychology Research 

Ethics Committee granted ethical approval (2015-15400-A13785). 

Stimuli  

	  
The same four kinds of stimuli as described in Experiment 1 were used in 

Experiment 2.  

 

Apparatus  

	  
 Pupil size was recorded from each participant’s right eye, using the same 

EyeLink 1000 desk mounted eye-tracker (SR Research Ltd., Mississauga, ON, 

Canada) as in Experiment 1. The experiment was conducted in a dimly lit small room 

with no windows. Videos were presented in the center of a screen, 100cm away from 

a chin-rest. Target dots appeared either to the left or to the right of the video stimulus, 

displayed on a 27-inch monitor (resolution: 1080 x 1920; refresh rate: 60 Hz) using 

Experiment Builder (version 1.10.1630; SR Research Ltd, 2004). 

 

Procedure 

	  
 The task procedure was similar to Experiment 1. Each trial began with a 

central fixation cross that performed a drift correction; this was followed by a video 

stimulus. Participants were asked to maintain fixation on the circular target on the 

torso of the figure in the video stimulus until a target appeared to its left or to its right 

either 2500 ms or 3000 ms after video onset. The target and the video remained on the 

screen until a button press was made (instead of the eye-movement participants were 
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required to make in Experiment 1), or until 2000 ms had passed. Participants were 

instructed to fixate their eyes on the stationary circular target on the actor’s torso until 

a target appeared on the screen, and to press the space bar as quickly as possible once 

it appeared. If a button press was made prematurely (before the onset of the target), if 

the participant blinked, or if they moved their eyes before the onset of the target, the 

message ‘You moved your eyes or responded too soon!’ appeared on the screen, and 

the trial was recycled later in the block. Failure to make a response within 2000 ms of 

the target onset resulted in the trial being recycled later in the block. The response 

time was calculated by subtracting the time of target onset from the button press time.  

 

 At the end of the experiment, participants completed the same questionnaires 

as in Experiment 1, including a demographic and health questionnaire, the Autism 

Quotient questionnaire (M = 18.08, SD = 6.48), and the Oldfield handedness 

inventory (M = 72.22, SD = 50.57). 

	  

Reaction Time Data Analysis 

	  
The same reaction time data analysis procedure as outlined in Experiment 1 

for the latency data was followed in Experiment 2. Behavioural response times faster 

than 80 ms were discarded from the analyses, which led to 0.07% of the data being 

removed.  The data were modelled using linear mixed-effects models in R. As in 

Experiment 1, we aimed to predict the time taken for participants to disengage their 

attention from the video stimuli and attend to the peripheral target by modelling the 

interaction between Autistic Traits, Motion, and Figure, and by including Target 

Position and SOA as covariates. All predictors were mean-centred. Outliers were 

removed from the model using the ‘romr.fnc’ function in R, which removed an 
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additional 2.44% of data. No violations of linearity, homoscedasticity, or normality 

were detected. The final, best-fitting model was:  

 

Log(Latency) ~ Autistic Traits * Motion * Figure + SOA + Target Position +  

(1 + Motion*Figure + SOA| Participant) 

 

Pupillometry Data Analysis  

	  
 The same pupil data analysis procedure as in Experiment 1 was followed in 

Experiment 2.  

Results 
	  

Reaction Time Results 

	  
 The results from the mixed-effects model (Figure 4.3; Table 4.1) revealed that, 

similarly to the results from Experiment 1, participants took longer to disengage their 

attention away from natural motion compared to machine-like motion, as 

demonstrated by a main effect of Motion. Again, we found that participants were 

faster to disengage from the centrally presented stimulus at the 3000 ms SOA 

compared to the 2500 ms SOA. Further, a marginally significant (t = 1.98, p = 0.049) 

interaction between Figure and Motion emerged, suggesting that the difference in RT 

was larger between the two human figures than between the control figures. No other 

significant main effects or interactions were found.  

 

 



	   101 

Pupil Results 

	  
 As found in Experiment 1, the type of figure reliably predicted pupil size in 

Experiment 2 (Figure 4.5); participants showed a greater increase in pupil size when 

viewing videos of human figures compared to control figures from 220 – 510 ms. 

From 420 – 2500 ms, participants showed a greater increase in pupil size to videos of 

natural compared to machine-like motion. Further, as in Experiment 1, a significant 

interaction emerged between Motion and Figure from 1100 – 2500 ms. This 

interaction demonstrated that the difference in pupil size was larger between the two 

control figures than the human figures.  
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Figure 4.5. Illustrates the change in pupil size across time, separately for the four stimulus 
categories in Experiment 2. The shaded area represents ±1 SE, and the vertical dashed line 
indicates that the data from 220 ms were included in the mixed-effects model. The horizontal 
lines indicate significant main-effects or interactions.  
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Summary 

 

 As in Experiment 1, in Experiment 2 we demonstrated a significant main 

effect of Motion in the attentional disengagement task, showing that participants took 

longer to disengage their attention from videos of biological compared to non-

biological motion. We also found a marginally significant interaction between Motion 

and Figure, demonstrating that the difference in RT was larger between the human 

figures than the control figures. Further, we found similar pupillometry findings in 

Experiment 2 as in Experiment 1. Participants demonstrated a greater increase in 

pupil size for human figures than control figures from 220 – 510 ms, and for natural 

compared to machine-like motion from 420 ms. We also replicated the significant 

interaction between Motion and Figure, where a greater difference in pupil size was 

shown between the two control figures than the human figures; this is in contrast to 

the significant interaction found in the disengagement data, which showed a larger 

difference in saccadic RT between the human than the control figures. Again, as in 

Experiment 1, in Experiment 2 we did not find evidence to suggest that individuals 

reporting more autistic traits show reduced attentional engagement and arousal when 

viewing biological motion, compared to those reporting fewer autistic traits.  
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Discussion 

	  
The two studies presented in this chapter aimed to investigate whether videos 

of biological motion engage our attention, and increase arousal, more than other types 

of social stimuli, such as videos of non-biological motion performed by human and 

non-human figures. Previous literature has demonstrated the rewarding value of faces 

(Dubey et al., 2015) and biological motion (Williams & Cross, 2018) using effort 

tasks, and attentional engagement with faces has been examined using attentional 

disengagement tasks (Senju & Hasegawa, 2005). The findings from the present study 

complement and extend our knowledge of the types of stimuli we are motivated to 

engage with and the types of stimuli we find rewarding.  

 

Latency and Reaction Time Results 
	  
	  

Since preferential attention to, and successful detection of, the motion of other 

living beings is a critical mechanism for adaptive interactions across phylogeny 

(Bardi et al., 2011), and young infants preferentially orient their attention towards 

biological motion (Fox & McDaniel, 1982), we hypothesised that attention would be 

more engaged with biological compared to non-biological motion. As expected, 

peripherally presented targets were slower to be detected when the centrally presented 

video contained biological motion in Experiments 1 and 2, suggesting that attention 

was more engaged with this type of stimulus. This finding is in accordance with 

previous literature which has found that attention is reflexively captured by biological 

motion (Fox & McDaniel, 1982), and is engaged with social stimuli, such as images 

of faces with direct gaze (Senju & Hasegawa, 2005), and static displays of threatening 

body postures (Azarian, Esser, & Peterson, 2016). These results suggest that 
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biological motion not only captures attention quickly and reflexively (Fox & 

McDaniel, 1982), but also sustains our attention. To our knowledge, this is the first 

study to demonstrate how attention is engaged by biological motion compared to 

other types of social motion. 

 

Although participants appeared to be slower to detect peripheral targets when 

viewing videos of biological motion performed by human figures, attention was also 

engaged with videos of control figures moving biologically, demonstrated by a main 

effect of Motion in both experiments. This suggests that participants were engaged 

with the most social motion in the experiment, and not necessarily the most social 

figure. Previous research has demonstrated that our behaviour and our brain 

mechanisms are shaped to show a preference for information that is physically or 

cognitively similar to us, which facilitates successful navigation of the social world 

(Frith & Frith, 2010). The motion of animate beings is typically semi-rigid, being 

constrained by their skeletal structure; here, we demonstrate that our attention shows a 

preference for engaging with figures moving similarly to us rather than figures 

moving dissimilarly.  

 

We also hypothesised that individuals reporting more autistic traits would 

demonstrate a reduced engagement with biological motion, due to previous literature 

demonstrating a reduced preference for biological motion in these individuals 

(Williams & Cross, 2018) and evidence showing that individuals with ASD do not 

show a tendency to naturally orient their attention towards biological motion (Klin et 

al., 2009). Despite clear grounds for making these predictions, we found no evidence 

for a relationship between autistic traits and reduced engagement with biological 
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motion. The range of AQ scores held by our two samples of participants in 

Experiments 1 (range: 3 – 28, median = 15) and 2 (range: 8 – 33, median = 17.5) was 

limited, as most of our participants scored towards the lower end of the distribution. A 

recent study (Williams & Cross, 2018) found that individuals reporting more autistic 

traits assigned a reduced reward value to biological motion, compared to those 

reporting fewer autistic traits. However, participants in this study reported a greater 

range of autistic traits (range: 1 – 49, median = 18) compared to the studies presented 

here. As we only measured autistic traits in the typical population and we did not test 

a sample of participants with an ASD diagnosis, it is possible that differences in 

attentional engagement with social stimuli may emerge at the more extreme ends of 

the AQ distribution. However, other studies have also failed to find a relationship 

between social attention and autistic traits (Freeth, Foulsham, & Kingstone, 2013), 

and other studies have shown similar social orienting abilities between typically 

developing children and children with ASD (Fletcher-Watson et al., 2008; Fischer et 

al., 2014). Thus, it remains unclear the extent to which reporting a high number of 

autistic traits, or indeed having an ASD diagnosis, affects attentional engagement with 

biological motion. We urge future studies to recruit both typical and ASD participants 

to further explore whether attention is engaged with biological motion differently 

among typical and ASD populations. 

Pupillometry Results 

	  
In addition to measures of overt attention, we were also interested in 

investigating whether viewing videos of biological motion would induce changes in 

autonomic arousal (as indexed by changes in pupil size), as a measure of reward. 

Numerous studies have suggested that pupillary responses reflect reward processing 
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(Kampe, Frith, Dolan, & Frith, 2001; Steinhauer & Hakerem, 1992; O’Doherty et al., 

2006). For example, in a reward learning study, O’Doherty and colleagues (2006) 

demonstrated that rewarding stimuli (i.e. stimuli that were rated as the most preferred) 

were associated with increases in pupil dilation, as well as increased engagement of 

the ventral striatum, which is involved in reward processing. 

 

As hypothesised, in both experiments, a main effect of Motion revealed that 

pupil size increased when participants viewed biological compared to non-biological 

motion. In a recent study, Sepeta and colleagues (2012) demonstrated that participants 

showed an increase in pupil size when viewing images of happy faces with direct 

compared to averted gaze. The findings from the present study add to our current 

knowledge of the types of social stimuli that can induce autonomic changes in 

participants; we demonstrate that it is not only social stimuli that signal imminent 

social engagement, such as faces with direct gaze, that we find rewarding. Social 

stimuli, such as social and non-social figures moving biologically are able to induce 

autonomic changes in participants. As such, these findings contribute significant and 

novel insights to our understanding of social motivation in the typical population and 

the types of stimuli we find rewarding.  

 

Additionally, we found a main effect of Figure from 220 ms to approximately 

510 ms in both experiments, such that participants demonstrated a greater increase in 

pupil size to videos containing human, compared to control, figures. Data collected 

between 0 – 220 ms were not included in our analyses, due to the pupillary response 

being slow and pupillary changes during this time most likely reflecting the pupillary 

light response (Ellis, 1981). Moreover, it is well documented that visual and cognitive 
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changes produce much slower responses (Gamlin, Zhang, Harlow, & Barbur, 1998). 

However, 220 ms is the lower bound of the pupillary light response, and pupils can 

adapt to light up to around 500 ms (Ellis, 1981), so it is possible that the main effect 

of Figure is driven by slight differences in luminance between the two figure types, 

and not by changes in arousal level.  

 

Furthermore, in both experiments, we demonstrated a significant interaction 

between Motion and Figure. A greater change in pupil size was seen for biological 

compared to non-biological motion in Experiment 1. However, later in the pupil time 

course (from approximately 1000 – 1500 ms), this difference in pupil size appears 

greater between the two control figures than the two human figures. We also find a 

similar pattern of findings in Experiment 2, where participants show a clear increase 

in pupil size for biological compared to non-biological motion early in the time course 

(Figure 4.5), and this difference becomes greatest between the control figures than the 

human figures later in the time course (1100 ms onwards). It remains unclear what, 

precisely, is driving this unexpected interaction. These findings are also in contrast to 

our latency and RT data, which demonstrate that the difference in RT between the two 

types of motion is greater between the two human figures than the two control figures. 

However, we suggest that this finding may be partly due to the novelty of the control 

figure moving biologically. Our attention is reflexively captured by living beings that 

move similarly to us (Simion, Regolin, & Bulf, 2008), thus, an unexpected figure 

moving like us could be particularly arousing. Alternatively, as increases in pupil 

diameter have been linked to attentional load (Kahneman, 1973), the incongruency 

between the Figure and Motion type for the control figure moving biologically could 

be leading to greater demands on attention, consequently leading to a greater increase 



	   108 

in pupil size. Future studies are needed to determine whether non-human figures 

moving biologically are more arousing, or whether it is the novelty or the 

incongruency of the stimuli that is producing changes in pupillary responses.  

 

It is important to note, however, that pupil size can change in response to a 

number of factors, including in response to changes in attention, processing load, 

thoughts, and emotions (Beatty, 1982; Goldwater, 1972; Sepeta, Tsuchiya, Davies, 

Sigman, Bookheimer, & Dapretto, 2012; Kahneman & Beatty, 1966; Hess & Polt, 

1964; Unsworth & Robinson, 2016). Therefore, we cannot be entirely certain that the 

differences in pupil responses observed in these experiments are due exclusively to 

changes in arousal level.  

