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Abstract

We mimic people more if we like them. This observation suggests that certain
component processes of empathy can be modulated by reward. Crucially, this
reward-driven modulation of mimicry is decreased in people with high autistic
symptoms. Autism has also been associated with impairments in other, more
cognitive, components of empathy. However, it remains ill-investigated whether
reward similarly modulates these cognitive component processes of empathy
and, in turn, whether this modulation is altered in individuals with high autistic
symptoms.

The current thesis aims to address this gap in the literature. Commonly
used tasks requiring judgments about others’ mental states were used to index
different processes related to cognitive empathy. In separate experiments, this
was done for Theory of Mind (Chapter 2), perspective taking (Chapter 3), and
empathic accuracy (Chapter 4). The impact of reward on task performance was
tested through manipulating the reward value associated with the ‘other’. The
analyses show that reward value associated with the other positively affects
Theory of Mind performance, but only when the participant is required to make
an explicit judgment about the other’s belief. Additionally, there is some evidence
that reward aids visual perspective taking. Lastly, reward benefits making
inferences about how positive or negative the other feels.

However, the results show that the reward-driven modulation of cognitive
empathy-related processes is not related to autistic traits. Interestingly, the
various employed task measures of cognitive empathy were not related to each

other (Chapter 5). Taken together, the analyses in this thesis indicate that reward



improves performance on some cognitive empathy tasks, likely mediated by the
employment of underlying cognitive capacities that are unaffected in those with

high autistic traits.
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1 Introduction

“You never really understand a person until you consider things from his point of
view, until you climb inside of his skin and walk around in jt.”

~ Atticus Finch, in Harper Lee’s ‘To Kill a Mockingbird’

This chapter sets out the background for the following experimental chapters. It
first introduces and delineates the component processes of empathy, employing
a central dichotomy of affective and cognitive empathy. Whereas affective
empathy entails mechanisms through which someone else’s mental state can be
shared, cognitive empathy relies on making inferences about such states. It is
explained how the processes underlying these components are altered in autism,
and how impaired social motivation may underlie such alterations. This account
is supported by evidence that reward generally modulates affective empathy-
related processes, but not for those high in autistic traits. In contrast, it is unclear
whether processes related to cognitive empathy can also be modulated by
reward, and whether this modulation varies along the spectrum of autistic traits.
The chapter concludes with a discussion of studies that have looked at this
relationship for affective and cognitive empathy, respectively. By summarising
existing methodologies to manipulate reward, it provides a framework for

experimentally investigating the research questions in the following chapters.
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1.1 Component processes of empathy

Understanding others (i.e. their thoughts, feelings and intentions) lies at the core
of social interaction. This understanding is often referred to as empathy. Although
there are subtle differences in how researchers define empathy, it is generally
divided into a cognitive and an affective component (e.g. Baron-Cohen &
Wheelwright, 2004; Decety & Jackson, 2004; de Waal, 2008; Leiberg & Anders,
2006). The cognitive component encompasses processes that allow the
understanding of others’ mental states through inferential cognitive processing,
whereas the affective component entails mechanisms through which someone
else’'s emotional state can be spontaneously shared (Thompson, Uusberg,
Gross, & Chakrabarti, 2019). Although the understanding of others can be arrived
at through both forms of empathy individually (Soto & Levenson, 2009), the two
components are thought to be interrelated and complementary (Zurek &
Scheithauer, 2017; Baron-Cohen & Wheelwright, 2004; Decety & Jackson, 2006;
Dziobek et al., 2008). The following sections will further delineate affective and
cognitive empathy and discuss their importance in development and social

interaction.

1.1.1 Affective and cognitive empathy processes

Affective empathy relies on mechanisms that can contribute to the sharing of
someone else’s affective state by the perceiver. Two mechanisms that have often
been regarded as subserving affective empathy are emotional contagion and
motor mimicry (Batson, 2009; de Waal & Preston, 2017). The evolutionary

importance of these interrelated mechanisms is underlined by their presence in
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other primates, but also in some other mammalian and avian species (de Waal,
2008; de Waal & Preston, 2017). Emotional contagion is an adaptive process in
which the affective state perceived in others is copied by the perceiver. Consider
the following: when a parent sees a dangerous animal posing a threat, they
respond to this situation with fear. Consequently, this fear is communicated to
the infant, who in turn becomes afraid too. According to Preston and de Waal
(2002), this emotional contagion relies on the perception-action mechanism. This
mechanism is responsible for generating autonomic and somatic responses
(‘actions’) based on the perception of an emotional state in others (Adolphs,
2002; de Waal, 2008). As a result, the perceiver resonates with the perceived
emotional state. In other words, infants respond to affective states in their parent
by matching that state (Sagi & Hoffman, 1976; Ungerer et al., 1990; Zahn-Waxler,
& Radke-Yarrow, 1982; Simner, 1971). This perception-action link allows the
infant to adapt to a situation.

Motor mimicry, and facial mimicry in particular, is commonly thought of as
the main mechanism subserving emotional contagion (Bavelas, Black, Lemery,
& Mullett, 1986; Hatfield, Cacioppo, & Rapson, 1994; Lundgvist & Dimberg,
1995), and affective empathy in general (Dimberg, Andréasson, & Thunberg,
2011; Hermans, Putman, & van Honk, 2006; Meltzoff, 2002; Sonnby-Borgstréom,
2002). When an infant sees its parent’s emotional facial expression, it will
generally mirror that facial expression (Field, Woodson, Greenberg, & Cohen,
1982; Meltzoff & Moore, 1977; Stern, 1977; but see Catmur, Walsh, & Heyes,
2009 and Oostenbroek et al., 2016, for evidence against innate imitation in early
infancy). It has been suggested that this mirroring process depends on the mirror

neuron system (Gallese, 2007). This account can be retraced to the discovery of
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a certain type of neurons in primates. It was found that these neurons were active
when a monkey performed an action, but also when it observed that same action
(di Pellegrino, Fadiga, Fogassi, Gallese, & Rizzolatti, 1992; Gallese, Fadiga,
Fogassi, & Rizzolatti, 1996; Rizzolatti, Fadiga, Fogassi, & Gallese, 1996). These
mirror neurons were therefore thought to underlie the perception-action link in
primates. Subsequently, evidence has been found for the existence of a similar
neuron system in the human brain (see Rizzolatti & Craighero, 2004, for a
review). Later studies then identified this mirror neuron system as important for
the matching of others’ emotions through mimicry (see Bastiaansen, Thioux, &
Keysers, 2009, for a review).

Mimicry is crucial for normal development. For example, in addition to its
basic evolutionary purpose, it is a requisite for bonding in a parent-child
relationship (Preston & de Waal, 2002; Fawcett & Liszkowski, 2012) and it aids
vicarious learning (Bandura, 1977; Galef, 1988; Heyes, 1993; Piaget, 1946;
Tomasello, Savage-Rumbaugh, & Kruger, 1993). Mimicry is arguably the primary
medium through which an infant first gets acquainted with the social world. Not
surprisingly, therefore, Feldman (2007) reported that behavioural synchrony
between parent and child in the first years of life predicted empathy in
adolescence. In short, mimicry lays the fundament for social interaction later in
life.

Affective empathy and its constituent processes remain important into
adulthood. For instance, Chartrand and Bargh (1999) found that mimicking
others’ motor behaviour results in liking between adult interaction partners. For
this reason, mimicry was nicknamed “social glue” by these authors. Lakin,

Jefferis, Cheng, and Chartrand (2003) consequently suggested that, whilst not
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denying its evolutionary importance, mimicry foremostly serves a social function
in adults. Being able to resonate with others’ emotions results in feelings of
compassion and empathic concern (Bernhardt & Singer, 2012). Therefore, the
expression of affective empathy has beneficial effects on relationships (Boele et
al., 2019; Verhofstadt et al., 2016).

If affective empathy represents mechanisms underlying the matching of
someone else’s feelings, cognitive empathy can be thought of as the reasoning
about these feelings. Unsurprisingly, because of their reliance on reasoning,
cognitive empathy processes emerge later in development than those related to
affective empathy (Hoffman, 1977; Preston & de Waal, 2002; Gallese, 2003;
Decety & Jackson, 2004; Knafo et al., 2009). Similar to affective empathy,
cognitive empathy can be further differentiated into component processes. Aan
het Rot and Hogenelst (2014) suggested that, to investigate cognitive empathy,
one can look at Theory of Mind, perspective taking and empathic accuracy (see
below for definitions of these processes). The remainder of this section covers
literature examining these respective processes.

According to Apperly (2012), Theory of Mind, or sometimes ‘mindreading’
(Apperly, 2011), can be thought of in three ways. First, it is the conceptual
understanding that others have a mind, an ‘internal world’, of their own. This
understanding gives rise to explanations, predictions and justifications of
behaviour that are combined into a single ‘theory’ about the individual who lies
on the receiving end of the mindreading. Second, Theory of Mind can also be
understood as a set of cognitive processes. Making Theory of Mind inferences,
holding them in mind, and applying them to social interaction relies on various

executive processes, such as working memory and inhibitory control (Apperly,

25



2011; Davis & Pratt, 1995; Carlson, Moses, & Breton, 2002; Gordon & Olson,
1998; Mutter, Alcorn, & Welsh, 2006). Third, Theory of Mind can be regarded as
an ability or propensity that can differ between individuals. It is especially this
third approach that allows the investigation of what factors play a role in
influencing Theory of Mind inferences.

A common way to measure Theory of Mind is through the use of so-called
false belief paradigms. The flagship test for this purpose was devised by Wimmer
and Perner (1983). In this task, designed for children, a character places an
object in one container. After this character leaves the scene, the object is
subsequently moved to a different container by a second character. When the
first character returns, the child is asked where that character will look for the
object. At this point in the story, the child has a true belief about the object’s
location, whereas the first character has a false belief. If the child subsequently
indicates the object’s original container, he/she is said to exhibit an
understanding of the character’s belief, i.e. Theory of Mind. This task was further
popularised as the ‘Sally-Anne’ test by Baron-Cohen, Leslie, and Frith (1985),
who corroborated Wimmer and Perner’s findings (1983) that children develop this
understanding around the age of four. However, it has been argued that success
on the Sally-Anne test relies on executive functioning and language ability, two
abilities which are greatly developed around the age that children start to pass
these tasks (e.g. Astington & Baird, 2005; Pellicano, 2007; Sabbagh, Moses, &
Shiverick, 2006). It could therefore be that Theory of Mind understanding is
present earlier in development, but that this hypothesis cannot be tested with the
Sally-Anne test. To address this issue, a number of studies used looking

behaviour rather than a verbal test question to assess where the infant expected
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characters to search for the object. Using this adaptation of the Sally-Anne test,
it was shown that infants as young as 13 months show some degree of false-
belief understanding (Onishi & Baillargeon, 2005; Surian, Caldi, & Sperber, 2007,
Southgate, Senju & Csibra, 2007; but see Perner & Ruffman, 2005, for
arguments against this interpretation).

Studies like these led to the formulation of the two-systems theory of belief
understanding (Apperly & Butterfill, 2009). This theory holds that there is (1) an
early-developing system that allows for cognitively efficient, automatic, yet
inflexible tracking of others’ beliefs and (2) a later-developing system that enables
belief tracking that can be directed by cognitive resources (i.e. is flexible), but is
therefore cognitively demanding. As other authors have done (e.g. Schuwerk,
Vuori, & Sodian, 2015; Sodian, Schuwerk, & Kristen, 2015), the remainder of this
thesis will refer to these two systems as ‘implicit’ and ‘explicit’ Theory of Mind,
respectively. According to Sodian and colleagues (2015), implicit Theory of Mind
bypasses deliberate reflection on others’ mental states and is therefore
independent of verbal abilities. On the other hand, verbal abilities are important
for guiding explicit Theory of Mind judgments. Therefore, to reach an adult-like
explicit Theory of Mind, developments in language play an important role.
Evidence for implicit Theory of Mind reasoning has subsequently been found in
adults too (van der Wel, Knoblich, & Sebanz, 2014; Low & Watts, 2013; Edwards
& Low, 2017; Schneider, Bayliss, Becker, & Dux, 2012a; Schneider, Lam,
Bayliss, & Dux, 2012b; but see the latter for the assertion that the efficient system
taps into executive resources as well). In short, the expression of Theory of Mind

can be either implicit or explicit, across development.
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The second process related to cognitive empathy discussed here is
perspective taking. This ability is closely related to Theory of Mind, as both
require the understanding that someone else can have a different representation
of the world compared to oneself (Pearson, Ropar, & Hamilton, 2013).
Perspective taking refers to the ability to ‘see things through the eyes of someone
else’. To investigate this cognitive empathy-related process, research often
focuses on visual perspective taking.

Along the same vein as for Theory of Mind, visual perspective taking can
be divided into two abilities, commonly referred to as level-1 and level-2 visual
perspective taking (e.g. Flavell, 1977; Flavell, Abrahams Everett, Croft, & Flavell,
1981a; Apperly & Butterfill, 2009). Level-1 perspective taking is concerned with
whether someone else can see an object, whereas level-2 perspective taking
pertains to how objects appear to that other person’s view. The leading theory is
that level-2 perspective taking is cognitively demanding, whereas level-1
perspective taking can be automatic (Qureshi, Apperly, & Samson, 2010;
Samson, Apperly, Braithwaite, Andrews, & Bodley Scott, 2010; Surtees &
Apperly, 2012; but see Westra, 2016; Elekes, Varga, & Kiraly, 2016, 2017, for a
contrasting account). Level-2 perspective taking appears later in development
than level-1 perspective taking (Flavell et al., 1981a; Flavell, Flavell, Green, &
Wilcox, 1981b). Both types of perspective taking, and paradigms tapping into
these respective abilities, have in common that they involve a discrepancy
between the participant’'s and someone else’s perspective (e.g. Samson et al.,
2010; Keysar, Barr, Balin, & Brauner, 2000). To respond correctly, participants
have to take the other’s perspective while suppressing one’s own (usually

privileged) perspective. Taking someone else’s perspective can then contribute
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to the understanding of that person’s mental state (Hamilton, Brindley, & Frith,
2009).

Interestingly, Samson and colleagues (2010) showed that, just as one’s
own perspective can interfere with responding from someone else’s perspective
(‘egocentric interference’), someone else’s perspective can interfere with
responding from one’s own (‘altercentric interference’). This finding suggests that
others’ perspectives are computed automatically, even when they are not
relevant to the task at hand. In other words, the perspectives of others hold such
value that they are not easily ignored.

Although Theory of Mind and perspective taking are crucial to arrive at an
understanding of others, the employment of these abilities by the perceiver does
not in itself guarantee that the person on the other end (the perceived) is
understood. Ultimately, the understanding of others relies on the ability to
accurately infer their thoughts and feelings, which has been termed ‘empathic
accuracy’ (Ickes, Stinson, Bissonette, & Garcia, 1990; Ickes, 1997). Studies that
look at empathic accuracy often involve a comparison between what the
perceived person thinks/feels over time and the inferences made thereof by the
perceiver (e.g. Stinson & Ickes, 1992; Zaki, Bolger, & Ochsner, 2008; Martin-Key,
Brown, & Fairchild, 2017; aan het Rot & Hogenelst, 2014; Blanke, Rauers, &
Riediger, 2015). A closer match represents more accurate inferences on the part
of the perceiver. These inferences rely on the combination and integration of
information from various sources, such as observed cues, knowledge and
reasoning (Ickes, 1997). These types of information can be obtained by engaging
in cognitive empathy processes (i.e. Theory of Mind and perspective taking),

affective empathy processes, or the interpretation of the situational context
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(Davis, 1994; Ickes, 1997; Blanke et al., 2015). Therefore, although empathic
accuracy has sometimes been equated with cognitive empathy (e.g. Zaki et al.,
2008; Blanke & Riediger, 2019), the remainder of this thesis operationally defines
empathic accuracy as the integration of information sources to arrive at mental
state inferences (see Figure 1.1 for a schematic representation of the processes

underlying empathy).
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Figure 1.1 Schematic representation of processes underlying empathy. This
model represents the processes through which the perceiver makes inferences
about the thoughts and emotions of a perceived other. When this person is
perceived, the perceiver first has to understand that the other person can
experience mental states of their own. This understanding relies on a Theory of
Mind, and is commonly reflected in the accuracy of belief tracking. In addition,
the perceiver has to take the other person’s perspective instead of their own.
These conceptually related cognitive processes contribute to, but are not

sufficient to, making accurate inferences. The accuracy of these inferences relies
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on the integration of the above cognitive processes with affective empathy
processes and an interpretation of the context. Affective empathy processes
include mimicry and emotional contagion, while the context provides cues (e.g.
bodily and auditory cues, the content of communicated messages) and can
activate episodic and semantic memory. To make accurate inferences about
others’ thoughts and feelings, this context needs to be taken into account.
Empathic accuracy therefore represents the integration of Theory of Mind
reasoning, perspective taking, affective empathy processes, and an
interpretation of the context. This latter process is beyond the scope of this thesis,

as it does not relate directly to the perceived other person.

As the above discussion of cognitive empathy processes illustrates, there
are a variety of ways in which cognitive empathy can be investigated. In addition,
the literature covered so far has shown a clear distinction between processes
underlying cognitive and affective empathy, respectively. This distinction has
been further supported by studies examining the neural systems underlying the
two empathy components. Cognitive empathy processes have been found to rely
on areas such as the temporo-parietal junction (Saxe & Kanwisher, 2003; Saxe
& Wexler, 2005) and ventromedial prefrontal regions (Eslinger, 1998; Shamay-
Tsoory, Tomer, Berger, & Aharon-Peretz, 2003). Affective empathy processes,
on the other hand, are associated with activation in e.g. the inferior frontal gyrus,
which has been regarded as the human mirror neuron system (Dapretto et al.,
2006). This differentiation was further corroborated by a lesion study in which a
double dissociation between the associated neural systems was found (Shamay-

Tsoory, Aharon-Peretz, & Perry, 2009). Work by Kanske, Bockler, Trautwein, and
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Singer (2015) confirmed this pattern in non-lesioned individuals. They first
specified two neural systems based on the existing literature. They subsequently
found that activation in the neural system underlying cognitive empathy was
related to performance on a cognitive empathy task but not an affective empathy
task, and vice versa. Moreover, this pattern was observed for both task-related
neural activation and resting-state functional connectivity. In short, the evidence
suggests that the distinction of cognitive versus affective empathy is a meaningful
one.

On the other hand, cognitive and affective empathy should not be
regarded as completely independent constructs, as they both contribute to the
understanding of others. For example, some studies found a positive relationship
between cognitive and affective empathy (Verhofstadt et al., 2016; Jolliffe and
Farrington, 2006; but see Kanske, Bockler, Trautwein, Parianen Lesemann, &
Singer, 2016). Additionally, in a meta-analysis, Boele and colleagues (2019)
showed that both cognitive and affective empathy have a positive influence on
relationship quality. Altogether, it is clear that both affective and cognitive
empathy contribute to social interaction. This distinction needs to be upheld in

research, whilst keeping in mind that they are interrelated.

1.1.2 Empathy and the autism spectrum

Based on the above, it can be stated that empathy is of paramount importance
both in development and typical social interaction. This importance is further
emphasised by what happens when an individual has empathy deficits. The
condition that has been studied in this context the most is autism spectrum

disorder (ASD), to which dysfunctional empathy is central (Blair, 2005). Although
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it is an umbrella term ranging between high-functioning and non-verbal, there are
commonalities across ASD. The defining characteristics are (1) deficits in social
communication and interaction, and (2) restricted, repetitive behaviour or
activities (American Psychiatric Association, 2013). Worldwide, the prevalence of
ASD is about 62 per 10,000 people, although this number is possibly an
underestimation, as awareness of the condition is limited in some countries
(Elsabbagh et al., 2012a). Typically, ASD can be diagnosed in a child around the
age of two-three years (Blair, 2005; Charman & Baird, 2002), although the first
signals of abnormal social attention can be observed in infants as young as six
months (Elsabbagh et al., 2012b). Throughout development, individuals with
ASD experience difficulties in orienting towards social stimuli (Osterling &
Dawson, 1994; Swettenham et al., 1998), initiating and following joint attention
(Colombi et al., 2009; Leekam, Lopez, & Moore, 2000; Leekam & Ramsden,
2006; Naber et al., 2008; Sullivan et al., 2007), facial information processing
(Osterling, Dawson, & Munson, 2002; Osterling & Dawson, 1994; Deruelle,
Rondan, Gepner, & Tardif, 2004; Rosset et al., 2008), imitating motor behaviour
(Colombi et al., 2009; Rogers, Hepburn, Stackhouse, & Wehner, 2003), and
responding to emotional cues (Golan, Baron-Cohen, & Hill, 2006b). However,
impaired social functioning remains throughout life (e.g. Neuhaus, Beauchaine,
& Bernier, 2010). For this reason, it is important to elucidate the mechanisms
underlying empathy dysfunction in ASD.

Previous research on the nature of empathy deficits in ASD has yielded
mixed results. Studies that looked at cognitive empathy component processes in
ASD have generally showed an impairment. Individuals with ASD exhibit

difficulties with Theory of Mind (Jones et al., 2017; Demurie, De Corel, & De
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Roeyers, 2011; Burnside, Wright, & Poulin-Dubois, 2017; Begeer, Bernstein, van
Wijhe, Scheeren, & Koot, 2012), although there is some evidence that these
difficulties are more evident in implicit than explicit Theory of Mind (Begeer et al.,
2016; Schuwerk et al., 2015). In addition, an impairment in perspective taking
has often been reported in ASD. However, whereas studies have found this
impairment in level-2 perspective taking (e.g. Hamilton et al., 2009), the majority
of the evidence shows that level-1 perspective taking is intact in ASD
(Santiesteban, Shah, White, Bird, & Heyes, 2015; Begeer, Malle, Nieuwland, &
Keysar, 2010; see Pearson et al., 2013, for a review on both levels of perspective
taking). Lastly, an impairment has been found for empathic accuracy (Demurie
et al.,, 2011; Ponnet, Buysse, Roeyers, & De Clercq, 2008; Ponnet, Buysse,
Roeyers, & de Corte, 2005; Bartz et al., 2010). Studies that combined measures
of affective and cognitive empathy have generally found impairments in cognitive,
but not affective, empathy (Jones, Happé, Gilbert, Burnett, & Viding, 2010;
Dziobek et al., 2008). However, when affective empathy is operationalised as
facial mimicry, an impairment emerges (Mcintosh, Reichmann-Decker,
Winkielman, & Wilbarger, 2006; Oberman, Winkielman, & Ramachandran, 2009;
Stel, van den Heuvel, & Smeets, 2008). Hence, the literature suggests that the
complexity of the pattern of empathy deficits in ASD transcends the primary
dichotomy.

Traditionally, theories of autism focus on dysfunction to explain empathy
deficits. One dominant theory states that there is a dysfunction of the human
mirror neuron system (e.g. lacoboni et al., 2005; Williams, Whiten, Suddendorf,
& Perrett, 2001; see lacoboni & Dapretto, 2006, for a supporting review). This

account holds that mirror neurons fire in response to actions, their underlying
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intentions, and emotions. These activation patterns then contribute to a
representation of the other's mental states in the perceiver. In autism, its
proponents argue, these mirror neurons do not become active in response to
observed actions and emotions (e.g. Altschuler et al., 2000). However, more
recent studies on ASD found normal activation levels in the classic mirror neuron
system in response to action observation (e.g. Marsh & Hamilton, 2011; Hamilton
et al., 2007; Dinstein et al., 2010). Therefore, the general mirror neuron
dysfunction account of ASD was not supported.

An alternative account of empathy deficits in ASD advocates that there is
reduced propensity rather than ability (Keysers & Gazzola, 2014; Chevallier,
Kohls, Troiani, Brodkin, & Schultz, 2012). In other words, although the ability to
empathise is not necessarily impaired in ASD, there is less motivation to express
empathy. This interpretation has come to be known as the social motivation
theory of autism (Chevallier et al., 2012). Studies supporting this theory have
found that people with ASD show an impairment in spontaneous, but not
intentional facial mimicry (Gillespie, McCleery, & Oberman, 2014; Mclintosh et al.,
2006). In addition, Senju, Southgate, White, and Frith (2009) showed that people
with ASD are impaired in spontaneously attributing mental states to others. The
question is therefore why, in ASD, the ability for empathy does not necessarily
translate to its expression.

One possibility to bridge this gap between propensity and ability lies in
social reward. Social reward refers to incentives such as smiles and
compliments, whereas non-social rewards encompass money or food. In typically
developed individuals, social incentives are inherently rewarding and thus sought

after and appreciated. However, this drive is diminished in individuals with ASD
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(Dawson, Webb, & McPartland, 2005; Schultz, 2005). Kohls and colleagues
(2011) argue that, because of this lack of social motivation, children with ASD do
not orient towards socio-emotional input, resulting in ill-developed social skills.
The social motivation theory has been tested with a variety of behavioural and
neuro-imaging studies. It has been found that the learning of social rewards, but
not non-social rewards, is impaired in ASD (Lin, Rangel, & Adolphs, 2012). On
the other hand, several studies have shown atypical processing of both social
and non-social rewards in the brain in ASD (Dichter, Richey, Rittenberg,
Sabatino, & Bodfish, 2012; Kohls et al., 2011, 2013; Clements et al., 2018; Richey
et al., 2014). This observation suggests a general reward processing impairment
that is not exclusive to social reward. Nevertheless, only atypical processing of
social rewards predicts autistic symptom severity (Dichter et al., 2012). In
addition, in a review, Kohls, Chevallier, Troiani, and Schultz (2012) argued that
reward processing atypicality is greater for the drive to obtain reward (‘wanting’)
than for reward consumption (‘liking’), with the atypicality being more pronounced
for social rewards. Together, these studies suggest that especially the processing
of social rewards is impaired in ASD.

Regardless of the specific nature of the reward processing impairment, it
is more interesting how reward subsequently affects behaviour in ASD compared
to typically developed individuals. For instance, Panasiti, Puzzo, and Chakrabarti
(2016) showed that autistic traits do not decrease the ability to learn social
reward, but they do modulate the beneficial effect that learned social reward has
on prosocial behaviour. Similarly, Haffey, Press, O’Connell, and Chakrabarti

(2013) showed that autistic traits modulate the mimicry of stimuli associated with
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reward, but only for social stimuli. In short, although the exact nature of reward
dysfunction in ASD remains elusive, it is clear that it affects behaviour.

If reward can drive the modulation of mimicry and prosocial behaviour, the
possibility arises that a similar relationship applies to empathy-related processes
in general. Similarly, it could be that ASD alters this relationship domain-wide.
Therefore, it is important to investigate the direct effect of reward on cognitive
empathy, and how ASD may alter this relationship. This investigation can be done
in two ways. The majority of studies above looking into affective versus cognitive
empathy deficits recruited typically developed individuals and individuals with
ASD. However, to achieve greater granularity in autistic symptoms, other studies
often use a measure of autistic traits. The most common questionnaire used for
this purpose is the Autism Spectrum Questionnaire (AQ), for which a score of 32
(range 0-50) or higher is indicative of clinical severity (Baron-Cohen,
Wheelwright, Skinner, Martin, & Clubley, 2001b). Several studies have shown
that AQ scores are on average higher for those with a diagnosis than those
without (e.g. Baron-Cohen et al., 2001b; Ruzich et al., 2015). In addition, it has
been shown that high AQ scores in those without a diagnosis reflect similar latent
traits and similar brain activation anomalies as in ASD (Murray, Booth, McKenzie,
Kuenssberg, & O’Donnell, 2014; Focquaert & Vanneste, 2015). On the other
hand, other studies have provided evidence against the notion that autistic traits
lie on a continuum in the general population or are predictive of a ASD diagnosis
(Koolschijn, Geurts, van der Leij, & Scholte, 2015; Ashwood et al., 2016). This
counterevidence suggests that the phenotypic heterogeneity observed in autism
makes it difficult to capture autistic traits in a questionnaire. Altogether, it can be

argued that, although a direct generalisability from findings in the non-clinical
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population to the ASD population is debated, the use of the AQ can nevertheless
result in useful insights and inform autism research.

Most studies looking into the autism-reward relationship for empathy have
used this measurement of autistic traits instead of recruiting participants with
ASD. The following sections will cover these studies, starting with a section on
how reward is commonly operationalised. They will then discuss existing
evidence on the effect of reward on affective empathy, and explain why this

question is currently not sufficiently answered for cognitive empathy.

1.2 The influence of reward on empathy-related

Processes

1.2.1 Manipulating reward value

Typically, paradigms tapping into processes underlying cognitive empathy
require observers to make a judgment about the thoughts or feelings of a target
person. In contrast, in affective empathy paradigms, it is typically measured to
what extent the emotional state of the target person resonates in the observer. In
both these types of paradigms, the reward value associated with the target
person can be manipulated. The rationale is that if reward can have an influence
on empathy-related processes, this manipulation should have observable effects
on the measure of interest.

In the same way that there is a diversity of these measures of empathy,
there are several ways in which reward value can be operationalised and

manipulated. For the purpose of this thesis, reward value is defined as ‘any
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positive association with a social target (i.e. a person). These associations
include subjective evaluations of closeness (e.g. Stinson & Ickes, 1992),
similarity (e.g. Majdandzi¢, Amashaufer, Hummer, Windischberger, & Lamm,
2016), likability (e.g. Marsh et al., 2010), but also associations of reward with a
target learned through conditioning (e.g. Sims, van Reekum, Johnstone, &
Chakrabarti, 2012). Various studies have examined the effect of reward by
comparing friends against strangers (e.g. Stinson & Ickes, 1992; Savitsky,
Keysar, Epley, Carter, & Swanson, 2011). Although this friend versus stranger
difference yields an ecologically valid proxy of reward, the variegated nature of
relationships forms a challenge for methodological control. In contrast, using a
conditioning manipulation in experiments allows for more control of the reward
value associated with others.

Several studies suggest that these associations ultimately reflect a
common positive ‘currency’ in the brain. Two candidates for the representation of
social value are the ventromedial prefrontal cortex (VMPFC) and medial
orbitofrontal cortex (MOFC), which are two adjacent brain regions (Murray,
Debbané, Fox, Bzdok, & Eickhoff, 2015; Behrens, Hunt, Woolrich, & Rushworth,
2008; Ruff & Fehr, 2014). These brain regions have been found to underlie the
representation of reward, social value information and approach/avoidance
(Blair, 2008; Schmitz & Johnson, 2007; Bzdok et al., 2013; Ruff & Fehr, 2014;
Rolls, 2015). Taken together, these findings suggest that these regions form a
general neural system to represent subjective hedonic value (Klein, Shepherd, &
Platt, 2009; Kuhn et al., 2010). It has been found that activation in these regions
correlates with feelings of social closeness when one is mimicked by another

person (Kihn et al.,, 2010). Another study suggested that closeness is
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represented on a topological continuum in the medial prefrontal cortex, with
distant others evoking neural activation more dorsally than close others (Murray,
Schaer, & Debbané, 2012). Relatedly, several studies have shown a close
relationship between ventral striatum activation and social closeness (Kawamichi
et al., 2016; Fareri, Niznikiewicz, Lee, & Delgado, 2012; see Laurita, Hazan, &
Spreng, 2019, for a review of brain regions involved in the representation of close
others). Together, these studies suggest that brain regions typically associated
with reward processing are also involved in the representation of the value of
social stimuli.