 

Taken together, the results from this study extend and complement previous 

literature within the field of social motivation. To our knowledge, this is the first 

study to demonstrate that dynamic displays of neutral human body motion engage 

participants’ attention more than non-biological motion, and are also associated with 

changes in autonomic arousal, suggesting that biological motion is a rewarding 

stimulus. Further studies employing different techniques simultaneously (e.g. EMG, 

fMRI, eye-tracking, pupillometry), as well as recruiting both typical and ASD 

participants, will help to further elucidate the social reward value of biological motion 

among individuals across the spectrum of social abilities.  
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Chapter 5 – Examining the value of body motion in social 

reward contexts 

 

The previous empirical chapters have demonstrated that participants are more 

motivated to engage with biological motion than robotic motion. This final empirical 

chapter adds to our current knowledge of the rewarding value of biological motion by 

investigating how feedback presented via biological motion affects engagement of the 

reward circuitry in the brain. To achieve this, participants completed a social 

incentive delay task while undergoing functional magnetic resonance imaging (MRI).  

 

Elin H. Williams1, Laura Bilbao-Broch2, Paul E. Downing1, & Emily Cross1, 3 
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Abstract 

	  
Social motivation is defined as an individual’s propensity to obtain social rewards and 

avoid social punishment. Several brain regions associated with reward processing, 

including the nucleus accumbens (NAcc), have been implicated in the anticipation of 

social rewards and avoidance of social punishment. To date, studies investigating the 

neural underpinnings of social motivation have presented feedback via static or 

dynamic displays of faces to participants. However, previous research also 

demonstrates that participants find another type of social stimulus, namely, biological 

motion, rewarding as well, and are willing to exert effort to engage with this type of 

stimulus. Here, we aimed to determine whether feedback presented via human body 

motion in the absence of any facial cues acts as a reinforcing stimulus by also 

recruiting reward-related brain regions. To achieve this, we investigated the neural 

underpinnings of the anticipation of social reward and the avoidance of social 

punishment presented via body gestures alone, using a social incentive delay (SID) 

task. As predicted, the anticipation of social reward and avoidance of social 

punishment engaged reward-related brain regions, including the NAcc, in a manner 

similar to previous studies’ reports of feedback presented via faces and money. This 

study provides the first evidence that another type of highly relevant social stimulus 

engages reward-related regions in a similar manner to other social (i.e. faces) and 

non-social (i.e. money) stimuli. The findings contribute an important piece to our 

understanding of social motivation in human perception and behaviour.  

Keywords: Biological motion, human motion, reward value, social motivation, 

nucleus accumbens, social punishment, reward anticipation 
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Introduction 

 
 In recent years, the Social Motivation theory (Chevallier, Kohls, Troiani, 

Brodkin, & Schultz, 2012) has gained increasing interest and recognition as a means 

of explaining human motivation to engage in social interactions and communication. 

This theory suggests that we are predisposed to behave in ways that ensure we 

develop and maintain social relationships (social maintaining), we preferentially 

orient our attention to the social world (social orienting), and we seek and like these 

social interactions as we find them inherently rewarding (social seeking and liking). 

Social motivation can also be described as an individual’s inclination to obtain social 

rewards (Chevallier et al., 2012) and to avoid social punishment (Buss, 1983).  

 

 Previous research has shown that participants value social stimuli such as 

smiling faces with direct gaze (Dubey, Ropar, & Hamilton, 2015) and human bodies 

moving biologically (Williams & Cross, 2018) more than less social stimuli such as 

smiling faces with averted gaze, or human bodies moving in a rigid, artificial manner. 

This is demonstrated by participants’ willingness to exert more effort to view these 

types of stimuli (Dubey et al., 2015; Williams & Cross, 2018; Hayden, Parikh, 

Deaner, & Platt, 2007). Social stimuli are suggested to be rewarding as they provide 

an abundance of valuable information to the perceiver, such as an interaction partner’s 

age, gender, emotion, and intentions. Such information allows the perceiver to decide 

whether to engage in, or to avoid, social interaction with another individual.   

 

Although the value of social stimuli, such as faces and biological motion, has 

been investigated behaviourally, recent studies have aimed to assess the neural 

mechanisms underlying social reward in order to gain a greater understanding of 
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reward processing in the typical population, as well as in individuals with ASD 

(Kohls, Perino, Taylor, Madva, Cayless, Troiani, et al., 2013; Kohls, Peltzer, Schulte-

Rüther, Kamp-Becker, Remschmidt, Herpertz-Dahlmann, et al., 2011; 

Spreckelmeyer, Krach, Kohls, Rademacher, Irmak, Konrad, et al., 2009; Rademacher, 

Krach, Kohls, Irmak, Gründer, & Spreckelmeyer, 2010). These studies report that 

positive social feedback provided via faces activates the same reward-related brain 

regions, such as the ventral (nucleus accumbens (NAcc)) and dorsal (caudate nucleus 

and putamen) striatum, the amygdala, and the orbitofrontal cortex (OFC), as non-

social incentives, such as money (Spreckelmeyer et al., 2009). Similar brain regions 

are also activated in anticipation of food (O’Doherty, Deichmann, Critchley, & Dolan, 

2002), drugs (Childress, Mozley, McElgin, Fitzgerald, Reivich, & O’Brien, 1999), 

and sex (Childress, Ehrman, Wang, Sciortino, Hakun, Jens, et al., 2008). Furthermore, 

research has shown that the processing of incentives, such as receiving reward or 

avoiding punishment, can be divided into two temporally distinct phases. These two 

phases have different, but related, neural bases (Reynolds & Berridge, 2002), and 

provide support for neuroanatomical distinctions between appetitive and 

consummatory reward processes (Breiter, Aharon, Kahneman, Dale, & Shizgal, 

2001). The anticipation of a reward, known as the appetitive or ‘wanting’ phase, 

triggers approach behaviour (Young, 1959), and is associated with activation of brain 

regions such as the striatum (Knutson, Adams, Fong, & Hommer, 2001). The receipt 

of a reward, also known as the consummatory or ‘liking’ phase, is associated with 

engagement of brain regions such as the OFC (Kohls et al., 2013). The OFC 

transforms reward information into a hedonic value that guides future goal-directed 

behaviour (Klein, Shepherd, & Platt, 2009).  
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An experimental paradigm developed by Knutson, Westdorp, Kaiser, and 

Hommer (2000) known as the Monetary Incentive Delay (MID) task enables the 

assessment of the neural mechanisms underlying reward processing, while also 

allowing researchers to dissociate reward anticipation (‘wanting’) from reward 

consumption (‘liking’), using functional magnetic resonance imaging (fMRI). The 

MID task has recently been modified to assess responses to social incentives via the 

Social Incentive Delay task (SID; Kohls et al., 2011, 2013; Rademacher et al., 2010; 

Spreckelmeyer et al., 2009).  Research comparing neural responses for the cued 

anticipation of social rewards (i.e. faces) compared to monetary rewards in typically 

developing participants using incentive delay tasks reports that anticipation of both 

social and monetary rewards activates the dopaminergic mesocorticolimbic reward 

circuitry, including the ventral striatum (Spreckelmeyer et al., 2009; Dichter, Richey, 

Rittenberg, Sabatino, & Bodfish, 2012; Gasic, Smoller, Perlis, Sun, Lee, Kim, et al., 

2009). In both MID and SID tasks, NAcc activity increases with expected reward 

value and subjective preference (Knutson et al., 2001; Spreckelmeyer et al., 2009). 

Therefore, although NAcc activation serves as a general mediator of reward 

prediction regardless of modality, response amplitude is mediated by the saliency of 

the reward.  

 

Recently, studies have begun to investigate in more depth the neural 

mechanisms underpinning the companion behaviour to reward seeking: namely, the 

motivation to avoid punishment. Studies have investigated avoidance of punishment 

in the form of monetary loss (Carter, MacInnes, Huettel, & Adcock, 2009; Delgado, 

Jou, LeDoux, & Phelps, 2009) and social disapproval (Kohls et al., 2013). As with 

monetary gains and social approval, avoidance of monetary loss and social 
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disapproval is also associated with activation of the NAcc. The NAcc is, therefore, 

suggested to be involved in goal directed behaviour, motivating the participant to 

obtain rewards and avoid punishment, whether social or non-social in nature. 

Complementary data from single-unit animal studies also shows that firing of 

dopaminergic Ventral Tegmental Area (VTA) neurons (which project to the NAcc, 

caudate, putamen, and amygdala) play an important role in reward anticipation as 

well as punishment avoidance (Mirenowicz & Schultz, 1996; Ravard, Carnoy, Herve, 

Tassin, Theibot, & Soubrie, 1990; Matsumoto & Hikosaka, 2009; Reynolds & 

Berridge, 2002).  

 

 While we are beginning to gain a fuller appreciation of the value of social 

stimuli to human behaviour, one shortcoming of previous studies that have 

investigated the neural mechanisms underlying the anticipation of social reward is 

their reliance on static images of faces to serve as social rewards (Risko, Laidlaw, 

Freeth, Foulsham, & Kingstone, 2012). In the real world, most of our social 

interactions involve perceiving and interacting with other people moving around us in 

a dynamic and constantly shifting social landscape. In a recent study, Kohls et al., 

(2013) took a step towards establishing the importance of dynamic social cues by 

developing a novel set of dynamic stimuli featuring non-verbal feedback provided via 

faces and body gestures. These face and body gestures were then used to convey 

social approval (reward) or social disapproval (punishment) in the SID task. Using 

these dynamic stimuli, Kohls and colleagues found engagement of the NAcc, 

comparably to previous studies using static images, when participants anticipated 

social approval or were trying to avoid social disapproval. These findings extend prior 

findings that have used non-social incentives (such as monetary gain and loss) in MID 
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tasks, by demonstrating the bivalent activation pattern of the NAcc in response to 

anticipated social reward and avoidance of social disapproval.  

 

While the study by Kohls and colleagues (2013) took an important step 

towards establishing the reward value of dynamic social cues as these researchers 

presented videos of faces and body gestures together, it remains unclear what the 

value of social feedback provided via body gestures alone is. This is an important 

question because we can read a wealth of social cues from other people’s bodies even 

when we lack visual access to the face (such as seeing someone from a distance or 

from behind; de Gelder, 2006; Greven, Downing, & Ramsey, 2018; Aviezer, Trope, 

& Todorov, 2012).  

 

Previous work demonstrates that participants value videos of human figures 

moving biologically more than videos featuring less social motion (Williams & Cross, 

2018), and a rich literature documents how body gestures provide valuable non-verbal 

information to perceivers (de Gelder, 2006; Meeren, Heijnsbergen, & de Gelder, 

2005; Van den Stock, Righart, & de Gelder, 2007). With the present study, therefore, 

we aimed to assess whether the motivation to obtain social rewards via body gestures 

alone leads to similar engagement of brain structures associated with reward 

processing (i.e. the ventral and dorsal striatum, amygdala and OFC) as has been 

reported for faces. Additionally, due to evidence of NAcc engagement during 

anticipated avoidance of social disapproval (Kohls et al., 2013), we included a social 

disapproval condition to examine the extent to which brain regions associated with 

social reward processing are also engaged when avoiding social disapproval, as 

conveyed by body gestures.  
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Using a modified version of the SID, participants completed a task that 

included social approval and social disapproval (Kohls et al., 2013), wherein positive 

or negative feedback was provided either via body gestures or via text (in a control 

condition). We hypothesised that both the anticipation of approval and avoidance of 

disapproval for both body motion and text trials would result in greater reward region 

activation compared to neutral feedback. Additionally, we hypothesised that social 

cues to approval or avoidance of disapproval provided via body motion should be 

more salient (than cues provided via text) and thus we should see greater engagement 

of brain regions associated with reward processing, particularly in the NAcc, during 

anticipation of approval and avoidance of disapproval presented via body gestures 

compared to text.  
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Materials and Method 

	  
	  

Participants 

	  
Thirty-two healthy young-adult volunteers were recruited from Bangor 

University’s student participant panel and from the local community. Participants 

received course credits or £20 for their time. The sample size was selected based on a 

similar experiment conducted by Kohls et al. (2013). One participant was excluded 

from the final sample due to excessive head motion during scanning, leaving a final 

sample of 31 participants (18 females, Mage = 24.00, SD = 3.44). However, two runs 

were discarded from one participant, and one run was discarded from another 

participant due to excessive head motion, and some volumes were discarded from 

three participants due to excessive motion at the beginning, or towards the end, of a 

run (see Appendix 9 for full details of scans included). All participants had normal or 

corrected-to-normal vision, were right-handed, and reported no history of 

neurological illness. Bangor University and the Bangor Imaging Unit provided ethical 

approval (Ethical Approval Code: 2017-15913), and all participants provided written 

informed consent prior to participating. 

Stimuli  

	  
Video stimuli: Three categories of video stimuli were developed for the experiment. 

Two actors (1 female and 1 male) were instructed to perform a series of positive (e.g. 

thumbs up), negative (e.g. thumbs down), and neutral body movements (e.g. clicking 

fingers) in front of a green screen. For the final video stimuli, the green screen was 

replaced with a grey background, and a mask (consisting of a grey oval) was placed 
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over the faces of the actors to ensure that the only channel for emotional expression 

portrayed by the actors was their body motion (see Figure 5.1A). 

 

 These stimuli were chosen following an online validation study conducted via 

Qualtrics (Qualtrics, 2005) with an independent group of 32 participants prior to the 

start of the fMRI study. In this online validation study, participants were asked to rate 

the emotional valence of 104 videos on a sliding scale from 0-100 (with anchors 0 = 

negative, 50 = neutral, 100 = positive). From this original stimulus set of 104 videos, 

we selected the 10 video stimuli (5 female, 5 male) that were rated the most positively 

(M = 77.09, SE = 1.50), the 10 video stimuli that were rated the most negatively (M = 

22.46, SE = 1.49), and the 4 (2 male, 2 female) video stimuli that were rated the most 

neutrally (M = 47.61, SE = 0.62) to compose the final video stimulus set to be used 

during scanning (Figure 5.1A & Figure 5.5). A repeated-measures ANOVA 

confirmed that the three video categories were rated as significantly differently from 

each other (F(2, 30) = 198.43, p < 0.001) (all Sidak-corrected comparisons had p-

values of < 0.001).  

 

The fMRI study featured 24 video stimuli in total, composed of the male and 

female actor each performing the same 12 distinct movements. To ensure that any 

differences in brain activity revealed during observation or anticipation of positive 

and negative movements were not due to low-level features, such as the number or 

scale of movements featured within a video category, we calculated a measure of 

overall pixel displacement from frame to frame for each video and then compared this 

across video categories. This so-called “motion energy” was quantified for each video 

using Matlab (R2015b; for a more complete description of the motion quantification 
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algorithm, please see Cross et al., 2012). This analysis revealed no reliable differences 

in motion energy between the three video categories (F(2, 21) = 0.639, p = 0.538).  

 

Text stimuli: Text stimuli were piloted in the same way as the video stimuli; a group 

of 32 participants (who did not take part in the video rating online study) completed 

an online rating pilot experiment via Qualtrics, and rated the emotional content of 83 

text stimuli using a sliding scale from 0-100, with 0 being the most negative, and 100 

being the most positive. The 10 most positively rated text stimuli (M =81.45, SE = 

1.65), the 10 most negatively rated text stimuli (M = 26.98, SE = 2.01), and the two 

stimuli that were rated the most neutrally (M = 49.56, SE = 1.86) were chosen (Figure 

5.1B & Figure 5.5). This resulted in a total of 22 distinct text stimuli for the final 

experiment. A repeated-measures ANOVA confirmed that the three text categories 

were rated as significantly differently from each other (F(2, 30) = 146.74, p < 0.001) 

(all Sidak-corrected comparisons had p-values of < 0.001).   

 

Paired t-tests between stimulus category (positive, negative, and neutral) and 

feedback modality (motion and text) confirmed that the three categories (positive, 

negative, or neutral) were not significantly different from each other in the motion 

and text stimulus sets (all p-values > 0.05). 
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Procedure 

	  
Screening Session: Participants were invited to the laboratory prior to the fMRI 

testing session to ensure fMRI suitability and to complete a simple reaction time task, 

during which their average reaction time was measured in order to appropriately set 

up the parameters for the experimental tasks to be completed in the scanner. This 

simple reaction time task was largely the same as the task to be completed in the 

scanner, with the exception that in this pre-test session, participants did not receive 

any feedback (positive, negative, or neutral, via body motion or text) in response to 

their reaction times. To ensure participants completely understood the tasks and the 

associations between the different cues and the types of feedback they would receive 

during the scanning task, participants received extensive training during this screening 

session, and were tested on their understanding afterwards.  Participants also 

Positive Text 

Neutral Text 

Negative Text 

B 
 

Well done 
 
 
 

 
Excellent 

 
 
 

 
Next trial 

 
 
 

 
Get ready 

 
 

 
Hurry up 

 
 
 

 
Respond faster 

 
 
 

Positive Motion 

Neutral Motion 

Negative Motion 

A 

Figure 5.1.  A) Video stills from the positive, neutral, and negative stimulus categories. B) 
Text examples from the three stimulus categories.   
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completed a demographic and health questionnaire, the Oldfield Handedness 

Inventory (Oldfield, 1971) (M = 69.93, SD = 29.09), and the Autism Spectrum 

Quotient questionnaire (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 

2001) (M = 14.53, SD = 6.60) during this screening session. Autistic traits were 

measured as a side project for a master’s dissertation. 

 

Main Experiment: During the scanning session for the main experiment, which 

occurred no later than one day after the screening session, participants were reminded 

of the task’s different cue-outcome associations prior to entering the scanner. After 

performing all necessary safety checks, participants entered the scanner, and 

completed two functional runs, a structural scan, and the remaining two functional 

runs. Participants completed two functional runs before the structural scan was 

acquired, then completed the remaining two functional runs. The researchers 

operating the scanner and speaking to the participants in between runs were careful 

not to praise participants throughout the duration of the two-part experiment, in order 

to avoid social saturation effects (Kohls et al., 2013; Gewirtz & Baer, 1958).   

 

Social Incentive Delay Task: The Social Incentive Delay (SID) task is an adaptation 

of Knutson’s (2000) Monetary Incentive Delay (MID) task. These tasks aim to 

investigate participants’ motivation to obtain rewards and avoid punishment. The 

version of the SID task used in the present study was split into two separate tasks: 

‘Seeking Social Approval’ and ‘Avoiding Social Disapproval’ (Kohls et al., 2013). 

The SID is a simple reaction time task that examines both anticipatory and 

consummatory neural responses to appetitive and aversive stimuli. Appetitive and 
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aversive feedback could be gained or avoided depending on the participant’s ability to 

respond quickly to a target presented on screen.  

 

Both the ‘Seeking Social Approval’ and ‘Avoiding Social Disapproval’ tasks 

consisted of 80 trials in total; 40 of these trials were incentive trials and 40 were 

control trials. Within each task, 40 of the trials provided feedback about performance 

in the form of human body motion and 40 provided feedback in the form of text. The 

experiment included a total of four runs, each approximately 13 minutes in length (2 

Seeking Social Approval runs and 2 Avoiding Social Disapproval runs), following an 

event-related fMRI design. Before each run, participants were informed of the type of 

task they would be completing (i.e. Seeking Social Approval or Avoiding Social 

Disapproval), and at the beginning of each block of 20 trials within a run a screen was 

presented which informed participants whether they would be receiving feedback in 

the form of text or motion. Importantly, approval and disapproval trials were never 

presented within the same run; participants only ever saw approval and control, or 

disapproval and control trials within any given run. Within a run, trial type (incentive 

or control) was designated using intuitive cues (e.g. 0 for control (CON) trials, + for 

approval (APPR) trials, and – for disapproval (AVOI) trials) (Figure 5.2).  

 

During each trial, participants first saw a cue (500ms), waited a variable 

interval (2340-4680ms), and then responded to a white target square (100-590ms) 

with a button press. Participants then received feedback (1500ms) in the form of body 

motion or text. In the Seeking Social Approval task, during the approval trials, target 

hits (responding to the white square within a predetermined timeframe) resulted in 

participants receiving feedback via either positive motion, or positive text, and target 
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misses (failing to respond to the white square within a predetermined timeframe) 

resulted in participants receiving feedback via neutral motion, or neutral text. During 

the control trials, both hits and misses resulted in participants receiving either neutral 

motion or neutral text feedback. In the Avoiding Social Disapproval task, during the 

disapproval trials, target hits resulted in participants receiving feedback via neutral 

motion or text, and target misses resulted in participants receiving feedback via 

negative motion or text (Figure 5.2). 
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Following previous MID task designs, task difficulty was individually 

calibrated to the participants’ average reaction time (RT) (which was measured during 

the screening session), so that participants succeeded on approximately 60% of the 

trials. Further, in order to maintain the consistency of task difficulty, an online 

tracking algorithm was used to monitor and adjust the target duration in order to 

ensure that participants succeeded on approximately 60% of the trials (Kohls et al., 

2013). Participants’ RT exceeded threshold 61% of the time in Run 1 and 2, 60% of 

the time in Run 3, and 63% of the time in Run 4. 
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Figure 5.2. Illustration of the social incentive delay task, including the Seeking Social Approval 
(APPR) and Avoiding Social Disapproval tasks (AVOI). APPR and AVOI trials were never 
presented within the same run. Participants were informed at the beginning of a block what type 
of feedback they would be receiving (motion or text), and intuitive cues were displayed at the 
beginning of a trial to show whether the trial was positive, negative, or a control. 
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At the end of the scanning session, participants completed two online surveys, 

similar to the surveys the independent group of participants completed in the pilot 

study to select the video and text stimuli. In these surveys, participants rated the 

emotional content of the video and text stimuli they encountered during the SID task, 

using a sliding scale from 0-100. These surveys were intended to ensure that the 

positive, negative, and neutral stimulus categories were rated significantly differently 

from each other, and that the motion and text stimuli were not rated differently. 

 

Behavioural Data Analysis 

	  
We employed linear mixed-effects models with random intercepts and slopes 

using the lme4 package (version 1.1-13; Bates, Maechler, Bolker, & Walker, 2015) in 

R (Version 3.3.3, R Core Team, 2016) to analyse the behavioural RT data from the 

SID task completed in the scanner. Reaction times faster than 80 ms were removed 

from the data analyses, as these responses were unlikely to be under voluntary 

control; this resulted in 0.08% of responses being removed from further analyses. The 

‘romr.fnc’ function within the ‘LMERConvenienceFunctions’ package was run 

against the best fitting model to exclude outliers with standardised residuals greater 

than 2.5 standard deviations from 0. This removed an additional 1.81% percent of 

responses from further analyses. The fit of the model including outliers and the model 

excluding outliers were compared, which revealed that the model excluding outliers 

was a better fit. Plotting and inspecting the residuals for the final model revealed no 

violations of linearity, homoscedasticity, or normality. The final model predicted RT 

by modeling the interaction between Task (Seeking Social Approval or Avoiding 

Social Disapproval), Trial (incentive or control), and Feedback Type (body motion or 
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text). All predictors were mean-centered. The final, best-fitting model for this analysis 

was:  

 

Log(Reaction Time) ~ Task * Trial * Feedback Type + (1 + Task + Trial + 

Feedback Type | Participant) 

  

Further, we analysed the post-scan stimulus ratings using repeated-measures 

ANOVA, with post-hoc paired t-tests, and we also investigated whether differences 

emerged in the frequency of hits between the different conditions using a 2 (Task: 

Seeking Social Approval or Avoiding Social Disapproval) x 2 (Trial: incentive or 

control) x 2 (Feedback Type: body motion or text) repeated-measures ANOVA.  

 

 

fMRI 

 

Image Acquisition: Images were collected using a 3 Tesla Philips Achieva MRI 

scanner with a SENSE phased-array 32-channel head coil, based in the Bangor 

Imaging Unit at Bangor University, Wales. Participants were asked to keep their 

heads as still as possible throughout the scanning session. Participants’ responses to 

the tasks were made via a scanner-compatible fibre-optic button box that enabled 

response times to be recorded. Participants viewed the trials on an MR safe screen 

positioned behind the scanner that was viewable to the participants via a mirror 

attached to the head-coil.  

 

Functional data consisted of four 13-minute whole-brain T2* weighted echo-

planar (EPI) sequences with 330 volumes acquired per run (40 oblique axial slices, 



	   127 

isotropic voxel size = 3.5 mm, TR/TE = 2340/30ms, flip angle = 90°). A T1 weighted 

sequence collected in the same plane as the fMRI data was collected for the 

registration of the fMRI data to MNI space (number of slices = 40, slice thickness = 

3.00 mm, TR/TE = 18/3.5 ms, flip angle = 8°). Two dummy scans were collected at 

the beginning of each run and were discarded from analyses due to the non-

equilibrium state of magnetisation.  

 

fMRI Data Analysis  

	  
 Image processing and statistical analyses were carried out using Statistical 

Parametric Mapping (SPM12: Wellcome Trust Centre for Neuroimaging, London; 

Friston, 2007) implemented with Matlab R2015a (MathWorks). For pre-processing, 

functional volumes for all participants were realigned, unwarped, slice-time corrected, 

and spatially smoothed using a Gaussian Kernel of 5 mm. Functional data were 

registered to MNI space. 

 

 The first-level analysis was conducted in SPM12. The first-level model for the 

within-run analyses of each task included regressors following a two (incentive: 

[APPR vs. CON] or [AVOI vs. CON]), by two (phase: anticipation (ANT) or 

outcome (OUT)) by two (performance: hit vs. miss) by two (feedback: body motion 

vs. text) design, resulting in 16 design matrix columns: ANT APPR Hit Motion, ANT 

APPR Hit Text, ANT APPR Miss Motion, ANT APPR Miss Text, ANT AVOI Hit 

Motion, ANT AVOI Hit Text, ANT AVOI Miss Motion, ANT AVOI Miss Text, 

OUT APPR Hit Motion, OUT APPR Hit Text, OUT APPR Miss Motion, OUT APPR 

Miss Text, OUT AVOI Hit Motion, OUT AVOI Hit Text, OUT AVOI Miss Motion, 

OUT AVOI Miss Text.   
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In accordance with Kohls et al. (2013), we modelled hit and miss trials 

separately for both the anticipation and outcome phases, as VS/NAcc has been shown 

to respond more robustly when responses to reward-predicting cues are accurate (i.e. 

hits) compared to when these responses are inaccurate (i.e. misses) in rats (Francois, 

Conway, Lowry, Tricklebank, & Gilmour, 2012). The anticipation phase was defined 

as the time between the onset of the trial cue and before the onset of the feedback. 

Regressors were convolved with a standard hemodynamic response function. The 

outcome phase model included a 1500ms duration following feedback onset. 

Although the central questions addressed in this study concerned the anticipation 

phase, we report the results from the outcome phase in Apendix 10.  

 

 Whole-brain results were evaluated at p < 0.001, k > 20 voxels, uncorrected. 

The fMRI analyses were designed to achieve 4 primary objectives: 

 
1. First we were interested in determining whether incentive trials activated 

reward regions more robustly than control trials during the anticipation of 

reward or avoidance of disapproval, for both body motion and text conditions 

independently. To address these questions, we ran four simple effect contrasts 

of (APPR > CON) motion, (APPR > CON) text, (AVOI > CON) motion, and (AVOI 

> CON) text. 

 

2. Next, we wanted to determine whether anticipating feedback presented via 

body motion would activate reward regions more strongly than the text 

condition. Therefore, our next analyses evaluated the interaction between 

socially relevant feedback and feedback modality, separately for both approval 
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and avoidance of disapproval tasks. This was calculated as (APPR motion > 

CON motion) > (APPR text > CON text) and (AVOI motion  > CON motion) > (AVOI 

text > CON text), respectively.  

 

3. We were also interested in investigating which regions are activated during the 

anticipation of approval vs. the anticipation of avoidance of disapproval. 

Therefore, these analyses were calculated as (APPR motion > CON motion) > 

(AVOI motion > CON motion) and (APPR text > CON text) > (AVOI text > CON text).  