Interestingly, some studies examining empathy-related processes have
also found a link between different subjective evaluations of others. For example,
in a review, Lakin and colleagues (2003) stated that there is a bidirectional
positive relationship between nonconscious mimicry and ratings of affiliation and
liking. Specifically, being mimicked by someone increases perceived affiliation
with and liking of that person, which in turn results in more mimicry of their
expressions. Neufeld and Chakrabarti (2006) confirmed that being mimicked
results in a higher reward value assigned to the mimicker, especially if the
mimickee is high in empathic traits. This observation was further corroborated by
the finding that mimickers and mimickees not only report increased bonding,
liking and interaction smoothness, but also become more similar in their
emotional experiences (Stel & Vonk, 2010; Mcintosh, 2006). In addition, it has
been found that taking the perspective of someone results in increased perceived
similarity, liking, a reduction of stereotypes, and more positive attitudes towards
that person (Erle & Topolinski, 2017; Davis, Conklin, Smith, & Luce, 1996;

Vorauer & Sasaki, 2014; Todd, Bodenhausen, Richeson, & Galinsky, 2011,
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Galinsky & Moskowitz, 2000; Batson et al., 1997). Although these studies do not
provide evidence for a direct link between such evaluations, they suggest that
social interaction results in a general increase in positivity towards others. This
suggestion resonates with Trope and Liberman’s proposal (2010) that social
closeness is directly related to positivity. In short, through showing links between
the different quantifications of positive evaluation, the literature provides support
for the operational definition of reward employed in this thesis.

The following sections will examine the influence of reward on empathy-
related processes. Originally, empathy-related tasks typically yielded a pass/fail
measure (e.g. the Sally-Anne test; Wimmer & Perner, 1983; Baron-Cohen et al.,
1985). However, the emergence of novel paradigms has made it possible to
quantify the effect of reward in a continuous rather than binary way. Hence, subtle
differences along the AQ continuum can be detected. For each study reporting
an effect of reward, it will be explained in what way reward value was

manipulated, and whether autistic traits modulated the reward effect.

1.2.2 Reward and affective empathy

Reports on the effect of reward on affective empathy-related processes have
generally been congruent. Mcintosh (2006) demonstrated in two experiments
that people mimic someone more if the observed person is liked. In the first
experiment, a confederate acted likable and friendly, or cold and judgmental,
towards a participant. The participant then watched a video in which the
confederate sometimes displayed emotional facial expressions. Participants in
the condition with the likable versus dislikable confederate showed more

spontaneous facial mimicry. In the second experiment, in which the
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likable/dislikable confederate was replaced by a friend or stranger, observers
mimicked friends more than they did strangers. This study did not examine further
modulation by autistic traits.

In contrast, one paradigm in particular has been used to investigate this
modulation. Sims and colleagues (2012) adapted an evaluative conditioning
paradigm (de Houwer, Thomas, & Bayens, 2001) to condition some faces with a
positive reward value, and others with a negative reward value. This paradigm
was followed by a task in which the participant was repeatedly presented with
faces, some of which had been conditioned, whereas others were newly
introduced. Participants had to respond when this face was novel, i.e. an
‘oddball’. Crucially, each face displayed an emotional expression. It was found
that participants spontaneously mimicked happy facial expressions more if those
faces had been conditioned with a positive reward value. However, this
relationship was negatively modulated by the participant’s autistic traits. Hence,
this study was the first to show a relationship between autistic traits and the
reward-driven modulation of an affective empathy-related process.

Subsequent studies have used the same evaluative conditioning
procedure to show a similar relationship in other related processes. In one study,
Sims, Neufeld, Johnstone, and Chakrabarti (2014) used functional magnetic
resonance imaging (fMRI) while participants performed the oddball task. More
functional connectivity between the ventral striatum and the inferior frontal gyrus
was observed when the participant saw a face conditioned with a positive versus
negative reward value. These two regions are involved in reward processing and
mimicry, respectively (Kawamichi et al., 2016; Fareri et al., 2012; Laurita et al.,

2019; Dapretto et al., 2006). Importantly, here too, the reward effect was reduced
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for participants higher in autistic traits. In a related study, Haffey and colleagues
(2013) demonstrated a similar modulation of the reward effect for the mimicry of
social stimuli (human hands), but not non-social stimuli (robot hands).
Additionally, Panasiti and colleagues (2016) showed a reduced positive effect of
reward on prosocial behaviour for those higher in autistic traits. Lastly, Trilla Gros,
Panasiti, and Chakrabarti (2015) employed electroencephalography (EEG) to
measure mu suppression. This EEG component refers to a reduction of signal
strength in the mu band (7-25 Hz), which reflects cortical motor simulation in the
mirror neuron system (Arnstein, Cui, Keysers, Maurits, & Gazzola, 2011,
Braadbaart, Williams, & Waiter, 2013; Pineda, 2005). The EEG signal was
measured while participants performed the oddball task. The results showed
more mu suppression for positively versus negatively rewarded faces, indicating
more simulation. This study, however, did not quantify autistic traits. Altogether,
it is clear that (1) the reward-driven modulation of affective empathy-related
processes is positive and that (2) when autistic traits are measured, they further

modulate this negatively.

1.2.3 Reward and cognitive empathy

The question arises whether there is also an effect of reward on cognitive
empathy, and if so, whether this is similar to the effect for affective empathy, and
whether a similar modulation by autistic traits can be observed. As was discussed
above, affective and cognitive empathy can be dissociated from each other, yet
they also contribute together to the understanding of other people. For this

reason, a similar reward-driven modulation for both is possible.
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Two studies looked at the effect of reward on mentalising. Mentalising
refers to the process “by which an observer views a target as possessing higher
cognitive faculties such as goals, intentions and desires” (Marsh et al., 2010),
and is therefore largely synonymous to Theory of Mind (see also Frith & Frith,
2006; Premack & Woodruff, 1978). Kozak, Marsh, and Wegner (2006) looked at
whether liking influences mentalising. Target likability was manipulated by letting
the participant read short vignettes about a person with a range of either positive
or negative personality characteristics. The participants were then presented with
descriptions of various ambiguous actions (e.g. “Highlighting text”) and given a
binary choice between a mentalistic interpretation (e.g. “Aiding his memory”) and
a mechanistic interpretation (e.g. “Using yellow ink”). The researchers found that
participants chose the mentalistic interpretation more often with likable targets.
In other words, likable targets were mentalised more. Interestingly, in a follow-up
study, this pattern was replicated, but found to be reduced for people with more
autistic traits (Marsh et al., 2010). It can be argued that a prompted binary choice
between two equally correct alternatives does not reveal to what extent a
participant would ordinarily mentalise. Nevertheless, these studies provide
preliminary evidence that reward influences Theory of Mind and that this is
negatively modulated by autistic traits.

More studies have looked at the effect of reward on cognitive empathy,
but did not measure autistic traits. In a study by Savitsky and colleagues (2011),
pairs of friends and strangers performed a task that taps into level-1 perspective
taking. In each pair, one participant had to follow the other participant’s
instructions whilst ignoring their own privileged knowledge. Surprisingly, and

contrary to findings reported above, the authors found that friends were more

44



egocentric in their responses than strangers. It was concluded that people relax
their perspective taking efforts when interacting with someone who is close to
them.

Stinson and Ickes (1992) looked at the effect of reward on empathic
accuracy. Here too, participants were paired up as friends or strangers. They
were surreptitiously videotaped while they engaged in a natural social interaction.
Subsequently, they watched the video and indicated their own thoughts and
feelings throughout the interaction at set points. Next, they watched the video
again and tried to infer the thoughts and feelings of the other person at these set
points. It was found that friends showed more empathic accuracy than strangers.
Therefore, there is evidence that closeness is positively related to empathic
accuracy.

As the research covered here shows, there are only a few studies that
have looked into the effect of reward on processes underlying cognitive empathy.
For studies that have looked at this reward-driven modulation, the results are
mixed. In addition, no studies but one have looked at the further modulation of
this effect by autistic traits. The aim of the current thesis is to address this gap in
literature. Following the operationalisations suggested by aan het Rot and
Hogenelst (2014), it is investigated whether reward influences respectively
Theory of Mind, perspective taking and empathic accuracy. In addition, it is
examined whether there is a relationship between individual differences in this
potential reward-driven modulation and autistic traits. To achieve a high degree
of granularity, paradigms using continuous measures are employed. To
investigate how a potential effect of reward compares between cognitive

empathy-related processes, the same reward manipulation is used, where
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possible. Additionally, a task battery study is included in which various task

measures of cognitive empathy are compared to each other.
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2 Reward and belief tracking

Traditionally, false belief tests have been used to determine whether an individual
possesses a theory of mind. It was later shown that someone can exhibit an
implicit false belief understanding, even when they fail to show the explicit
counterpart. It remains unclear whether characteristics of the target of these
processes influence performance. In two studies, the reward value associated
with targets was manipulated. Subsequently, participants performed an explicit
or implicit belief tracking task. The results showed that performance was
modulated by reward on the explicit, but not the implicit task. In addition, this
reward-driven modulation was not related to autistic traits. This evidence
suggests that explicit belief tracking is more accurate when the target is

rewarding, possibly due to improved depth of processing.
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2.1 Introduction

Traditionally, Theory of Mind (ToM) is the component process of cognitive
empathy that has most frequently been investigated. ToM refers to the ability to
reason about others’ mental states, and to the understanding of how these
mental states underlie people’s behaviour (Apperly, 2012). The reason that ToM
has taken centre stage in the field of cognitive empathy research is its crucial role
in development. The emergence of a ToM is usually taken as a hallmark in the
development of a child, as it paves the way for social interactions with all degrees
of complexity. Being able to understand that reality can present itself to others
differently is crucial to understanding others (Keysar, Lin, & Barr, 2003).

A plethora of research has used various versions of one type of paradigm
to test whether someone possesses this understanding. The false belief
paradigm was originally devised by Wimmer and Perner (1983), for use with
children. In what has become known as the Sally-Anne test, the participant is first
presented with two characters. The first character (Sally) has an object (a ball).
She stores the object in one container and leaves the scene. The other character
(Anne) then takes the object from its container and moves it to another container.
When Sally reappears, the participant is asked the crucial question: “Where will
Sally look for the object?” Of course, the participant knows the true location of
the object, but in order to answer the question correctly, they have to ignore this
privileged knowledge. If the participant indicates that Sally will search in the (now
empty) original container, they are said to possess ToM. In their seminal study,
Wimmer and Perner (1983) showed that the majority of children at the age of six

exhibit this understanding, but younger children fail. Subsequently, Baron-Cohen
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and colleagues (1985) showed that children diagnosed with autism failed the test
at a much later age. Not only did these studies stress the importance of the
emergence of ToM for typical development, but they also provided the field with
a fruitful paradigm.

This paradigm was subsequently modified to show that children can
exhibit a rudimentary, implicit ToM understanding even if they are not capable
yet of explicitly attributing a false belief in the Sally-Anne test. Various studies
showed that infants younger than two years of age look longer at the scene when
the character taking on Sally’s role searched for the object in its actual location
(e.g. Clements & Perner, 1994; Southgate et al., 2007; Onishi & Baillargeon,
2005; Surian et al., 2007; but see Perner & Ruffman, 2005). This prolonged gaze
has been taken to reflect the infant’s surprise at seeing the character not behave
according to her false belief. In other words, these studies showed that an implicit
understanding of others’ beliefs emerges before the more verbal, explicit type of
understanding.

Studies like these then led Apperly and Butterfill (2009) to propose a two-
systems account of false belief reasoning. According to these authors, there is
an implicit system that appears relatively early in development and allows for an
efficient and potentially automatic tracking of beliefs, but that is limited and
inflexible. This system can then guide smooth cooperative and competitive
interactions. Subsequent studies provided evidence that implicit ToM is present
in both infants and adults (van der Wel et al., 2014; Bardi, Desmet, Nijhof,
Wiersema, & Brass, 2016; Bardi, Six, & Brass, 2017; Buttelmann & Buttelmann,
2017; Kovacs, Teglas, & Endress, 2010; Meert, Wang, & Samson, 2017; Nijhof,

Brass, Bardi, & Wiersema, 2016).
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In contrast, in a more recent series of studies, evidence for implicit ToM
was only found for one of four utilised paradigms (Kulke, von Duhn, Schneider,
& Rakozcy, 2018). Specifically, whereas the authors did find a replication of the
effect reported by Low and Watts (2013), they failed to replicate the findings of
Schneider and colleagues (2012a), Southgate and colleagues (2007), and Surian
and Geraci (2012). In addition, Kulke and colleagues (2008) showed no
correlations between the measures of implicit ToM employed in these paradigms,
indicating poor convergent validity. In another study, Phillips and colleagues
(2015) replicated the findings of Kovacs and colleagues (2010) in a series of 13
experiments, but showed that confounding artifacts of the task design explained
the ToM effects. As a result, Kulke and colleagues (2018) concluded that
whereas the existence of implicit ToM has not been disproven, most currently
used paradigms do not show strong validity.

The other system proposed by Apperly and Butterfill (2009) is cognitively
demanding, but its flexibility allows to form an explicit understanding of someone,
and of the relationship between that person and oneself. Specifically, this explicit
ToM system allows to put the understanding of others into words. This is the case
when a ToM task requires explicit mental reasoning about beliefs, such as in the
classic Sally-Anne task and its direct successors (e.g. Wimmer & Perner, 1983;
Baron-Cohen et al., 1985). In short, Apperly and Butterfill's two-systems account
(2009) holds that humans have two separate systems to track others’ beliefs, and
which one is used depends on the situation.

Studies have broadened the application of belief tracking paradigms to
investigate individual differences in ToM. The underlying notion is that, if explicit

ToM is cognitively demanding, individual differences in cognitive ability should
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lead to differential performance on explicit ToM tasks. Such individual differences
in explicit ToM performance have been shown to be explained by memory,
language and intelligence (Milligan, Astington, & Dack, 2007; Brine, 2003;
Hughes, 1998; Hughes, Taffee, Happé, Taylor, Caspi, & Moffitt, 2005). Some
studies have also suggested that autistic traits predict differences in ToM
performance (Begeer et al., 2012; Mathersul, McDonald, & Rushby, 2013),
although this finding may be (partly) explained by verbal ability (Ronald, Viding,
Happé, & Plomin, 2006). In addition, Bernstein, Coolin, Fischer, Thornton, and
Sommerville (2017) showed that, once explicit ToM emerges, this ability remains
relatively stable throughout life, with a slight decline in later adulthood. These
studies suggest that there are various factors that can contribute to individual
differences in explicit ToM performance.

The above has shown that ToM can be investigated as an explicit or
implicit ability and that performance can vary based on the characteristics of the
person performing the ToM task. However, it remains unknown whether
characteristics of the person whose beliefs are reasoned about also influence
ToM performance. As was discussed in Chapter 1, some empathy-related
processes can be modulated by reward. For example, it was found that the
reward value associated with a face can subtly influence behavioural and neural
indices of facial mimicry, although these effects are decreased for individuals
high in autistic traits (e.g. Sims et al., 2012, 2014). Following the operational
definitions of cognitive empathy in Chapter 1, the question arises whether reward
can also influence ToM and whether this is similarly modulated by autistic traits.

Two adaptations of the original belief tracking paradigm that lend

themselves well to address these questions are the Sandbox task (SB; Bernstein,
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Thornton, & Sommerville, 2011; Sommerville, Bernstein, & Meltzoff, 2013) and
the mouse-tracking task (MT; van der Wel et al., 2014). In the SB task, the
participant is presented with a Sally-Anne-type trial, but instead of making a
binary response, they indicate the character’s belief on a continuum (i.e. a
rectangular sandbox). Similarly, the MT task provides a continuous measure of
ToM, in the form of the deviation of a mouse response (e.g. away from the false
belief location and towards the true belief location). Notably, the MT task has
been used to show both explicit and implicit belief tracking in adults (van der Wel
et al., 2014). Specifically, van der Wel and colleagues (2014) measured
performance on the MT task in two groups. The first group were instructed to click
on the location of an object at the end of a scenario, but they also needed to track
a character’s belief about this object (explicit group). The second group were
simply told to click on the location of the object when prompted (implicit group).
Reaction times in the explicit group slowed down when a character’s belief
mismatched the participant’s belief, indicating explicit belief tracking. This effect
was absent in the implicit group, who instead showed a mouse trajectory
deviation towards the irrelevant other’s belief, indicating implicit belief tracking.
This trajectory deviation and the continuous measure in the SB task allow to
investigate even subtle individual differences. Therefore, these two paradigms

will be used to answer the following experimental questions:

1) Does reward influence explicit ToM? More specifically, does the reward
value associated to a person influence the extent to which the belief of that
person is tracked?

2) Relatedly, does reward influence implicit TOM?
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3) In addition, do autistic traits modulate either of these effects?

2.2 Aims

The aim of the current study was to investigate the effect of reward on ToM
performance, using existing paradigms. Following the majority of studies
investigating ToM (e.g. Wimmer & Perner, 1983; Baron-Cohen et al., 1985;
Begeer et al., 2012), belief tracking was taken as a model for ToM. In order to
examine the possible effect of reward on explicit ToM, the SB task was used
(Bernstein et al., 2011; Sommerville et al., 2013). In contrast to the Sally-Anne
test (e.g. Wimmer & Perner, 1983; Baron-Cohen et al., 1985), where an object
moves from one container to another, in the SB task an object moves from one
location to another within the same container. These locations are termed the
false belief location and true belief location, respectively. When the participant is
asked to indicate the false belief of the scenario’s protagonist, the deviation of
the response towards the true belief location represents the participant’'s
egocentric bias. Put differently, the smaller the response bias, the more the
participant displays false belief understanding. Therefore, the SB task makes it
possible to minutely investigate the influence of factors such as reward on ToM
performance.

In order to examine the possible effect of reward on implicit ToM, the MT
task (van der Wel et al., 2014) was used, as this task has been used to measure
belief tracking quantified as a bias. However, in contrast to the egocentric bias
used in the SB task, the implicit MT task uses what can be referred to as an
altercentric bias. Participants are told to click on an object’s location at the end of

a trial, after that object has changed location in a similar way to other belief
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tracking tasks. The mouse trajectory towards that location is thought to reflect the
strength of the participant’s belief. During the trial scenario, an irrelevant
character appears and disappears on the scene. In some cases, this character
will have a different belief about the location of the object than the participant.
The degree to which the participant’s mouse trajectory is then attracted to the
location corresponding to the irrelevant character’s belief is thought to reflect
implicit tracking of that character’s belief.

The MT task and SB task were used in two separate sub-studies. The
reason for choosing the SB task to investigate explicit ToM rather than the explicit
version of the MT task was that the SB task, like the implicit MT task, represents
ToM as a spatial bias. Although reaction times can reflect conflict underlying the
stating of a belief (in the explicit MT task), they do not show how strongly beliefs
are represented relative to each other. On the other hand, spatial bias away from
a belief reflects the degree to which a belief is ‘pulled’ towards another belief. As
such, the SB task offers more insight into the effect of reward on explicit ToM
than the explicit condition of the MT task. Both tasks were preceded by an
evaluative conditioning task in which the reward value associated to a character
was experimentally manipulated (cf. Sims et al., 2012, 2014; Haffey et al., 2013;
Panasiti et al., 2016; Trilla Gros et al., 2015). In doing so, it was possible to
guantify the reward value of a character, and quantify the degree to which this
reward value influenced both implicit and explicit ToM.

In addition, the Autism Spectrum Quotient (AQ; see Appendix A) was used
to measure autistic traits (Baron-Cohen et al., 2001b). In doing so, it was possible
to investigate the relationship between autistic traits on the one hand, and the

reward-driven modulation of ToM on the other hand.

54



2.3 Predictions

It is predicted that the SB task and MT task will reveal an egocentric bias and
altercentric bias, respectively. However, most importantly, it is predicted that
reward value will influence the extent of these biases. In addition, it is expected
that any effect of reward will be modulated by autistic traits. To phrase the main
expectations more specifically:

1) Reward value will decrease the egocentric bias in the SB task, as
measured through the one-dimensional offset from the false belief
location.

2) This reward-driven modulation will be negatively related to autistic traits.

3) Reward value will increase the altercentric bias in the MT task, as
measured through the deviation of the response trajectory towards the
irrelevant other’s belief.

4) This reward-driven modulation will be negatively related to autistic traits.

2.4 Mouse-tracking study

2.4.1 Methods

2.4.1.1 Participants

Fifty-three participants completed the MT study (N female = 45; mean age =
19.49, SD = 1.07). This sample size was based on the sample in the implicit
condition of van der Wel et al’s study (2014). The participants were all

undergraduate students at the University of Reading, and they signed up through
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the university’s School of Psychology research panel. Participants received
course credit upon completion of the study. In addition, they received £2.50 as a
monetary reward for their performance in the evaluative conditioning task. As
described in Section 2.3.1.3 (Procedure), the performance in this task was in fact
fixed. Therefore, all participants received the same monetary reward. Ethical
approval for the study was received from the School of Psychology Ethics
Committee and all participants provided informed consent prior to their

participation.

2.4.1.2 Stimuli

2.4.1.2.1 Evaluative conditioning task

Six faces from the Fundacdo Educacional Inaciana (FEI) face database (de
Oliveira & Thomaz, 2006; see Appendix B) were used as stimuli for the evaluative
conditioning task. Because the second task, the implicit belief tracking task,
involved seeing faces from their sides, this face database was used as it contains
multiple fixed angles for each face. To make participants familiar with the
appearance of the faces from different angles, five angles were used per face,
These face images corresponded to an angle of +90°, +45°, 0°, -45°, and -90°,
relative to a frontal image. All faces had a neutral expression.

In addition, images of standard playing cards were used for the decision-
making aspect of each trial. Values 6 up to and including 10 were used from each

of the four suits.
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2.4.1.2.2 Implicit belief tracking task (mouse-tracking)

The video stimuli used for the MouseTracker (MT) task were based on the belief
tracking scenarios used in the study by van der Wel and colleagues (2014). The
faces that were conditioned in the evaluative conditioning task were also used for

this task. See section 2.4.1.3.2 for an explanation of these scenarios.

2.4.1.3 Procedure

When the participant arrived, they were first informed about the tasks they were
going to perform during the experiment: a ‘gambling task’ and an ‘attention task’.
They were told that the study investigated the effect of the former on the latter,
and that their performance on the gambling task would influence their earnings
at the end of the experiment. The entire experiment was presented on a 17-inch
monitor with a computer running Windows 7. For both tasks, instructions were
read aloud as they appeared on the screen, to assure understanding on the part
of the participant. The order of the experiment was fixed across participants: they
first performed the evaluative conditioning task, then the belief tracking task, and
finished with the questionnaire. During the experimental trials of each task, the
experimenter left the testing room. Participants were debriefed at the end of the

experiment.

2.4.1.3.1 Evaluative conditioning task

The evaluative conditioning task used here (see Figure 2.1A) was adapted from
the task used by Sims and colleagues (2012). This particular task was chosen as
it has been shown to be effective in changing the reward value associated with

different faces (Neufeld & Chakrabarti, 2016; Panasiti et al., 2016).
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A)

Response phase Outcome phase

90% win 10% draw

60% win 40% draw

60% loss 40% draw

90% loss 10% draw

Higher Higher

Lower Lower

Figure 2.1 Schematic overview of the evaluative conditioning task and face-
reward associations. A) During the response phase, the participant guessed
whether the face-down card had a higher/lower value than the face-up card.
During the outcome phase, the predetermined outcome was shown to the
participant for 4,000 ms. B) One of the four counterbalanced versions used for
the evaluative conditioning task. See Appendix B for all camera angles used for
the face stimuli. The evaluative conditioning task and its four conditions were

based on Sims and colleagues’ design (2012).

The task was presented with Collector, a tool for online data collection
(Garcia, Kerr, Blake, & Haffey, 2016). The screen resolution was set to 1920 x
1280 pixels for this task. During each trial, the participant was presented with two
playing cards (78 x 106 pixels). The card on the left side of the screen was face-
up, the card on the right face-down. Below these cards, a static picture of a face
was shown (704 x 528 pixels). The participant had to guess whether the face-

down card would be of a higher or lower value than the face-up card once the
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former was revealed. They made this guess by clicking on the corresponding
response option. They were given unlimited time to make a decision. Once they
had made a decision, the face-down card was revealed, together with written
outcome feedback, for 4,000 ms.

During the practice phase, the value of the face-down card was always
fixed, such that the decision the participant made influenced whether the
outcome was a win or loss. The practice phase consisted of six trials. The two
faces (one male, one female) shown during the practice phase did not return in
the experimental phase.

Crucially, during the experimental phase, the outcome of each trial was
predetermined, unbeknownst to the participant. This manipulation was used to
condition each of four faces with a reward value (cf. Sims et al., 2012). More
specifically, four faces (two male, two female) were each associated with a
specific percentage of trials with a win/loss (see Figure 2.1B). In the remaining
trials, the outcome was a draw. In other words, a face generally associated with
a win would never be accompanied by a loss, or vice versa. When the outcome
was a loss, the response feedback was “You have lost (-20p)” in red. When it
was a win, the response feedback was “You have won (+25p)” in green. The
reason for this numerical discrepancy is that, subjectively, losses weigh heavier
than wins (Kahneman & Tversky, 1979). After a draw, the feedback was simply
“Draw” in black. Reward associations were counterbalanced across four versions
and face gender was never associated with win/loss.

During the 120 experimental trials, each face appeared 30 times (6 x 5
angles). Within the practice phase and experimental phase, the order of trials

was fully randomised per participant.
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2.4.1.3.2 Implicit belief tracking task (mouse-tracking)

The second task of the experiment, the MT task, was an adapted version of the
paradigm developed by van der Wel and colleagues (2014). For this task,
presentation, mouse location tracking and data saving were all done with the
MouseTracker software package (Freeman & Ambady, 2010). To conform to the
dimensions used by this software, the computer resolution was set to 1024x768
before running the MT task. During the task, the viewing distance was 80 cm,
indicated by a marker on the desk at which the participant performed the task.
This marker was aligned with, and 40 cm away from, the centre of the screen.
The participant was instructed to return the computer mouse to this marker after
each trial, to ensure there was sufficient desk space to respond.

Before task initiation, the participant was instructed about the trial
procedure by screenshots from the task. On-screen instructions were read out
from the screen by the experimenter. Then, the experimenter demonstrated the
task by performing one trial from each condition. The participant was told to be
fast in their responses, but that accuracy was more important.

The central instruction was to follow a ball in order to respond to its location
at the end of a trial. An irrelevant object, a cube, exactly mirrored the movements
of the ball. For the sake of simplicity, the following trial overview only discusses
the ball movement (see Figure 2.2 for a schematic depicting both the ball and
cube movements).

Each trial progressed as follows: first, two occluding blocks appeared on
a background. In the left/right corner of the screen (counterbalanced), the face of
a person was shown (referred to as ‘the agent’). Immediately, a ball appeared

and moved behind the left/right occluder (counterbalanced). Next, the agent
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disappeared. Then, in the agent’s absence, the ball reappeared, only to
disappear again behind either its original occluder or the opposite occluder. The
agent then reappeared, marking the end of the scenario video. At this point, the
last frame of the video was shown as an image, together with the prompt ‘NOW’
in the middle of the screen. The mouse cursor appeared in the bottom middle of
the screen (532 pixels below and 256 pixels to the left/right of the nearest corner
of the occluders). The participant had 3,000 ms to click on the location of the ball,
which was revealed after 500 ms, when the occluders vanished. The ‘NOW’
prompt made sure participants were encouraged to start moving the mouse
before the location of the ball was revealed. If they failed to do so, a feedback
window would be shown saying “Please start moving earlier on, even if you are
not certain of a response yet”. If the participant clicked on the wrong location, a
red cross was shown as feedback for 1,500 ms. Lastly, if the participant did not
respond within 3,000 ms, a feedback message (“RESPOND FASTER”) was
shown for 1,500 ms.

Crucially, in 50% of the trials, the location of the ball when it was revealed
corresponded to where the agent had last seen it (i.e. when there had not been
a switch). In the other 50%, the location did not correspond to where the agent
had last seen it (i.e. when there had been a switch). Likewise, in 50% of the trials,
the ball appeared in the location where the participant had or had not last seen it
before it was revealed. As such, there were four belief conditions: Participant
True - Agent True, Participant True - Agent False, Participant False - Agent False,
and Participant False - Agent True.

In total, the participant performed eight practice trials (with the two faces

that were used in the practice phase of the evaluative conditioning task) and 128
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experimental trials. In the experimental phase, each of the four conditioned faces

was presented in 32 trials (eight trials for each belief condition).

Participant Agent Objects stay (50%)
follows ball disappears / switch (50%)
with eyes
g |
0ms 3,000 ms 5,000 ms
- 0 =
-0-\ — . — = () =1
Agent Participant initiates Objects appear in location corresponding
reappears response trajectory (50%) / not corresponding (50%) to
participant’s belief
- —{ 8,000 ms 10,000 ms 10,500 ms
= - =1 == 3

.
L ﬁ:, X &L
Figure 2.2 Schematic overview of a trial in the MT task. The example trial shown
here represents the Participant False - Agent True condition, as, in the last panel,
the target ball appears in the location where the agent has last seen it, whereas
the participant has last seen it in the other location. Timestamps indicate the start
of the respective trial phase. Text in bold indicates what is displayed in this
example trial. The outcome variable, calculated by MouseTracker, was the area
under the curve described by the mouse cursor trajectory (shown in grey in the
last panel). The cube mirrored the movements of the ball, but was irrelevant to

the participant. For the sake of simplicity, the above only mentions the ball.

The current belief tracking task had three notable differences compared to
the task used in van der Wel et al.’s study (2014). First, to prevent the position of

the face from having an influence on the mouse trajectory due to the saliency of
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faces, the location of the face was counterbalanced across trials. Second, the
original authors used an additional stay/switch phase, but as they found that this
phase had no influence on responses, this phase was omitted from this task to
reduce trial duration. Third, due to software constraints, the location of the ball
was revealed after 500 ms in the current version of the task, whereas in the
original version this was done once the participant had moved the mouse above
an imaginary horizontal line at a fixed height. The revealing of the ball in the
current version was the reason why trials were not analysed if participants started
moving the mouse cursor after 500 ms.