 

4. Additionally, to test our a priori hypothesis of greater NAcc involvement 

during social incentive motion and text trials compared to control trials, we 

performed region of interest (ROI) analyses within the NAcc, by interrogating 

responses within a 5 mm sphere placed on the coordinates x = -9, y = 13, z = -

4 for the left NAcc and x = 12, y = 15, z = -4 for the right NAcc. The NAcc 

was defined based on previous studies by Knutson et al. (2003), and 

Spreckelmeyer et al. (2009). Talairach coordinates reported in these studies 

were converted to MNI space by non-linear transformations (www.mrc-

cbu.cam.ac.uk). All activations are reported in standard MNI space. Parameter 

estimates were extracted using the MarsBaR toolbox for SPM (Brett, Anton, 

Valabregue, & Poline, 2002). The p-values reported for these analyses are 

corrected for multiple comparisons across the two ROIs (left and right NAcc).  
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Results 

Behavioural Results  

	  
Reaction Time: The results from the linear mixed-model (Figure 5.3 & Table 5.1) 

revealed a main effect of trial type, showing that participants were faster to respond to 

the target during incentive trials compared to control trials. This finding suggests that 

our incentive manipulations were successful. Additionally, a main effect of feedback 

type revealed that participants were faster to respond to the target during text trials 

compared to body motion trials. A significant interaction between task and feedback 

type demonstrated that participants responded faster to the target during the text 

feedback compared to the body motion feedback in the Seeking Social Approval task, 

while they responded equally quickly during motion and text trials in the Avoiding 

Social Disapproval task. 
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Table 5.1. Results from the linear mixed-effects model investigating variables 

affecting reaction time in the SID tasks.  

 
B SE t p-value 

Fixed Parts 
    Trial 0.01 0.002 2.80 0.007 

Task -0.00 0.003 -1.41 0.168 
Feedback Type -0.01 0.002 -4.36 < 0.001 
Trial * Task 0.00 0.002 0.15 0.880 
Trial * Feedback Type 0.00 0.002 0.83 0.408 
Task * Feedback Type 0.00 0.002 2.93 0.003 
Trial * Task * Feedback Type 0.00 0.002 0.34 0.734 
	  	   	  	   	  	   	  	   	  	  

Bold font indicates p-values less than 0.05 
  

Motion Feedback Text Feedback

Approval Disapproval Approval Disapproval
200

210

220

230

240

250

 Task Type

Re
ac

tio
n 

Ti
m

e 
(m

s)

Trial
Incentive
Control

Figure 5.3. Reaction times for hits (in ms) for incentive and control trials, plotted separately 
for the two tasks (Seeking Social Approval and Avoiding Social Disapproval), and two 
feedback types (body motion and text). The points represent individual participants.  
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Frequency of Hits: To investigate whether any significant differences emerged in the 

number of hits (i.e. correct responses) between the different conditions, a 2 x 2 x 2 

ANOVA was performed (Figure 5.4). This analysis revealed a main effect of Task 

(F(1, 30) = 6.51, p = 0.016, η2 = 0.18) such that participants obtained more hits 

during the Seeking Social Approval task (M = 64.07, SE = 1.15) than in the Avoiding 

Social Disapproval task (M = 59.48, SE = 4.92). There was also a main effect of Trial 

type (F(1, 30) = 21.32, p < 0.001, η2 = 0.42), with more hits observed during 

incentive trials (M = 65.08, SE = 1.20) than control trials (M = 58.47, SE = 1.73). 

Further, there was a main effect of Feedback Type (F(1, 30) = 39.69, p < 0.001, η2 = 

0.57) demonstrating that participants were more successful during the text (M = 

65.02, SE = 1.63) compared to the body motion condition (M = 58.02, SE = 1.20), 

which supports the reaction time findings presented above.  
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Figure 5.4. Illustrates the percentage of hit trials across the different conditions. The points 
represent individual participants. 
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Post-scan stimulus ratings: A repeated-measures ANOVA investigating the post-scan 

stimulus ratings (Figure 5.5) revealed that the three stimulus categories (positive, 

negative, and neutral) for both the video stimuli (F(2,29) = 207.80, p < 0.001, η2 = 

0.94) and the text stimuli (F(2, 29) = 145.29, p < 0.001) were rated significantly 

differently from each other (all Sidak-corrected comparisons had p-values of < 0.001). 

However, although an independent group of participants prior to the scanning study 

did not rate the motion and text stimuli as being different from each other, paired t-

tests (corrected for multiple comparisons) revealed that the positive text stimuli were 

rated significantly more positive than the positive video stimuli (t(30) =-3.03, p = 

0.005) post-scan. 

 

 

 

 

Figure 5.5. Illustrates the ratings of the stimuli pre- and post-scan. The pre-scan ratings were 
provided by an independent group of participants who did not participate in the fMRI study. 
The error bars represent 95% CI.  
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fMRI Results 

1. Incentive vs. Control trials 

Seeking Social Approval 

  

To investigate brain regions activated more robustly during incentive trials compared 

to control trials during the anticipation of social approval, we ran simple effect 

contrasts comparing approval trials separately for the body motion and text 

conditions: (APPR > CON) motion, and (APPR > CON) text. 

 

Body Motion: This analysis revealed several clusters of activation (Table 5.2 & Figure 

5.6) including the insula (k = 42) (comprising the pallidum, putamen, amygdala and 

hippocampus) and the caudate (k = 31). 

 

Text: Similar regions to those activated during the APPR > CON motion were activated 

during the APPR > CON text contrast, including the putamen (k = 44) (also comprising 

the caudate). 
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Avoiding Social Disapproval 

 

To examine participants’ neural responses during incentive trials compared to 

control trials during the anticipated avoidance of social disapproval, we first ran 

simple effect contrasts of AVOI > CON motion, and AVOI > CON text, 

 

Body Motion: The whole-brain analysis for the AVOI > CON motion contrast (Table 5.2 

& Figure 5.7) revealed a large cluster of activation (k = 4755) centred on the lingual 

gyrus (comprising the cuneus and hippocampus), and a second smaller cluster (k = 

39) centred on the insula (comprising the amygdala, hippocampus, and putamen).  

 

Text: The AVOI > CON text contrast revealed significant clusters of activation in the 

precuneus, lingual and supramarginal gyri.  

 

 
APPR > CON motion 

 
APPR > CON text 

x = 6  y = 11  z = 1  

x = 15  y = 11  z = -11  

t  

0  

8  

Figure 5.6. Group analysis for the APPR > CON contrast for both motion and text feedback. 
The results are thresholded at p < 0.001, k = 20 uncorrected.  
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2. Comparison between body motion and text feedback 

 

Seeking Social Approval 

 

To investigate whether any brain regions responded more robustly to body 

motion than text feedback in the approval compared to control conditions in the 

Seeking Social Approval task we next calculated (APPR motion > CON motion) > (APPR 

text > CON text) (Table 5.2 & Figure 5.8). This analysis revealed that the inferior 

temporal and inferior occipital gyri were more strongly activated during the body 

motion compared to text condition. The inverse contrast revealed that the superior 

occipital gyrus was more sensitive to the anticipation of text compared to body 

motion feedback. These findings demonstrate that differences in visual processing 

emerge between the body motion and text conditions during the anticipation period, 

even when the visual stimuli are the same for both conditions during this time.   

x = 5  y = -33  z = 1  

x = 0  y = -1  z = 1  

t  

0  

8  
 

AVOI > CON motion 

 
AVOI > CON text 

Figure 5.7. Group analysis for the AVOI > CON contrast for both motion and text feedback. The 
results are thresholded at p < 0.001, k = 20 uncorrected.  
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Avoiding Social Disapproval 

 

We also investigated whether any activation differences were found between 

the body motion and text trials during the Avoiding Social Disapproval task. This was 

calculated as (AVOI motion  > CON motion) > (AVOI text > CON text) (Table 5.2 & Figure 

5.9). Similarly to the Motion > Text analysis for the Seeking Social Approval task, 

this analysis revealed that the inferior temporal and inferior occipital gyri were more 

strongly activated during the motion condition than the text condition. The inverse 

contrast revealed significant activations in the cuneus and the superior occipital gyrus. 

Similarly to the seeking social approval contrasts, these findings demonstrate the 

differences in visual processing between the body motion and the text conditions.   

 

 

 

 

 

x = 42  y = -55  z = 1  

x = 0  y = -1  z = 1  

t  

0  

8  

 

(APPR > CON motion) > 

(APPR > CON text)  

 

(APPR > CON text) >  

(APPR > CON motion)  

Figure 5.8. Group analysis for the motion > text, and text > motion contrast for the Seeking Social 
Approval task. The results are thresholded at p < 0.001, k = 20 uncorrected.  
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3. Comparison between anticipating social approval and avoidance of disapproval 

 

We also investigated whether any activation differences emerged between the two 

tasks, calculated separately for motion and text conditions. These analyses were 

calculated as (APPR motion > CON motion) > (AVOI motion > CON motion) and (APPR text > 

CON text) > (AVOI text > CON text). No significant activation differences emerged 

when contrasting Seeking Social Approval and Avoiding Social Disapproval, 

similarly to the findings of Kohls et al. (2012). 

 

4. ROI Analyses 

 

Seeking Social Approval 

 

Body Motion: The ROI analysis (Table 5.3 & Figure 5.10) confirmed that the left 

NAcc was more strongly activated during the anticipation of social approval than 

x = 0  y = -1  z = 1  

x = 0  y = -1  z = 1  

t  

0  

8  

 

(AVOI > CON motion) > 

(AVOI > CON text)  

 

(AVOI > CON text) >  

(AVOI > CON motion)  

Figure 5.9. Group analysis for the motion > text, and text > motion contrast for the Avoiding 
Social Disapproval task. The results are thresholded at p < 0.001, k = 20 uncorrected.  
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during the anticipation of control feedback provided via body motion, replicating 

earlier studies that showed participants images and videos of faces as rewarding 

feedback (Kohls et al., 2013; Rademacher et al., 2010; Spreckelmeyer et al., 2009). 

 

Text: The ROI analysis confirmed that the left NAcc was more strongly activated 

during incentive trials compared to control trials. 

 

Avoiding Social Disapproval 

 

 Parameter estimate extraction from MarsBar identified two outliers with 

scores more than 3 standard deviations away from the mean. These outliers were 

removed from the following analyses:  

 

Body Motion: The ROI analysis confirmed that the left NAcc was more strongly 

activated during the anticipated avoidance of social disapproval than during the 

anticipation of control feedback via body motion.  

 

Text: The ROI analysis revealed a significant increase in activation in the left and 

right NAcc during incentive trials compared to control trials. 
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Figure 5.10. Results from the ROI analysis investigating bilateral NAcc activity during the 
incentive > control contrasts. The points represent individual participants. Similarly to a 
previous study by Kohls et al (2013), the magnitude of NAcc activation differed substantially 
across participants. 	  
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Table 5.2. Results from the whole brain analysis for the different condition contrasts. 

This table lists the brain regions that emerge at a threshold of p < 0.001, k = 20 

uncorrected. Regions indicated with bold font signify clusters significant at the p < 

0.05 FDRcorrected threshold.  

 
Region BA MNI Coordinates t-value 

Cluster 
Size 

PFDR-

Corrected 

   
x y z 

   
         
 

APPR > CON motion  
     

         R Superior occipital gyrus 19 12 -79 31 9.03 3500 < 0.001 
R Supramarginal gyrus 40 54 -31 25 6.51 401 < 0.001 
L Inferior parietal gyrus 7 -15 -58 64 5.98 84 0.006 
L Rolandic operculum 4 -48 -10 31 5.87 101 0.003 
L Superior temporal gyrus 40 -54 -31 16 5.57 63 0.018 
R Inferior parietal gyrus 7 21 -52 64 5.36 126 0.001 
R Insula 53 27 -7 -11 5.32 42 0.051 
L Anterior cingulum 32 -9 44 -5 4.75 59 0.019 
R Caudate  48 6 11 1 4.39 31 0.101 

         
 

APPR > CON text 
     

         L Lingual gyrus 19 -18 -73 22 8.84 3381 < 0.001 
R Supramarginal gyrus 1 60 -10 25 6.72 779 < 0.001 
L Inferior parietal gyrus 40 -54 -25 19 6.24 375 < 0.001 
L Anterior cingulum 10 -12 44 -5 5.64 132 < 0.001 
R Inferior parietal gyrus 7 18 -61 52 5.54 249 < 0.001 
L Inferior parietal gyrus 7 -18 -46 64 5.47 198 < 0.001 
L Frontal superior orbital 47 -24 35 -14 5.33 102 0.001 
R Precentral gyrus 6 24 -13 52 5.11 45 0.029 
R Putamen 52 15 11 -11 4.57 44 0.029 

         
 

AVOI > CON motion  
     

         R Lingual gyrus 37 48 -61 4 11.92 4755 < 0.001 
R Insula 54 36 -13 -11 5.11 39 0.179 

         
 

AVOI > CON text 
     

         L Lingual gyrus 18 0 -85 16 8.37 2636 < 0.001 
R Mid temporal gyrus 19 42 -76 16 6.05 183 < 0.001 
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L Angular gyrus 19 -39 -82 16 5.93 262 < 0.001 
R Supramarginal gyrus 40 60 -22 25 4.88 61 0.023 
R Mid cingulum 24 9 -10 40 4.8 20 0.367 
R Precuneus 31 6 -49 46 4.44 156 < 0.001 
L Superior temporal gyrus 40 -54 -25 19 4.39 547 0.025 

         
 

APPR > CON motion vs. APPR > CON text  
   

         R Inferior temporal gyrus 19 45 -70 -2 8.72 258 < 0.001 
L Inferior occipital gyrus 19 -48 -79 4 7.05 73 0.003 

         
 

APPR > CON text vs. APPR > CON motion  
   

         L Superior occipital gyrus 
 

-15 -91 1 6.58 93 0.009 
R Cerebellum 18 15 -82 -14 5.05 20 0.330 
R Cuneus 18 18 -88 7 4.97 42 0.095 
L Paracentral lobule 6 -15 -16 64 4.58 38 0.095 
R Precentral gyrus 6 24 2 46 4.17 37 0.095 

         
 

AVOI > CON motion vs. AVOI > CON text  
   

         R Inferior temporal gyrus 19 51 -70 -2 10.34 421 < 0.001 
L Inferior occipital gyrus 19 -51 -76 1 7.1 133 < 0.001 

         
 

AVOI > CON motion vs. AVOI > CON text  
   

         R Cuneus 18 18 -91 1 7.36 51 0.031 
L Superior occipital gyrus  18 -15 -91 -5 6.2 56 0.031 
                  

 Bold font indicates p-values less than 0.05 FDRcorrected 
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Table 5.3. Results from the ROI analysis for the different contrasts.  

      Left NAcc       
  

   
 

Estimate t-value P Corrected 

    APPR > CON motion 0.50 2.75 0.020 
APPR > CON text 0.55 3.49 0.004 
AVOI > CON motion 0.38 2.305 0.029 
AVOI > CON text 0.58 3.13 0.004 

      Right NAcc       

      
 

Estimate t-value P Corrected 

    APPR > CON motion 0.22 1.01 0.323 
APPR > CON text 0.32 1.63 0.113 
AVOI > CON motion 0.06 0.33 0.747 
AVOI > CON text 0.41 2.30 0.028 
            

Bold font indicates p-values less than 0.05 
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Discussion 

	  
 The overarching aim of the present study was to investigate the extent to 

which the anticipation of socially rewarding feedback presented via body motion 

activates brain regions associated with reward processing in a similar manner to what 

previous studies have demonstrated with social feedback presented via faces. Further, 

we hypothesised that social feedback presented via body motion would activate 

reward regions of the brain more robustly than a less social control condition 

presenting feedback via text.  

  

 The behavioural response time results confirmed that participants were faster 

to respond to the target during incentive trials compared to control trials in both social 

approval and avoidance of social disapproval tasks, demonstrating that our incentive 

manipulations were successful as participants worked harder to obtain rewarding 

feedback, or avoid negative feedback, than neutral feedback (Kohls et al., 2013; 

Spreckelmeyer et al., 2009; Rademacher et al., 2010). However, participants were 

faster to respond to the targets in the text feedback condition compared to the motion 

feedback in the social approval task. While this finding was unexpected, the valence 

ratings for the stimuli obtained from study participants following the fMRI portion of 

the study suggest that participants perceived the positive text stimuli as more positive 

than the positive motion stimuli. Although the motion and text stimuli were piloted 

prior to the imaging study by an independent group of participants to ensure they 

were not perceived as more or less positive than each other, due to natural variation in 

participant samples, it was not possible to ensure that the participants who took part in 

the imaging study would perceive the stimuli in an identical way. Additionally, we 

found that participants obtained more hits (i.e. correct responses) during the text 
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condition than the body motion condition, which might also be explained by the 

differences in stimulus ratings given by participants post-scan. The increased saliency 

of the positive text stimuli could lead to increased motivation in participants to obtain 

these rewards, which could explain why participants showed faster reaction times, and 

more hits, during the text condition. However, although what the participants see on 

screen during the anticipation phase is the same for both motion and text trials, it 

could still be the case that participants are processing the anticipation of text feedback 

faster than the anticipation of motion feedback, which results in their responding 

differently to the target cue.  

 

Seeking Social Approval task (APPR) 

	  
The neuroimaging findings demonstrated that the anticipation of both body 

motion and text feedback recruited a number of brain regions implicated in reward 

processing (Kohls et al., 2013; Knutson et al., 2001; Knutson et al., 2003), including 

the caudate, pallidum, putamen, anterior cingulum, and amygdala. The ROI analysis 

also demonstrated that the NAcc was more strongly activated during the anticipation 

of both incentive body motion and incentive text feedback compared to neutral 

feedback. These findings are consistent with, and complement, previous research that 

has demonstrated that these regions are activated during anticipation of social 

feedback presented via faces (Kohls et al., 2013) and non-social feedback, such as 

money (Spreckelmeyer et al., 2009). Satoh and colleagues (2003) have suggested that 

an increase in BOLD response in the NAcc is in response to a projection of dopamine 

from the VTA, and evidence from animal studies demonstrates that an increase in 

dopamine in the midbrain encodes the value of an outcome, motivating goal-directed 
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behaviour (Morris, Nevet, Arkadir, Vaadia, & Bergman, 2006). Thus, our findings of 

increased NAcc activity for incentive feedback compared to control could be a result 

of an increase in dopamine originating in the midbrain. Although the behavioural 

findings suggest that participants were more motivated to obtain positive feedback 

presented via text than motion feedback, the fMRI findings demonstrate that both 

motion and text feedback recruited reward regions similarly. These findings 

demonstrate that social information, such as feedback presented via body motion 

alone, act as reinforcing and rewarding stimuli.  

 

 We hypothesised that feedback presented via body motion would be perceived 

as more rewarding than text feedback, as we know from prior work that we can read a 

wealth of social cues from bodies alone (de Gelder, 2006; Greven, Downing, & 

Ramsey, 2018), even without visual access to the face, and that participants value this 

type of social stimulus and are willing to exert effort to engage with it (Williams & 

Cross, 2018). However, we did not find the expected increased activation in reward-

related regions during the anticipation of feedback presented via motion compared to 

text. Anticipating body motion or text feedback activated reward regions similarly. 

Previous research has shown that NAcc activation is mediated by the saliency of a 

reward (Knutson et al., 2001; Spreckelmeyer et al., 2009), thus our findings suggest 

that feedback presented via body motion and text are perceived equally as salient due 

to similar neural engagement. However, our post-scan stimulus ratings demonstrate 

that participants perceived the text stimuli as more positive than the motion stimuli. 

Even though we ran two pilot studies to ensure the body motion and text feedback 

were rated as roughly equivalent in terms of valence, future studies may wish to 

ensure that motion and text stimuli are rated as equally salient by the actual fMRI 
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study sample prior to scanning to confirm that any differences in brain activity are not 

driven by differences in the perceived saliency of the stimuli. Nonetheless, our study 

demonstrates that social feedback presented via body motion alone is a powerful 

social stimulus that is able to reinforce behaviour and engage reward-related brain 

regions, similarly to feedback presented via faces (Kohls et al., 2013; Spreckelmeyer 

et al., 2009; Rademacher et al., 2010), money (Dichter et al., 2012), and drugs 

(Childress et al., 1999). 

 

Avoiding Social Disapproval task (AVOI) 

	  
 We also included an Avoiding Social Disapproval task (Kohls et al., 2013) to 

investigate whether anticipating rewards results in similar patterns of brain activity as 

avoiding punishment. Although some distinct brain regions were activated during the 

avoiding social disapproval task compared to the social approval task, anticipating the 

avoidance of social disapproval also recruited reward-related regions including the 

insula, hippocampus and precuneus. The opportunity to avoid a punishment could, in 

itself, be inherently rewarding (Kim, Shimojo, & O’Doherty, 2006).  As such, it is 

plausible that brain regions implicated in reward processing would be engaged during 

these conditions. Similarly to the findings from the seeking social approval task, we 

found increased NAcc activation during the anticipation of avoiding social 

disapproval (via body motion) compared to neutral feedback. Findings regarding 

NAcc involvement in the anticipation of avoidance of punishment is mixed, with 

some studies demonstrating increased activation to anticipating monetary loss 

compared to a control condition (Carter et al., 2009; Delgado et al., 2009), and some 

reporting no differences between conditions (Knutson et al., 2001; 2003). To our 
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knowledge, only one study to date has investigated NAcc activity in response to 

social punishment (Kohls et al., 2013); therefore, our research adds support to the 

notion that the NAcc shows bivalent involvement in both reward and punishment 

anticipation.  

 

 The magnitude of NAcc activation across the different feedback modalities 

(motion and text) and tasks (seeking social approval and avoiding social disapproval) 

varied considerably between participants, which is in accordance with previous 

literature involving monetary (Carter et al., 2009) and social (Kohls et al., 2013) 

incentives. These findings thus suggest large individual differences in the 

motivational value of social approval and disapproval, which may be related to 

differences in dopamine function across participants (Knutson & Gibbs, 2007). It 

would be beneficial for future studies, with large enough sample sizes, to 

systematically investigate individual differences in reward sensitivity. Further, 

disorders such as Autism Spectrum (ASD) are characterised by a reduction in social 

motivation (Chevallier et al., 2012), and previous studies have demonstrated 

decreased activation of the NAcc in response to social rewards in individuals with 

ASD (Zeeland, Ashley, Dapretto, Ghahremani, Poldrack, & Bookheimer, 2010) and 

those reporting more autistic traits (Cox, Kohls, Naples, Mukerji, Coffman, 

Rutherford, et al., 2015). Thus, differences in reward responsivity in the SID task can 

arise from differences in reward sensitivity across participants. A challenge for future 

studies is to investigate these questions in disorders such as ASD to determine 

whether these individuals also demonstrate reduced motivation to engage with other 

types of social stimuli other than faces. Although we measured autistic traits in our 
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sample of 31 participants, we do not believe we had an adequate sample size and 

enough power to run correlational analyses on reward sensitivity and autistic traits. 

 

 The design of our tasks provided useful feedback for incentive trials (e.g. 

positive feedback for target hits, and neutral feedback for misses) in both the social 

approval and the avoidance of social disapproval tasks; however, control feedback 

trials were uninformative (i.e. neutral feedback for both hits and misses). Thus, the 

inclusion of feedback about task performance in the incentive trials but not the control 

trials could have contributed to the behavioural and neural differences between 

incentive and control trials. Future research should include feedback about task 

performance in the incentive and the control trials, in order to ensure the emerging 

differences are not only due to whether participants receive feedback or not.  

 

 In conclusion, our results are consistent with, and complement and extend, 

previous research investigating the neural engagement of reward-related regions in 

response to social feedback. The results revealed that the NAcc was engaged during 

the anticipation of rewarding feedback and avoidance of disapproving feedback, 

presented via body motion alone, demonstrating that this type of stimulus can 

motivate and reinforce behaviour in a similar way to feedback presented via faces 

(Kohls et al., 2013; Spreckelmeyer et al., 2009; Rademacher et al., 2010) and money 

(Dichter et al., 2012). In the real world, our daily lives involve socially engaging with 

other people moving around us, and we can read a wealth of social information from 

other people’s body motion and gestures even when we cannot clearly see their facial 

features. The present study findings advance our understanding of the types of 
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feedback we find rewarding and the neural underpinnings of social motivation in the 

typical population.  
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Chapter 6 – General Discussion 
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The studies that compose this thesis have examined social reward and 

motivation in relation to biological motion using a combination of behavioural, eye 

tracking, and neuroimaging techniques, as well as a mixture of data analysis methods. 

In the first empirical chapter (Chapter 3), I investigated whether typically developing 

participants value biological motion as a social stimulus in a behavioural effort task. In 

Chapter 4, via two eye tracking experiments, I aimed to extend the findings from 

Chapter 3 by investigating whether attention is more engaged with biological motion, 

and whether viewing biological motion can induce changes in autonomic arousal as 

measured by pupil dilation. In the final empirical chapter (Chapter 5), I investigated 

the neural underpinnings of social reward anticipation using functional neuroimaging. 

In this final chapter I firstly provide a brief summary of the findings from each 

empirical chapter (Table 6.1), and then consider their potential implications for 

research in the field of social motivation more broadly. Finally, I will discuss 

methodological implications and directions for future research. 

 

Table 6.1. Compendium of the main conclusions from each thesis chapter 

 Chapter  Main conclusion 

 3    Participants reporting more autistic traits assign a reduced reward value 
   to biological motion in comparison to those reporting fewer autistic 

   

traits, as demonstrated by the amount of effort/time they are willing to 
spend to view different types of movie clips 
 

 4  Attention is engaged with biological motion performed by both human 

   

and non-human control figures in both saccadic disengagement and 
response time tasks, and biological motion induces changes in 
autonomic arousal, as measured by pupil dilation 
 
 

 5  

Performance feedback conveyed via biological (body) motion engages 
reward-related brain regions when both anticipating social approval and 
avoiding social disapproval, as measured by fMRI  
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Summary of findings 

 
 

In Chapter 3, I investigated whether biological motion is perceived as a 

rewarding stimulus in typically developing (TD) participants. Participants completed 

an effort task where they could choose to view videos of human figures moving 

biologically or non-biologically, or non-human figures ‘performing’ both types of 

motion. The results revealed that TD participants showed a preference for videos of 

human figures moving biologically compared to non-biologically, and compared to 

videos of non-human figures. Overall, the pattern of results demonstrated a linearly 

increasing preference for the most social stimulus available in the forced-choice task 

(i.e. participants preferred biological motion performed by humans, then non-

biological motion performed by humans, then videos of control figures). However, 

participants who reported more autistic traits demonstrated a weaker preference for 

more social videos by opening fewer of these boxes and by exerting less effort to 

watch them. These results suggest that TD individuals value social stimuli, such as 

biological motion, and that this assigned value is reduced in individuals reporting 

more autistic traits. These results support the suggested impairment in social 

motivation in individuals with ASD.  

 

As participants in Chapter 3 assigned a higher reward value to videos of 

biological compared to non-biological motion, in Chapter 4, I sought to follow up on 

this finding through two eye tracking experiments examining whether watching 

videos of biological motion engages attention and induces autonomic arousal. Using 

two different attentional disengagement tasks, I hypothesised that participants would 

be slower to disengage their attention from videos of human figures moving 
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biologically compared to videos of human figures moving non-biologically, and 

videos of non-human control figures. I also hypothesised that viewing videos of 

human figures moving biologically would induce changes in autonomic arousal via 

increases in pupil size. As hypothesised, participants were slower to detect a target in 

their periphery when they watched videos of biological motion. Surprisingly, 

participants were more engaged with biological motion regardless of the type of 

figure performing this motion. As such, participants were not necessarily more 

engaged with the most social figure in the experiment but were engaged with the most 

social motion. We also found greater increases in pupil size when people watched 

videos of biological motion performed by human and control figures, suggesting that 

participants assigned an increased value to this type of motion. However, one 

unexpected finding was that this increase in pupil size was greater for control figures 

than for human figures. Although the results from this study support the existence of 

social orienting and social seeking and liking in the typical population, we did not 

find a relationship between autistic traits and social motivation. Future research 

should investigate these questions with a sample of participants with clinical ASD 

diagnoses, or a sample reporting a greater range of autistic traits than the range 

reported in Chapter 4.  

 

 As participants in Chapter 3 assigned a high reward value to biological 

motion, and videos of biological motion in Chapter 4 engaged attention and induced 

more autonomic arousal than videos depicting non-biological motion, in Chapter 5, I 

used fMRI to investigate whether feedback presented via biological motion acted as a 

rewarding stimulus that motivated behaviour, as suggested by the engagement of 

brain regions associated with reward processing. Through this study, I demonstrated 
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that reward regions that have been implicated by previous studies in social (i.e. faces) 

and non-social (i.e. money) incentive processing are also activated when anticipating 

gaining positive feedback and avoiding negative feedback presented via body motion 

alone. However, we did not find greater engagement of reward regions during 

anticipation of feedback presented via body motion as opposed to feedback presented 

via text (due to a hypothesised increased saliency of body motion compared to text), 

as originally predicted. Nonetheless, this was the first study to demonstrate that brain 

regions implicated in reward processing, such as the nucleus accumbens (NAcc), are 

activated by human bodies dynamically gesturing approval or disapproval, a type of 

social stimulus that we regularly encounter in our daily lives.  