There were two experimental blocks of 64 trials, with each combination of
face and belief condition occurring four times in each block. Trials within each
block were fully randomised across participant. The participant started each
video by clicking on a Continue button, and they were allowed to take a break

after every 16 trials.

2.4.1.3.3 Trait measure

The Autism Spectrum Quotient (AQ; Baron-Cohen et al., 2001b) was used to
quantify autistic traits. This questionnaire has 50 items, (e.g. “I prefer to do things
with others rather than on my own.”), with four response options per item
(Definitely agree; Slightly agree; Slightly disagree; Definitely disagree).
Cronbach’s alpha coefficients of the scale’s domains range between .63 and .77,
indicating moderate internal consistency (Baron-Cohen et al., 2001b). For the
total scale, Cronbach’s alpha was found to be higher (.82; Austin, 2005).
Participants filled out the AQ after completion of the evaluative conditioning task
and MT task. In addition, participants provided their basic demographic

information.
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2.4.1.4 Data analysis

The playing card task was only used for evaluative conditioning. Due to the
predetermined outcomes of decisions in the task, performance was also fixed.
Therefore, data generated by that task was not further analysed.

For the MT task, one dependent variable was generated from the
participant's mouse trajectory. Whereas typical task presentation software
records a participant’s response in terms of outcome, the MouseTracker software
developed by Freeman and colleagues (Freeman & Ambady, 2010) allows to
measure and quantify the mouse trajectory leading up to that response. Based
on van der Wel et al.’s study (2014), the current analysis used area under the
curve (AUC) as the crucial measure. AUC represents the deviation of a mouse
trajectory towards an irrelevant location. This measure translates to the following
in the current task: a mouse trajectory that describes a straight line towards the
revealed location of the ball would have an AUC of around zero. A mouse
trajectory that curves, on average, towards the location of the cube would have
a positive AUC, whereas one that curves away from the location of the cube
would have a negative AUC. The AUC was calculated based on time-normalised
trajectories, i.e. each mouse trajectory was represented by 101 spatial
coordinates that were temporally equidistant based on the total duration between
initiation of the trajectory and the response click. The size of the AUC represented
the surface area of MouseTracker’s 2 x 1.5 coordinate system that was covered
by the curve of the response trajectory.

By using AUC, it was quantified to what extent the belief of the participant
and the belief of the agent influenced the mouse trajectory leading to the

response. More specifically, a difference in trajectory curvature between the
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Participant True versus Participant False conditions would indicate to what extent
the participant had tracked the location of the ball. On the other hand, a curvature
difference for the Agent True versus Agent False conditions would indicate to
what extent the agent’s belief had been tracked (cf. van der Wel et al., 2014).
Therefore, the effect of agent’s belief on AUC represents implicit belief tracking,
as the participant was instructed to follow the ball (from their own perspective),
whereas the agent’s belief was irrelevant to the task at hand.

In addition, it was investigated whether the effect of the agent’s belief on
AUC was modulated by the reward value of the agent. Lastly, the degree of this
modulation was represented by a single value in order to investigate the
relationship with autistic traits.

All p-values reported with statistical tests below are two-tailed. For the
results in this chapter and the following experimental chapters, a p-value lower
than .05 will be regarded as statistically significant, whereas a p-value

between .05 and .1 will be interpreted as a trend.

2.4.2 Results

2.4.2.1 Data pre-processing

The MouseTracker software package (Freeman & Ambady, 2010) automatically
pre-processed the mouse trajectories, such that each trial was represented by a
single AUC. The remainder of the pre-processing steps and analysis was
performed with R (R Core Team, 2018).

Due to a technical issue, 979 trials were lost across participants.

Specifically, the MouseTracker software would sometimes crash during a block,

65



resulting in the loss of all data collected for that block so far. In these cases, the
experimenter started the next block. In the case of three participants, this issue
occurred for both experimental blocks. As these participants had no behavioural
data, they also did not fill out the questionnaire. As a result, 5,805 trials remained
(participant mean N = 109.53, SD = 25.02). Of the remaining trials, trials were
removed for the four belief conditions individually if the response was (1) incorrect
(3.8%), (2) too slowly initiated (>500 ms; 14.2%), (3) a participant-level outlier
(AUC > 3 SD away from one participant’'s mean; 1.2%), or (4) a group-level outlier
(AUC > 3 SD away from all trials’ mean; 1.1%). This removal procedure was
equal to the one used by van der Wel and colleagues (2014), apart from the
inclusion of the second step. This step was included because the location of the
ball was revealed after 500 ms.

Finally, participants were excluded from the analysis if they did not have
at least one trial in each belief condition after the previous exclusion steps (three
participants), or if they did not have more than two trials per condition on average
(one participant). This exclusion procedure resulted in a final sample of 49
participants (42 females), whose age ranged between 18 and 25 years (M =
19.51, SD = 1.08) and whose AQ scores ranged between 2 and 26 (M = 13.63,
SD =5.07). The total number of trials was 4,518 (participant mean N = 92.20, SD
= 21.65). The mean AUC per participant per condition was used for the statistical
analysis.

For correlations, observations were excluded from each individual
analysis separately if they were identified as bivariate outliers (Cook’s distance >
4/Nparticipants; Bollen & Jackman, 1990; see the degrees of freedom for the

correlational analysis).
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2.4.2.2 Implicit belief tracking (replication analysis)

It was first tested whether the implicit belief tracking effect found by van der Wel
and colleagues (2014) was replicated in the current study. To this end, a 2 x 2
ANOVA was performed, with Participant’s belief (True/False) and Agent’s belief
(True/False) as repeated-measures factors, and AUC as the dependent variable.
In calculating the means used for this analysis, raw data was collapsed across
the four reward conditions. There was a significant main effect of Participant’s
belief, F(1,48) = 181.18, p < .001, np? = .791, with the AUC being smaller when
the Participant’s belief was True (M = .21, SE = .04) than when it was false (M =
1.76, SE =.09). There was also a significant main effect of Agent, F(1,48) = 7.31,
p = .009, np? = .132, with the AUC being smaller when the Agent’s belief was
True (M = .96, SE = .04) than when it was false (M = 1.01, SE = .04). There was

no significant interaction effect, F(1,48) = .19, p = .665, ny? = .004.

2.4.2.3 The effect of reward

To assess the effect of reward on implicit belief tracking, the four reward
conditions were split up into rewarding (collapsing the 90% win and 60% win
condition) and non-rewarding (collapsing the 90% loss and 60% loss condition).
This step was taken to avoid too many participants having no data in a condition
due to the aforementioned data loss. An implicit belief tracking bias (simply
referred to as bias from now onwards) was calculated per participant by
subtracting the AUC for the TT from the TF condition, subtracting the AUC for the
FT from the FF condition, and taking the average of these two values. As such,
the bias represented the extent to which a false Agent’s belief influenced the

AUC.
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A paired-sample t-test was performed to investigate between the
rewarding and non-rewarding conditions on bias. No significant difference was

found, t(48) = .93, p =.358, d = .17 (see Figure 2.3).
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Figure 2.3 Null effect of reward on implicit belief tracking. Error bars represent

95% within-subjects confidence intervals. Dots represent individual participants.

2.4.2.4 Individual differences in the reward effect

Although there was a null effect of reward on implicit belief tracking, the a priori
research question warranted an investigation into the relationship between the
reward effect and individual differences in autistic traits. The reward effect was
calculated as the difference in bias between the rewarding and non-rewarding

conditions, per participant.
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A Pearson’s correlation was performed between AQ and this reward
effect. The result was non-significant, r(46) = -.05, p = .754 (see Figure 2.4).

As mentioned in Section 2.4.2.1, 14.2% of all trials were removed due to
participants being too slow to initiate movement. To investigate whether this
removal resulted in the absence of effects, all analyses reported here were
repeated without this specific pre-processing removal step. The results reported

above did not change.
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Figure 2.4 The relationship between autistic traits and the effect of reward on
belief tracking bias. The reward effect was calculated by subtracting the AUC for
the TT from the TF condition, subtracting the AUC for the FT from the FF

condition, and taking the average of these two values.
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2.4.3 Brief discussion

The results showed that the response trajectory was most influenced by the
participant’s belief. This observation is to be expected, as the participant is told
to track the location of the ball (from their own perspective) before they click on
that location. In addition, the agent’s belief also influenced the response
trajectory, albeit to a lesser extent. When the agent’s belief was false, the
curvature of the trajectory was larger than when the agent’s belief was true. This
observation replicates the finding in van der Wel et al.’s study (2014) and
suggests that the agent’s belief is tracked implicitly, even when this belief is
irrelevant to the task at hand.

However, reward value was found not to influence the effect of agent’s
belief on curvature. More specifically, the reward value that had become
associated with the agent in the corner of the screen through an evaluative
conditioning procedure did not influence the degree to which this agent’s belief
was implicitly tracked. This lack of a reward effect is further discussed in section
2.6 (Discussion).

In addition, there was no significant relationship between individual
differences in autistic traits and the reward effect described above. Note that the
non-significance of the reward effect indicated a general absence of the effect.
However, the a priori research question justified performing a correlational
analysis, which could have brought to light a more intricate effect of reward in the
current sample. Nevertheless, based on the results, it can be concluded that the
effect of reward on implicit belief tracking was absent along the full spectrum of

autistic traits that was investigated in the current study.
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2.5 Sandbox study

2.5.1 Methods

2.5.1.1 Participants

Sixty-five participants completed the explicit belief tracking study (N female = 52;
mean age = 20.97, SD = 3.75). This sample size was based on the neurotypical
sample in Begeer et al.’s study (2012) using the Sandbox (SB) paradigm. For the
current sample, 22 participants were recruited from the University of Aarhus,
Denmark, through the Cognition and Behaviour Lab research panel. Participants
had a 20% chance of winning a cinema voucher. The other 43 participants were
recruited from the University of Reading, and they signed up through the
university’s School of Psychology research panel. These participants received
course credit upon completion of the study. Ethical approval for the study was
received from both the School of Psychology Ethics Committee at the University

of Reading and the Cognition and Behaviour Lab ethics committee in Aarhus.

2.5.1.2 Stimuli

2.5.1.2.1 Evaluative conditioning task

The evaluative conditioning task used the same playing cards as the MT study
(see Section 2.4.1.2.1). In contrast, photographs taken from the chest upwards
were taken from the standardised Mind Reading set (Baron-Cohen, Golan,
Wheelwright, & Hill, 2004). This set shows external validity and sufficient inter-

rater reliability (Golan & Baron-Cohen, 2006; Golan, Baron-Cohen, Hill, & Golan,
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2006a). The selected photographs were of two males and two females, chosen
for their distinguishability. Within each gender, one person was wearing a bright
red shirt, the other a bright yellow shirt. All photograph depicted a neutral
expression. Only photographs taken from the front of the person were used in

this task.

2.5.1.2.2 Explicit belief tracking task (Sandbox)

The same faces that were shown during the evaluative conditioning task were
used in the Sandbox (SB) task. The sandbox container was an open-source
image of a trapezoid tray with a clickable width of 100 pixels. For the distractor

task that was part of each SB trial, a 15-by-15 word search was used.

2.5.1.3 Procedure

This study used the same structure as the MT study, with an evaluative
conditioning task followed by a belief tracking task, followed by a personality trait
guestionnaire. Before the start of the experiment, participants were told that they
had a chance of winning a cinema voucher, and that their performance would
determine their chance of winning it. After the participant had given informed
consent, the tasks were performed in a fixed order. The entire experiment was

conducted on a 13-inch Macbook screen.

2.5.1.3.1 Evaluative conditioning task

The evaluative conditioning task was largely the same as the one used in the MT
study (see Section 2.4.1.3.1), with a few key differences. The participant
completed eight unsupervised practice trials. In addition, each of the four faces

was assigned a name, which was presented under the face during both the
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evaluative conditioning and SB task. Participants were instructed that, following
the card game, a simple memory task involving the same faces and names would
be performed. Only the 90% win and 90% loss condition were used for this task
(one win and one loss condition per gender). The reason for including only these
conditions was due to the SB task design (see the following section). Which two
faces were rewarding/non-rewarding was counterbalanced across participants.

Lastly, this task used points instead of pennies to manipulate reward value.

2.5.1.3.2 Explicit belief tracking task (Sandbox)

The explicit belief tracking task was a computerised version of the paper-and-
pencil SB task (Begeer et al., 2012; Bernstein et al., 2011). The current SB task
was created and conducted using Unity® (Unity Technologies, ApS, 2016). The
participant was represented with 20 change-of-location scenarios (see Appendix
C), adapted from scenarios used in a previous study (Sommerville et al., 2013).
There were three types of scenarios: false belief (FB; eight trials), memory control
(MC; eight trials), and true belief (TB; four trials). The order of these scenarios
was fully randomised, but identical for different participants. All phases of each
scenario were accompanied by text and stayed on-screen for 5 seconds. The
participant was asked to carefully read each scenario.

On an FB trial (see Figure 2.5), the participant was first introduced to two
characters. Subsequently, one character (the ‘placer’, e.g. ‘Will’) hid an object in
a location (L1) along the one-dimensional continuum of a container. Then, a
second character (the ‘mover’, e.g. ‘Rose’) moved the object to another location
in the container (L2). This replacement was done in the absence of the placer.
Next, the participant performed a word search for 20 seconds. At the end of this

timespan, they indicated how many universities they had identified during the
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word search. This distractor task has previously been used in an SB study with
an adult sample and was included to prevent the participant from using
perceptual strategies to guide their response at the end of the SB trial (Coburn,
Bernstein, & Begeer, 2015). After the distractor task, the placer and the container
appeared again. Crucially, the participant was then asked where the placer would
look for the object. They indicated their response by clicking inside the container.
Their response was subsequently represented by an ‘X'

On an MC trial, the change-of-location scenario was different. The critical
difference was in the wording of the question asked in the final phase of each
trial. Specifically, the participant was asked where the placer had put the object
before the character temporarily left the scene. Note that, for both FB and MC
trials, clicking on L1 was regarded as a perfect response. However, FB trials
require ignoring one’s own privileged knowledge and taking the perspective of
the placer, whereas MC trials only require memorising the object’s location
(Coburn et al., 2015).

To prevent participants from developing the rule that L1 was always the
required response location, four TB trials were included. The question in the final
phase of a TB trial was phrased in the same way as that in FB trials (i.e. where
will the placer look for the object?). However, when the object was moved, the
scenario text specified that the placer character was present during this
replacement. Hence, L2 was the perfect response location.

In all trials, the placer and the mover were associated with opposite reward
values, such that on half the trials the placer was associated with a 90% win value
and the mover with a 90% loss value, and vice versa. As the 20 trial scenarios

pitted two characters against each other, only two reward conditions were
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included to maintain consistency in reward value difference across trials. The

90% win and 90% loss conditions were kept to maximise the difference in reward

value between reward conditions. In addition, the respective location of L1 and

L2 and the distance between the locations varied across trials. This distance

spanned either 25% or 50% of the container width. The direction of the object

replacement was counterbalanced across trials.
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come home from the park
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Will puts his keys in the top drawer
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then rushes to the toilet
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Figure 2.5 Schematic overview of a trial in the explicit belief tracking task. The

trial depicted here represents the false belief condition. Timestamps indicate

durations of each phase. The cross in the last panel represents a possible

response.
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2.5.1.3.3 Trait measure

After the evaluative conditioning and explicit belief tracking task, the participant
completed the AQ (Baron-Cohen et al., 2001b). In addition, participants provided

their basic demographic information.

2.5.1.3.4 Recall task

Prior to the evaluative conditioning task, the participant had been asked to
remember all four name-face combinations. This instruction was included to
prevent extinction of the reward manipulation during the explicit belief tracking
task. To verify that the participant had remembered which nhame went with which
face, they performed a recall task. Here, the participant was presented with all

four faces, and asked to name them.

2.5.1.4 Data analysis

As the playing card task was only used for evaluative conditioning, data
generated by that task was not further analysed.

For the explicit belief tracking task, one dependent variable was based on
the participant’s response. This calculation was done for the FB and MC trials.
The dependent variable, bias, was calculated as the signed distance between L1
and the participant’s actual response in N pixels, as a percentage of the length
of the container. As the length of the container was 100 pixels, bias was
effectively measured in pixels, representing the degree to which a response is
attracted towards L2.

As was discussed in Section 2.5.1.3.2 (Sandbox task procedure), there is
an important interpretative difference between the FB and MC condition. In the

MC condition, the test question taps into memory, as the participant is asked
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where the object was originally placed. In the FB condition, however, the
participant is asked where the character will look for the object. Whereas an
imperfect memory trace can also contribute to a bias in the FB condition, the test
question prompts the participant to make a belief attribution. Therefore, the
difference in bias between the FB and MC condition represents the contribution
of belief tracking over and above memory.

The TB condition, in which the perfect response was L2, was only included
to prevent participants from developing the response strategy that the required
response was always L1. As such, the TB trials were regarded as filler trials and
excluded from the analysis.

All p-values reported with statistical tests below are two-tailed.

2.5.2 Results

2.5.2.1 Data pre-processing

Data was pre-processed with R (R Core Team, 2018). Firstly, 14 participants
were excluded because they failed to link the names with the faces in the recall
task. Secondly, one participant was removed from the analysis because their AQ
score was 5 SD higher than the sample average. The final sample consisted of
50 participants (40 females), whose age ranged between 18 and 36 (M = 20.98,
SD = 3.92) and whose AQ scores ranged between 4 and 27 (M = 13.82, SD =
4.78).

Trials were removed for the FB and MC condition separately if the
response was (1) a participant-level outlier (bias in pixels > 3 SD away from one

participant’s mean; 0%), or (2) a group-level outlier (bias in pixels > 3 SD away
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from all trials’ mean; cf. experiment 1; 2.1%). As such, these outlier steps were
similar to the steps taken for the MT study (see section 2.4.2.1).

For correlations, observations were excluded from each individual
analysis if they were identified as bivariate outliers (Cook’s distance >
4/Nparticipants; Bollen & Jackman, 1990; see degrees of freedom for the correlation

analysis).

2.5.2.2 Explicit belief tracking and the reward effect

A 2 x 2 repeated-measures ANOVA was performed, with Belief (FB, MC) and
Reward (Rewarding, Non-Rewarding) as within-subjects factors and bias as the
dependent variable. The analysis revealed that the main effect of Belief was not
significant (F(1,49) = .02, p = .900, ny? < .001), although bias was numerically
higher for the FB (M = .27 px, SE = .49) than for the MC condition (M = .21 px,
SE = .43; see Section 2.5.3 Brief discussion, for possible explanations for this
non-significant difference). Note that bias did not differ significantly from zero for
either the FB condition (t(49) = .55, p = .588, d = .078) or MC condition (t(49)
= .632, d = .068). In addition, the main effect of Reward was not significant
(F(1,49) = 1.85, p=.180, np? =.036). The Reward x Belief interaction approached
significance (F(1,49) = 3.06, p = .087, np? = .059).

Given its importance for the predictions in this chapter, this marginally
significant interaction was further investigated. Paired t-tests showed that the
difference between the FB condition (M =-.60 px, SE =.55) and the MC condition
(M = .42 px, SE = .53) was not significant for rewarding targets (t(49) = 1.47, p
= .147, d = .209). For non-rewarding targets, the difference between the FB

condition (M = 1.13 px, SE =.63) and the MC condition (M = -.01, SE = .68) was
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also not significant (t(49) = 1.30, p =.199, d = .184). Alternatively, the difference
between the rewarding (M = .42 px, SE = .53) and non-rewarding condition (M =
-.01 px, SE = .68) was not significant for the MC condition (t(49) = .39, p = .629,
d = .07), but this difference was significant for the FB condition (t(49) = 2.62, p
=.012, d = .37). Specifically, bias was higher for non-rewarding targets (M = 1.13
px, SE = .63) than rewarding targets (M = -.60 px, SE = .55) (see Figure 2.6).
One sample t-tests revealed that none of the biases reported here differed
significantly from zero (all ps >.05), although this difference was a statistical trend
for non-rewarding targets in the FB condition (t(49) = 1.80, p = .078, d = .255).

As the placer character was displayed centrally, it was possible that the
effect of reward on FB bias was driven by avoidance or approach behaviour away
from or towards the centre of the sandbox container. This possibility was
investigated by calculating the absolute response distance away from the centre
of the container for each trial. A paired-samples t-test revealed no significant
difference (t(49) = .05, p = .961, d = .01) between this distance for rewarding (M
= .25 px, SE =.01) versus non-rewarding (M = .25 px, SE =.01), suggesting that
the reward effect on FB bias was not explained by mere avoidance or approach
behaviour.

The analyses above resulted in no significant effects or trends (all ps > .1)

when the 14 participants who failed the recall task were included.
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Figure 2.6 The effect of reward on explicit belief tracking in FB trials. Error bars
represent 95% within-subjects confidence intervals. Dots represent individual

participants.

2.5.2.3 Individual differences in the reward effect

Next, the relationship between autistic traits and the reward effect was
investigated. The reward effect was calculated as the difference in FB bias
between the rewarding and non-rewarding condition, per participant. A Pearson’s
correlation was performed between AQ and this reward effect. The result was
non-significant, r(46) = .08, p = .569 (see Figure 2.7).

This result also was not significant (p > .05) when the 14 participants who

failed the recall task were included.
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Figure 2.7 The relationship between autistic traits and the effect of reward on
false belief bias. The reward effect was calculated by subtracting the participant’s
average bias for non-rewarding target characters from the bias for rewarding

target characters on FB trials.

2.5.3 Brief discussion

The finding of a larger bias on FB trials than MC trials (e.g. Bernstein et al., 2011,
Sommerville et al., 2013; Coburn et al., 2015) was not replicated in the current
sample (but see Section 5.5.3 Sandbox task results, for a replication). Although
this difference was numerically in the expected direction, it was less than a pixel
(less than 1% of the Sandbox container width) and not statistically significant.
Note also that bias did not significantly differ from zero in either the FB or MC
condition. In short, there was no difference in egocentric bias when the test

question tapped into false belief understanding or memory.
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Although this lack of difference between the FB and MC condition was an
unexpected finding, three possible explanations arise. First, in the current study,
the scenarios were presented as text. In contrast, in previous studies (Begeer et
al., 2012, 2016; Bernstein et al., 2011, 2017; Coburn et al., 2015; Sommerville et
al., 2013), the scenarios were presented auditorily, either as recordings or
narrated by the experimenter. It is possible that participants pay more attention
to the exact wording of the scenarios (most importantly, the test question) when
they are voiced by a human, resulting in more depth of processing due to the use
of prosodic cues. Note that computerisation of the SB task likely did not result in
the null finding, as a previous study replicated the FB-MC difference with a tablet-
administered version of the task (Begeer et al., 2016).

Second, the current SB task consisted of 20 trials. In previous studies, the
task included two (Begeer et al., 2012), four (Sommerville et al., 2013), six
(Bernstein et al., 2011; Begeer et al., 2016), or nine trials (Coburn et al., 2015;
Bernstein et al., 2017). The main reason for the large number in the current
version was the inclusion of the reward manipulation. To test the effect of reward,
it was required that every belief condition occurred for both a rewarding and non-
rewarding placer. It is possible that this large number resulted in participants
paying less attention to the way the test question was phrased, as they realised
that the crucial information in the scenario was already given before the
distraction task.

Lastly, throughout the experiment, participants had to remember which
name was associated with which face/character. They were instructed to do this
before the evaluative conditioning task, and that they would be tested at the end

of the experiment. It is possible that this instruction effectively turned the SB task
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into a dual task. More specifically, whenever they were presented with a name
and a face during an SB scenario, this was an occasion to reinforce their memory
of the respective name-face association. When the placer returned at the end of
the scenario, the participant possibly paid more attention to the face and name
in favour of the phrasing of the test question. In short, all explanations given here
suggest that participants distinguished between FB and MC trials less than
expected.

Although the interaction between reward and belief only approached
significance, the key research question warranted a further investigation of this
interaction. This revealed that reward influenced bias in the FB condition, but not
in the MC condition (note that the significant effect disappeared when including
the participants who failed the recall task, corroborating the account above that
attention to the Sandbox scenarios is important in eliciting effects). As was
mentioned in Section 2.5.1.3.2 (Explicit belief tracking procedure), FB trials, in
theory, require a judgment based on a belief attribution, whereas judgments in
MC trials rely on a memory trace. As the main effect of belief (FB versus MC)
was not significant, it is unclear whether participants in the current experiment
relied on these capacities differentially for the two conditions. However, the
observation that reward influenced bias in the FB condition, but not in the MC
condition, suggests that the reward effect is less likely to be mediated by memory
than by tracking of a belief state. Altogether, these findings provide initial
evidence that reward influences explicit belief tracking.

Importantly, it was shown that the reward value of the placer character did
not directly influence response location. Chen and Bargh (1999) argued that

responses are predisposed towards positively valenced stimuli and away from
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negatively valenced stimuli. The current results suggest that such a
predisposition did not occur when participants indicated their response on the
sandbox container. Therefore, the mere presence of a rewarding/non-rewarding
placer did not influence responses.

Lastly, there was no relationship between autistic traits and the
aforementioned reward effect on FB bias. Participants higher in autistic traits
were not more/less influenced by the reward value of the placer character when

engaging in explicit tracking of their false belief.

2.6 Discussion

The aim of the studies discussed in this chapter was to investigate whether
performance on ToM tasks is modulated by reward. For this purpose, adaptations
of a commonly used belief tracking paradigm were used. Reward here was
manipulated by using an evaluative conditioning paradigm which has previously
been effective in associating reward value with stimuli (Hsu, Neufeld, &
Chakrabarti, 2018; Neufeld & Chakrabarti, 2016; Panasiti et al., 2016; Sims et
al., 2012, 2014). In addition, it was examined whether the extent of this possible
reward-driven modulation was related to individual differences in autistic traits.
These research questions were investigated by employing continuous belief
tracking paradigms for implicit and explicit belief tracking separately.

The implicit belief tracking study employed a mouse-tracking paradigm
(Freeman & Ambady, 2010). Participants responded with mouse movements
when indicating their own belief, while an on-screen agent held a belief consistent
or inconsistent with the participant’s belief. It was first established that

participants indeed showed implicit belief tracking. Specifically, the agent’s belief
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had an influence on the mouse response trajectory, even when that belief was
irrelevant to the task at hand (cf. van der Wel et al., 2014). However, the reward
value of the agent, as conditioned through a preceding evaluative conditioning
procedure, did not modulate the extent of this influence. In other words, the
response trajectory did not deviate more or less towards the location
corresponding to the agent’s belief when that agent was rewarding or non-
rewarding. Although there was no significant reward-driven modulation of implicit
belief tracking, the a priori hypotheses allowed a further investigation of whether
this modulation was related to individual differences in autistic traits. However,
no such relationship was found.

The explicit belief tracking study employed a Sandbox paradigm (e.g.
Bernstein et al., 2011; Sommerville et al., 2013; Coburn et al., 2015). Just as with
the implicit belief tracking study, participants here had to respond to a change-of-
location scenario. However, contrary to the implicit belief tracking study, the main
effect found in previous studies (e.g. Bernstein et al., 2011; Sommerville et al.,
2013; Coburn et al., 2015) was not replicated here. More specifically, these
previous studies found that participants’ responses are more biased towards their
own belief in the false belief compared to the memory control condition. Coburn
and colleagues (2015) argued that trials in the false belief condition rely on
ignoring one’s own knowledge and taking someone else’s perspective, while only
memorisation is needed in the memory control condition. This difference results
in a more egocentric response in the false belief condition. However, the lack of
difference between these conditions found here makes it unclear whether
participants relied on a similar computation in both conditions or that the similarity

in bias was due to other factors.
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Nevertheless, the results suggested that bias in the false belief condition
was larger when the placer character was rewarding, compared to when they
were non-rewarding. As there was no effect of reward on bias in the memory
control condition, this observation suggests that the effect of reward on
performance in the Sandbox task is mediated by belief tracking, rather than
memory. However, given the absence of a difference in bias between the false
belief and memory control condition, this interpretation should be approached
with caution. Nevertheless, the extent of the reward effect was not related to
individual differences in autistic traits.

These findings pertaining to explicit and implicit belief tracking give rise to
a number of interpretations. First, the studies suggest that the reward-driven
modulation of belief tracking is task-dependent. Belief tracking can be influenced
by the reward value associated with the person whose belief is being tracked, but
only if the observer engages in explicit belief tracking. In the SB task employed
here, the explicit task instructions necessitate that the participant hold a
representation of the placer’s belief in their working memory throughout the
duration of the scenario. It is possible that the reward value of the placer can
influence the depth of processing of this belief, resulting in an effect on
subsequent task performance, i.e. accuracy in stating the placer’s belief. The fact
that the placer was represented by a face and a name in the scenario text may
have reinforced this effect.

In contrast, no effect of reward was found in the MT task. This absence is
likely because the belief of the agent in this task was not relevant to the task at
hand. Instead, participants made their responses based on their own belief. The

effect of agent’s belief on the response showed that participants engaged in
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some degree of processing of the agent’s belief. However, the depth of
processing of this belief was too shallow for the reward value associated with the
agent to be of any effect. Thus, the results suggest that explicit, but not implicit,
belief tracking can be influenced by reward.

In both studies discussed in this chapter there was no relationship
between the reward-driven modulation of belief tracking and individual
differences in autistic traits. This finding suggests that people high or low in
autistic traits show similar reward-driven modulation of explicit belief tracking, and
a lack of reward-driven modulation of implicit belief tracking. A previous study
(Haffey et al., 2013) found that people low in autistic traits show more reward-
driven modulation of mimicry of social stimuli. These authors employed a similar
evaluative conditioning procedure to the one discussed in this chapter, but the
task involved mimicking hands. Note that the social stimulus in Haffey et al.’s
study (2013) was the only stimulus presented to the participant. In the current SB
study, participants also encountered the name of the placer character in the
scenario text (in addition to the object changing locations in the container). As
such, the social stimulus (the image of the placer) may have prompted the
participant to engage in reasoning about the placer’s belief. However, once the
participant had established what the identity of the placer was, it was not
necessary to pay attention to the image of the placer. Instead, the task
necessitated processing the placer’s belief, the depth of which was influenced by
the associated reward value. It is possible that participants higher in autistic traits
attended to the image of the placer less. However, as the scenario advanced,
they engaged in mental reasoning about the belief similarly to those lower in

autistic traits, while being similarly influenced by the reward value of the placer.
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This conjecture provides a possible explanation of why an effect of reward was

found, but why this effect was not further modulated by autistic traits.

2.7 Conclusion

As was discussed in Section 2.1 (Introduction), belief tracking paradigms are
often used to investigate ToM, in both children and adults. The current two
studies employed paradigms in which a belief was tracked explicitly or implicitly.
It was found that the reward value of the person whose belief is tracked
modulates explicit, but not implicit, belief tracking. In addition, this effect was not
further modulated by individual differences in autistic traits. This observation
suggests that ToM, when measured as explicit belief reasoning, can be
influenced by how much the target of that reasoning is considered to be
rewarding. In the next chapter, it will be investigated whether a similar pattern

holds for perspective taking, another process related to cognitive empathy.
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3 Reward and perspective taking

Alongside Theory of Mind, perspective taking is taken as an important process
underlying cognitive empathy. Perspective taking research is dominated by visual
perspective taking paradigms. In these tasks, it can be quantified to which extent
the self-perspective interferes with making a judgment from the other-perspective
(egocentric interference). In addition, some tasks allow to quantify the inverse,
namely the degree to which the other-perspective disrupts making a judgment
from the self-perspective (altercentric interference). In the two studies discussed
in this chapter, it was investigated whether egocentric and altercentric
interference can be modulated by the reward value associated with the other
person. One study employed a behavioural task in which the perspective can
switch; the other employed eye-tracking to investigate solely egocentric
interference. It was found that reward did not modulate either altercentric or
egocentric interference. However, if the other person was non-rewarding, this
reward value impeded selecting the other’s perspective relative to one’s own.
However, this effect was not related to individual differences in autistic traits. The
reward-driven modulation of perspective selection suggests that, when having to
take someone else’s perspective, this perspective taking happens faster when

the other person is liked.
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3.1 Introduction

In addition to Theory of Mind (ToM), which was discussed in the previous chapter,
perspective taking is another oft-researched component of cognitive empathy.
Making sense of others’ actions requires that their perspective be represented. A
common method of investigating perspective taking is by employing tasks that
require visual perspective taking (VPT), i.e. the ability to understand what
someone else can see, while often suppressing one’s own viewpoint. Hence,
there is a close conceptual link between ToM and VPT. As Pearson and
colleagues (2013) put it, both ToM and VPT require the observer to understand
that another person can have a different representation of the state of the world
to theirs. For VPT, this representation is visual, whereas for ToM, it is a more
abstract representation of beliefs. Indeed, some scientists have argued that VPT
and ToM rely on similar cognitive mechanisms (Hamilton et al., 2009; but see
Leslie, 1987).

Generally, VPT is thought to consist of two levels. VPT-1 (or a level-1
perspective) refers to a representation of what someone sees, whereas VPT-2
(or a level-2 perspective) is a representation of how someone sees an object, i.e.
the ‘aspectual’ information (Flavell et al., 1981a, 1981b). For example, when you
and someone else see the same Rubik’s cube, but from opposite sides, the
representation that the cube is visible to the other person relies on VPT-1,
whereas the understanding that different sides with different colours are visible
to the other person relies on VPT-2. As such, VPT-1 comes before VPT-2. This
sequence also holds true developmentally, as VPT-1 has been shown to emerge

in the second year of life (e.g. Flavell et al., 1981a, 1981b; Moll & Tomasello,
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2006), whereas it takes about three years longer for VPT-2 to develop (Gzesh &
Surber, 1985).

Here too lies a parallel with ToM. According to Apperly and Butterfill's two-
system account (2009; see Section 2.1 Introduction), children only develop an
explicit understanding that others can have a false belief around their fourth
birthday (Wellman, Cross & Watson, 2001; Wimmer & Perner, 1983), whereas
they already possess a rudimentary false belief understanding that is implicit and
non-verbal as young as 15 months old (Onishi & Baillargeon, 2005). The system
that develops first is spontaneous and effortless, but inflexible, whereas the
system developing later is flexible but effortful (Apperly & Butterfill, 2009).
Similarly to this dichotomy of ToM, it has been suggested that only VPT-1 can
occur spontaneously, whereas VPT-2 can only be deliberate (Samson, Apperly,
Kathirgamanathan, & Humphreys, 2005; Surtees, Butterfill, & Apperly, 2012). In
contrast, more recent studies have found evidence that VPT-2 can also occur
spontaneously (Elekes et al., 2016; Ward, Ganis, & Bach, 2019). Although the
exact nature of VPT-2 relative to VPT-1 remains debated, it is clear that they are
distinct processes.

As was the case with ToM, the question also arises whether reward can
influence perspective taking. Do people engage in less or more perspective
taking when the other person is liked? According to Pearson and colleagues
(2013), two paradigms in particular lend themselves well to investigate social
mechanisms in VPT, due to the social components of the respective tasks. These
two paradigms are the Director task (Keysar et al., 2000) and the Dots task

(Samson et al., 2010), and both focus on VPT-1.
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The first VPT task discussed here is the Director task, which was
developed by Keysar and colleagues (2000). Although it has since been debated
whether the task taps into perspective taking or more domain-general processes
(Santiesteban et al., 2015; Rubio-Fernandez, 2017, for a review), this task has
been used (in its original physical form, or computerised) in a variety of studies
investigating VPT (e.g. Apperly et al., 2010; Dumontheil, Apperly, & Blakemore,
2010a; Dumontheil, Kister, Apperly, & Blakemore, 2010b; Epley, Morewedge, &
Keysar, 2004; Santiesteban, White, Cook, Gilbert, Heyes, & Bird, 2012; Savitsky
et al., 2011; Symeonidou, Dumontheil, Chow, & Breheney, 2016). In the Director
task, the participant is presented with an array of shelves containing objects. A
person (the ‘director’) is standing on the other side, giving instructions to the
participant to move a certain object from one shelf to another. Importantly, some
of the shelves are occluded by a board on the side of the director, meaning that
some objects are only visible to the participant. In addition, the object to which
the director’s instructions refer belongs to a category of which there is more than
one object on the shelves. Crucially, sometimes, the object that matches the
instruction best from the participant’s perspective is not the object the director
can be referring to, given the occluders. Therefore, in order to respond correctly
to the instructions, the participant has to suppress their own privileged
information and take the director’s perspective. Various studies have shown that
overcoming this egocentric interference causes people to take longer and make
more errors when taking the director’s conflicting perspective (e.g. Apperly et al.,
2010; Dumontheil, et al., 2010a, 2010b; Epley et al., 2004; Keysar et al., 2000;
Santiesteban et al., 2012, 2015; Savitsky et al., 2011; Symeonidou et al., 2016).

In addition, it has been shown with eye-tracking methodology, that even when
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participants respond correctly, their response is preceded by egocentric fixations
on the occluded object (e.g Epley et al., 2004; Keysar et al., 2000; Santiesteban
et al.,, 2012; Savitsky et al., 2011; Symeonidou et al., 2016). Therefore, the
Director task provides a way of investigating egocentric interference in VPT
beyond the superficial behavioural response.

The second VPT task discussed here is the Dots task (Samson et al.,
2010). In this behavioural task, the participant has to respond to the number of
dots shown on the walls of a virtual room. They do so by indicating whether that
number corresponds to a number that was prompted at the start of each trial. On
all trials, there is also an avatar shown in the middle of the room, who can only
see the left or right wall. In one condition, participants have to take the other
person’s perspective, and respond to how many dots are visible to the avatar.
Although here the own perspective is not relevant to the task at hand, participants
get slowed down when the two perspectives do not match. In other words, there
IS egocentric interference, because it is difficult to suppress the privileged
information available to the participant themselves. Notably, egocentric
interference de facto reflects the difficulty to take another person’s perspective,
and is therefore commonly used to quantify perspective taking.

In another condition, participants take their own perspective. Interestingly,
participants also get slowed down here when the perspectives are mismatching
(i.e. a different number of dots is visible to the participant versus avatar). In other
words, there is altercentric interference caused by the automatic computation of
the other person’s perspective. Hence, even when the participant is not instructed
to take the other’s perspective, it is still automatically and unintentionally

computed. Therefore, the Dots task is a versatile paradigm, as it allows for the
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investigation of both egocentric and altercentric interference. Since its inception,
the task has been used to show both egocentric and altercentric interference in
other VPT studies (e.g. Marshall, Gollwitzer, & Santos, 2018; Qureshi et al., 2010;
Furlanetto, Becchio, Samson, & Apperly, 2016). Importantly, a number of studies
have claimed that the Dots task taps into attentional cueing mechanisms rather
than perspective taking (e.g. Santiesteban, Catmur, Hopkins, Bird, & Heyes,
2014; Cole, Atkinson, Le, & Smith, 2016; Wilson, Soranzo, & Bertamini, 2017).
In response, Marshall and colleagues (2018) concluded based on an experiment
that the mechanism underlying interference in the Dots task depends on the
nature of the stimulus central to the task. According to these authors, with a non-
social stimulus (an arrow), interference relies on attentional cueing, whereas with
a social stimulus (an avatar), interference does rely on perspective taking. In this
thesis, the stance of Marshall and colleagues (2018) is taken, whilst
acknowledging the ongoing debate.

Together, the Dots task and Director task allow to investigate several
facets of VPT. The Director task only requires taking the other’s perspective and
can therefore only be used to examine egocentric interference. In contrast, the
Dots task quantifies both egocentric and altercentric interference, as either the
self- or other-perspective is taken. On the other hand, the Dots task is (currently)
bound to measures of accuracy and reaction time, whereas Director task designs
often also employ eye-tracking. Due to their complementary measures, the
combination of these two tasks seems particularly fruitful to examine social
mechanisms underlying VPT.

To this date, the studies examining whether reward value can influence

VPT have been scarce. For example, such an investigation has not yet been
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done for the Dots task. In contrast, one study used an indirect reward
manipulation in a study employing the Director task. Savitsky and colleagues
(2011) let participants perform the Director task once with a friend who took on
the role of the director, and once with a stranger. Surprisingly, the authors
showed that, although friends and strangers are just as likely to make egocentric
errors, friends took longer to overcome their egocentric interference, possibly
because friends assume each other’s perspectives are similar. However, as
friendships can vary in their quality, it would be interesting to see whether a more
experimentally controlled manipulation of reward value would have an effect on
VPT too.

In addition, whereas Savitsky et al.’s study (2011) study suggested that
reward value may influence VPT, it did not examine whether this effect is further
modulated by autistic traits (see Section 1.1.2 for an explanation of why this is
important to investigate). Whereas ToM has often been shown to be impaired in
individuals with autism, the results for VPT have been mixed (see Pearson et al.,
2013, for a review). An investigation of a possible relationship between autistic
traits and the reward-driven modulation of VPT using more than one task could
therefore shine a light on the circumstances under which a deficit appears in

autism.

3.2 Aims

To investigate the possible reward-driven modulation of VPT and its relationship
to autistic traits, two studies were conducted. The first used the Director task to
investigate the effect of reward on egocentric interference in a context where

verbal instructions are received from someone else. The second used the Dots
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task, allowing to investigate both egocentric and altercentric interference. By
using the same evaluative conditioning procedure as the one described in
Chapter 2, the current studies sought to experimentally manipulate reward value
in a controlled fashion. In addition, by measuring autistic traits, it could directly
be quantified to what extent autistic traits would relate to the aforementioned

reward-driven modulation.

3.3 Predictions

It is predicted that egocentric interference is shown in both the Dots and Director
task, whereas the Dots task will also reveal altercentric interference. Given the
results in Chapter 2, it is expected that there will be no reward-driven modulation
of altercentric interference. For egocentric interference, the prediction is that
there will be an effect, although the hypothesis is non-directional, as the Sandbox
study (Section 2.5) showed a positive effect on egocentric interference, whereas
Savitsky et al.’s (2011) study showed a negative effect. In addition, as in Chapter
2, it is expected here that any reward-driven modulation will be negatively related
to individual differences in autistic traits. Note that, for the remainder of this
chapter, ‘interference’ will be used to refer to the psychological phenomenon,
whereas ‘bias’ refers to the quantification thereof. To phrase the main predictions

more specifically:
1) Reward value will influence the egocentric bias in the Dots task, as

reflected by an increase in RT when the self-perspective does not match

the (to be taken) other-perspective.
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2) Reward value will also influence altercentric bias in the Dots task, as
reflected by an increase in RT when the other-perspective does not match
the (to be taken) self-perspective.

3) Reward value will influence the egocentric bias in the Director task, as
reflected by the increase in looking time at the object matching the self-
perspective relative to the looking time at the object matching the director’s
perspective.

4) All these reward-driven modulations will be negatively related to autistic

traits.

3.4 Director task study

3.4.1 Methods

3.4.1.1 Participants

Forty-nine participants completed the DT study (N females = 40, mean age =
20.53, SD = 4.43). This sample size was based on the sample size used by
Savitsky et al. (2011). The participants were all undergraduate students at the
University of Reading. They signed up for the study through the University of
Reading research panel. Students could not sign up for this study if they had
already participated in the mouse-tracking study (Section 2.4) or the Dots task
study (Section 3.5). Upon completion of the study, they received course credit. In
addition, they received £2.50 as a fixed reward for the evaluative conditioning

task (see Section 2.4.1 Methods). Ethical approval was received from the School
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of Psychology Ethics Committee and all participants provided informed consent

prior to their participation.

3.4.1.2 Stimuli

3.4.1.2.1 Evaluative conditioning task

The stimuli that were used for the evaluative conditioning task in Chapter 2 were
also used here, with one difference: photographs were cropped at the shoulders
rather than at the neck (see Appendix D). In addition, five volunteers (three
females, two males) provided voice recordings as auditory accompaniment for

the feedback messages used in the task.

3.4.1.2.2 Director task

The two female face stimuli that were conditioned in the evaluative conditioning
task, with their respective associated voices, were also used in the Director task.
In addition, one other female face stimulus was used, in the practice block of the
Director task. A sixth volunteer provided voice recordings for this face.

Objects for the Director Task were taken from a data set of images
collected previously by a fellow lab member, Garret O’Connell. In addition, a

computer-generated image of a four-by-four shelves unit was used.

3.4.1.3 Procedure

When the participant arrived, they were first informed about the tasks in the
experiment. They were told the study would involve a ‘gambling game’ (the
evaluative conditioning task), a ‘communication game’ (the Director task), and a

guestionnaire. They were told that their earnings at the end of the study would
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be influenced by their performance in the gambling game. In addition, it was
mentioned that their eye movements would be tracked non-intrusively during the
communication game. The entire experiment was presented on a 24-inch monitor
with a computer running Windows 7. Instructions were read aloud to the
participant before each task. During the evaluative conditioning task and the
filling out of the questionnaire, the experimenter was outside of the participant’s

view. Participants were debriefed at the end of the experiment.

3.4.1.3.1 Evaluative conditioning task

The same evaluative conditioning task as described in Section 2.4.1.3.1
(Evaluative conditioning task) was used for this study. This design, using a 90%
win, 60% win, 60% loss, and 90% loss condition, was chosen, to maintain
similarity to the design used by Sims and colleagues (2012). To reduce the
number of faces seen during this task, only one (female) face was used in the
practice block. As explained in Section 3.4.1.3.2, instructions in the Director task
were given by pre-recorded voices. To condition voices in addition to faces,
voices were also used for the evaluative conditioning task, with the same face-
voice pairing as in the Director task. In particular, text feedback about the
outcome of the trial was accompanied by matching and appropriately valenced
audio feedback (“You win’, “You lose, or ‘It's a draw’). The evaluative conditioning
task had two counterbalanced versions, such that each of the two faces used for
the Director task was associated with a 90% win chance or 90% loss chance

once.
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3.4.1.3.2 Director task

The Director task was presented with MATLAB Release 2016b (The Mathworks,
Inc.), using the Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997,
Kleiner, Brainard, Pelli, Broussard, Wolf, & Niehorster, 2007). Eye-tracking was
done with a Tobii X2-60 eye-tracking device (Tobii Technology) attached to the
monitor. This eye-tracker recorded the two-dimensional point on the screen at
which the participant looked, with a temporal resolution of 60 Hz.

The paradigm used here was an adaptation of the Director task (Keysar
et al., 2000). Participants were told that they would receive instructions, from a
person shown on the screen, to move a certain object from one shelf to another.
They were told that shelves that had boards behind them would not be visible to
the person on the screen. They were then presented with a paper example of a
trial (see Figure 3.1) and asked which object they would move, and to where,
given the instruction ‘Move the top cross over the paper’. They were asked to
imagine that the instruction was coming from the person behind the shelves. To
respond correctly on the example trial, the participant had to indicate that the
object on shelf 5 (the red cross) was to be moved to shelf 11 (above the paper
sheet and to the left of the black cross). If the response was correct, the
experimenter tested their understanding by asking the reason for that choice. If
the response was incorrect, the experimenter discussed the correct choice. Once
it was clear that the participant understood the task, the experimenter explained

how the participant had to use the keyboard and mouse to respond during a trial.
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Example trial

Move the top cross over the paper

Figure 3.1 Example trial shown on paper before the Director task

Next, the eye-tracker was calibrated, with the participant sitting at
approximately 60 cm from, and aligned with, the centre of the screen. The
participant went through a calibration and validation step, during each of which
they had to fixate on dots corresponding to the centre of the 16 shelves during
the Director task. Once calibration was successful, the participant started with
the practice trials.

Each trial proceeded as follows (see Figure 3.2): first, the image of a face
(200 x 150 pixels) was shown in the middle of the screen, while the mouse cursor
was made invisible. Concurrently, the audio instruction about which object to
move and where to move it to was played. The participant had the opportunity to
replay this instruction by pressing ‘R’ on the keyboard. Otherwise, they pressed
the spacebar to proceed to the shelves. As soon as the shelves appeared, the

eye-tracker started to record the eye movements of the participant (phase 1). The
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four-by-four array of shelves contained six objects visible to the participant.
Between one and three of these objects were on shelves that had a wood-
textured board behind them. Behind the shelves, the image of the ‘director’ was
shown, filling the screen. The director was always one of two female heads,
cropped at the shoulders. The reason for including only two of the four
conditioned faces was that the characteristics of the other VPT paradigm
discussed in this chapter necessitated the exclusion of faces associated with a
60% win/loss for the analysis (see Section 3.5.1.3.2). To maintain consistency
across these VPT paradigms, only the female faces associated with a 90%
win/loss were used here. This way, all 48 main trials could be kept for analysis.
The participant was told beforehand to click on the mouse once they had made
their decision about both which object to move (the target object) and where to
move it to (the destination shelf). This first click resulted in the mouse cursor
appearing in the middle of the shelves. Next (phase 2), the participant clicked on
the shelf containing the target object, at which point the selected shelf was
highlighted in yellow. Finally, they clicked on the destination shelf (phase 3). As
a result, the target object moved to the highlighted destination shelf and remained

there for 1,000 ms. The task then proceeded to the next trial.
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Figure 3.2 Director task trial procedure. Each trial started with an audio
instruction, while the face of the ‘director’ was presented at fixation (e.g. ‘Move
the mug under the top triangle’). After the audio instruction ended and once the
participant pressed the spacebar, the trial proceeded to the shelves (phase 1).
Here, the participant made the decision which object to move and where to move
it to, after which they clicked to initiate the cursor (enlarged here) in the middle of
the screen. The trial then proceeded to phase 2, in which the participant clicked
on the target shelf (a green border has been added here for illustration purposes).
Their selection was highlighted, after which phase 3 started, where they clicked
on the destination shelf (yellow border). The selected object then moved to this
shelf, which was subsequently highlighted. The shelf configuration here was used
for one Experimental trial (depicted here) and one Control trial. In the Control
trial, the instruction was ‘Move the mug under the bottom triangle’. Therefore, in
phase 2, the correct response was the same, whereas in phase 3 it depended on

the condition (E: destination shelf for the experimental condition; C: destination
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shelf for the Control condition). Note that in both trials, the distractor was taken

to be the occluded object (red border).

During the first four practice trials, the participant saw the shelves from the
director’s side of the shelves, with a blank background showing behind the
shelves. These practice trials were included to familiarise the participant with the
idea that the director could not see what was behind the boards, as their vision
was blocked off. During the second four practice trials, the participant saw the
shelves from the side they would be on for the rest of the experiment. After the
practice trials, the participant was informed that there would be a break halfway
through the task.

There were two conditions: Experimental and Control. In both conditions,
there were three objects that belonged to the same semantic category (e.g.
triangles), although they differed in size. These three competing objects never
shared a shelf row. The remaining objects belonged to different semantic
categories. One of the three competing objects (the top or the bottom one) was
always behind a board. In the Control condition, the director’s instruction was
always unambiguous (e.g. the bottom triangle was the bottom triangle from both
perspectives). In the Experimental condition, the director’s instruction was always
ambiguous (e.g. the triangle that matched the instruction from the director’s point
of view was not the same as the triangle that matched the instruction from the
participant’s point of view). The instruction was always to move an object below
or above another object (e.g. ‘move the bottom triangle over the mug’). To
respond correctly, the participant had to take the director’s perspective. In the

Experimental condition, this meant ignoring their own privileged knowledge. In
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half the Experimental and Control trials, there was competition in terms of which
was the destination shelf (e.g. ‘move the mug under the top triangle’, depicted in
Figure 3.2). In the other half, there was competition regarding the target object
(e.g. ‘move the top ball under the perfume’). The former type was a novel feature
compared to previous studies, introduced to reduce repetitiveness in the task.
Each Experimental trial was yoked to one Control trial in terms of the distribution
of objects on the shelves.

There were 48 main trials in total, with each face appearing in 12
Experimental and 12 Control trials. Each of six object sets occurred eight times.
The order of trials was pseudorandomised: there were never more than two
Experimental or two Control trials in a row and each director was never shown
more than twice in a row. The order of the two blocks and the order of the
directors were counterbalanced across four versions of the task.

During the Director task, the experimenter sat behind the monitor opposite
the participant, to monitor data quality. Two plots were produced on the
experimenter’s monitor throughout the task: one showing whether the eye-tracker
was picking up the participant’s eyes, at a frequency of 60 Hz; the other a
superimposition of the participant’s gaze pattern onto the shelves display. The
superimposed gaze pattern was colour-coded based on the phase of the trial. If
either of these plots indicated faulty eye-tracking, the participant was asked to
move back to their original position. If the gaze pattern plot indicated that the
participant clicked to enter phase 2 before exploring the shelves, the instruction
to decide before they clicked was repeated to the participant.

It should be noted that the current version of the Director task differed from

previous versions in some respects (e.g. Dumontheil et al., 2010a, 2010b; Epley

105



et al., 2004; Symeonidou et al., 2016). For instance, the use of different Director
voices was a novelty, but necessary given the different conditioned faces. In
addition, participants heard the instruction from the director prior to presentation
of the shelves. This change was made so that participants knew what to look for
on the shelves, potentially leading to less noise in their gaze behaviour leading
up to their mouse response. In addition, this change allowed to implement the
option to repeat the instruction, allowing participants to achieve clarity on the
instruction before starting the trial proper. Lastly, some studies have included
experimental and control trials in which the director was replaced by a camera (a
non-social stimulus) or was absent altogether (Dumontheil et al., 2010a, 2010b;
Santiesteban et al., 2015; Symeonidou et al., 2016). In these studies, it was
investigated to what extent mentalising underlies perspective taking in the
Director task. The current study excluded such a ‘non-social’ condition (cf.
Santiesteban et al., 2012), to prevent conditioning extinction effects due to a large

number of trials.

3.4.1.3.3 Trait measure

The Autism Spectrum Quotient (AQ; Baron-Cohen et al., 2001b) was used to

guantify autistic traits.

3.4.1.4 Data analysis

As the playing card task was only used for evaluative conditioning, data
generated by that task was not further analysed.

For each trial of the Director task the measure of interest was based on
gaze behaviour before the participant clicked the mouse to activate the cursor.

Note that the participant had been instructed to decide on both the target object
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and destination shelf before their first click. Therefore, the gaze behaviour
analysis was restricted to phase 1. Previous studies have used reaction time until
target object selection as the primary response measure (e.g. Santiesteban et
al., 2012; Savitsky et al., 2011). However, due to restricted computer processing
capacity, mouse clicks were not always registered if they rapidly succeeded
previous clicks. For this reason, reaction time (of registered clicks) was not
reliable, and this measure was not used.

For each trial, it was first quantified what percentage of phase 1 was spent
looking at 1) the correct shelf, and 2) the distractor shelf. As mentioned before,
depending on the director’s instruction, there was either competition regarding
which target object was to be moved (e.g. ‘Move the top mug...’), or to which
destination shelf the object had to be moved (e.g. ‘... under the top triangle’). In
target competition trials, the correct shelf was the target object, whereas the
distractor shelf was the occluded object from the same category. In destination
competition trials, the correct shelf was the object above/under the destination
shelf (which was always empty), whereas the distractor shelf was also the
occluded object from the same category. For both Experimental and Control
trials, the same occluded object was taken as the distractor.

It was first analysed whether eye-tracking findings of previous studies
could be replicated, by looking at the degree to which the occluded object was
distracting (cf. Santiesteban et al., 2012; Savitsky et al., 2011). Specifically, it was
investigated whether percentage gazed at the distractor shelf was different
between Experimental and Control trials.

To establish a measure of VPT, the subsequent analysis focussed on

Experimental trials. The rationale behind this focus was that there is a conflict
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between the two perspectives on Experimental trials, so that in order to respond
correctly, the participant has to discount their privileged perspective and take the
distractor’'s perspective. Therefore, the measure for VPT was calculated by
subtracting percentage gazed at the distractor shelf from percentage gazed at
the correct shelf (both in phase 1). Note that the higher the value for this measure,
the smaller the egocentric bias was. This difference score was used, as it reflects
the dominance of the shelf corresponding to the director’s perspective relative to
that of the shelf corresponding to the participant’s perspective. This compound
measure was subsequently taken to investigate possible reward-driven
modulation of VPT. Note that basing this measure only on Experimental trials
allowed a comparison with the results in Chapter 5, as the Control trials of the
Director task discussed in that chapter were slightly different compared to the
current version (see Section 5.4.3.3). However, for completeness, the VPT
measure was calculated for Control trials here too. The difference between this
measure for Experimental versus Control trials was subsequently used to
investigate 1) whether reward influences VPT, whilst controlling for the location
of the shelves and 2) whether autistic traits correlate with individual differences
in this reward effect. In addition, to qualify this second analysis, it was
investigated whether autistic traits correlate with VPT itself, independent of
reward. The results of these analyses are reported in Section 3.4.2.5.

In addition, another approach to investigate reward-driven modulation was
taken. Savitsky and colleagues (2011) quantified VPT in the following way: first
they measured the time until the first fixation (at least 100 ms) on the distractor
shelf. Next, they measured the time until the last fixation on the correct shelf.

Finally, the latency of this correction was taken to reflect VPT, especially on
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Experimental trials. This same two-fold approach was taken here as an addition
to the correct shelf versus distractor shelf approach.

For correlations, observations were excluded from each individual
analysis separately if they were identified as bivariate outliers (Cook’s distance >
4/Nparticipants; Bollen & Jackman, 1990).

All p-values reported with statistical tests below are two-tailed.

3.4.2 Results

3.4.2.1 Data pre-processing

Pre-processing steps and the analysis were performed with R (R Core Team,
2018). Prior to pre-processing of trials, four participants were excluded as they
had clicked on the correct target object and destination shelf in less than half the
trials (see Table 3.1 for a summary of accuracy). In addition, four participants
were excluded due to unusable gaze data. As a result, the final sample consisted
of 41 participants (35 females), whose age ranged between 18 and 48, (M =
20.66, SD = 4.75) and whose AQ ranged between 6 and 35 (M = 16.20, SD =

6.20).

Table 3.1 Accuracy data for the Director task.

Director condition

Reward condition Experimental Control
Rewarding 11.27 (.98) 11.15 (1.33)
Non-rewarding 11.10 (1.28) 11.12 (1.38)
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Note: Values represent mean (SD) of correct number of trials, out of 12, per

condition.

For the remaining sample, the following steps were performed: first, it was
established which of the two eyes had the most data. In order to do this, it was
guantified what percentage of gaze points recorded across all trials was invalid.
Gaze points were invalid if the participant blinked or looked away from the screen.
Another possibility was that the eye-tracker was still initialising. When the
participant continued from the director instructions to the shelves (i.e. the
response phases), the eye-tracker was activated by the task script. Gaze points
were invalid until the eye-tracker had located the participant’s eyes. Second, trials
were excluded if the participant had not clicked on the correct target object and
destination shelf (7.0% of all trials). Third, all gaze points after phase 1 were
removed. Fourth, the initial 333.33 ms (the first 20 gaze points) of eye gaze data
were removed. As the eye-tracker had not fully initialised as soon as the shelves
appeared, atrial always started with invalid data points. Next, trials were removed
if for the remaining gaze points less than 50% was valid (2.8% of all trials). It was
then quantified how much time was spent looking at each of the 16 shelves. If
the participant had not looked at the correct shelf and distractor shelf (as defined
in Section 3.4.1.4 Data analysis), the trial was excluded too (24.6% of the
remaining trials. No further outlier analysis was performed. The final sample
consisted of 1,342 trials (mean N = 32.73, SD = 7.57) across 41 participants.

Sixteen participants never repeated the audio instruction. The remaining

25 participants repeated the instruction on average on 2.37 trials (SD = 3.18).
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3.4.2.2 Perspective taking

First, it was investigated whether there was a difference in percentage gazed at
the distractor shelf between the Experimental and Control condition. The paired-
samples t-test revealed a significant difference, t(40) = 8.32, p <.001, d = 1.30.
Distractor gaze percentage was higher for Experimental (M = 12.11%, SE = .37)
than Control trials (M = 8.22%, SE = .39). This finding shows that participants
were more distracted by the distractor shelf when this shelf created a conflict with

their own perspective than when it did not.

3.4.2.3 The effect of reward

Next, it was investigated whether there was an effect of reward on VPT in the
Experimental condition. For this purpose, a paired-samples t-test was performed,
comparing VPT of a rewarding versus non-rewarding director. Note that VPT was
quantified as follows: per Experimental trial, the time spent looking at the
distractor shelf was divided by the total duration of trial phase 1. Using the same
method, a gaze percentage was calculated for the correct shelf. Finally, to
establish a measure of VPT, the distractor shelf gaze percentage was subtracted
from the correct shelf gaze percentage. The results showed that there was no
significant difference in VPT, t(40) = .25, p = .802, d = .04 (see Figure 3.3),
between trials with a rewarding director (M = 8.10%, SE = .80) and a non-

rewarding director (M = 7.82%, SE = .96).
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Figure 3.3 Effect of reward on visual perspective taking in the Director task. The
effect was measured as the difference in percentage of a trial gazed at the correct
and distractor shelf (in the Experimental condition). Error bars represent 95%

within-subjects confidence intervals.