 

Across 3 empirical studies, using several complementary techniques (i.e. eye 

tracking, behavioural, fMRI), the results suggest that biological motion is an 

important social stimulus that participants find rewarding. These findings add to our 

knowledge of social motivation in the typical population, and the types of social 

stimuli we are motivated to engage with, with broader implications of these findings 

considered below.  

 

Advancing understanding of social motivation  

	  
 Research investigating social motivation has typically presented images or 

videos of faces with direct gaze to participants (Dubey, Ropar, & Hamilton, 2015; 

Sepeta, Tsuchiya, Davies, Sigman, Bookheimer, & Dapretto, 2012; Dubey, Ropar, & 

Hamilton, 2017; Kohls, Perino, Taylor, Madva, Cayless, Troiani, et al., 2013). This 

type of stimulus suggests to the observer that social interaction will follow. Typically 
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developing participants generally assign a higher value to faces with direct gaze than 

averted gaze (Dubey et al., 2015; Mason, Tatkow, & Macrae, 2005; Senju & 

Hasegawa, 2005), and this increased value is thought to be reduced among individuals 

with ASD, or in those reporting more autistic traits (Dubey et al., 2015; Dichter, 

Richey, Sabatino, & Bodfish, 2012; Sepeta et al., 2012). One hypothesis suggests that 

individuals with autism assign a reduced value to faces with direct gaze as they find 

direct gaze aversive (Hutt & Ounsted, 1966; Kliemann, Dziobek, Hatri, Steimke, & 

Heekeren, 2010), whereas another hypothesis suggests that these individuals are 

indifferent to the eyes of others as they find them neither engaging nor informative 

(Senju & Johnson, 2009; Cohen, Vietze, Sudhalter, Jenkins, & Brown, 1989). Thus, 

although previous studies have demonstrated reduced motivation to engage with 

social stimuli that signal direct engagement (i.e. faces with direct gaze) among 

individuals with ASD, it was not known whether this reduced motivation also applies 

to social stimuli that do not signal direct social engagement, such as biological 

motion. This is an important question to address due to hypotheses suggesting a gaze 

aversion in individuals with ASD (Hutt & Ounsted, 1966; Kliemann et al., 2010). 

Thus, it was unclear whether these individuals assign a reduced value to faces due to 

the eyes, or whether they find a broader conceptualisation of social stimuli less 

rewarding compared to typically developing individuals. The empirical studies 

presented in this thesis thus help us to understand the range of social stimuli that 

typically developing individuals find rewarding, and allow us to begin to address 

whether individuals reporting more autistic traits also assign a reduced value to social 

stimuli that do not signal imminent social engagement.  
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Implications for the Social Motivation Theory  

	  
As discussed in Chapter 1, social motivation can be divided into three separate 

tiers: social maintaining, social orienting, and social seeking and liking (Chevallier et 

al., 2012). The empirical studies presented in this thesis have focused mainly on 

investigating questions relating to the social seeking and liking aspect of social 

motivation, although Chapter 4 also addresses questions relating to social orienting.  

 

Social Orienting 

	  
 Our attention is captured quickly by social stimuli such as faces, and this is a 

natural feature of our everyday lives (Maurer & Salapatek, 1976; Goren, Sarty, & Wu, 

1975; Tomalski, Csibra, & Johnson, 2009). Our attention is also more engaged with 

social stimuli (Senju & Hasegawa, 2005) in our environment compared to less social, 

or non-social, stimuli. Human infants as young as 2-days-old naturally orient their 

attention towards biological motion (Simion, Regolin, & Bulf, 2008), and demonstrate 

a preference for looking at this type of motion compared to looking at motion from 

moving objects (Fox & McDaniel, 1982; Bardi, Regolin, & Simion, 2011). This 

natural orienting towards the motion of other living beings is also demonstrated across 

phylogeny (Vallortigara, Regolin, & Marconato, 2005; Oram & Perrett, 1996; Omori 

& Watanabe, 1996), and remains intact in conditions where other motion impairments 

are observed (Jordan, Reiss, Hoffman, & Landau, 2002). From early on in life, the 

human visual system is also sensitively tuned to integrate form and motion cues of 

observed agents (Grossman, Cross, Ticini, & Daum, 2012). However, this natural 

tendency to orient one’s attention towards biological motion has been reported to be 

impaired in individuals with ASD (Klin, Lin, Gorrindo, Ramsay, & Jones, 2009; 
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Annaz, Campbell, Coleman, Milne, & Swettenham, 2012; Falck-Ytter, Rehnberg, & 

Bölte, 2013).  

 

 Although previous research has investigated whether our attention is naturally 

oriented towards biological motion, the studies presented in Chapter 4 were the first to 

investigate whether attention is more engaged with biological motion than with other 

types of motion performed by social figures. We demonstrated that participants were 

more engaged with biological motion than with non-biological motion, regardless of 

the type of figure performing it. Thus, not only is our attention naturally captured by 

biological motion (Simion et al., 2008; Klin et al., 2009), but also, we are more 

engaged with this type of motion than other social motion, such as non-biological 

motion performed by human figures. Our behaviours and our brain mechanisms are 

shaped to show a preference for information that is similar to us (Frith & Frith, 2010) 

in order to facilitate successful social interaction. Thus, it is unsurprising that our 

attention is also easily captured by biological motion performed by other living 

beings, such as hens (Bardi et al., 2010). The findings from Chapter 3, for the first 

time, demonstrate that our attention is also more engaged with biological motion 

performed by human and non-human figures than with non-biological motion 

performed by human figures. Previous research has also demonstrated the primacy of 

motion cues over form cues; Cross, Liepelt, Hamilton and colleagues (2012) found 

preferential engagement of the action observation network to robotic motion 

independent of the agent’s form.  

 

 Although research has found impairments in social orienting in individuals 

with ASD (Chawarska, Macari, & Shic, 2013; Shic, Bradshaw, Klin, Scassellati, & 
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Chawarska, 2011; von Hofsten, Uhlig, Adell, & Kochukhova, 2009; Klin et al., 2009; 

Annaz et al., 2012; Falck-Ytter, Bölte, Gredebäck, 2013), in Chapter 4, we did not 

find a relationship between autistic traits and attentional engagement with biological 

motion.  Nonetheless, other studies have also failed to find impairments in social 

orienting (Fletcher-Watson, Leekam, Benson, Frank, & Findlay, 2009; Fletcher-

Watson et al., 2008; Freeth, Chapman, Ropar, & Mitchell, 2010) and social 

engagement (Fischer et al., 2014) in individuals with ASD. The range of autistic traits 

reported by our samples of participants taking part in Experiment 1 (range: 3 – 28, 

median = 15) and in Experiment 2 (range: 8 – 33, median = 17.5) in Chapter 4 was 

limited, as only a small number of our participants demonstrated AQ scores above the 

suggested cut-off score for autism (32) (Baron-Cohen et al., 2001); thus it is possible 

that social orienting and engagement impairments appear at the more extreme ends of 

the Autism Quotient questionnaire, or only in individuals with clinical diagnoses of 

ASD. Due to participants reporting a greater range of autistic traits in Chapter 3 

(range: 1 – 49, median = 18) than in Chapter 4, if the sample of participants from 

Chapter 3 had participated in the experiments in Chapter 4, we would have had a 

clearer interpretation of the relationship between autistic traits and social motivation. 

Therefore, it remains unclear whether autistic traits, or ASD diagnoses, affect 

engagement with social stimuli such as biological motion, and this remains an area 

ripe for follow-up investigation.  

  

Social Seeking and Liking  

	  
 The social motivation theory suggests that individuals engage with, and 

naturally orient their attention towards, social stimuli as they find social interactions 
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rewarding. In this thesis, across three studies, I investigated the social seeking and 

liking aspect of social motivation in relation to biological motion. As has been 

reported by other studies investigating social engagement with videos of faces (Dubey 

et al., 2015), in the Choose-a-Movie task, participants reporting fewer autistic traits 

were willing to exert more effort to watch videos of biological motion compared to 

the other video categories. However, those reporting more autistic traits assigned a 

reduced reward value to social stimuli by showing a reduced preference for opening 

the most social stimuli compared to those with fewer autistic traits. As such, the 

findings from Chapter 3 offer valuable insights about the reward value of human 

bodies in motion, and significantly advance our knowledge of social motivation in the 

typical population.  

 

The findings from Chapter 3 raise an important question, however, concerning 

whether reduced engagement with social stimuli in individuals with more autistic 

traits is due to a reduced social preference or an increased non-social preference. As 

the Choose-a-Movie task gives participants a choice of two boxes to open, the 

preference for one stimulus category suggests a reduced preference for the other 

category. Thus, those reporting more autistic traits in our experiment are suggested to 

demonstrate reduced social preference and increased non-social preference. However, 

those reporting more autistic traits in Chapter 3 did not appear to show a clear 

preference for any stimulus category. Thus, it is possible that these participants were 

indifferent to the stimulus categories presented to them.  

 

Indeed, although some studies have reported reduced reward-circuitry 

activation in response to anticipating social rewards in individuals with autism 
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(Zeeland et al., 2010; Delmonte, Balsters, McGrath, Fitzgerald, Brennan, Fagan, & 

Gallagher, 2012), other studies have reported reduced activation in response to 

anticipating both social and non-social rewards (Dichter, Richey, Rittenberg, 

Sabatino, & Bodfish, 2012). Together, these findings point towards a possible general 

reward dysfunction in individuals with ASD; this dysfunction reduces their 

motivation to engage in approach behaviours for both social and non-social rewards 

(Kohls, Schulte-Rüther, Nehrkorn, Müller, Fink, Kamp-Becker, et al., 2013) 

regardless of reward type.  

 

However, recent research has demonstrated that individuals with ASD do not 

show impaired reward sensitivity to stimuli of high autism interest (HAI) (e.g. cars 

and electronics), and demonstrate reward circuitry hyper-reactivity to HAI stimuli 

compared to social and non-social stimuli (non-autism interest) (Watson et al., 2015; 

Kohls, Antezana, Mosner, Schultz, & Yerys, 2018). These findings suggest that the 

ability to experience reward may not be impaired in ASD, but that enhanced 

motivation to interact with HAI stimuli, and decreased motivation to interact with 

social stimuli, may contribute to differences in social abilities (Kohls et al., 2018).   

 

 In order to further investigate whether participants reporting more autistic 

traits in the Choose-a-Movie task demonstrate increased non-social preference (such 

as HAI stimuli), reduced social-preference, or a more general reward impairment 

demonstrated by an indifference to the stimuli, a modified version of the task is 

necessary.  This task should present participants with more than two choices to enable 

clearer investigation of whether participants value one type of stimulus relative to the 
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others, devalue one stimulus relative to the others, or have reduced motivation to 

engage with all the stimuli available.  

 

In Chapter 4, participants showed greater pupil dilation when viewing videos 

of biological compared to non-biological motion, suggesting they found this type of 

motion to be more arousing, and perhaps more rewarding, than non-biological motion. 

In this chapter, we found no relationship between autistic traits and changes in pupil 

size in response to the different social stimuli, suggesting no differences in the reward 

value assigned to biological motion in those reporting many compared to few autistic 

traits. However, as we did not have a sample of participants with ASD, and the range 

of reported autistic traits was narrower in this chapter than in the previous chapter, it 

remains unclear whether individuals who report a high number of autistic traits and/or 

who have a clinical diagnosis of ASD demonstrate differences in the reward value 

assigned to biological motion, measured via changes in pupil size.  

 

In the final empirical chapter, feedback presented via biological motion acted 

as a rewarding stimulus that reinforced behaviour and was associated with 

engagement of reward-related brain regions in a similar manner to feedback presented 

via faces (Kohls et al., 2013) and money (Spreckelmeyer, Krach, Kohls, Rademacher, 

Irmak, Konrad, et al., 2009). Previous research has primarily presented images or 

videos of faces to participants to study social reward in response to task performance. 

The findings from Chapter 5 highlight the relevance and importance of another type 

of social stimulus that motivates behaviour, and show how feedback presented via 

other social modalities (e.g. body gestures) can act as rewarding feedback even when 

visual access to the face is unavailable. 



	   163 

 

We found that the nucleus accumbens (NAcc) was more robustly engaged 

during the anticipation of feedback presented via positive body motion than during the 

anticipation of neutral feedback. Research suggests that the ventral striatum functions 

as a decision utility that computes the incentive salience of rewards and motivates us 

to obtain them (Chevallier et al., 2012). Research has demonstrated the importance of 

reward-related brain regions (such as the orbitofrontal cortex (OFC), ventral and 

dorsal striatum, and the amygdala) in social functioning in the typical population 

(Bottini, 2018); impairments have been reported both functionally and structurally in 

these areas in individuals with ASD (Chevallier et al., 2012; Neuhaus Beauchaine, & 

Bernier, 2010). These neural differences are suggested to reduce attention to social 

stimuli (due to their low reward value for these individuals), leading to fewer social 

experiences (Dawson, & Bernier, 2007; Bottini, 2018). A reduction in social 

experiences consequently leads to individuals with ASD failing to develop specialised 

brain regions for the processing of social information (Dawson, & Bernier, 2007).  

 

 Chapter 5 did not investigate whether autistic traits affects brain activity in 

response to social feedback. Autistic traits were measured in our sample of 

participants for a master’s project that focused on the behavioural data. As our fMRI 

experiment design was complex (including several different trial conditions and two 

different tasks), we did not believe we had sufficient power to also investigate 

questions relating to autistic traits with a sample of 31 participants. Thus, although 

this study suggests that feedback presented via biological motion alone can activate 

the reward circuitry in a similar manner to faces and money, it is still unknown 

whether differences exist among individuals reporting more autistic traits, or with 
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ASD diagnoses. To examine these questions, future research, with appropriate power 

to investigate differences in reward processing between individuals with and without 

ASD, is necessary. 