In addition, the effect of reward was investigated by examining latency to
correct egocentric fixations. One participant was excluded for this step as they
had no fixations on the distractor shelf when the director was rewarding. For the
remaining 40 participants, it was first investigated whether egocentric fixations
happened more with rewarding or non-rewarding directors. A paired-samples t-
test resulted in a non-significant difference, t(39) = .55, p =.584, d = .09 between
the rewarding (M = 86.5%, SE = 2.18) and non-rewarding condition (M = 87.63%,

SE = 2.33). Next, a paired-samples t-test revealed no difference in the latency to
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correct this egocentric fixation, t(39) = .69, p = .509, d = .11, between the
rewarding (M = 2042.51 ms, SE = 140.70) and non-rewarding condition (M =

1964.70 ms, SE = 112.97).

3.4.2.4 Individual differences in the reward effect

Third, it was investigated whether the size of the reward effect was modulated by
individual differences in autistic traits. Note that the effect of reward was non-
significant, but the a priori hypothesis warranted this analysis. The reward effect
was quantified by subtracting the participant’s perspective taking score in the
non-rewarding condition from the rewarding condition. A Pearson correlation was
performed to investigate the relationship between this composite score and
individual differences in autistic traits. No significant correlation was found, r(39)
= .13, p = .401. Alternatively, the reward effect was quantified as the difference
between the rewarding and non-rewarding condition in the latency to correct
egocentric fixations. A Pearson correlation found no significant correlation with

individual differences in autistic traits, r(38) = -.14, p = .393.

3.4.2.5 Perspective taking as the difference between Experimental

and Control

As an alternative approach, the effect of reward on VPT was investigated using
the difference between VPT in Experimental versus Control trials, rather than in
Experimental trials only. A paired-samples t-test was performed, comparing VPT
of a rewarding versus non-rewarding director, taking the Experimental-Control
difference score rather than the score on Experimental trials only. This test

revealed that there was no significant reward effect, t(40) = .33, p =.740, d = .05.
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As was done in Section 3.4.2.4, a Pearson correlation was performed to
investigate the relationship between autistic traits and this (non-significant)
reward effect. This correlation was not significant, r(38), -.03, p = .867. Lastly, a
Pearson correlation revealed that there was no significant relationship between
autistic traits and individual differences in VPT when collapsing the reward

conditions, r(39), =-.13, p = .388.

3.4.3 Brief discussion

The finding that participants look more at the distractor shelf in the experimental
than in the control condition was replicated (cf. Santiesteban et al., 2012; Savitsky
et al., 2011). This observation indicates that, in the experimental versus control
condition, participants spent relatively more time looking at the object from the
crucial category that was not visible to the director. Participants still looked at this
distractor shelf in the control condition, but this gaze behaviour was likely
because participants looked at all three competing objects from the crucial
category to establish the correct object, even during control trials. In contrast,
they looked at the distractor more when it was the option corresponding to the
participant’s perspective. Note, however, that this measure is suboptimal in
guantifying VPT, as it does not take into consideration how much the participant
looked at the shelf the director was referring to.

Therefore, the difference between correct shelf gaze percentage and
distractor shelf gaze percentage in the experimental condition was taken to
measure VPT. It was found that the reward value of the director did not modulate
VPT. In addition, when taking the latency to correct for egocentric fixations as a

measure of VPT, there was no effect of reward either. Note that Savitsky and
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colleagues (2011) found indirect suggestive evidence for an effect of reward, as
they reported less VPT between friends than strangers. However, the current
experiment found no effect of reward using a direct experimental manipulation of
reward (i.e. conditioning of faces with reward). Although in the direction of the
finding reported by Savitsky and colleagues (2011), the effect of reward on the
latency to correct egocentric fixations was non-significant here. This observation
suggests that subtle changes in the employed paradigm can eliminate the effect
of reward in the Director task.

Lastly, there was no correlation between individual differences in autistic
traits and the effect of reward on VPT. Therefore, it can be concluded that effect
of reward on VPT was absent along the full spectrum of autistic traits that was

investigated in the current study.

3.5 Dots task study

3.5.1 Methods

3.5.1.1 Participants

Eighty-five participants completed the Dots task (N females = 72, M age = 21.25,
SD =5.98). The participants were all undergraduate students at the University of
Reading. They signed up for the study through the University of Reading research
panel or were personally recruited by the experimenters. Students could not sign
up for this study if they had already participated in the mouse-tracking study
(Section 2.4) or the Director task study (Section 3.4). Upon completion of the

study they either received monetary compensation of £5 or course credit. In
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addition, they received £2.50 as a fixed reward for the evaluative conditioning
task (see 2.4.1 Methods). Ethical approval was received from the School of
Psychology Ethics Committee and all participants provided informed consent

prior to their participation.

3.5.1.2 Stimuli

3.5.1.2.1 Evaluative conditioning task

Stimuli used for the evaluative conditioning task were similar to those used in the
Director task (see Section 3.4.1.2.1), except that only female faces were used
(see Section 3.5.1.3.2 (Dots task) below for an explanation). These were taken
from the same database (de Oliveira & Thomaz, 2006). In addition, no voice
recordings were used for feedback in this version of the evaluative conditioning

task.

3.5.1.2.2 Dots task

Stimuli used for the Dots task were adapted from publicly available materials
(Samson & Apperly, 2015) used for the Samson et al. (2010) study. The
background for the current stimuli, an empty room, was directly taken from these
materials. The avatar in the middle of the room was replaced by the photograph
of a female head cropped at the shoulders, facing left or right. The same female
faces as in the evaluative conditioning task were used. The images were
enlarged to fill almost a third of the stimulus, to increase distinguishability (the
face of the avatar in the Samson et al. (2010) study only covered a fraction of the

screen). In addition, the dots on the walls of the room were enlarged relative to
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the original paradigm to make it clearer that they were visible to the person in the

middle.

3.5.1.3 Procedure

When the participant arrived, they were first informed about the tasks in the
experiment. They were told that the study would involve a ‘gambling game’ (the
evaluative conditioning task) and a task involving visual scene perception, in
which they had to indicate what they or someone else could see in a virtual room
(the Dots task). They were told that their earnings at the end of the study would
be influenced by their performance on the gambling game. The entire experiment
was presented on a 17-inch monitor with a computer running Windows 7.
Instructions were read aloud to the participant before each task. During the tasks,
the experimenter left the experiment room. Participants were debriefed at the end

of the experiment.

3.5.1.3.1 Evaluative conditioning task

The procedure for the evaluative conditioning task was the same as for the
version used in the Director task study (see 3.4.1.3.1), using a 90% win, 60%
win, 60% loss, and 90% loss condition. The only difference was that there was
no audio feedback accompanying the text feedback shown after participant

responses.

3.5.1.3.2 Dots task

The VPT task used in this study was adapted from the Dots task developed by
Samson and colleagues (2010). The task in the current study was presented with

E-Prime 2.0 (Psychology Software Tools). Prior to the task, participants received
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written instructions on-screen, which were read out by the experimenter. They
were told that there would be a break halfway through the task, after which the
practice phase started. The experimenter left the room during the practice phase,
once they had established that the participant was showing an understanding of
the task in their responses. If the participant did not show understanding of the
task, the experimenter repeated the instructions, after which the main phase
started.

Each trial proceeded as follows (see Figure 3.4): first, a fixation cross
appeared, followed by the word “YOU” or “SHE”, followed by a digit (0, 1, 2 or 3).
Each of the three stimuli was presented for 750 ms in the middle of the screen at
font size 72, and was followed by a blank screen presented for 500 ms. These
instructions were followed by the image of a room. In the middle of the room, a
person was shown, facing left or right. A total of zero, one, two, or three dots was
shown on the left and/or right wall. When the perspective instruction was “YOU”
(Self), participants had to indicate whether or not they saw the number of dots
that corresponded to the digit instruction (0-3). When the perspective instruction
was “SHE” (Other), participants had to indicate whether or not the person in the
room saw that number. They did so by pressing ‘Z’ if the number was correct
(Yes), or ‘M’ when it was incorrect (No; counterbalanced). The task proceeded to
the next trial upon this response. If the participant did not respond within 2,000
ms, the task also proceeded. During the practice phase (26 trials), feedback was
shown for 1,500 ms after their response, or after the response window had
elapsed.

The task consisted of two blocks of 56 trials in a pseudorandomised order,

but fixed across participants. The rule for this pseudorandomisation was based
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on perspective switches. If the perspective to be taken during any given trial was
different from the previous trial, that was regarded as a perspective switch. This
switch happened on 50% of the trials, but never more than twice in a row. The
order of the two blocks was counterbalanced. Per block there were 48 test trials,
and eight filler trials. In half of the test trials, the number of dots on the walls
matched the digit instruction (Yes), whereas in the other half they did not match
(No). Additionally, in half of the test trials, the number of dots visible to the self-
and other-perspective was the same (Consistent), whereas in the other half it

was not (Inconsistent).
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Figure 3.4 Dots perspective taking task design. A) Procedure of a trial (in the
Self-Yes-Consistent condition), showing the duration per slide. B) Examples of
test trials used in the Dots task conditions (based on the figure in Samson et al.,
2010). The faces in the Yes conditions had been associated with a 90% win or
loss reward value in the preceding evaluative conditioning task. These Yes

conditions were used for the analysis.
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The person shown in the middle of the screen was one of four identities.
For each of the four identities, there were 24 trials. As such, for each identity
there were six Self-Consistent, six Self-Inconsistent, six Other-Consistent, and
six Other-Inconsistent trials. For each of these four conditions, the person faced
the left/right wall three times. This variation meant that the person faced the left
wall two times in one block, but one time in the other block.

For each identity there were also four filler trials. On filler trials, the digit
instruction was always higher than 0, whereas no dots appeared in the room.
This trial type was included so that there were also sometimes no dots visible to
the self-perspective (note that on Inconsistent test trials, the self-perspective
often corresponded to at least one dot, whereas none were visible to the other-
perspective). Filler trials were also spread equally across identities, and
consistency and perspective conditions. The summated number of dots was
equal (50) for Consistent versus Inconsistent, Self versus Other, Yes versus No,
and equal (25) across the four identities.

As Samson and colleagues (2010) explained, there is an imbalance in the
conditions of the Dots task. Specifically, when the required response was Yes,
the digit instruction always corresponded to at least one perspective. However,
when the required response was No, this correspondence depended on whether
the trial was in the Consistent or Inconsistent condition. In Inconsistent trials, one
of the two perspectives corresponded to the instruction. On the other hand, none
of the perspectives corresponded to the digit instruction in Consistent trials. This
imbalance made No-Consistent trials easier to process than the other trial types.

Because of this imbalance between Yes and No trials, only test trials requiring a

121



Yes response (half of the trials) were kept for analysis. This omission of No trials
matched the approach taken by Samson and colleagues (2010).

This omission required the remaining trials to be configured in such a way
that the effect of the reward manipulation could be investigated most effectively.
Therefore, the two faces that were associated with a 90% win/loss chance (i.e.
Rewarding/Non-Rewarding) in the evaluative conditioning task were always
shown when the required response was Yes, whereas the 60% win/loss faces
were always shown when the required response was No. Incidentally, no
participant reported to be aware of this contingency. In addition, because of the
omission it was decided that four female, rather than two male and two female,
faces be used. This choice was made to prevent that gender was linked to the
Yes versus No condition, or otherwise to rewarding versus non-rewarding. Note
that previous studies discussed in this thesis always used the same gender for

the 90% win and loss conditions.

3.5.1.3.3 Trait measure

The Autism Spectrum Quotient (AQ; Baron-Cohen et al., 2001b) was used to
guantify autistic traits. After completion of this questionnaire, the participant was

debriefed.

3.5.1.4 Data analysis

As the playing card task was only used for evaluative conditioning, data
generated by that task was not further analysed.

For the Dots task, reaction time (RT) was taken as the primary measure
of interest. As mentioned in Section 3.1 (Introduction), the Dots task can be used

to quantify to what extent the irrelevant perspective is computed. This
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quantification can be done for both trials in which the self-perspective and the
other-perspective needs to be taken. Note that, on any given trial, the information
(number of dots) visible to the self- and other-perspective can be consistent or
inconsistent. As Samson and colleagues (2010) showed, responses are slowed
down when the information is inconsistent. This increase in RT reflects the extent
of automatic computation of the irrelevant perspective. The RT difference
between Inconsistent and Consistent trials for the self-perspective is the
altercentric bias, i.e. interference from the information belonging to the other’s
perspective. On the other hand, this RT difference for the other-perspective is the
egocentric bias, i.e. interference from the information belonging to the own
perspective.

Here, it was investigated whether altercentric and egocentric interference
were also present in the current sample. In addition, it was examined whether
there was reward-driven modulation of these two types of interference.
Interference was quantified by subtracting the RT for Consistent trials from the
RT for Inconsistent trials. The use of this absolute difference score to quantify
interference was taken from other studies employing the Dots task (Samson et
al., 2010; Bukowski & Samson, 2017; Marshall et al., 2018). This calculation was
performed for the Self Perspective condition to produce altercentric bias and for
the Other Perspective condition to produce egocentric bias. It was then
investigated whether reward influenced either of these types of interference.
Lastly, it was investigated whether this possible reward-driven modulation of
altercentric and/or egocentric interference was related to autistic traits. To this

end, another composite score was calculated by subtracting
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egocentric/altercentric bias for the Non-rewarding condition from the
egocentric/altercentric bias for the Rewarding condition.

For correlations, observations were excluded from each individual
analysis separately if they were identified as bivariate outliers (Cook’s distance >
4/Nparticipants; Bollen & Jackman, 1990)

All p-values reported with statistical tests below are two-tailed.

3.5.2 Results

3.5.2.1 Data pre-processing

Pre-processing steps and the analysis were performed with R (R Core Team,
2018). First, practice trials and filler trials from the main phase were excluded.
Second, only trials for which the required response was Yes were kept. Note that
this exclusion step meant that only trials with faces conditioned with a 90% win
chance or 90% loss chance (‘Pos’ and ‘Neg’ from here onwards) were kept. At
this point, the full data set consisted of 4,080 trials. Third, incorrect responses
were excluded (7.1%). Fourth, trials were removed if the RT was more than 3 SD
away from the participant mean (1.3%) (cf. Samson et al.,, 2010). Note that
Samson and colleagues (2010) performed their outlier removal per participant
and condition. However, due to the smaller number of trials per condition in the
current task because of the reward manipulation, this outlier removal was done
across all conditions per participant. Lastly, data of a participant was excluded in
full if they did not have at least four trials in any of the eight conditions of interest
(Self - Consistent - Pos, Self - Consistent - Neg, Self - Inconsistent - Pos, Self -

Inconsistent - Pos, Other - Consistent - Pos, Other - Consistent - Neg, Other -
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Inconsistent - Pos, Other - Inconsistent - Neg). This procedure resulted in the
exclusion of 10 participants. As a result, the final sample consisted of 75
participants (63 female), whose age ranged between 18 and 49 (M = 20.81, SD
= 5.03) and whose AQ ranged between 6 and 36 (M = 16.71, SD = 6.91). The
number of trials across these participants was 3,356 (mean N = 44.75, SD =

1.74).

3.5.2.2 Perspective taking and the reward effect

A 2 x 2 x 2 repeated-measures ANOVA was performed, with Perspective (Self,
Other), Consistency (Consistent, Inconsistent) and Reward (Rewarding, Non-
rewarding) as within-subjects factors and RT as the dependent variable. The
analysis revealed a significant main effect of Perspective, F(1,74) = 16.88, p
<.001, np? =.186, where RT was higher for Other (M = 736.59, SE = 18.47) than
for Self (M = 702.42, SE = 18.66). In addition, there was a main effect of
Consistency, F(1,74) = 62.78, p < .001, np? = .459, with RT being higher for
Inconsistent (M = 747.46, SE = 18.76) than for Consistent trials (M = 691.55, SE
= 18.10). However, there was no significant main effect of Reward, F(1,74) = .03,
p = .862, np? < .000 (see Figure 3.5).

Two of the two-way interactions were significant. Specifically, the
Perspective x Consistency interaction was significant, F(1,74) = 11.16, p = .001,
np? = .131. Paired t-tests revealed that the effect of Consistency was significant
when the perspective was Self, t(74) = 3.18, p =.002, d = .368, with an advantage
of 31.18 ms for the Consistent condition. In addition, the effect of Consistency
was significant when the perspective was Other, t(74) = 7.66, p <.001, d = .885,

with a numerically larger advantage of 80.64 ms for the Consistent condition.
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Alternatively, the effect of Perspective was significant in the Inconsistent
condition, t(74) = 5.12, p <.001, d = .519, with an advantage of 58.90 ms when
the perspective was Self. In contrast, the effect of Perspective was not significant
in the Consistent condition, t(74) = .81, p = .419, d = .094, with a numerical
advantage of 9.44 ms when the perspective was Self.

Additionally, the Perspective x Reward interaction was significant, F(1,74)
= 6.09, p = .016, ny? = .076 (see Figure 3.6). Paired t-tests revealed that, when
the perspective was Self, the effect of Reward approached significance, t(74) =
1.74, p =.086, d = .201, with an advantage of 14.78 ms when the identity of the
face was Non-rewarding. In contrast, the effect of Reward was not significant
when the perspective was Other, t(74) = 1.54, p =.127, d = .178, with a numerical
advantage of 17.15 ms when the identity of the face was Rewarding.
Alternatively, in the Rewarding condition, the effect of Perspective was not
significant, t(74) = 1.50, p =.137, d = .174, whereas it was significant in the Non-
rewarding condition, t(74) = 5.43, p <.001, d = .627, with a numerical advantage
of 50.13 ms when the Perspective was Self.

However, the Consistency x Reward interaction was not significant,
F(1,74) = .17, p = .681, np? = .002.

Lastly, the three-way interaction of Perspective x Consistency x Reward
was not significant, F(1,74) = 1.02, p = .317, np? = .014.

In addition, two paired-samples t-tests were performed to specifically test
whether reward modulated altercentric and/or egocentric interference. To this
end, the composite bias was taken for both types of interference. The analysis

revealed that the effect of Reward on altercentric bias was not significant, t(74)
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=.39, p =.690, d = .044. Likewise, the effect of Reward on egocentric bias was

not significant, t(74) = .91, p = .366, d = .105.
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Figure 3.5 Mean reaction time in the Dots task conditions (Reward, Consistency

and Perspective). Error bars indicate 95% within-subjects confidence intervals.
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Figure 3.6 Interaction between Perspective and Reward on mean reaction time

Error bars indicate 95% within-subjects confidence intervals.

3.5.2.3 Individual differences in the reward effect

Although reward was found not to modulate altercentric or egocentric bias, an

investigation into possible individual differences in the reward effect was

warranted given the research questions.

A Pearson correlation was performed, correlating autistic traits with the

composite score reflecting the reward of effect on altercentric bias. The result
was non-significant, r(70) = -.01, p =.941.

Another Pearson correlation was performed, correlating autistic traits with

the composite score for egocentric bias. There was a significant positive

relationship, r(72) = .24, p = .040 (see Figure 3.7). Note that the bias score

reflected how much more egocentric interference there was for the Rewarding

128



versus Non-rewarding condition. Therefore, the correlation showed that this (non-

significant) difference was lower for participants lower in autistic traits.

400-

Reward
—% Rewarding

=¥ Mon-rewarding

Egocentric interference in ms

-200- ¢

10 20 30
AQ
Figure 3.7 The relationship between autistic traits and the effect of reward on
egocentric interference. To illustrate the effect of reward, the relationship
between AQ and egocentric interference has been plotted separately for the
Rewarding and Non-rewarding condition. Egocentric interference was calculated
by subtracting the mean RT for Consistent trials from the mean RT for

Inconsistent trials.
In addition, as it was found that reward modulated the difference between the
Self and Other condition, it was also examined whether this effect of reward was

related to individual differences in autistic traits. For this purpose, another two-
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step composite score was calculated: first, RT for the Other condition was
subtracted from the RT for the Self condition. Next, the composite score was
calculated by subtracting this Self-Other difference score for the Non-rewarding
condition from the score for the Rewarding condition. A correlation between this
composite score and autistic traits revealed a non-significant relationship
between autistic traits and the effect of Reward on Self-Other, r(70) = .03, p

= .786.

3.5.2.4 Individual differences in perspective taking

As an additional exploration, it was investigated whether autistic traits correlated
with individual differences in perspective taking, independent of reward (cf. the
analysis in Section 3.4.2.5). This investigation was done separately for egocentric
interference and altercentric interference, collapsed across reward conditions.
The Pearson correlations revealed that there was no significant correlation
between autistic traits and egocentric interference, r(69) = .05, p = .686, nor

between autistic traits and altercentric interference, r(71) = -.05, p = .697.

3.5.3 Brief discussion

The current results generally replicated the findings by Samson et al. (2010).
Participants were slowed down when the self-perspective and other-perspective
mismatched in terms of the visible number of dots. In addition, this disadvantage
was present both when they had to take their own perspective and the other’s
perspective. This observation indicates that participants exhibited both
altercentric interference and egocentric interference, the latter of which was

numerically larger (cf. Samson et al., 2010). The current results also showed a
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main effect of perspective, with participants being slower when having to take the
other’s perspective. The results also replicated the interaction of perspective and
consistency reported by Samson et al. (2010). Specifically, the current results
showed that taking the other’s relative to the own perspective on consistent trials
did not slow the participant down; taking the other’s relative to the own
perspective on inconsistent trials did slow the participant down. This pattern
suggests that taking the other’s perspective is particularly difficult when the
information available to one’s own perspective does not match the other’s.

The way performance was influenced by reward was more complex.
Reward did not directly influence RT, rejecting the possibility of a simple
avoidance/approach mechanism. However, there was an interaction between
reward and perspective. Specifically, there was only an RT difference between
the self- and other-perspective when the other person had been conditioned to
be non-rewarding. This finding suggests that, when you like another person, you
are not slowed down when taking that person’s perspective compared to your
own. However, when the other person is disliked, it is more effortful to take their
perspective relative to one’s own.

In contrast, there was no interaction between reward and consistency. A
conflict between the perspectives did not slow participants down more when the
other person was rewarding or non-rewarding. In addition, neither altercentric nor
egocentric interference was affected by the reward value of the other person.
This finding, together with the presence of an interaction between reward and
perspective, raises the following possibility: it is easier to take the other’s
perspective when that person is liked versus disliked. However, when one is

taking the other’s perspective, the interference of the self-perspective does not
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depend on whether the other is liked or not. Likewise, the interference of the
other-perspective when taking one’s own perspective does not depend on
whether the other is liked or not.

Lastly, an examination of individual differences in the reward-driven
modulation of VPT yielded mixed results. The findings showed that those low in
autistic traits were less distracted by their own perspective (i.e. egocentric
interference) when taking the perspective of a rewarding person. However, this
finding should be approached with caution, as there was no significant effect of
reward on egocentric (or altercentric interference). In contrast, there was no
relationship between autistic traits and the (significant) reward-driven modulation

of the effect of perspective.

3.6 Discussion

The aim of the two studies covered in this chapter was to investigate whether
there is reward-driven modulation of perspective taking. In order to do this, two
VPT paradigms, the Dots task (Samson et al.,, 2010) and the Director task
(Keysar et al., 2000), were employed. The Dots task supplied two VPT measures:
egocentric and altercentric interference. The first is a more traditional measure of
VPT, as it reflects the degree to which one’s own perspective interferes with
taking someone else’s. In contrast, the second reflects the degree to which the
computation of the other’s perspective interferes with judgments related to the
self-perspective. In this way, the Dots task on its own can be seen as a
conceptual counterpart to the Sandbox-mouse-tracking tandem discussed in
Chapter 2. This is because the Dots task sometimes requires taking the other’s

perspective (cf. Sandbox task), and sometimes taking one’s own (cf. mouse-
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tracking task). However, by using the Director task in addition to the Dots task,
reward-driven manipulation could also be investigated in a context in which there
is direct social interaction. Moreover, the Director task supplied a measure
beyond reaction time and accuracy by quantifying egocentric interference in
terms of eye gaze behaviour.

Across these two tasks it was shown that neither egocentric nor
altercentric interference is influenced by reward. For egocentric interference this
observation means the following: when you take someone else’s perspective to
make a VPT judgment, it takes effort to suppress the own perspective, which may
have access to privileged information. However, the effort that this suppression
takes does not depend on whether the other person is liked or not. Similarly,
when judging a visual scene from one’s own perspective, the visual perspective
of the other person is automatically computed and may therefore interfere when
making a VPT judgment from the own perspective. However, this interference
from the other-perspective does not depend on whether the other person is liked
or not.

For the Director task, it could be argued that the presence of the
experimenter interfered with a possible effect of reward. As was explained in
Section 3.4.1.3.2 (Director task procedure), the experimenter sat opposite the
participant, albeit with two monitors placed between them. This setup could have
resulted in the participant’s conflating the director with the experimenter,
precluding conclusions about the reward value associated with the director.
Nonetheless, the Dots task did not have this issue, yet also showed no effect of

reward.
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In contrast, it is possible that the effect of reward manifests in a different
way. Specifically, it was observed for the Dots task that reward influenced the
mere taking of someone else’s perspective relative to one’s own. In other words,
it look longer to take the other-perspective relative to the self-perspective when
the other person was conditioned as non-rewarding.

It has been suggested that VPT-1, as measured through the Dots task, is
in fact a two-step process (Qureshi et al., 2010; Samson et al., 2010). First, there
is automatic and rapid computation of both the self- and other-perspective;
subsequently, one of the two perspectives is intentionally selected for the
behavioural judgment (Schwarzkopf, Schilbach, Vogeley, & Timmermans, 2014;
Qureshi et al., 2010). In addition, it has been suggested that reward-related
neural activation can inform executive systems that guide decisions (Chevallier
et al., 2012; Klein et al., 2009). It is therefore possible that a low reward value
associated with an other can interfere with the intentional selection of their
perspective.

Notably, there was no relationship between individual differences in
autistic traits and the observed reward effect, nor between autistic traits and VPT.
As Pearson and colleagues mentioned (2013), it is unclear whether there is a
VPT-1 impairment in autism. The current results show that autistic traits do not
influence to what extent a positive reward value facilitates perspective selection.
Rather, it appears that people both high and low in autistic traits are able to learn
the reward value associated with the faces shown in the Dots task, and will be

more efficient in their perspective selection when this other person is liked.
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3.7 Conclusion

As a parallel to the ToM-related tasks in Chapter 2, the current chapter discussed
the possible reward-driven modulation of VPT. It was found that reward does not
modulate  the difficulty to suppress the irrelevant perspective
(altercentric/egocentric interference). However, it does modulate the efficiency
with which the other-perspective relative to the self-perspective can be selected.
This pattern suggests that the reward-driven modulation of VPT can appear only
in those tasks that tap into perspective selection. Based on the findings in
Chapter 2 and 3, it can be prematurely concluded that reward influences some
components of cognitive empathy, although it varies across tasks whether it is
observable. In addition, the studies discussed so far have all employed tasks that
operationalise cognitive empathy-related processes in a fragmentary and
simplified manner. However, in real life, cognitive empathy refers to the ability to
understand and interpret others’ emotions, thoughts and intentions, given the
context. Whereas perspective taking and ToM are important component
processes of cognitive empathy, the endpoint, empathic accuracy, is more
holistic. Therefore, it would be interesting to see whether and how empathic
accuracy is influenced by characteristics of the target person. For this reason,
the following chapter will investigate whether there is also reward-driven

manipulation of empathic accuracy.
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4 Reward and empathic

accuracy

The previous two chapters investigated the effect of reward on task measures of
Theory of Mind and perspective taking. Whereas these task measures can inform
us about the component processes underlying cognitive empathy, they are but
limited models when compared to the inferences about others’ thoughts and
feelings that are made during social interaction. For this reason, the current
chapter turned to a more ecologically valid paradigm to investigate the effect of
reward on the accuracy of such inferences. A previous study reported that
empathic accuracy is higher towards rewarding others (friends) than non-
rewarding others (strangers). In addition, empathic accuracy has been shown to
be decreased in people high in autistic traits. However, it has not yet been
investigated whether the effect of reward can be modulated by autistic traits. This
guestion was the focus of the current study. A video rating task was employed in
which participants watched a friend or stranger talk about emotional life events,
whilst continuously rating that person’s experienced valence and arousal. By
comparing self-ratings to other-ratings, a measure of empathic accuracy was
established. Reward value was indexed by having participants rate the
friend/stranger on social closeness. It was found that reward was positively
related to empathic accuracy, theoretically replicating previous findings.
However, autistic traits did not modulate this relationship. It was concluded that

people, regardless of their autistic traits, are better at using verbal and nonverbal
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cues to make inferences about the thoughts and feelings of friends versus

strangers.
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4.1 Introduction

Empathic accuracy (EA) refers to the ability to correctly infer others’ thoughts and
feelings (Ickes et al., 1990). Whereas processes such as Theory of Mind (see
Chapter 2) and perspective taking (see Chapter 3) can be seen as basic
processes underlying cognitive empathy (i.e. they are required in order to gain
an understanding of someone else’s internal state), EA applies to the eventual
inferences that rely on these processes. According to Davis (1994), inferences
about someone’s internal state can arise through both cognitive and affective
empathy processes. Affective empathy processes can aid understanding by
making the perceiver resonate with the other's emotions. Yet such emotion
contagion is not required for EA per se, as mental state inferences can be
attained through logical deduction and the processing of available cues without
feeling the emotion. Blanke and colleagues (2015) state that a variety of cues is
available in social interaction, such as facial and bodily expressions, the context
of the situation, prosody, and the communicated messages. EA, therefore,
represents the successful integration of these cues with knowledge, reasoning
and memory for making mental state inferences (Ickes, 1997; Blanke & Riediger,
2019).

In addition to verbal and nonverbal cues, another factor that can aid in the
understanding of others is how much prior knowledge one possesses regarding
the other person. For instance, Stinson and Ickes (1992) found that friends are
better at inferring others’ thoughts and feelings than strangers. In their study,
pairs of friends or strangers engaged in a spontaneous interaction. Unbeknownst

to them, this interaction was videotaped. After the interaction phase, participants
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watched the videotapes and were asked to indicate at a number of chosen time
points what their own thoughts and feelings were. In addition, they made
inferences about the other person’s thoughts and feelings. The accuracy of these
inferences was shown to be higher for friends than strangers. It was argued that
this pattern was not because social interactions of friends are more cue-laden,
but because they are better at reading these cues, probably because these cues
evoke knowledge about their friend. In other words, friends understand each
other better than strangers because they know each other more.

The method of matching self-descriptions and other-inferences employed
by the Stinson and Ickes (1992) paradigm has subsequently been adapted by a
plethora of studies to investigate factors influencing EA. Following the direction
Stinson and Ickes (1992) took, several studies have examined the effect of
relationship quality on EA. For example, Sternglanz & DePaulo (2004) showed
that closer friends compared to less close friends are better at reading clear
emotions, whereas they perform worse when these emotions are concealed.
Similarly, there is some evidence that EA gets weaker in intimate relationships
the longer they are, because there is less cognitive focus on what the other is
thinking or feeling (Thomas, Fletcher, & Lange, 1997). In other words, EA is more
important in relationships that are still in the consolidation phase (Ickes &
Simpson, 2001; Sened et al., 2017).

Other studies have focussed more on intrapersonal rather than
relationship factors. For example, it has been found that EA is stronger for
younger versus older adults (Blanke et al., 2015; Blanke & Riediger, 2019); for
people who understand their own emotions better (Erbas, Sels, Ceulemans, &

Kuppens, 2016); for those low in attachment avoidance (lzhaki-Costi & Schul,
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2011); for those whose emotion matches that of the EA target (Devlin, Zaki, Ong,
& Gruber, 2014). In addition, it has been found that the expressivity of the other
person increases EA (Snodgrass, Hecht, & Ploutz-Snyder, 1998; Zaki et al.,
2008; but see Grant, Fetterman, Weyhaupt, Kim, & Tullett (2018) for evidence
against this). A common theme in these studies is that people exhibit higher EA
when they focus more on the other person and subsequently integrate the cues
available to them. Indeed, it has been shown that mental state attributions are
subserved by the ability to pay attention to social cues and integrate their
information (Zaki, Weber, Bolger, & Ochsner, 2009).

Whereas the studies above generally utilised conventional samples, EA
has also been investigated in atypical samples. Importantly, it has been shown
that individuals with an autism spectrum condition, or typically developed
individuals high in autistic traits, are less accurate at inferring others’ thoughts
and feelings (Demurie et al., 2011; Ponnet et al., 2005; Ponnet et al., 2008; aan
het Rot & Hogenelst, 2014). It has been suggested that this reduced accuracy is
because they find it more difficult to integrate cues (Ponnet et al., 2008). Indeed,
one study showed that an administered dose of oxytocin can improve EA for
those high in autistic traits, by improving attunement to social cues (Bartz et al.,
2010). In short, these studies suggest that being impaired in cue-reading can
result in lower EA.

Putting the above together, it can be concluded that 1) being close to
someone results in an increased ability to infer their thoughts and feelings based
on verbal and nonverbal cues and 2) processing of these cues is impaired in
autism. Taking closeness as a proxy metric of reward value, the question arises

whether autistic traits modulate this effect of closeness on EA.
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4.2 Aims

The aims of the study reported in this chapter were twofold: to investigate 1)
whether the effect of closeness on EA (Stinson & Ickes, 1992) could be replicated
in a continuous rating paradigm and 2) whether individual differences in this effect
were moderated by autistic traits. The paradigm utilised for this purpose was the
video rating task developed by Zaki and colleagues (2008) and further used by
Martin-Key and colleagues (2017). The use of this task was motivated by the
merits of task measures with high temporal granularity (cf. the high spatial
granularity of the Sandbox task and mouse-tracking task used in Chapter 2). In
the video rating task, the perceiver watches a video recorded by someone else
(the ‘target’) and provides real-time ratings on a 1-to-9 scale about how the target
is feeling (see Section 4.4.3 Procedure, for more information). These ratings can
then be compared over time to self-ratings that were given by the target
themselves. An advantage of this approach is that an entire narrated video can
be rated, as opposed to points in time chosen by the experimenters (cf. Stinson
& Ickes, 1992). In addition, judgments rely on the perceiver’s ability to attribute
mental states, without the need to verbalise these states. In short, the video rating
task has higher ecological validity compared to tasks employed in previous
chapters, as it involves making continuous inferences about a real person.
Another method through which more granularity was achieved was the
use of a continuous scale to rate social closeness (cf. Jones & Rachlin, 2006;
O’Connell, Christakou, Haffey, & Chakrabarti, 2013). Although participants were
recruited as friends or strangers (cf. Stinson & Ickes, 1992), this scale allowed to

investigate the possible effect of closeness on a scale surpassing this binary
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distribution. Note that this combined the ecological validity of contrasting friends
against strangers with a quantifiable measure of reward value.

Additionally, the investigation of EA was done for both valence and
arousal. A common method of classifying emotions is the circumplex model
(Russell, 1980), which uses valence and arousal as its two dimensions. The
model holds that emotions range between positive and negative on the
dimension of valence and between calm/passive and excited/active on the
dimension of arousal. Previous studies investigating EA have generally only
employed valence ratings (Zaki et al., 2008; Stinson & Ickes, 1992) or ratings
about the intensity of basic emotions (Martin-Key et al., 2017). In contrast, one
study compared self- and other-ratings for both valence and arousal (Erbas et
al., 2016). To maximise the use of the video rating task, both valence and arousal
ratings were included in the current version of the video rating task. As an
exploratory analysis, it was investigated whether EA was higher for arousal or
valence.

Lastly, this experiment was part of a study in which friends and strangers
were recruited to participate in a real-time interaction (not covered in this thesis).
For this reason, the evaluative conditioning paradigm used in the previous
experimental chapters was not employed here. Instead, the use of the social
closeness procedure allowed to quantify a proxy of reward value in a minute

fashion, reflecting subjective real-life relationship quality.

4.3 Predictions

As the general consensus in the literature is that social closeness is related to

higher EA, it was predicted that this finding would be replicated in the current
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study, for both valence and arousal. In addition, it was predicted that this
relationship would be weaker for those higher in autistic traits, as people with an
autism spectrum condition demonstrate impaired cue integration. Applying this

rationale to the employed paradigm, these predictions were made:

1) Social closeness will be positively related to how accurately perceivers
judge the valence and arousal experienced by the target person.

2) There will be a significant negative interaction between the effect of social
closeness and autistic traits on EA for valence and arousal, as autistic

traits negatively moderate this relationship.

4.4 Methods

4.4.1 Participants

Forty-two participants took part in the EA study (N females = 32, mean age =
20.76, SD = 2.61, min = 18, max = 35). This sample size was chosen based on
previous studies using the video rating task (Zaki et al., 2008; Martin-Key et al.,
2017). Two female participants who completed session 1 (see section 4.4.3
Procedure) did not complete session 2 and were therefore subsequently
excluded. The majority of the participants were recruited through the University
of Reading research panel. These participants were all undergraduate students.
The remainder were recruited through word-of-mouth by the experimenters and
were mostly undergraduate students. When participants were recruited, they
were encouraged to ask a friend to participate. Upon completion of the study,

participants received course credit, or £10. Ethical approval was received from
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the School of Psychology Ethics Committee and all participants provided

informed consent prior to their participation.

4.4.2 Stimuli

As all stimuli were provided by the participants during the experiment, stimulus
creation was intertwined with the procedure and is therefore explained in Section

4.4.3.

4.4.3 Procedure

The procedure was adapted from the Zaki et al. (2008) and Martin-Key et al.
(2017) studies. Because of the pairing procedure (see Section 4.4.3.1.3 Post-
session) that was employed, the study was split up into two sessions. The EA
experiment reported in this chapter was part of a two-experiment study. For
reasons of scope, the other experiment is not further discussed in this thesis.
However, it will be mentioned below when during the procedure participants
performed tasks pertaining to the other experiment. Before each task,
instructions were shown on-screen and read out by the experimenter.

Participants were debriefed upon completion of session 2.

4.4.3.1 Session 1

4.4.3.1.1 Video recording and self-ratings

Before the experiment started, the participant was first informed about the study.
They were told that the aim of the study was to look at how people describe

emotional events they have themselves experienced or that others have
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experienced. Additionally, they were informed which tasks they would perform
during the two separate sessions.

The experimenter then commenced the video procedure. During
recruitment, participants had been asked to think about two negative and two
positive life experiences. The experiences could be about anything, but the
participants were asked to choose ones that 1) they had not often told others
about and 2) they would be comfortable sharing on camera. They were informed
that their videos would only be viewed by themselves, one other participant, and
the experimenters. Lastly, they were told that if they did not feel comfortable
discussing an event, they could choose a different one.

In order to familiarise the participant with the rating task they would be
using to rate videos, they first performed a practice trial. This task was adapted
from a script kindly provided by Jamil Zaki. The task (see Figure 4.1) was run
with MATLAB Release 2016b (The Mathworks, Inc.) using the Psychophysics
Toolbox extensions (Brainard, 1997; Pelli, 1997; Kleiner et al., 2007). It was
shown on a 17-inch monitor, running Windows 7. The participant was first made
acquainted with the 9-point valence rating scale. This scale ranged from 1 (very
negative) to 9 (very positive) and started at a random, highlighted position. Upon
pressing the spacebar, a 118-seconds-long example video started (532 x 315
pixels; a recording of the experimenter talking about a positive life experience).
Participants wore headphones while they were watching the video. The
participant was instructed to change the rating with the arrow keys on the
keyboard whenever they perceived a change in emotion. The rating scale was
displayed below the video. It was emphasised that they had to rate how the

person felt while describing the life experience, rather than during the actual
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experience. The highlighted rating on-screen reacted in real time to the
participant’s key presses. To make sure that the participant adhered to the task
instructions, the experimenter remained with them during the practice trial. The

trial finished once the video had ended.

1] 2 ] 3 ] 4 ] L6 ] 7] 8 ] o |

very negative very positive

Figure 4.1 Example of a video rating task trial. The ‘target’ person (anonymised)
is sitting in the room in which all participants recorded their videos. During the
video, the rating scale was highlighted to indicate the current rating given by the
participant watching the video, and changed in real time when the participant
changed their rating. The trial shown here is a Valence trial. On Arousal trials,

the scale ranged from ‘very calm’ to ‘very excited’.

After the practice trial, the participant commenced the recording phase, in
which they were to record videos of themselves talking about an emotional life
experience. The recording phase went as follows: for each video, the participant

was first asked to summarise the event on paper and to indicate on a scale of 1
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to 9 how negative/positive and how calm/excited they had felt during the
experience. They then discussed the experience with the experimenter. If it
appeared to the experimenter that the description would not lead to a recording
of at least one minute, the participant was asked to elaborate on the experience,
if they were comfortable doing so. Next, they recorded a video of themselves
talking about the experience with Windows LifeCam Studio, whilst the
experimenter momentarily left the room. The participant decided themselves
when to start and to stop recording, but were encouraged to record in between
one and two minutes of footage (cf. a range of 54-158 seconds in the sample
used by Martin-Key et al., 2017). After recording, they indicated on a scale of 1
to 9 how negative/positive and how calm/excited they had felt while recording the
video. In addition, they indicated which primary emotion (anger, disgust, fear,
happiness, sadness, surprise) was the most representative label for their overall
feeling while recording. The experimenter was then notified and the recording
procedure proceeded to the next video recording once it had been established
that the participant was not distressed. The order of the video recording phase
was positive-negative-negative-positive. This order was used so that participants
would become acquainted with the camera recording while talking about a
positive event, and to end the session on a positive note. To reduce variability
across participants, the same ‘interviewer-experimenter’ conducted the video
recording phase.

Next, as the participant completed a personality trait questionnaire (see
Section 4.4.3.1.2 Trait measure) and another task not reported here in an
adjacent room, the interviewer-experimenter prepared the videos for the rating

task. After the participant had filled out the questionnaire, they started the self-
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rating task. The task here was the same as for the practice trial, but now the
participant rated their own videos in the order that they had been recorded. They
first rated all videos on valence (very negative - very positive) and subsequently
on arousal (very calm - very excited). Valence was rated first because previous
EA studies have generally focussed on this particular affective dimension (Zaki
et al., 2008; Stinson & Ickes, 1992). Results of the current experiment regarding
valence could therefore be compared to these previous studies without the
potential confound that participants had already seen the video. Upon completion

the participant was told that they would be contacted for the second session.

4.4.3.1.2 Trait measure

The Autism Spectrum Quotient (AQ) was used here to quantify autistic traits

(Baron-Cohen et al., 2001b).

4.4.3.1.3 Post-session

The experimenters subsequently paired up participants in same-sex pairs (cf.
Stinson & Ickes, 1992). If participants had signed up through a friend, it was
attempted to pair them up. Otherwise, they were paired up with a random other
participant. This pairing was done in such a way as to make the number of a priori

friend pairs and stranger pairs equal.

4.4.3.2 Session 2

For this session, participants came in together. Before the tasks started, it was
made sure that they were introduced to each other. The next parts were

performed in adjacent rooms.
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4.4.3.2.1 Social closeness questionnaire

Although participants had been assigned to the friends or strangers condition
prior to participation, it was possible that ‘strangers’ were in reality acquainted.
To account for this possibility and to achieve greater granularity than a binary
distribution, the participants started with a short questionnaire that asked them 1)
whether they knew each other, 2) to indicate the social distance between them
(0: Virtually the same person as me’; 100: ‘A total stranger’) and 3) a number of
guestions to assess the extent of their relationship. The use of a social closeness
rating procedure was based on a similar method used in previous studies
(O’Connell et al., 2013; Jones & Rachlin, 2006). Note that a higher score on the
scale indicates more social distance. This directionality is employed in the

remainder of the Methods and Results section.

4.4.3.2.2 Other-ratings

After the social distance questionnaire, the participants performed the same
video rating task as described in Section 4.4.3.1.1. Here, they rated the videos
that the other participant had recorded of themselves in their respective session
1. Once again, ratings were given first for valence, and second for arousal.
Although the monitors used to present the video rating task were of different sizes
for the two participants, the physical stimulus sizes were equal (movie: 27 x 16
cm; rating scale: 26.5 x 2.2 cm). Upon completion of the video rating task, they
proceeded to perform a task together (not covered in this thesis). Afterwards,

they were debriefed about the study.
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4.4.4 Data analysis

In the video rating task, whenever the participant changed their rating of the video
(ratings between 1 and 9), this event was logged on the level of milliseconds.
Hence, the rating could be mapped minutely over time. To establish a measure
of EA for each participant, the following steps were performed for the Valence
and Arousal condition separately. First, the duration of the video in seconds was
rounded down to the nearest even number. Any ratings beyond this cut-off point
were excluded. Second, the initial 4 seconds of the ratings were excluded. This
exclusion was done because the rating scale started at a random value at the
beginning of each video that may not have corresponded to the participant’s
perception of the displayed emotion. Third, the average rating per 2-second bin
(cf. Martin-Key et al., 2017) was calculated.

This procedure was performed once for the self-ratings (when participants
watched their own videos) and once for the other-ratings (when participants
watched the videos of their pair member). As an example: if participant A watched
a video that was recorded by participant B, the self-rating was taken from
participant B, and the other-rating from participant A. Subsequently, the
correlation between the self- and other-ratings was calculated across the bins for
a single video. Lastly, to achieve a video-level measure of EA, the correlation
coefficient was subjected to a Fisher's Z transformation (cf. Martin-Key et al.,
2017). This transformation results in a normal distribution of r scores, which can
then be used for statistical analyses. A single value representing EA was
calculated per participant by taking the mean of their four EA scores. In addition,
a single self-reported social closeness score was used per participant. Finally, to

achieve an estimate of how difficult it was to rate a video, self-rating variability
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was calculated as the SD in the self-ratings per video, for arousal and valence
separately. More variability in the ratings provided by the recording participant
could make it more difficult for the other person to provide accurate other-ratings.
The mean of the four variability scores was taken as the difficulty level for the
videos rated by the second participant. By using this measure of self-rating
variability, the main analyses could be controlled for video difficulty.

For correlations, observations were excluded from each individual
analysis separately if they were identified as bivariate outliers (Cook’s distance >
4/Nparticipants; Bollen & Jackman, 1990).

All p-values reported with statistical tests below are two-tailed, except for
tests directly investigating the relationship between social distance and EA. As a
number of studies have shown that close others are better at inferring thoughts
and feelings than strangers (e.g. Stinson & Ickes, 1992; Sternglanz & DePaulo,

2004; Thomas & Fletcher, 2003), these tests were one-tailed.

4.5 Results

4.5.1 Data pre-processing

First, trials were excluded from analysis if the participant had not changed their
rating throughout the video. Note that, in Section 4.4.4 (Data analysis), it was
mentioned that one EA score was calculated per participant, based on their
scores on videos. However, because of this first exclusion step, seven Arousal
trials and six Valence trials were excluded from the total sample. Therefore, the
total number of Arousal trials analysed was 149 and the total number of Valence

trials was 150. As a result of this exclusion step, one female participant did not
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have trials in the Valence condition and was therefore excluded from analysis.
The resulting sample for analysis therefore consisted of 39 participants (N
females = 29, mean age = 20.87, SD = 2.67, min = 18, max = 35), with AQ scores

ranging between 4 and 38 (M = 16.72, SD = 6.49).

4.5.2 Preliminary analyses

As a manipulation check, it was examined whether positive and negative videos
differed in their mean valence rating. This difference was analysed with a linear
mixed-effects model using the ‘ime4’ (Bates, Maechler, Bolker, & Walker, 2015)
and ‘ImerTest’ (Kuznetsova, Brockhoff, & Christensen, 2017) packages in R (R
Core Team, 2018). Mean self-rated valence was entered as the response
variable, with the valence condition of the video (positive/negative) as the fixed
effect, and random intercepts and random slopes for participants. The results
showed that valence condition affected the mean valence rating, x2(1) = 83.71, p
<.001, with positive relative to negative videos increasing the rating by 3.84 (SE
= .23). This observation indicates that, as expected, participants self-rated
positive videos more positively than negative videos.

In addition, it was tested whether participants’ EA was significantly
different for positive and negative videos. This comparison was done for the
Valence and Arousal condition separately (see Table 4.1 for an overview of EA
across conditions). Paired t-tests revealed that EA was not significantly different
between positive and negative videos in the Arousal condition, t(38) = 1.26, p
=.216, d = .20, nor in the Valence condition, t(38) = 1.03, p =.308, d = .17. For
this reason, EA was collapsed across video valence (positive/negative) for the

remainder of the analysis.
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Lastly, it was tested whether EA was significantly different when making
arousal versus valence judgments. A paired t-test revealed a significant
difference, t(38) = 3.89, p <.001, d = .623, with EA being higher for valence (M
= .47, SE = .06) than for arousal (M = .24, SE = .05). Relatedly, it was explored
in a follow-up analysis whether self-ratings for arousal and for valence differed in
how variable they were. A paired t-test revealed no difference in self-rating
variability, t(38) = .94, p = .355, d = .150, between the arousal (M = 1.25, SE

=.07) and valence self-ratings (M = 1.19, SE = .06).

Table 4.1 Descriptives for empathic accuracy in the video rating task. Mean value

(and SD) for raw correlation and Fisher’'s Z coefficients across all trials.

Valence condition

Type of rating Positive Negative Total
Valence N 76 74 150
r .35 (.40) 43 (33) .39 (.37)
Z 45 (.55) 53 (.50) 49 (.52)
+ 58 68 126
Arousal N 73 76 149
r 26 (.43) 12 (.47) .19 (.45)
Z .33 (.57) .16 (.60) 25 (.59)
+ 58 45 103

Note: N: number of videos; r: Pearson correlation coefficient; Z: Fisher's r-to-Z-
transformed correlation coefficient; +: number of videos with a positively signed

correlation between the self- and other-rating.
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4.5.3 The effect of reward

First, it was tested whether social distance (on a scale of 0-100) was different
between friends and strangers. An independent-samples t-test revealed a
significant difference, t(37) = 15.75, p < .001, d = 4.91. Social distance was on
average higher for strangers (M = 95.29, SE = 1.70) than for friends (M = 24.17,

SE = 4.47).

4.5.3.1 Empathic accuracy for valence

The Pearson correlation revealed a significant relationship between social

distance and EA for valence, r(34) = -.32, p = .029 (see Figure 4.2).
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Figure 4.2 The relationship between social distance and empathic accuracy for

valence. Reported p-value is one-tailed.

4.5.3.2 Empathic accuracy for arousal

A Pearson correlation was performed to analyse the relationship between social
distance and EA for arousal. The analysis revealed a non-significant relationship,

1(35) =-.16, p = .177.

4.5.4 Individual differences in the reward effect

4.5.4.1 Empathic accuracy for valence

To investigate whether AQ modulated the effect of social distance on EA for
valence, a multiple linear regression was performed. The sample was taken after
the Cook’s procedure used prior to the analysis in Section 4.5.3.1. EA was
entered in the model as the response variable, with mean-centred social distance
and mean-centred AQ, and their interaction, as predictor variables. The model
revealed that the predictor variables did not explain a significant amount of
variance in the value of EA (F(3,32) = 1.29, p = .230, R? = .11). Mean-centred
social distance significantly predicted EA (8 = -.33, p = .029). However, mean-
centred AQ did not (8 = .08, p = .652), nor did their interaction (8 = -.01, p = .946).
Therefore, AQ did not modulate the effect of social distance on EA. The results
did not change when mean-centred self-rating variability and its interaction with

mean-centred AQ were added to the model as covariates.
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4.5.4.2 Empathic accuracy for arousal

To investigate whether AQ modulated the effect of social distance on EA for
arousal, a multiple linear regression was performed. The sample was taken after
the Cook’s procedure used prior to the analysis in Section 4.5.3.2. EA was
entered in the model as the response variable, with mean-centred social distance
and mean-centred AQ, and their interaction, as predictor variables. The model
revealed that the predictor variables did not explain a significant amount of
variance in the value of EA (F(3,33) = .49, p = .693, R? = .04). Mean-centred AQ
did not significantly predict EA (8 = .11, p = .549), nor did mean-centred social
distance (B8 = -.18, p = .299) or their interaction (8 = -.07, p = .701). Therefore,
AQ did not modulate the effect of social distance on EA. The results did not
change when the mean-centred self-rating variability and its interaction with

mean-centred AQ were added to the model as covariates.

4.6 Discussion

The study reported in this chapter aimed to investigate whether social closeness
influences EA, as measured with the video rating task (e.g. Zaki et al., 2008). In
addition, it set out to examine whether autistic traits modulate this presumed
relationship. The results showed that the finding of Stinson and Ickes (1992), i.e.
that friends show higher EA than strangers, was replicated here. Specifically, the
inclusion of a social closeness scale measure allowed to quantify this effect along
a continuum: the more distant the other person was judged to be, the lower the

perceiver’s ability to infer that person’s feelings.

156



In addition, it was found that the effect of social closeness was not further
modulated by individual differences in autistic traits. This was the case neither for
arousal, nor for valence. A possible explanation for this finding is that, when
watching someone talk about an experience they had, there is a wealth of cues
available. It is well-documented that people with autism find it difficult to recognise
emotions from facial cues (e.g. Hobson, 1995; Griffiths, Jarrold, Penton-Voak,
Woods, Skinner, & Munafo, 2017). Although facial expressions are an important
source of emotion information, the video rating task employed here, and indeed
everyday social interactions, provide a wealth of other cues, such as bodily
expressions, prosody and communication content (Blanke et al., 2015). It is
therefore possible that the cues that are more effectively used by those closer to
each other are utilised by people higher in autistic traits just as well.

In a previous study that employed the video rating paradigm, it was found
in a student sample that those higher in autistic traits showed lower EA for
valence (aan het Rot & Hogenelst, 2014). This observation contradicts the lack
of a direct relationship between the two as reported in the current study. As the
range of AQ scores in their study and the one reported here were similar, it is
unlikely that there was a selection bias in the current study. Rather, it is possible
that the lack of a video selection procedure in the current study meant that it was
not controlled how difficult to rate the videos were across participants. Aan het
Rot and Hogenelst (2014) discarded videos that had “limited temporal variability
in the continuous [self-ratings for experienced valence]”. Because of the pairing
method employed in the current study, participants only saw two positive and two
negative videos. Due to this small number of videos available to each participant,

it was decided not to discard (less emotionally varied) videos prior to the other-
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ratings phase. To investigate the effect of social closeness on EA while
controlling the ‘difficulty’ of videos, future studies could therefore first create a
large video database from a social network (e.g. an academic cohort; orchestra;
sports team), then make a video selection, and then have participants rate the
videos and their social closeness to the persons in the videos. Although it was
possible that video difficulty obscured an effect of autistic traits in the current
study, the covariate analyses above showed that the null effect remained after
controlling for video difficulty. Nevertheless, a video selection procedure would
make it possible to control how difficult videos are prior to conducting the EA
experiment.

Another potential limitation lies in the accuracy of self-ratings. An inherent
weakness of paradigms using self-ratings is that they rely on introspection. If
someone is not well aware of the valence and arousal of their emotions, it cannot
be expected that other-ratings match self-ratings closely. To address this, aan
het Rot and Hogenelst (2014) took the average of all other-ratings for each time
point in the rated videos, and found that they were very similar to the self-ratings.
Although this average only serves as a third-party proxy for what the person is
feeling, it suggests that self-ratings (at least within the context of the video rating
task) are in fact relatively accurate. However, a more objective real-time measure
of valence and arousal (e.g. distinct neural signals reflecting the two components;
see Colibazzi et al., 2010) would be preferable.

Lastly, it could be argued that watching videos twice could result in
memory effects, for self-ratings, but especially for other-ratings. Specifically, if
one has already watched a video, they can remember the course of that video

and respond more accurately the second time. However, this memory confound
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is unlikely to have played a role, as the average EA for the second run (arousal
ratings) was lower than for the first run (valence ratings). On the other hand, this
fixed valence-arousal order could explain why a significant relationship between
social closeness and EA was only found for valence. It is possible that the effect
of memory suppressed a possible effect of social closeness on EA for arousal.
However, it is also possible that the difference in findings between valence and
arousal was meaningful. Arguably, when you are close to someone, it is more
important to you that the other person feel happy than that they feel calm or
excited. For this reason, it could be that close others pay relatively more attention
to cues that signal valence than to cues that signal arousal. Furthermore, EA for
arousal was in general lower than for valence, even though the preliminary
analysis revealed that the self-ratings for arousal and valence did not differ in
terms of variability/difficulty. This finding suggests that self-rated arousal is more
difficult to judge by a perceiver, possibly because arousal cues tend to be internal
and physiological and therefore, albeit as variable as valence cues, difficult to
convey (Feldman, 1995). Nevertheless, to avoid the confounds that two
successive ratings may introduce, future studies could use two-dimensional
response scales (cf. Erbas et al., 2016), so participants can rate valence and
arousal simultaneously. For example, adapting the task to tablet computers could

allow participants to give continuous manual ratings more effortlessly.

4.7 Conclusion

Using social closeness to quantify the relationship between paired-up
participants, the finding by Stinson and Ickes (1992) that friends show higher EA

than strangers was conceptually replicated. This replication was done within the

159



context of an EA paradigm that focuses on real-time ratings of emotions rather
than verbal inferences. It was further found that the effect of social closeness was
not further modulated by individual differences in autistic traits. As mentioned in
Section 4.1 (Introduction), EA represents the integration of various information
sources (e.g. verbal or non-verbal cues) to arrive at inferences about others’
internal states (Blanke et al., 2015). Therefore, it is possible that people high in
autistic traits can choose which cues to rely on, paying more attention to cues
when the target of their inferences is liked.

The experimental chapters so far have looked at the effect of reward on
cognitive empathy on the level of component processes (Chapter 2 and Chapter
3) and on a more holistic level (Chapter 4). They revealed that the effect of reward
on cognitive empathy depends on the way cognitive empathy is measured.
However, the question remains whether performance on these tasks that
purportedly measure cognitive empathy is related. Moreover, it is possible, if
reward modulates performance on some tasks (but not others), that these task
measures are in some way related to each other (i.e. they reflect an overlapping
construct). Therefore, it is necessary to test these task measures together in one
experiment, without a reward manipulation. This way, it can 1) be investigated
whether purported measures of cognitive empathy in fact relate to each other and
2) whether this relationship especially holds for tasks in which performance has
been shown to be modulated by reward. In order to investigate this, Chapter 5
covers a study in which the tasks used in Chapters 2, 3 and 4 are combined into

a task battery, together with other common cognitive empathy-related tasks.
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5 The interrelationship between
putative measures of cognitive

empathy

This chapter addresses the question whether the task measures covered in
previous chapters are mutually correlated. Specifically, these diverse tasks have
often been used as putative indices of cognitive empathy, but their
interrelationship is largely unknown. For this purpose, a study was carried out
using a task battery consisting of six different task measures. Together, the
selection tapped into Theory of Mind, perspective taking and empathic accuracy.
The results showed that there was no significant relationship in performance
between any two tasks. This lack of relationship was also the case for tasks that
were similar in their design and are thought to tap into the same cognitive
empathy-related process. As such, there was no evidence that putative
measures of cognitive empathy, as measured in a lab-based experimental
context, correlate with each other. It is proposed that task measures rely on a
combination of cognitive capacities that contribute towards cognitive empathy

judgments but function independently.
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5.1 Introduction

As discussed in Chapter 1, cognitive empathy is an umbrella term that refers to
various empathy-related processes. One effective trichotomy to operationalise
cognitive empathy is that of perspective taking, Theory of Mind (ToM), and
empathic accuracy (aan het Rot & Hogenelst, 2014). In the studies that followed
Chapter 1, it was investigated whether reward influences performance on tasks
that tap into these component processes. This research question resonates with
the majority of cognitive empathy research, which focuses on the factors that
impact performance on such tasks. However, research into how performance on
these tasks relates to each other remains relatively sparse. Arguably, if an
individual is good at exhibiting cognitive empathy, this ability should be reflected
in good performance across tasks that purportedly tap into cognitive empathy. By
using tasks that tap into these different processes, it can therefore be
investigated whether they ultimately reflect the same construct.

The inherent challenge in answering this question lies in making a
selection of tasks out of the available corpus. If one chooses tasks that are very
similar in their scope, itis possible that only a certain aspect of cognitive empathy
is measured. For example, there have been some studies investigating the
relationship between tasks used for cognitive empathy research, but their task
batteries included only two or three tasks and were limited to certain aspects of
ToM (e.g. Peterson & Slaughter, 2009; Beaumont & Sofronoff, 2008; Devine &
Hughes, 2013). Another common restriction in these task battery studies is that
they usually only concern the non-adult population (Brent, Rios, Happé, &

Charman, 2004; Carlson et al., 2002; Hughes, Adlam, Happé, Jackson, Taylor,
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& Caspi, 2000). Therefore, inferences about how cognitive empathy-related
processes relate to each other in the developed individual are limited. In short, a
wider range of tasks and an adult participant sample are needed to investigate
the relationship between tasks measuring cognitive empathy-related processes.