 

Together, the studies that compose this thesis provide crucial new evidence 

that helps to construct a more detailed picture of how social motivation operates 

within the typical population, and expand our knowledge of the types of social stimuli 

that we are motivated to engage with. The three empirical chapters improve our 

understanding of the social orienting and social seeking and liking tiers of social 

motivation, and provide novel insights revealing that it is not only social stimuli that 

signal direct social engagement, such as faces with direct gaze, that we find rewarding 

and are motivated to engage with. Previous research investigating social motivation 

has primarily focused on investigating social motivation in relation to faces, due to the 

face’s ability to convey information via the eyes and its expressions. However, 

individuals can extract meaningful and accurate information from the outline of a 

human body alone (de Gelder, 2006; Meeren, Heijnsbergen, & de Gelder, 2005; Van 

den Stock, Righart, & de Gelder, 2007), can communicate non-verbally using body 

gestures (Kendon, 1980), and can accurately identify emotions and intentions from 

biological motion (Runeson & Frykholm, 1983; Dittrich, Troscianko, Lea, & Morgan, 

1996). Thus, similarly to faces, human bodies in motion provide relevant and 

important social information that we can utilise to understand and predict the actions, 

emotions, and intentions of others around us. Importantly, the successful recognition 

of, and preferential attention to, biological motion is suggested to be related to the 

development of social abilities (Miller & Saygin, 2013). Individuals who have been 

diagnosed with an autism spectrum disorder, who characteristically demonstrate 
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impairments in social abilities, are impaired in recognising (Blake, Turner, Smoski, 

Pozdol, & Stone, 2003), and attending to (Klin et al., 2009; Annaz et al., 2012), 

biological motion; consequently, these individuals receive less information about the 

movements of others, which is suggested to affect the development of social cognitive 

abilities (Annaz et al., 2012).   

 

Social motivation in the typical population 

	  
Previous research investigating social motivation in both the typical 

population and in individuals with ASD has focused on investigating the reward value 

of social stimuli that signal direct social engagement (i.e. faces with direct gaze) 

(Dubey, Ropar, & Hamilton, 2015; Sepeta, Tsuchiya, Davies, Sigman, Bookheimer, 

& Dapretto, 2012; Dubey, Ropar, & Hamilton, 2017; Kohls, Perino, Taylor, Madva, 

Cayless, Troiani, et al., 2013).  However, it has remained poorly understood how 

rewarding typically developing individuals, and individuals with ASD, find other 

types of social stimuli, such as biological motion. Across the three empirical chapters 

presented in this thesis, I demonstrate that both neutral (Chapters 3 and 4) and 

expressive (Chapter 5) biological motion can act both as a rewarding and a 

reinforcing stimulus that participants are motivated to engage with. These findings 

demonstrate that it is not only social stimuli that signal direct social engagement that 

typically developing individuals find rewarding, but also, other types of social stimuli 

that convey rich social information, but do not signal imminent social engagement, 

are assigned a high value from these individuals. The results presented in this thesis 

thus provide critical new evidence about the value of human bodies in motion, and 

significantly advance our knowledge of social motivation in the typical population. 
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Recently, Aviezer, Trope, and Todorov (2012) demonstrated that intense emotions 

were successfully identified from isolated bodies, not faces. These findings, and the 

findings from this thesis, demonstrate the importance of viewing the whole body, 

rather than just the face, to fully perceive and appreciate its social cues. Future 

research on social motivation in the typical population may benefit from presenting 

whole-body stimuli, or stimuli that do not signal imminent social engagement, in 

order to further advance our knowledge of the types of social stimuli that are valued 

in the typical population.  

Social motivation in Autism Spectrum Disorders 

	  
Although we provide evidence to support the notion that biological motion is a 

stimulus that the typical population finds rewarding, our results provide inconclusive 

findings for the relationship between social motivation, biological motion, and autistic 

traits, mainly due to our limited sample sizes and the limited range of autistic traits 

reported by our participants. Individuals reporting more autistic traits assigned a 

reduced reward value to social stimuli in Chapter 3, but no relationship between social 

motivation and autistic traits emerged in Chapter 4, and due to our limited sample 

size, we did not investigate whether autistic traits affects the engagement of the 

reward circuitry in the brain in Chapter 5. However, the studies presented in this 

thesis recruited typically developing participants and measured their autistic traits. 

Thus, differences in social motivation may emerge at the more extreme ends of the 

AQ distribution (above the suggested cut-off for a diagnosis of ASD; Baron-Cohen, 

Wheelwright, Skinner, Martin, & Clubley, 2001), or only in those with clinical ASD 

diagnoses. Further work recruiting both typical and autistic participants is necessary 
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in order to elucidate the relationship between social motivation, biological motion, 

and ASD.  

 

A possible explanation for the inconclusive findings in studies investigating 

the relationship between social motivation and autism is that deficits in social 

motivation are limited to one aspect of reward (i.e. a deficit in either reward ‘wanting’ 

or ‘liking’). The anticipation of a reward triggers approach behaviour (‘wanting’), 

where participants are motivated to obtain rewards. The Choose-a-Movie task 

examines approach behaviour due to its ability to measure the tendency for 

participants to exert effort to view certain stimuli. Findings from studies employing 

this task suggest that participants are willing to exert effort to view social stimuli, but 

that this is reduced in individuals with autism or reporting more autistic traits (Dubey 

et al., 2015; Williams & Cross, 2018); thus, these findings suggest a social ‘wanting’ 

impairment in these individuals. Social Incentive Delay tasks (Zeeland, Ashley, 

Dapretto, Ghahremani, Poldrack, & Bookheimer, 2010; Delmonte, Balsters, McGrath, 

Fitzgerald, Brennan, Fagan, & Gallagher, 2012; Kohls et al., 2013), also measuring 

social ‘wanting’, have reported impairments in individuals with autism; in these tasks, 

participants with autism demonstrate attenuated brain reward-region activation when 

anticipating rewards. Chapter 4 utilises an attentional disengagement task to measure 

social motivation; this task typically measures ‘social liking’ as participants do not 

anticipate the presentation of the stimuli, nor do they need to work to obtain rewards. 

Studies investigating reward ‘liking’ in ASD have reported mixed findings (Zeeland 

et al., 2010; Schimtz, Rubia, Amelsvoort, Daly, Smith, & Murphy, 2008; Kohls et al., 

2012; Dichter et al., 2012). Therefore, as Chapters 3 and 5 measured social ‘wanting’, 

and Chapter 4 measured social ‘liking’, it is possible that individuals with autism, or 
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those reporting more autistic traits, show impairments in only one tier (i.e. social 

‘wanting’). A recent review certainly points towards a reward ‘wanting’ dysfunction 

in ASD (Kohls, Chevallier, Troiani, & Schultz, 2012).  

 

Another possible explanation for inconclusive findings in studies investigating 

the relationship between social motivation and autism is the use of different 

methodologies. Social motivation comprises three tiers: social maintaining, social 

orienting, and social seeking and liking (Chevallier, Kohls, Troiani, Brodkin, & 

Schultz, 2012). These three tiers can be evaluated using different methods; for 

example, social orienting is typically measured using eye-tracking technology (Falck-

Ytter & von Hofsten, 2011), and social seeking and liking is typically measured using 

behavioural effort tasks (Dubey et al., 2015) or neuroimaging methods (Kohls et al., 

2013). In this thesis, not only are different methods used to evaluate different tiers of 

social motivation, but also, different methods are used to evaluate the same tier of 

social motivation. For example, Chapter 3 utilised an effort task to measure social 

seeking and liking, and revealed impairments in those reporting more autistic traits. 

On the other hand, pupillometry was used in Chapter 4 to measure social seeking and 

liking, but no differences in relation to autistic traits were found. Although general 

consensus exists in the literature that there are impairments in social motivation 

among individuals with ASD, some studies report no differences in social motivation 

between those with and without ASD (Fletcher-Watson, Leekam, Benson, Frank, & 

Findlay, 2008; Fischer, Koldewyn, Jiang, & Kanwisher, 2014; Sasson & Touchstone, 

2014). However, due to differences in methodologies between studies, it is possible 

that these differences lead to different conclusions regarding the relationship between 

social motivation and ASD. Alternatively, it is possible that individuals with ASD, or 
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those reporting more autistic traits, show impairments in only a subset of the tiers of 

social motivation, and not in all three. A recent review of social orienting in ASD 

certainly suggests that social orienting may not be impaired in these individuals 

(Guillon, Hadjikhani, Baduel, & Rogé, 2014); thus further research is necessary to 

delineate whether individuals with autism show impairments in all three tiers of social 

motivation, or only in a subset.  

 

Evaluation of the Social Motivation Theory 

	   	  
 Chevallier and colleagues (2012) proposed that a set of biological mechanisms 

and psychological dispositions bias an individual to attend to the social world. 

Attending to social stimuli early in life provides us with appropriate social stimulation 

that teaches us valuable social skills, whereas diminished social attention deprives 

individuals of the experience necessary to develop these skills. Thus, the Social 

Motivation theory suggests that a reduction in social motivation leads to impairments 

in social cognition. On the other hand, theories of social cognition suggest that a lack 

of understanding of the social world leads to a reduction in social motivation 

(Chevallier et al., 2012). Chevallier and colleagues (2012) claim that deficits in social 

motivation appear in all, or nearly all, individuals diagnosed with ASD, whereas 

deficits in social cognition are not as widespread. However, some studies do not 

support the Social Motivation Theory (Ewing, Pellicano, & Rhodes, 2013; Pankert, 

Pankert, Herpertz-Dahlmann, Konrad, & Kohls, 2014), and some report inconclusive 

findings (Deckers, Roelofs, Muris, & Rinck, 2014); thus, perhaps deficits in social 

motivation are also not as widespread as first hypothesised. 
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 Autism is characterised as a heterogeneous neurodevelopmental disorder 

(Murdoch & State, 2013), with some individuals with ASD demonstrating 

impairments in certain areas and others showing abilities in these areas. Wing and 

Gould (1979) categorised individuals with autism into three social subgroups to 

describe the social heterogeneity within the disorder. These social subtypes were: 

‘aloof’, ‘passive’, and ‘active-but-odd’. Firstly, the aloof subtype describes 

individuals that show little interest in social interactions. Secondly, passive describes 

the type of individuals that show little interest in social interactions but will interact if 

others initiate the interaction. Lastly, active-but-odd describes individuals who want 

to engage in social interactions but who lack the appropriate skills to maintain their 

social relationships. Thus, deficits in social motivation might not be evident across all 

of the suggested subtypes of autism. Indeed, individuals in the active-but-odd subtype 

demonstrate social motivation (Macintosh & Dissanayake, 2006). Conclusions 

regarding social motivational deficits in ASD could therefore be conflicting due to 

individuals with autism falling into different social subtypes. Research evaluating the 

Social Motivation Theory of autism would benefit from categorising participants into 

the different types of social subgroups, in order to clarify whether social motivational 

deficits are apparent in all individuals with autism, or only in those within specific 

social subtypes.  

 

 Chevallier and colleagues (2012) claimed that the evidence of social 

motivational deficits in young infants later diagnosed with autism supports the Social 

Motivation theory over theories of social cognition. Social cognition deficits emerge 

much later, with children over 4-years old demonstrating impairments in theory of 

mind (Baron-Cohen, Leslie, & Frith, 1985).  Thus the evidence of deficits in social 
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motivation in young infants supports the hypothesis that reduced social interest early 

on in life leads to negative consequences for social cognition. Further, if reduced 

social motivation and social attention impair the development of social cognition, 

improving social attention should improve social cognition (Chevallier et al., 2012). 

Indeed, studies providing explicit instructions to participants to attend to social 

information demonstrate improved performance in social tasks (Senju, Southgate, 

White, & Frith, 2009; Leekam, 2005; Wang, Lee, Sigman, & Dapretto, 2007), thus 

supporting the theory of social motivation.  

 

 In conclusion, although some studies have found mixed, or conflicting, results 

regarding the involvement of social motivational deficits in the development of ASD, 

the Social Motivation Theory has received considerable empirical support since its 

proposal in 2012. Further, deficits in social motivation are suggested to underlie some 

of the other impairments observed in ASD, namely, restricted interests and repetitive 

behaviours (Schultz, 2005), and motivation interventions have shown to reduce 

disruptive and stereotypical behaviours in ASD (Koegel, Koegel, & McNerney, 

2001). Thus, whereas the social cognition accounts of autism only explain the social 

impairments in autism, studies suggest that the Social Motivation theory can explain 

other impairments in the disorder.  

 

Methodological Implications 

 

 A methodological strength of the work presented in this thesis is the use of 

different methodologies across three empirical chapters. Due to research not having 

investigated the reward value of biological motion previously, not only does this 
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thesis delineate the value of biological motion, but also, it demonstrates the robustness 

of the reward value of biological motion by supporting this idea using behavioural, 

eye-tracking, and fMRI methodologies. Previous research has demonstrated the high 

reward value assigned to faces across behavioural (Dubey et al., 2015; Hayden, 

Parikh, Deaner, & Platt, 2007; Shore & Heerey, 2011), neuroimaging (Lin, Adolphs, 

& Rangel, 2012; Kohls et al., 2013), eye tracking (Sepeta et al., 2012), and 

electroencephalography (EEG; Stavropoulos & Carver, 2014; Cox, Kohls, Naples, 

Mukerji, Coffman, Rutherford, Mayes, & McPartland, 2015) methods. Thus, this 

thesis adds to the growing literature investigating the reward value of social stimuli, 

and provides evidence supporting the rewarding value of biological motion across 

methodologies, similarly to what has been found using different methodologies to 

investigate the reward value of faces.  

 

Future Directions 

	  
 Throughout this chapter I have mentioned several different directions for 

future work following the findings from this thesis, including recruiting both typically 

developing individuals and individuals with an ASD diagnosis to investigate whether 

differences exist (and if so, what the nature of these differences is) in the value 

assigned to biological motion between these groups of participants. Further, future 

research could also investigate whether differences in social motivation exist between 

those categorised as socially aloof, passive or active-but-odd (Wing & Gould, 1979). 

However, a direction for future research I have not yet mentioned is the investigation 

of the reward value of biological motion across development, and the comparison 

between biological motion and different types of social stimuli.  
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 In Chapter 1, I discuss how social behaviours change throughout development. 