In addition, the previous chapters investigated the relationship between
autistic traits and the influence of reward on task performance. However,
because of this reward manipulation, it could not be examined whether autistic
traits were directly related to task performance on the selected tasks. Some task
battery studies have investigated the relationship between task measures for
individuals with an autism spectrum condition versus typically developed
individuals (Brent et al., 2004; Rosenblau, Kliemann, Heekeren, & Dziobek, 2015;
Wilson et al., 2014). However, no study so far has looked into how autistic traits
relate to differences in task performance across a wide range of cognitive
empathy tasks. By measuring autistic traits, it can be examined whether and how
task performance relates to quantifiable individual differences.

In short, the following questions arise:

1) How does performance on tasks reflecting separate cognitive empathy
components relate to each other? The previous chapters fractionated
cognitive empathy into Theory of Mind, perspective taking and empathic
accuracy (cf. aan het Rot & Hogenelst, 2014), yet it is unclear whether
tasks tapping into these components correlate.

2) Is performance on these tasks related to self-reported differences in

autistic traits?
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5.2 Aims

Based on the questions presented above, the aims of this chapter were twofold.
The primary aim was to investigate whether tasks that purportedly measure
processes related to cognitive empathy relate to each other. Specifically, it is
possible that they map onto a single overlapping construct, or, conversely, rely
on a variety of not directly related cognitive capacities. In the previous chapters,
the several employed task measures tapped into different components. The
Sandbox task measured explicit belief tracking, which is commonly regarded as
reflecting ToM (e.g. Begeer et al., 2012). The mouse-tracking task measured
implicit belief tracking, as the participant was never explicitly instructed to track
the other’s belief. The Director task and Dots task measured visual perspective
taking: the former allowed an investigation of egocentric interference, whereas
the latter additionally allowed an investigation of altercentric interference and
perspective selection. Lastly, the video rating task measured empathic accuracy.
Note that these tasks represent the component processes that lead to empathy-
related inferences (see Figure 1.1). Therefore, all these tasks were included in a
task battery in the current study, with the exception of the Dots task, which was
identified as a task measure after completion of the current study. In addition, two
other commonly used cognitive empathy-related tasks were selected to broaden
the scope of task measures. Specifically, the revised Reading the Mind in the
Eyes task (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001a) and the
Hinting task (Corcoran, Mercer, & Frith, 1995) were chosen. The former has often
been placed under the label “ToM’, although one could argue that labelling

emotional expressions is more closely related to empathic accuracy, as it
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involves mental state inferences; the latter is a task that measures pragmatic
language apprehension, also tapping into ToM. With this array of tasks, a
representative sample of the spectrum of available tasks was used.

The second aim was to investigate whether performance on these task
measures relates to self-reported autistic traits. To this end, the AQ (Baron-

Cohen et al., 2001b) was used.

5.3 Predictions

Although the different task measures mentioned above are thought to reflect
different processes, they have all been used in cognitive empathy research and
ultimately reflect cognitive empathy ability. Therefore, it is expected that the
measures used here will correlate. Combining this rationale with the findings from

the previous chapters, the following predictions were made:

1) It is hypothesised that there is a positive relationship between all task
measures that putatively tap into cognitive empathy.
2) It is hypothesised that autistic traits will be negatively related to

performance on the selected task measures.

5.4 Methods

5.4.1 Participants

Recruitment for the current experiment took place in two separate data collection

waves. The sample of the first wave consisted of 43 participants (36 female,
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mean age = 19.77, SD = 1.46, min = 18, max = 24). The sample of the second
wave consisted of 40 participants (34 female, mean age = 19.83, SD = 2.86, min
= 18, max = 36). As such, the total sample amounted to 83 participants (70
females, mean age = 19.80, SD = 2.23, min = 18, max = 36). The Wave 1 sample
performed five tasks and were later contacted for a follow-up session to perform
a sixth task. All Wave 2 participants performed all six tasks in the same session.
The experimenter leading the sessions for these two data collection waves was
different.

All participants were recruited through the University of Reading research
panel. All participants were undergraduate students, and were granted course
credit upon completion of the study. In addition, Wave 1 participants received a
compensation of £5 for participating in the follow-up session. Ethical approval
was received from the School of Psychology Ethics Committee and all

participants provided written informed consent prior to their participation.

5.4.2 Stimuli

5.4.2.1 Director task

The shelves and the objects shown on them were taken from the same image
database as for the Director task discussed in Section 3.4 (Director task study).
A portrait photograph of the experimenter was shown behind the shelves to
represent the director. As the Director instructions were given by the
experimenter, no pre-recorded audio recordings were used. Note that the reward
conditions in the version of the Director task employed in Chapter 3 required the

use of a number of unique voices, as the face representing the director varied
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between trials. In contrast, the absence of reward conditions in the current
version meant that the identity of the director could be held constant across trials.
Although instructions given by the experimenter made it possible that instruction
delivery varied between trials and/or participants, it was assumed that
instructions coming from a real person facing the participant would be a more
ecologically valid means to bringing individual differences in perspective taking

to light (see also Section 5.4.3.3.).

5.4.2.2 Sandbox task

Characters in the Sandbox scenarios were represented by open-source images
of cartoon characters taken from the Internet (see Appendix E), instead of the
portrait photographs described in Section 2.5 (Sandbox study). The current
approach was taken because, at the time of design, available stimulus sets did
not provide an adequate number of images for the number of trials used in this
version of the Sandbox task. In addition, the task battery was designed with
possible future non-adult samples in mind. For this reason, cartoon characters
were preferred to photographs of adults. Although the resulting stimulus set
showed some variability in colours, styles and emotion, characters shown in a
single trial were matched in terms of emotion. Scenarios were written based on
the scenarios used in previous studies (e.g. Chapter 2.5 Sandbox study; Begeer
et al., 2012; see Appendix F). The sandbox width was now set to 692 pixels (its
border was 4 pixels on either side) to allow for more granularity. In addition, the
colour of the sandbox, varied across trials. A blank canvas and a computer-

generated circle were used in the filler task.
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5.4.2.3 Reading the Mind in the Eyes task

All 37 monochrome stimuli of the revised version of the Reading the Mind in the
Eyes task (Baron-Cohen et al., 2001a) were used in the current task (see

Appendix G).

5.4.2.4 Hinting task

All 10 scenarios of the Hinting task (Corcoran et al., 1995) were used in the

current task (see Appendix H).

5.4.2.5 Mouse-tracking task

The same stimuli that were used for the mouse-tracking study in Chapter 2.4
were used here, with the exception that only one of the faces used in that study

was also used here.

5.4.2.6 Video rating task

The stimuli used for this study were taken from the database that was generated
during the study discussed in Chapter 4. A selection of 12 videos (six positive,
six negative) was made based on the following criteria: (1) the raw correlation
between the self- and other-ratings for valence should be higher than .6; (2) the
average valence rating for the positive videos should be higher than 6 (range: 1-
9), whereas the average rating for the negative videos should be lower than 4;
(3) the number of time bins for the analysis was higher than 30 (equating to over
a minute of analysed video footage); (4) the life experience narrated in the video
was a specific event, rather than a long-term process. In addition, the quality of

the video was considered (i.e. a match between the valence of the narrator and
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the life experience; clear view of face; clear speech; audiovisual quality), and it
was endeavoured to select videos as diverse in their subject matter as possible

(see Appendix I). In half of the videos per valence, the narrator was female.

5.4.3 Procedure

As mentioned before, some tasks used for the current study were already
covered in previous chapters. Although their counterparts were similar in their
design, the aims of this study required alterations to be made to the design of the
tasks. For each task covered below, the reader is referred to the previous chapter
covering that particular task, and differences are summarised. Additionally,
between the two data collection waves, minor changes were made to the study

protocol. These changes are recorded and explained in Appendices J and K.

5.4.3.1 Trait measure

Upon signing up, the participant received a link to an online survey. This survey
included the Autism-Spectrum Quotient (AQ; Baron-Cohen et al., 2001b), which
quantifies autistic traits (see Appendix A). In addition, the participant was asked
to indicate their gender and age. Upon completion of this survey, participants

were invited to the lab to take part in a battery of tasks.

5.4.3.2 Pre-battery introduction

Prior to the task battery, the participant was informed about the study in general.
They were told that they would perform a battery of tasks, all measuring social
cognition, and that the goal was to investigate how these tasks compare to each

other. They were informed about the use of a non-intrusive eye-tracker in the
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Director task. In addition, it was mentioned that they would perform a task in
which they would watch videos of people talking about life experiences, and
would be asked whether they knew these people. Lastly, they were encouraged
to take breaks between the tasks.

The order of the tasks was fixed. As the Director task required the longest
setup procedure, this task was performed first. The Sandbox task and the
Reading the Mind in the Eyes task were performed consecutively, as they were
presented with the same software. The Hinting task was administered verbally
next, to prevent participants from becoming fatigued from doing several computer
tasks in a row. As a result, the mouse-tracking task was performed after the
previous four tasks. As the video rating task was added at a later point,

participants performed this task last.

5.4.3.3 Director task

The procedure of the Director task was generally identical to the version
discussed in Section 3.4.1.3. However, some changes were made to tailor the
task to the aims of the current study. In the study discussed in Chapter 3,
directors were represented by images of faces that had been conditioned with a
reward value prior to the Director task. Computerised directors made it possible
to switch between different directors on a trial-by-trial basis. As no reward
manipulation was used for the current study, only one director was needed,
whose role was taken on by the experimenter. This meant that the director was
both displayed behind the shelves on the screen and physically sitting behind

these shelves from the perspective of the participant. The rationale behind this
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setup was that it would be more effective in showing individual differences in
perspective taking.

The experimenter first explained the trial procedure, by leading the
participant through an example trial, after which the participant was asked
whether they had any questions. Next, the eye-tracker was calibrated. After
calibration, there were eight practice trials, after which the 32 main trials started.
For each trial, the experimenter clearly and carefully read out the director
instructions and pressed the spacebar to make the shelves appear on-screen.
This button press started the response phase, in which the participant made their
decision about which object to move, and where to move it to. The participant
then clicked to make the mouse cursor appear at fixation, after which they first
clicked on the target object and then on the destination shelf.

There were three conditions: Experimental (8), Control (8), and Filler (16).
On Experimental trials, the participant had to disregard their own privileged
information to take the perspective of the director. There was always competition
regarding the object that was to be moved, rather than the shelf where the object
was to be moved to. Similar to the other Director task (Section 3.4.1.3), the
Experimental condition here involved competition in a group of three objects from
the same semantic category, where the best referent was visible to the
participant, but not to the director (i.e. the shelf was occluded by a board). On
Control trials, this semantic group only consisted of two objects, as the occluded
object was replaced with an irrelevant object from a different semantic category.
Therefore, the best referent for the director instruction was visible to both the
director and participant. On Filler trials, the instruction referred to an object that

was visible to both the director and participant, and shared its semantic category
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with no other object on the shelves. Each shelf configuration was used for one
Experimental, one Control, and two Filler trials. The order of the trials was
pseudorandomised (i.e. the same condition never occurred more than twice in a

row) and fixed across participants. No feedback was given at the end of a trial.

5.4.3.4 Sandbox task

The Sandbox task employed here was similar to the task used in Section 2.5
(Sandbox task study). It was presented with Collector (Garcia et al., 2016). There
were four False Belief trials, four Memory Control trials, and one True Belief trial,
preceded by one practice trial from both the False Belief and Memory Control
condition. Each step of a trial scenario took 6,000 ms. The character images (140
x 140 px) were presented above the sandbox.

One difference with the other Sandbox task (Section 2.5.1.3.2) was that,
on Memory Control trials, the ‘mover’ character introduced a new object (e.g. a
stone) to the sandbox, rather than moving the original object (e.g. a coin). This
change in design was motivated by the need for a paradigm more similar to that
of previous studies (e.g. Begeer et al., 2012, 2016), as the version in Chapter 2
did not replicate the main effect reported in those studies. In addition, the word
search filler task described in Section 2.5.1.3.2 was replaced with a ball-tracking
task. The participant used the mouse cursor to track a small purple ball (diameter:
20 pixels), moving in a sinusoidal pattern across the screen. They clicked on the
ball when it arrived at its end point, prompting the start of the response phase.
The ball-tracking task was included to prevent participants from using visual
strategies to memorise the location of the Sandbox object. Lastly, the presence

of the character images directly reflected the scenario (i.e. they were shown next
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to each other at the start of the scenario, and (dis)appeared when the scenario
mentioned this for the respective character). For the scenarios used in this
Sandbox task, see Appendix F. The order of the main trials was randomised and

no feedback was given at the end of a trial.

5.4.3.5 Reading the Mind in the Eyes task

Next, the participant performed the Reading the Mind in the Eyes task (Baron-
Cohen et al., 2001a), a traditional measure that taps into mentalising. The task
was administered in Collector (Garcia et al., 2016) directly after the Sandbox task.
First, the participant was told that they would see part of someone’s face with an
emotional expression. They were told to choose the best alternative out of four
words to describe this emotional expression (see Appendix G for stimulus
materials). There was one practice trial, after which the 36 main trials were
presented in randomised order. On each trial, the stimulus was presented in the
middle of the screen (500 x 330 px). The response alternatives were presented
as horizontally aligned response buttons under the stimulus. Each trial had a time
limit of 10 seconds. Two seconds before the time limit, the participant was warned
that the time limit was imminent. The task proceeded to the next trial after the
allowed time had elapsed, or once a response was given. No feedback was

given.

5.4.3.6 Hinting task

The following task was the Hinting task, a task that taps into the ability to make
ToM inferences (Corcoran et al., 1995). This task was administered verbally by

the experimenter. In the Hinting task, the participant makes inferences about
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hidden meanings of what someone says. Before the task, the participant was told
that the experimenter was going to read out 10 stories to them involving two
people. Each story would end with one of the two people saying something, after
which the experimenter would ask one or more questions about what the person
said. The experimenter then read out the stories in fixed order (see Appendix H
for the stories). Each story started with 2-3 sentences describing the background.
This introduction was followed by Character 1 asking something or making a
remark to Character 2. The hidden meaning was always that Character 1 wanted
Character 2 to do something for them. Then, the experimenter asked the
participant what Character 1 meant. If the participant’s response matched a
predefined ‘ideal’ response, the experimenter proceeded to the next story.
Otherwise, the experimenter read out an additional prompt from Character 1 and
asked another test question about the hidden meaning conveyed by Character
1. After the participant gave their response to this question (or failed to do so) the
experimenter proceeded to the next story, without giving feedback on whether
the response was correct or not. All the participant’s responses were recorded

verbatim by the experimenter.

5.4.3.7 Mouse-tracking task

The task used here was an adapted version of the mouse-tracking task covered
in Section 2.4.1.3.2 (Implicit belief tracking task). In this task, the participant
watched a video in which a ball moved around between occluding blocks. At the
end of the video, the participant had to click on the location of the ball. During the
video, there was an agent on the screen, who sometimes did not see that the ball

changed location. In addition, the location of the ball, once it was revealed at the
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end of the video, was not always where the participant had last seen it. Therefore,
there were four conditions, based on the beliefs of the participant and agent
(True-True, True-False, False-True, False-False).

The task was presented with Collector (Garcia et al., 2016), in a 1024 x
768 window. The participant first watched an instruction video, in which a narrator
performed an example trial from all four belief conditions. During the video, the
narrator explained how the participant was to use the mouse cursor to click on
the location of the ball, even when it appeared somewhere the participant was
not expecting it. Next, the participant performed eight practice trials (two from
each belief condition), after which their understanding of the task was tested by
four statements that required a true/false answer (Click on where the ball is (true);
Click on where the person on the screen last saw the ball (false); The ball will
always appear in the same location after the "NOW" instruction as before it
(false); The ball will sometimes appear in a different location after the "NOW"
instruction than before it (true)). Once task understanding had been ascertained,
the participant continued to the main trials. There were 32 trials, with eight trials
for each condition. These were equally divided across, and randomised within,
two blocks. After the first block, the participant was allowed a one-minute break.

Although the trial procedure was similar to the mouse-tracking task used
earlier (Section 2.4.1.3.2), there were a number of differences (see Figure 5.1 for
the current trial procedure). First, the agent always appeared in the bottom left
corner of the screen, to maintain uniformity across trials. Second, Collector, being
an online data collection platform, did not allow automatic repositioning of the
mouse cursor upon the start of the response phase. For this reason, the

participant was instructed to keep the mouse cursor inside a circle in the bottom
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middle of the screen (726 px from the top border). The diameter of this circle was
set to 20 pixels, to discourage the participant from moving the mouse cursor
before the response phase, whilst making it easy to return to the circle if they had
inadvertently moved the cursor. The participant initiated each trial by clicking
within this circle (trial initiation click), and subsequently watched the trial enfold.
They then started their response trajectory by clicking again during the response
phase (i.e. when the message ‘NOW’ was shown; trajectory initiation click).
Therefore, the position of the mouse cursor upon the start of the response phase
was similar to that in the previous mouse-tracking task (Section 2.4.1.3.2). Third,
the location of the ball was revealed when the cursor’s trajectory crossed an
invisible horizontal line on the screen (cf. a time-dependent reveal in the other
mouse-tracking task, Section 2.4.1.3.2). This line was located 50 pixels above
the top of the starting circle. This change to a ‘pixel-dependent’ reveal of the ball
(cf. van der Wel et al. 2014) was made possible by the change in software used
for this version of the mouse-tracking task. The rationale for this change was that
it would prevent participants from waiting for the reveal to before they initiated
their response. After clicking on one of the two possible locations (response
click), the participant clicked on a button in the middle of the screen to proceed
to the next trial (trial end click). If participants did not respond within 3,000 ms or
mistakenly clicked on the location of the cube rather than the ball, they received
feedback for 3,000 ms. Error feedback was included to prevent participants from
making systematic mistakes by not adhering to the simple rule of clicking on the
ball. As the task measure was based on the response trajectory rather than
accuracy, the use of this error feedback was justified. The order of the trials was

randomised across participants.
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Figure 5.1 Schematic overview of a trial in the task battery MT task. Before the
trial started, an empty background was shown. Once the participant (‘P’) clicked
within the green circle, the trial was initiated and the belief scenario enfolded (see
Figure 2.2 for an example of a belief scenario). Once this scenario concluded,
the participant clicked within the red circle to start their response. Once the
mouse cursor crossed an invisible horizontal line 50 pixels above the red circle,
the ball and the cube were revealed. The participant then made their response
by clicking on the location of the ball. Lastly, the participant clicked on a button
to end the trial and proceed to the next. The mouse cursor and the buttons were

enlarged for this overview.

There was also a difference in how the mouse trajectory data was handled

in this mouse-tracking task compared to the task discussed in Section 2.4.1.4

(Mouse-tracking task data analysis). Specifically, in the other task, mouse-
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tracking was time-based, i.e. coordinates and their corresponding timestamps
were recorded at the level of milliseconds. On the other hand, in the current task,
mouse-tracking was movement-based, due to software restrictions. Put
differently, mouse coordinates and timestamps were only recorded when mouse
movement took place. Note that both approaches can be reconciled by using an
interpolation procedure on the movement-based coordinate data to obtain
coordinates on the level of milliseconds (see Section 5.4.4.5 Mouse-tracking task

data analysis).

5.4.3.8 Video rating task

For Wave 1 participants, this task was not part of the main procedure. Therefore,
participants were contacted for a follow-up session, to perform one more task.
Twenty-two Wave 1 participants performed the video rating task as a result. All
Wave 2 participants performed this task after the tasks covered above, but during
the same session.

Before the video rating task, the participant indicated for each of the 10
unique narrators in the video rating task if they knew the person. In addition, the
participant was asked to indicate how close they felt to them on a scale of 0-100
(O: Virtually the same person as me’; 100: ‘A total stranger’).

Next, the participant was instructed about the task, performed a practice
trial, and then performed the 12 main trials (see Section 4.4.3 Procedure for a
trial overview). Whereas participants gave both arousal and valence ratings
during separate runs in the video rating task study (Chapter 4), they only gave
valence ratings in the current version. This change was implemented to maximise

the number of unique videos seen by each participant while limiting the length of
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this final task battery task. Valence ratings were chosen over arousal ratings
because the former are more commonly used in studies on empathic accuracy
(Zaki et al., 2008; Stinson & Ickes, 1992) and because videos had been recorded
and selected based on valence (see Section 5.4.2.6). The order of the main trials
was pseudorandomised per participant, in such a way that the same valence
(positive/negative) never appeared in more than two videos in a row and the
same narrator never appeared in two videos in a row.

Upon completion of the video rating task, the participant was debriefed.

For Wave 1 participants, this was also done after the mouse-tracking task.

5.4.4 Data analysis

For each of the tasks below, two types of task measures were calculated. First,
if the task allowed it, a measure was established to test whether main effects in
previous studies using the respective task could be replicated. This measure will
be referred to as the ‘replication measure’, and is specified for each task below.

Second, individual differences in task performance were quantified. This
will be referred to as the ‘differences measure’. In some cases, this measure was
not the same as the replication measure (albeit derived from it). The replication
measure was not always specific enough to capture individual differences in task
performance. For each task, it will be explained below what the differences
measure was and whether it differed from the replication measure.

For the Results section (5.5.2 up to and including 5.5.8), all reported p-
values are two-tailed. For the analysis investigating the relationship between
task- and trait measures (Section 5.5.8), p-values were corrected for multiple

comparisons using the Bonferroni method.
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5.4.4.1 Director task

The measures used for the Director task analysis here were based on those
explained in Section 3.4.1.4 (Director task data analysis). For the replication
measure, the percentage of each Experimental trial that was gazed at the
distractor shelf was calculated. Next, this percentage was calculated for Control
trials. The difference between these two represented the replication measure. In
the current version of the task, the distractor shelf in the Experimental condition
contained the object that most closely matched the director’s instruction but was
only visible to the participant. This shelf was therefore the correct shelf from the
participant’s perspective, but not from the director’s perspective. Therefore, this
distractor shelf had to be disregarded to take the director’'s perspective. The
distractor shelf in the Control condition, on the other hand, contained an irrelevant
object from a different semantic category than the target object. The replication
measure therefore reflected the degree to which the participant was distracted
by the occluded object through egocentric interference over and above the
object’s position on the shelves.

For the differences measure, only the Experimental condition was taken
into consideration, as it is here that taking the director’s perspective is crucial to
task performance. The measure was calculated by subtracting the percentage of
the trial gazed at the distractor object from the percentage gazed at the target
object (matching the director’s perspective). Therefore, the measure reflected
how much more the participant looked at the object as conveyed by the director
versus the object matching the participant’s perspective. As such, the replication
measure and differences measure were identical to the measures covered in

Section 3.4.1.4.
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5.4.4.2 Sandbox task

The replication measure was based on previous papers (e.g. Begeer et al., 2012,
2016; Coburn et al., 2015). The Sandbox task requires a response on a one-
dimensional continuum (see 2.5.1.3.2 Explicit belief tracking task). Bias in pixels
away from the optimal response location was quantified for both the False Belief
and Memory Control condition. For the replication measure, the difference
between bias on these conditions was compared.

The differences measure was based on the measure explained in Section
2.5.1.4 (Sandbox task data analysis). The average bias value across False Belief
trials was calculated per participant. Note that, in contrast to the other task

measures employed here, a lower (bias) score reflected better performance.

5.4.4.3 Reading the Mind in the Eyes task

In contrast to the Director task and Sandbox task discussed above, the Reading
the Mind in the Eyes task only provides a single total score (possible range: 0-
36), i.e. the number of correct responses within the time limit. For this reason, no
replication measure was established, as no comparison could be made between
conditions.

The total score per participant was taken as the differences measure.

5.4.4.4 Hinting task

Similar to the Reading the Mind in the Eyes task, the Hinting task only provides
a single total score. For each story, two points were added to the score if the

participant gave a correct answer after the first test question, or one point if they
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only gave a correct answer after the second test question. As such, the possible
total score ranged between 0 and 20. The task yielded no replication measure.

The total score per participant was taken as the differences measure.

5.4.4.5 Mouse-tracking task

In concordance with Section 2.4.1.4 (Mouse-tracking task data analysis), the
dependent variable of interest for the mouse-tracking task was the area under
the curve (AUC). This outcome represented the degree to which the participant’s
response trajectory was deviated from the correct location (the ball) towards the
irrelevant location (the cube). Whereas in the previous study (Section 2.4.1.4),
AUC was given as the output by the MouseTracker software (Freeman &
Ambady, 2010), here it was calculated based on the mouse coordinates of the
response trajectory for each trial. Due to an error in the script for the task in data
collection wave 1, the response trajectory was tracked from the trajectory
initiation click until the trial end click, whereas tracking should have been
terminated at the response click (see Figure 5.1 above). To establish a measure
of AUC that was equal across the two data collection waves, a truncation
procedure was performed on a trial-by-trial basis for both Wave 1 and Wave 2.
This procedure to arrive at a single AUC per trial from a sequence of raw
coordinates went as follows (see Figure 5.2): at the start, the response trajectory
was represented by a sequence of X- and Y-coordinate pairs, with their
corresponding timestamps. These coordinates corresponded to the 1024 x 768
pixels of the task window. Note that coordinates were only recorded when there

was mouse cursor movement.
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Figure 5.2 Schematic overview of the task battery mouse-tracking AUC
calculation procedure. A) Example response trajectory for a trial in which the
correct response location is left. Green square: outer bottom corner of the correct
response location. Black dots: recorded points of the response trajectory until the
truncation point (the shortest two-dimensional distance to the green square). Red
dots: response trajectory excluded after truncation. Grey dashed line: optimal
response trajectory. B) Enlargement of the response trajectory after truncation.
C) Response trajectory after rotation. Blue dots: response trajectory coordinates
interpolated between black dots. The distance to the horizontal baseline was
summated across all trajectory points to arrive at the AUC, which was

subsequently divided by 10,000.

First, the X- and Y-coordinate sequences were truncated at the point

where the trajectory was closest to the outer bottom corner of the correct

response location. This point was chosen as it reflects the greatest certainty, as
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expressed in the response trajectory, that this response location is the correct
one. Consider the following: if a trajectory that goes up in a straight line between
the response boxes can be regarded as indecision, then a trajectory going to the
outer bottom corner of the correct response location has the largest angular
deviation from this indecision. Therefore, for both Wave 1 and Wave 2, this
truncation resulted in a trajectory end point that reflected the greatest certainty
for the (correct) response that the participant made.

After this truncation, the remaining trajectory was rotated, using the
hypothetical optimal trajectory (a straight line) between the middle of the start
button and the outer bottom corner of the correct response location as the
baseline. As such, the baseline was a horizontal line with a width of 698 pixels
(X-coordinates). The actual response trajectory was rotated along with the
baseline.

Third, interpolation was used to infer Y-coordinates for missing X-
coordinates along the response trajectory.

Fourth, the vertical distance in pixels to the horizontal line was measured
for each point of the response trajectory. Note that a trajectory could pass the
same X-coordinate more than once.

Lastly, the cumulative distance to the horizontal line was taken as the trial
AUC. For reasons of legibility, the total AUC was divided by 10,000.

To investigate whether the effects of participant’s belief and agent’s belief
as reported by van der Wel and colleagues (2014) could be replicated here, the
average AUC was calculated for each of the four belief conditions.

To arrive at a differences measure, the AUC for the True-True condition

was subtracted from the True-False condition, the AUC for the False-True
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condition was subtracted from the False-False condition, and the average of the
two differences was taken. As such, this average value represented the degree

to which the agent’s belief influenced a participant’s responses.

5.4.4.6 Video rating task

The same procedure as described in Section 4.4.4 (Video rating task data
analysis) was used here to arrive at a single value representing empathic
accuracy per participant. As described earlier in the current chapter (Section
5.4.3.8), the current video rating task only involved valence ratings. To
summarise the procedure: self- and other-ratings were averaged across time
bins. The self- and other-ratings were subsequently correlated with each other.
Next, the correlation coefficients across all participants’ trials were subjected to
a Fisher's Z transformation. Per participant, the average Z-transformed
correlation coefficient was used as a reflection of empathic accuracy.

Similar to the Reading the Mind in the Eyes task and Hinting task, the
video rating task does not allow a comparison between two or more conditions
as a replication analysis. However, Zaki and colleagues (2008) examined the
mean raw correlation coefficient and its distribution across trials, to establish
whether their data was suitable to investigate individual differences between
participants. Therefore, to validate the current video rating task, these descriptive
statistics were compared to those reported by Zaki and colleagues (2008).

For the differences measure, each participant’'s empathic accuracy was

represented by the average Z-transformed correlation coefficient.
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5.4.5 Overview

As the current study employed a variety of task measures, Table 5.1 below shows
an overview of what these tasks purportedly measure, and how these abilities
are quantified in the current study (both a replication measure, and a measure
used for individual differences). In addition, it shows the theorised relationship

between the differences measure and cognitive empathy performance.
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Table 5.1 Overview of the task measures in the task battery study

Task Ability tapped  Replication  Differences Theorised
into measure measure relationship
to cognitive
empathy
Director perspective Distractor Target Positive
taking gaze % on gaze % on
Experimental Experimental
trials vs. trials -
Distractor Distractor
gaze % on gaze % on
Control trials  Experimental
trials
Sandbox explicit belief  Bias on False Bias on False Negative
tracking Belief trials Belief trials
vs. Bias on
Memory
Control trials
Reading ToM/ N/A Total test Positive
the Mind in empathic score
the Eyes accuracy
Hinting ToM inferences N/A Total test Positive
score
Mouse- implicit belief ~ The effect of  The effect of Positive
tracking tracking participant’s a False vs.
and agent’'s  True agent’s
belief on AUC belief on AUC
Video empathic Mean raw r Empathic Positive
rating accuracy correlation accuracy (Z-
between transformed
narrator's and  correlation
participant’s between
valence narrator’s and
ratings participant’s
valence
ratings)

Note: the Sandbox task was the only task for which the differences measure had
a theorised negative relationship to cognitive empathy. The sign for correlations

between this measure and other measures should be interpreted accordingly.
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5.5 Results

5.5.1 Pre-processing

Pre-processing steps and the analysis were performed with R (R Core Team,
2018). For each task, data were pre-processed separately for the replication
analysis. This replication analysis is described in sections 5.5.1.1 to 5.5.1.6. For
each task, the sample for the replication analysis was based on all participants
who had completed that particular task. For the correlation analysis, the sample
was based on participants who had completed all tasks (see Section 5.6.1.7
Sample for correlations).