From birth, human infants possess social behaviours that serve as tools to attract the 

attention of others (Nakayama, 2015) and to orient their attention towards social 

stimuli (Simion, Valenza, Umiltà, & Dalla Barba, 1989). Our social abilities develop 

throughout childhood, until we possess complex social abilities that aid us in 

understanding the social world around us. However, Dubey, Ropar, and Hamilton 

(2017) found reduced social motivation in typical adolescents in an effort task. In the 

Choose-a-Movie task, typical adolescents did not show increased motivation to view 

images of faces with direct gaze compared to non-social stimuli as has been 

demonstrated in adults. This finding is similar to the results found by Ewing and 

colleagues (2013), and Sasson, Turner-Brown, Holtzclaw, Lam, and Bodfish (2008); 

both these studies report a greater preference for non-social stimuli in typically 

developing adolescents. Kohls and colleagues (2009) also found that adolescents did 

not show improved task performance when given social rewards in the Social 

Incentive Delay task. Dubey and colleagues (2017) suggest that this reduced 

motivation to obtain social rewards might be due to the changes in the reward 

circuitry during adolescence; studies have reported diminished activation of the 

ventral striatum (which is involved in reward seeking) during the anticipation of 

monetary reward, but not during the receipt of the reward during adolescence (Bjork, 

Knutson, Fong, Caggiano, Bennett, & Hommer, 2004). Thus, these findings might not 

suggest a reduced reward value of social stimuli in adolescence, but instead, a general 

reduced motivation to obtain rewards (Dubey et al., 2017; Kohls, Peltzer, Herpertz-

Dahlmann, & Konrad, 2009; Demurie, Roeyers, Baeyens, & Sonuga-Barke, 2012). 

Thus, it would be beneficial for future research to investigate whether the preference 
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for biological motion is also reduced in adolescence, to gain a fuller understanding of 

the reward value assigned to biological motion across the lifespan.  

 

 Another interesting direction for future research would be to directly compare 

the reward value of faces with direct or averted gaze with biological and non-

biological motion. In the Choose-a-Movie task, the findings from Dubey and 

colleagues (2015) point towards a linearly increasing preference for the most social 

stimuli available to participants (i.e. participants prefer faces with direct gaze 

compared to objects, and averted gaze compared to objects). In Chapter 3, we also 

find a similar pattern, with participants demonstrating a preference for biological 

motion compared to objects, non-biological motion compared to objects, and 

biological compared to non-biological motion. A future study could investigate 

whether this pattern also applies to tasks where participants are presented with videos 

of faces, biological motion, or non-social stimuli such as objects. It could be the case 

that participants would place the highest value on social stimuli that signal direct 

engagement, thus we would find a linear trend in preference for the stimuli, with 

participants preferring faces with direct gaze to biological motion, but preferring 

biological motion to objects.  

 

Conclusions 

	  
 In conclusion, work contained in this thesis has produced novel insights into 

the reward value of biological motion using a number of complementary behavioural 

and brain-based methodologies. Overall, results suggest that biological motion is a 

valuable and rewarding stimulus; this thesis has demonstrated that participants are 
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willing to exert effort to view biological motion, and that viewing biological motion 

can induce autonomic arousal, and engage reward-related brain regions. However, the 

relationship between the value of biological motion and autistic traits, or ASD 

diagnoses, remains unclear, thus further research is necessary in order to more clearly 

delineate this relationship. Nonetheless, this thesis has provided support to the 

hypothesis of social motivation in the typical population and has expanded our 

knowledge of the types of social stimuli that we find rewarding and are motivated to 

engage with. The findings provide evidence to suggest that it is not only social stimuli 

that signal imminent social engagement, such as faces with direct gaze, that we find 

rewarding, but also, neutral social stimuli that do not signal social engagement. 
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Appendix 1 – Chapter 3 

 
Social Responsiveness Scale as a predictor 

 
As participants also completed the Social Responsiveness Scale (SRS) 

questionnaire, results from the three separate mixed models including the SRS as a 

fixed factor measuring autistic traits, instead of the Autism Quotient (AQ) are 

presented in Appendix Table 1. The results from the models including the SRS are 

similar to the results from the models using the AQ as the measure of autistic traits.  
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Appendix Table 1. Mixed effects logistic regression models investigating variables 

contributing to opening the box on the left, in the three types of choice trials. These 

models used the SRS as the measure of autistic traits.  
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Appendix 2 – Chapter 3 
 

 
Analysis of AQ scores of 20 or below 

 
As the mean AQ score of our sample was higher than the mean in the typical 

population (Ruzich et al., 2015) we include only participants with scores of 20 or 

below on the AQ in the analyses, in order to investigate the pattern of results from 

participants within the typical range (Appendix Table 2). As expected, we find 

that participants within this range are showing a significant preference for the 

most social stimuli when asked to open one of two boxes (for example, 

participants in this subsample show a preference for natural human motion 

compared to control, natural human motion compared to machine-like motion, and 

machine-like motion compared to control), but autistic traits does not modulate 

their preference.  
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Appendix Table 2. Mixed effects logistic regression models investigating variables 

contributing to opening the box on the left, in the three types of choice trials. These 

models only analysed participants with scores of 20 or below on the Autism 

Quotient. 
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Appendix 3 – Chapter 3 

Autism Quotient outliers removed 

Participants with AQ scores more than 2 standard deviations above or below the 

mean were removed from the analyses (Appendix Table 3) to investigate whether 

those with high or low scores were driving the relationships observed in the data. 

Results show the same pattern of results, thus these outliers are not driving the 

relationships. 
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Appendix Table 3. Mixed effects logistic regression models investigating variables 

contributing to opening the box on the left, in the three types of choice trials. These 

models removed participants with AQ scores more than 2 standard deviations from 

the mean from the analyses.  
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Appendix 4 – Chapter 3 

Female only models 

As the majority of our sample was female (77%), the three mixed effects models 

were run for data from female participants only, in order to investigate whether the 

same pattern of results still holds when males are removed (Appendix Table 4 & 

Appendix Figure 1). The results from these models are similar to the results from 

the full data sets. These models did not include gender, box colour, handedness or 

age as fixed effects within the models as this led to non-convergence. We also 

present results from the same model structure including all participants (male and 

female), for ease of comparison (Appendix Table 4). 

 
 
 
 
 
 
 

Appendix Figure 1. To illustrate the data with only female participants, female participants with 
AQ scores above the mean-centred AQ score were put in a ‘High AQ’ group, and participants 
with AQ scores below the mean-centred AQ score were put in a ‘Low AQ’ group. The plots show 
how Effort, the Stimulus Category of the left box, and Autistic Traits contribute to opening the 
box on the left.	  
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Table 4. Mixed effects logistic regression models investigating variables 

contributing to opening the box on the left, in the three types of choice trials. These 

models only analysed data from female participants. 
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Appendix 5 – Chapter 3 

	  

Correlational Analyses 

To visualise the relationship between autistic traits and stimulus preference, 

correlational analyses were conducted (Appendix Figure 2). The results suggest that 

autistic traits significantly predicted the type of stimulus participants chose to watch in 

trials with a choice between opening human motion boxes and control stimuli (r = 
 
0.36, p < 0.001), in trials with a choice between opening machine-like motion boxes 

and control stimuli (r = 0.26, p = 0.009), and in trials with a choice between opening 

human motion and machine-like motion boxes (r = 0.33, p = 0.001). These results 

demonstrate that, when in a forced-choice situation, participants reporting more 

autistic traits preferred to open the video that was the least social of the two. Even 

when both categories were relatively social as they included a human figure (human 

vs. machine-like motion), they preferred to open the less social of the two (machine-

like motion). 

 

Appendix Figure 2. Average stimulus choice for each participant. For each of the 
three data sets, an average stimulus choice score was calculated for each 
participant. This score does not take Effort into account. 
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Appendix 6 – Chapter 3 
 
Plotting fixed effects coefficients 

The coefficients from the fixed effects of interest from the three models were plotted 

in order to compare the effect sizes of the fixed effects across models (Appendix 

Figure 3). The error bars for most fixed effects from all three models overlap; this 

shows that these effects have the same effect across models. However, the error bars 

for Stimulus Category in the models Natural Human Motion vs. Control, and Natural 

Human Motion vs. Machine-Like Motion do not overlap with the error bars from the 

model for Machine-Like Motion vs. Control. This suggests that the strength of the 

effect of Stimulus Category was reduced in the Machine-Like Motion vs. Control 

comparison. Even though the estimates from the Stimulus Category by Autistic Traits 

interactions are close to zero for all three models, they do not touch zero, and are a 

consistent significant predictor in all three models. 

 

 
 

 

 

 

 

Appendix Figure 3. Compares the estimates of the fixed effects of interest from all 
three models. The error bars represent the estimated 95% confidence intervals. 
Confidence intervals were approximated using the ‘Wald’ method in R; this method 
approximates the confidence intervals based on the estimated local curvature of the 
likelihood surface. 
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Appendix 7 – Chapter 3 

	  Supplemental multiple regressions 
 
Given the potential effects of gender, age, and handedness on autistic traits (Appendix 

Table 5) and age and handedness on gender (Appendix Table 6) (due to significant 

effects of these variables in some of the models), we conducted two extra regression 

analyses for a clearer inspection of these relationships. 

	  
Appendix Table 5. Multiple regression analysis of Handedness, Age, 

and Gender, on Autistic Traits (AQ). 
 

Variables B  SE  β  t p 

Handedness -0.060 0.023 -0.238 -2.579 0.011 
Age 0.409 0.171 0.220 2.387 0.019 
Gender -4.372 2.222 -0.182 -1.968 0.052  

 
Note. B = unstandardized beta coefficient, SE = standard error β = 
standardized beta coefficient 

 
 
Appendix Table 6. Multiple regression analysis of Handedness and Age on Gender.  
 

Variables B  SE  β  t p 

Handedness 0.001 0.001 0.069 0.703 0.484 
Age -0.002 0.008 -0.026 -0.26 0.795  

 
Note. B = unstandardized beta coefficient, SE = standard error β = 
standardized beta coefficient 
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Appendix 8 – Chapter 3 

 
AQ*Effort Interaction in Natural Human Motion vs. Machine-Like Motion 
 
contrast 
 
To illustrate the significant relationship between effort and autistic traits in the Natural 

Human Motion vs. Machine-Like Motion contrast, we plot the interaction (Appendix 

Figure 4). 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix Figure 4. This plot illustrates the significant relationship between autistic 
traits and effort in the contrast Natural Human Motion vs. Machine-Like Motion, as a 
function of participants who report high and low scores on the AQ. 
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Appendix 9 – Chapter 5 

Appendix Table 7. Volumes included in the fMRI analyses.   
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Appendix 10 – Chapter 5 

Outcome phase analysis  

 

 Although the central questions addressed in this study concerned the 

anticipation of reward, we present results from the outcome phase model here for a 

more complete view of the data (Appendix Table 7).  The outcome phase analysis 

aimed to achieve three primary objectives: 

 

1. The first question concerned whether incentive feedback activated reward 

regions more robustly than control feedback during both APPR and AVOI 

tasks, and for both body motion and text conditions. To address this, we ran 

the simple effect contrasts of (APPR > CON) motion, (AVOI > CON) motion, 

(APPR > CON) text, and (AVOI > CON) text for the outcome phase (from video 

onset to offset).  

 

2. Next, we were interested in investigating whether viewing feedback presented 

via motion would activate reward regions more strongly than the text 

condition. Therefore, our next analyses evaluated whether differences in 

activation emerged when viewing feedback presented via motion compared to 

text (Motion > Text).  

 

3. We were also interested in investigating whether similar regions are activated 

during the receipt of rewarding feedback in the APPR task vs. avoiding 

negative feedback in the AVOI task. Therefore, this analysis was calculated as 

(APPR motion  + APPR text > AVOI motion  + AVOI text).   
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Seeking Social Approval 

 

Neither the OUT_APPR > CON motion contrast nor the OUT_APPR > CON text contrast 

revealed any clusters of activation surviving threshold (p < 0.001, k = 20).  

 

Avoiding Social Disapproval 

 

Similarly to the APPR task, the contrasts in the AVOI task (OUT_AVOI > CON motion 

and OUT_AVOI > CON text) did not reveal any clusters of activation surviving 

threshold.  

 

Comparison between motion and text feedback: We investigated whether any 

activation differences were found when participants received motion feedback 

compared to text feedback. This analysis was calculated as APPR motion  + AVOI motion 

> APPR text  + AVOI text). This analysis revealed several significant clusters of 

activation including the parahippocampal gyrus (k = 47) (comprising the amygdala 

and hippocampus) and the caudate (k = 76) (comprising the thalamus and pallidum). 

 

Comparison seeking social approval and avoiding social disapproval tasks: We 

investigated whether any differences in activation emerged when participants received 

positive feedback in the APPR task compared to avoiding negative feedback in the 

AVOI task. This analysis revealed clusters of activation in the hippocampus (k = 26) 

and the precuneus (k = 50).  

 

*	  
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Appendix Table 7. Results from the whole brain analysis for the outcome phase 

contrasts. This table lists the brain regions that emerge at a threshold of p < 0.001, k 

= 20. 

 
Region BA 

MNI 
Coordinates t-value 

Cluster 
Size 

PFDR-

Corrected 

   
x y z 

   
         
 

OUT_Motion > Text 
     

         L Inferior occipital gyrus 19 -42 -76 1 9.14 875 < 0.001 
R Inferior temporal gyrus 37 51 -64 4 6.20 1262 < 0.001 
R Parahippocampal gyrus 53 27 -4 -23 6.92 26 0.096 
R Inferior parietal gyrus 7 36 -43 55 6.69 218 < 0.001 
R Mid frontal 6 45 -1 52 6.14 138 < 0.001 
L Parahippocampal gyrus 54 -18 -7 -20 5.67 47 0.022 
L Inferior parietal gyrus 7 -30 -58 58 5.50 129 < 0.001 
L Caudate 50 -6 -4 7 5.49 76 0.003 
R Frontal Inferior orbital 45 54 29 1 5.18 20 0.154 
R operculum 44 36 17 19 4.93 42 0.028 

         
 

OUT_APPR > AVOI 
     

         R Anterior cingulum 24 6 29 16 5.98 64 0.052 
L Hippocampus 

 
-9 -34 -8 4.90 26 0.222 

L Precuneus 23 -12 -46 31 4.22 50 0.067 
R Inferior temporal 37 45 -46 -20 4.00 31 0.193 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



	   242 

 
 