No procedure was used to identify trials or participants as statistical
outliers. This decision was made because previous studies employing these task
measures, with the exception of the mouse-tracking task (van der Wel et al.,
2014), have generally not used an outlier removal procedure (e.g. Director task:
Epley et al., 2004; Keysar et al., 2000; Santiesteban et al., 2012, 2015; Savitsky
et al., 2011; Sandbox task: Begeer et al., 2012, 2016; Coburn et al., 2015;
Reading the Mind in the Eyes task: Baron-Cohen et al., 2001a; Hinting task:
Corcoran et al., 1995; Video rating task: Martin-Key et al., 2017; Zaki et al., 2008).
In addition, no outlier identification was done in previous task battery studies

(Wilson et al., 2014; Brent et al., 2004).

5.5.1.1 Director task

Two participants were excluded beforehand due to unusable eye gaze data. One
participant was excluded because their response was not accurate (i.e. they

failed to click on the correct target object and destination shelf) on all eight
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Experimental trials. As a result, the final sample consisted of 80 participants (68
females), whose age ranged between 18 and 36 (M = 19.81, SD = 2.27). Only
Experimental and Control trials were analysed. Due to a technical error, data for
eight trials was not saved, resulting in a data set of 1,272 trials. On average,
participants responded accurately on 7.71 Control trials (SD = .60) and on 6.96
Experimental trials (SD = 1.93). The subsequent pre-processing steps were
based on the steps delineated in Section 3.4.2.1 (Director task data pre-
processing).

First, the eye with the fewest invalid gaze data points was chosen for the
gaze data analysis. Second, trials were excluded if the participant had not clicked
on the correct target object and destination shelf (7.7% of all trials). Third, all gaze
points after the first mouse click were removed. Fourth, the first 20 gaze data
points were removed. Fifth, trials were excluded if less than 50% of the remaining
gaze data points was valid (6.7% of all trials). In contrast to the pre-processing
steps explained in Section 3.4.2.1, trials here were not excluded if the participant
had not looked at both the target object and destination shelf. This difference was
because Control trials in the current Director task did not have an occluded shelf
that contained an object from the same category as the target object (vis-a-vis
Control trials explained in Section 3.4.1.3.2 Director task procedure). Therefore,
it was likely that this shelf was not looked at. For each trial, it was then calculated
what percentage of the trial the participant had gazed at the correct shelf and the
distractor shelf. These values were then used for further analysis. In total, 1,100

trials (range: 5-16 per participant) were included in the analysis.
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5.5.1.2 Sandbox task

No data pre-processing was performed. Therefore, no individual trials were
excluded from analysis; the sample remained unchanged from the sample

indicated in Section 5.4.1.

5.5.1.3 Reading the Mind in the Eyes task

No data pre-processing was performed. Therefore, no individual trials were
excluded from analysis; the sample remained unchanged from the sample

indicated in Section 5.4.1.

5.5.1.4 Hinting task

No data pre-processing was performed. Therefore, no individual trials were
excluded from analysis; the sample remained unchanged from the sample

indicated in Section 5.4.1.

5.5.1.5 Mouse-tracking task

In total, 364 trials were excluded from analysis because the mouse trajectory was
not fully saved. The remaining data set consisted of 2,292 trials from 83
participants. Subsequently, trials were removed if the response was not correct
(1.5% of all trials; see Table 5.2 for average accuracy scores per condition). No
time limit for the response initiation was used, as the reveal of the ball was
dependent on the cursor crossing an invisible line rather than on time. Hence, no
trials were excluded based on response initiation time. Two participants were
subsequently excluded from analysis because they did not have trial data in the

True-True or True-False condition, respectively. As a result, the final sample for
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the mouse-tracking task consisted of 81 participants (68 females), whose age
ranged between 18 and 36, (M = 19.79, SD = 2.26). In total, 2,225 trials (range:

11-32 per participant) were included in the analysis for this sample.

Table 5.2 Accuracy descriptives per condition of the task battery mouse-tracking

task
Agent belief
Participant belief True False
True 6.25 (2.25) 6.30 (2.13)
False 7.20 (1.22) 7.45 (.95)

Note: Values represent mean (SD) of correct number of trials, out of 8, per

condition.

5.5.1.6 Video rating task

Out of the 83 participants who took part across the two data collection waves, 62
(53 female, mean age = 19.77, SD = 2.51, range: 18-36) completed the video
rating task. For 11 videos across eight participants, the participant indicated that
they knew the narrator of the video. These videos were therefore excluded from
analysis. For 2.0% of the remaining videos, a correlation could not be calculated
between the self- and other-ratings (e.g. the other-rating changed less than two
times). Hence, these videos were also excluded from analysis. The analysis was
therefore done on 718 trials across all 83 participants (range: 7-12 trials per

participant).
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5.5.1.7 Correlation analysis sample

After exclusions due to the pre-processing steps described above, 78 participants
were included in the final sample for the correlation analysis between tasks. Since
the video rating task was done only by a subset of this sample, any correlation
analysis with the video rating task data was performed only on this subset (N =
58). Differences measures were therefore Z-scored for the smaller and larger

sample separately (see Table 5.3 for descriptive statistics).

Table 5.3 Descriptive statistics for the correlation analysis sample

Task/Trait measure Mean SD
Director
Target gaze % on Experimental trials 17.41 7.65
Distractor gaze % on Experimental trials 7.48 5.00
Target-distractor difference* 9.93 9.66
Sandbox
Bias in pixels on False Belief trials 16.59 44.28

Reading the Mind in the Eyes

Total score 25.78 3.30
Hinting
Total score 17.87 1.41

Mouse-tracking
AUC for True agent’s belief 13.47 2.55
AUC for False agent’s belief 14.24 2.50
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False-True difference** 77 2.76

Video rating
Mean empathic accuracy*** .67 21
AQ score 14.88 5.24

Note: *This difference was calculated on the trial level, not as a difference of the
measures above it; **This difference was calculated as the average of the Agent
False-True difference for the Participant-True and Participant-False conditions.
***This reported mean and SD are for the sample of 58 participants who
completed the VRT, the sample size for all other reported means and SDs was

78.

5.5.2 Director task

For the replication analysis, the percentage of a trial gazed at the distractor was
compared for the Experimental versus Control condition. The paired-samples t-
test revealed that there was a significant difference, t(79) = 7.12, p <.001, d = .80.
On average, participants looked longer at the distractor on Experimental trials (M

=7.62%, SE = .56) than on Control trials (M = 3.15%, SE = .25).

5.5.3 Sandbox task

For the replication analysis, bias was compared for the False Belief versus
Memory Control condition. The paired-samples t-test revealed that there was a
significant difference, t(82) = 2.81, p = .006, d = .31. Bias was bigger on False

Belief trials (M = 15.90 px, SE = 4.77) than on Memory Control trials (M = -.16
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px, SE = 3.83). This result replicated earlier studies (e.g. Begeer et al., 2012,

2016; Coburn et al., 2015).

5.5.4 Reading the Mind in the Eyes task

No replication analysis was performed for this task. However, the distribution of
scores in the full sample (M = 25.9, SD = 3.26, Min = 20, Max = 34) was similar
to the distribution for a typically developed middle-aged population (M = 26.2, SD
= 3.6) and student population (M = 28.0, SD = 3.5) as reported by Baron-Cohen

and colleagues (2001a).

5.5.5 Hinting task

No replication analysis was performed for this task. However, the distribution of
scores in the full sample (M = 17.89, SD = 1.38, Min = 13, Max = 20) was similar
to the distribution for a population consisting of adults with/without anxiety or
depression symptoms (M = 18.3, SD = 1.6) as reported by Corcoran and

colleagues (1995).

5.5.6 Mouse-tracking task

For the replication analysis, it was investigated whether Participant’s belief and
Agent’s belief influenced AUC. For this purpose, a 2 x 2 repeated-measures
ANOVA was performed, with Participant’s belief (True/False) and Agent’s belief
(True/False) as factors. The analysis revealed a significant main effect of
Participant’s belief, F(1,80) = 203.90, p < .001, ny? = .718. The AUC was larger
when the Participant’s belief was False (M = 18.77, SE = .41) than when it was

True (M = 9.04, SE = .42). There was also a significant main effect of Agent’'s
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belief, F(1,80) = 6.74, p = .011, np? = .078. The AUC was larger when the Agent’s
belief was False (M = 14.32, SE = .28) than when it was True (M = 13.49, SE
= .28). The interaction of Participant's belief and Agent’s belief was not
significant, F(1,80) = .00, p =.998, np? <.001. This analysis replicated the original

study (van der Wel et al., 2014).

5.5.7 Video rating task

To validate the task, it was examined whether the mean raw correlation
coefficient and the distribution across trials was comparable to the results
reported by Zaki and colleagues (2008). They reported a mean raw correlation
coefficient of r = .47 (SD = .37), with values ranging between -.82 and .99. For
the current study, the mean raw correlation coefficient was r = .51 (SD = .36),
with values ranging between -.85 and .98. Therefore, there was on average a
strong correlation. Importantly, the descriptive statistics were similar to those

reported by Zaki and colleagues (2008), validating the current task.

5.5.8 Relationships between task- and trait measures

5.5.8.1 Analysis of individual differences

For the main analysis of interest, correlations were performed between Z-scored
individual differences for the task- and trait measures. The analysis revealed that
none of the correlations were significant (see Table 5.4, and Figure 5.3 for a

further visualisation).
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Table 5.4 Pearson correlations between task- and trait measures of the task

battery
DT SB RM HT MT VRT AQ
DT - -.04 .04 -31 -.08 .07a -.09
SB - -.02 13 15 -21a .02
RM - A2 .08 .35a -.25
HT - .10 .18a .02
MT - 14a A3
VRT - -.07a
AQ ]

Note: DT = Director; SB = Sandbox; RM = Reading the Mind in the Eyes; MT =

Mouse-tracking; HT = Hinting; VRT = Video rating; AQ = Autism Spectrum

Quotient. No correlations statistically significant (p < .05, two-tailed, after

Bonferroni correction). a correlation involved VRT and was therefore restricted to

a sample of 58 participants.
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Figure 5.3 Correlogram for correlations between task- and trait measures of the

task battery. Circle colour and size indicate correlation direction and magnitude.

5.5.8.2 Effect of demographic variables

The effects of age and gender on individual differences in task- and trait
measures were investigated in an exploratory analysis. One participant was
excluded from this analysis, as they had not provided their demographic
characteristics. For each task- and trait measure, a Pearson correlation was
performed with age. No correlation was significant (see Table 5.5). In addition, a
Welch’s independent-samples t-test was performed to investigate the effect of
gender on each measure. This test was employed because of its strength when
analysing unequal sample sizes. No t-test revealed a significant effect of gender
(see Table 5.6). It is concluded that neither age nor gender had an effect on

individual differences in task- and trait measures.

Table 5.5 Correlations between age and task battery measures

Stat. DT SB RM HT MT VRT AQ
r .04 -.04 -.04 -.10 -.02 .04 .05
p 721 712 732 409 .832 q71 .694

p (corr.) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Note: Stat. = Statistic; DT = Director; SB = Sandbox; RM = Reading the Mind in

the Eyes; MT = Mouse-tracking; HT = Hinting; VRT = Video rating; AQ = Autism
Spectrum Quotient. The p values are corrected with the Bonferroni method. As
this value was always 1.000, the uncorrected p values are also given as an

illustration. N = 77 (57 for VRT).
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Table 5.6 Effect of gender on task battery measures

Stat. DT SB RM HT MT VRT AQ
t .53 -.38 .93 .52 -72 .55 ()
p .600 712 .367 .609 AT78 .598 459

P (corr.) 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Stat. = Statistic; DT = Director; SB = Sandbox; RM = Reading the Mind in the

Eyes; MT = Mouse-tracking; HT = Hinting; VRT = Video rating; AQ = Autism
Spectrum Quotient. The t values represent the female-male difference. The p
values are corrected with the Bonferroni method. As this value was always 1.000,

the uncorrected p values are also given as an illustration. N = 77 (57 for VRT).

5.6 Discussion

In this study it was tested whether task measures that purportedly tap into
cognitive empathy processes correlate with each other. For this purpose, a
selection of tasks was made that reflected the diversity of available tasks and of
judgments that rely on cognitive empathy. Specifically, task measures were
chosen in which either ToM, perspective taking or empathic accuracy were
central. These component processes have been argued to underlie cognitive
empathy (aan het Rot & Hogenelst, 2014). The task battery was complemented
by the AQ, to investigate how individual differences in performance on these
tasks relate to autistic traits.

In a sample of 78 participants (58 for the analyses involving the video

rating task), it was shown that there was no relationship between the performance
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for any two task measures. In addition, task measures did not show a relationship
with autistic traits. Note that the reported correlation magnitude (r = -.25) for the
relationship between AQ and Reading the Mind in the Eyes task performance
suggested a weak relationship. Although this magnitude lay in the range of
previously reported correlations between these two measures (-.10 < r < -.53;
Baron-Cohen et al., 2001a, 2015), the relationship did not reach significance in
the current study. Previous chapters showed that reward had an effect on some
cognitive empathy-related task measures (Chapter 2: Sandbox task; Chapter 3:
Dots perspective taking task; Chapter 4: Video rating task), but not on others
(Chapter 2: Mouse-tracking task; Chapter 3: Director task). A priori, it was
possible that the current results would show a relationship between tasks for
which an effect of reward was found earlier. This finding would have provided
evidence that such task measures share the same underlying construct.
However, whereas the presence of a reward effect was task-dependent, the lack
of relationship between task measures was global.

A number of possible interpretations arise. First, there is the radical
possibility that none of the task measures employed in this task battery reflect
cognitive empathy. However, this interpretation is unlikely, as most of the tasks
employed here have strong face validity.

Second, one could argue that the changes that were made to the
paradigms for the current task battery resulted in the lack of correlation between
tasks. However, results showed that the findings of previous studies using these
tasks were replicated. The replications were as follows: in the Director task, a
shelf was most distracting when it contained an object that matched the

participant’s perspective (but not the director’s); in the mouse-tracking task, there
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was found to be implicit belief tracking of an irrelevant agent; in the Sandbox task,
egocentric bias was largest on trials for which there was a conflict between one’s
own belief and that of someone else. The replication of the bias effect in the
Sandbox task was surprising, given the non-replication of this effect in Chapter
2. However, when comparing the versions in the current study and Chapter 2,
three possible contributing factors arise. First, for the task in Chapter 2,
participants were asked to remember names of reward-conditioned faces during
the session. In addition, the word-search distractor task required the participant’s
full attention. This combination could inadvertently have caused too high a
cognitive load to process the Sandbox task attentively. Second, it is possible that
the higher number of trials in Chapter 2 resulted in participants’ construing
experimental and control trials as similar, as participants learned to pay attention
to only the crucial elements of scenarios. Third, it is possible that the (marginally
significant) interaction between reward and belief condition in Chapter 2
suppressed the main effect of belief. In other words, the introduction of reward to
the design may have resulted in the non-replication of the bias effect. In short, a
replication of the bias effect may depend on the specifics of the respective
Sandbox task design. Nevertheless, the replications in the current study suggest
that the chosen tasks measured what they were intended to measure.

A more likely explanation of the current pattern of results is that cognitive
empathy can itself be fractionated into independent components. This account
was also put forward by Warnell and Redcay (2019), who published a task battery
study after the study reported in this chapter had been conducted. Warnell and
Redcay (2019) used a task battery to investigate coherence across a wide range

of ToM measures in 4-year-old-, 6-year-old-, and school-aged children, and
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adults. Although the task batteries that they used differed between these sub-
samples in terms of difficulty, they were conceptually similar. The study showed
that, within the adult sample, there was no relationship in performance between
any two tasks. The only significant relationship found across all samples was in
the sample of 4-year-olds, between two types of false belief tasks. Warnell and
Redcay (2019) therefore provided extensive evidence that there is minimal
coherence between ToM measures.

In the current study, two additional operationalisations of cognitive
empathy were used, i.e. perspective taking and empathic accuracy. In addition,
both explicit and implicit measures of ToM were used (vis-a-vis only explicit
measures in Warnell & Redcay, 2019). This multifaceted approach resulted in a
selection of tasks that varied in their design and the demands placed on the
participants. For example, the Director task relies on verbal understanding of the
instructions; working memory for keeping the instruction in mind; visual attention
to ignore irrelevant objects; visual perspective taking to see the shelves from the
other's point of view; and possibly other capacities. On the other hand, the
Reading the Mind in the Eyes task relies on momentarily inferring an emotion
from limited facial information, possibly by visual attention to emotional cues or
reasoning about someone’s thoughts and feelings. As these tasks already show,
various social and cognitive capacities are invoked to a varying degree
depending on the judgment to be made. Therefore, it is difficult to disentangle
what the relative contributions of cognitive empathy-related processes are.

Translated to an individual’'s cognitive empathy ability, this observation
suggests that cognitive empathy judgments can rely on a number of capacities.

It is possible that individuals employ a specific mixture of cognitive capacities to
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arrive at inferences about others’ thoughts and feelings. Based on the type of
inference that is made, different capacities are employed, and to a varying degree
(see Table 5.7 for the hypothesised contributions of cognitive capacities to
performance on the tasks used in this study). This would be a logical explanation
of why task measures do not correlate with each other. Consider the following
hypothetical example (see Figure 5.4): Individual A is better at taking someone
else’s visual perspective, at using logical reasoning, and has a higher working
memory capacity. On the other hand, individual B is better at understanding that
others can have different thoughts from one’s own, has a higher capacity for
visual attention, and higher verbal understanding. In addition, individuals A and
B are equally able to integrate different information sources to make mental state
inferences, and are similar in other ancillary capacities. This pattern would
explain why individual A has higher performance in one task but individual B
outperforms or matches individual A in other tasks. For a third individual, this
distribution of cognitive capacities would be even different, etc. This line of
reasoning suggests that individuals who score higher on one cognitive empathy

measure do not necessarily score higher on another.

Table 5.7 Hypothesised contributions of cognitive capacities to task performance

Task Cognitive capacities
Director PT, VA, WM, LR, VU
Sandbox ToM, VA, WM, LR, VU
Reading the Mind in the Eyes ToM, VA, LR
Hinting ToM, WM, LR, VU
Mouse-tracking ToM, VA, WM, LR
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Video rating ToM, II, VA, WM, LR, VU

Note: order of cognitive capacities does not reflect relative degree of contribution.
ToM: Theory of Mind; PT: perspective taking; Il: information integration; VA:
visual attention; WM: working memory; LR: logical reasoning; VU: verbal

understanding.

Individual A Individual B

A
V4

v

® Theory of Mind ® Perspective taking Information integration = Visual attention

= Working memory ® logical reasoning m Verbal understanding ~ ® Other capacities

Figure 5.4 Distribution of capacities underlying cognitive empathy for two fictive

individuals. Note: superior capacities are indicated by floating segments.

Relatedly, the lack of a relationship between cognitive capacities on the
level of the individual could be why the current study found no relationship
between task measures and autistic traits. The items of the AQ do not tap directly
into the cognitive capacities mentioned above. For this reason, it would be
informative to include measures of working memory, verbal understanding and
other cognitive capacities in a future task battery, and see to what extent these

measures explain performance on the task measures employed here. This way
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it could also be investigated to what extent these general cognitive capacities
underlie the component processes of cognitive empathy.

Alternatively, a reason for not finding any relationship between task
measures and autistic traits could be that the current study used a sample that
consisted of only typically developed individuals. Rosenblau and colleagues
(2015) found that there was no relationship between measures of ToM for
typically developed individuals, whereas this was the case for participants with a
diagnosis of an autism spectrum condition (ASC). It is possible that people with
an ASC rely on a limited palette of their cognitive capacities when making
cognitive empathy judgments, whereas typically developed individuals can switch
between these capacities when switching between types of cognitive empathy
inferences. Therefore, it would be informative to investigate the interrelationship

between task measures within an ASC sample.

5.7 Conclusion

Taking everything together, the results showed that there was no correlation
between putative measures of cognitive empathy. Interestingly, this lack of a
relationship also held true for task measures for which it was shown that
performance could be influenced by reward. If an interrelationship of task
measures had been restricted to these tasks, this could have suggested a
general mechanism through which reward influences task performance.
However, such a pattern was not observed. More generally, the lack of correlation
between tasks used in this battery suggests that they measure different
processes related to cognitive empathy, or rely on a specific mixture of capacities

that vary across individuals. For this reason, there is no clear-cut linear
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relationship between these task measures, or indeed, between these measures

and the presumed underlying construct of cognitive empathy.
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6 General discussion

This chapter discusses the findings of the preceding experimental chapters to
address the hypothesis that reward can influence cognitive empathy-related
processes. It first summarises the acquired evidence for reward-driven
modulation of performance on tasks tapping into Theory of Mind, perspective
taking and empathic accuracy. Integrating these findings, the chapter then
discusses the circumstances under which an effect of reward may emerge.
Additionally, possible reasons are suggested for why individual differences in the
effect of reward were not found to be related to the individual’s autistic traits.
Subsequently, it is discussed what the reported lack of correlation between
cognitive empathy-related task measures may mean for the mechanisms
underlying reward-driven modulation. Lastly, the findings of this thesis are used
to compare the reward-driven modulation of processes related to cognitive
versus affective empathy. The chapter concludes by describing the contribution

of the thesis for future research directions.

206



The goal of this thesis was to investigate whether reward influences cognitive
empathy-related processes. As delineated in Chapter 1, empathy can be divided
into an affective and a cognitive component (Baron-Cohen & Wheelwright, 2004;
Decety & Jackson, 2004; de Waal, 2008; Leiberg & Anders, 2006). Whereas
previous literature has established that processes related to affective empathy
can be modulated by reward (Sims et al., 2012, 2014; Haffey et al., 2013; Trilla
Gros et al.,, 2015; Mcintosh, 2006) the counterpart question of whether this
modulation applies to cognitive empathy-related processes remains ill-
investigated. Given the complementary relationship between cognitive and
affective empathy (Zurek & Scheithauer, 2017; Baron-Cohen & Wheelwright,
2004; Decety & Jackson, 2006; Dziobek et al., 2008), it was hypothesised that
reward can influence cognitive empathy too. Based on existing literature, a
distinction was made between task measures tapping into Theory of Mind,
perspective taking, and empathic accuracy (aan het Rot & Hogenelst, 2014). This
distinction led to a number of research questions. The first question was whether
reward can influence (implicit and explicit) Theory of Mind. The second question
was whether reward can influence perspective taking, as measured through
altercentric and egocentric interference. The third question was whether reward
can influence empathic accuracy. The fourth question was whether there is a
relationship between autistic traits and individual differences in reward-driven
modulation of performance on cognitive empathy-related tasks. Lastly, as an
additional line of investigation, the interrelationship between different task
measures of cognitive empathy was tested.

For a summary of the results pertaining to these research questions, see

Table 6.1. These questions were addressed throughout the experimental
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chapters. By manipulating reward value, it was measured whether reward
influences performance on tasks tapping into cognitive empathy-related
processes.

In Chapter 2, the first question was tested with two adaptations of the
traditional Sally-Anne test. Hence, Theory of Mind was operationalised as belief
tracking. In one task, belief tracking was analysed by way of the accuracy of a
belief ascribed to someone else. This task was used to examine the possible
effect of reward on explicit belief tracking. In the other task, the task measure was
based on the mouse trajectory leading up to a decision exclusively about the
participant’s own belief. The degree to which this decision was influenced by the
irrelevant other’s belief was reflected in the mouse trajectory. This task was
therefore used to examine the possible effect of reward on implicit belief tracking.

In chapter 3, the second question was tested with two commonly used
visual perspective taking tasks. In the first, only egocentric interference was
measured. In this task, the participant received verbal instructions from a
‘director’ to move an object. Egocentric interference was then calculated using
gaze duration at the object matching the director’s perspective versus an object
matching the participant’s perspective. In the second task, both egocentric and
altercentric interference were measured. Specifically, in this task, a visual
judgment had to be made from the participant’'s own perspective or someone
else’s perspective. By using matching or mismatching perspectives, it could be
investigated to what extent one perspective interfered with making a judgment
from the other perspective. The first two research questions (Chapter 2 and
Chapter 3) were tested using the same evaluative conditioning procedure for the

reward manipulation.
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The third question was tested in chapter 4. Here, social closeness
between friends or strangers was used as a proxy measure for reward value.
Empathic accuracy was measured as the correspondence between first-person
affective experiences and second-person perceptions thereof, by means of a
video rating task.

The fourth question was tested in Chapters 2, 3 and 4. In Chapter 2 and
3, self-reported autistic traits were correlated with reward-driven modulation of
the respective measure of Theory of Mind or perspective taking. In Chapter 4,
the interaction of autistic traits and social closeness on empathic accuracy was
examined.

A secondary aim was to investigate the interrelationship between cognitive
empathy-related task measures, for which purpose a battery of tasks was
devised. The results of this study were discussed in Chapter 5.

The remainder of this chapter will elaborate on the evidence acquired to
answer these research questions. First, the evidence for reward-driven
modulation of cognitive empathy-related processes will be discussed (Sections
6.1.1-6.1.3). Second, these findings will be integrated to conjecture under which
circumstances reward can have an effect on cognitive empathy (Section 6.1.4).
Third, it will be discussed whether the effect of reward on cognitive empathy-
related processes is related to autistic traits (Section 6.2). Section 6.3 then covers
the results of the task battery study. Lastly, this accumulation of evidence will be
used to compare the influence of reward on cognitive empathy with its influence

on affective empathy (Section 6.4).
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Table 6.1 Overview of findings in this thesis. The Finding column represents
whether there was an effect of reward on task performance, and if so, whether
reward increased or decreased task performance. It is also reported whether

there was a relationship between the effect of reward and autistic traits.

Question Task Measure Finding Influence
of
autistic
traits
Does reward Explicit Theory of Egocentric bias Lower egocentric no
influence Mind: Sandbox task on false belief bias for positive
performance on trials (increased
Theory of Mind performance)
tasks? (Ch. 2)
Implicit Theory of Influence of No difference no
Mind: mouse- agent’s belief on between
tracking task response positive/negative
trajectory
Does reward Egocentric Gaze duration No gaze ratio no
influence interference: ratio for target vs. | difference between
performance on Director task distractor object positive/negative
perspective taking on experimental
tasks? (Ch. 3) trials
Egocentric Reaction time for No RT difference yes
interference: Dots inconsistent vs. between
task consistent other- positive/negative
perspective
judgments
Altercentric Reaction time for No RT difference no
interference: Dots inconsistent vs. between
task consistent self- positive/negative
perspective
judgments
Perspective Reaction time for No RT difference no
selection: Dots task | self-perspective for positive;
(exploratory result) vs. other- difference for
perspective negative
judgments (increased
performance)
Does reward Emotion inferences: Z-transformed Positive correlation no
influence Video rating task correlation between social
performance on between self- and closeness and
empathic accuracy other-ratings: empathic accuracy
tasks? (Ch. 4) valence & for valence
arousal (increased
performance)
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Table note: in addition to the research questions listed here, it was tested whether
there was an interrelationship between task measures of cognitive empathy. In a
battery of six tasks (Director task, Sandbox task, Reading the Mind in the Eyes
task, Hinting task, mouse-tracking task, and video rating task), the results
showed no correlations between task measures, nor a correlation between these

measures and autistic traits.

6.1 The effect of reward on cognitive empathy

Previous studies have consistently demonstrated positive reward-driven
modulation of affective empathy-related processes (Sims et al., 2012, 2014; Trilla
Gros et al., 2015; Haffey et al., 2013; Mcintosh, 2006). In addition, it has been
shown that mimicry, an important component process of affective empathy,
results in more positive evaluations (e.g. Neufeld & Chakrabarti, 2016; Chartrand
& Bargh, 1999; Lakin et al., 2003). Therefore, there is extensive evidence for a
bidirectional relationship between affective empathy and positive evaluations.
Similarly, engaging in cognitive empathy-related processes towards a
person (i.e. perspective taking) results in a generalised positive evaluation of that
person (Erle & Topolinski, 2017; Davis et al., 1996; Vorauer & Sasaki, 2014; Todd
et al., 2011; Galinsky & Moskowitz, 2000; Batson et al., 1997). Conversely,
however, evidence for the reward-driven modulation of cognitive empathy-related
processes has been scarce and mixed (Marsh et al., 2010; Savitsky et al., 2011;
Stinson & Ickes, 1992). Therefore, it is unclear whether, or under what
circumstances, a positive evaluation (i.e. reward value) results in higher

performance on cognitive empathy-related measures.
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6.1.1 The effect of reward on belief tracking

The findings reported in Chapter 2 show that reward value, as manipulated with
an evaluative conditioning paradigm (e.g. Sims et al., 2012, 2014), influences
performance on a task tapping into explicit belief tracking, but not on a different
task tapping into implicit belief tracking.

For the latter, an existing mouse-tracking task was used (van der Wel et
al., 2014). Implicit belief tracking was measured as the extent to which an
irrelevant other’s belief influenced the process leading up to the participant’s
judgment of their own belief. Throughout the task, the participant always had to
make judgments based on their own belief, using the computer mouse to
respond. The mental decision process leading up to this judgment was assumed
to be reflected in the participant’s mouse response trajectory. In some cases, the
irrelevant other’s belief corresponded to a different location than the participant’s
belief. Therefore, higher implicit belief tracking performance was defined as the
degree to which the mouse response veered towards the other’s belief. The
results showed that this performance was not influenced by the reward value
associated with the irrelevant other.

In contrast, for the explicit belief tracking task (Sandbox task; Bernstein et
al., 2011; Sommerville et al., 2013), performance was reflected in the bias in a
participant’s decision, rather than in the process leading up to this decision.
Specifically, participants tracked a character’s belief about the location of an
object throughout a scenario. Subsequently, the participant was asked where the
character would look for the object (a false belief question), or where the object
had been originally placed (a memory control question). The bias of the

participant’s response was then measured on a continuous scale. For the false
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belief condition, the bias was higher when the target character was non-
rewarding. In other words, reward increased performance in the false belief
condition. Previous studies (e.g. Bernstein et al., 2011; Sommerville et al., 2013;
Coburn et al., 2015) reported a difference in bias between the false belief and
memory control condition. They concluded that judgments in the false belief
condition rely on a capacity that is not required for memory control judgments
(i.e. belief tracking). However, this difference was not found in the current
experiment. It is therefore unclear whether participants relied on belief tracking
for their judgments in the false belief condition and what mediated the reward
effect. Yet, as there was no effect of reward on performance in the memory
control condition, it is more likely that the reward effect was mediated by belief
tracking rather than memory. Altogether, the results provide a preliminary

suggestion that reward benefits belief tracking.

6.1.2 The effect of reward on perspective taking

Chapter 3 reported findings on the effect of reward on performance in perspective
taking tasks. Two visual perspective taking paradigms were taken to measure
perspective taking. Reward was manipulated with an evaluative conditioning
procedure (e.g. Sims et al., 2012, 2014). The results showed that reward does
not influence egocentric interference or altercentric interference. However, the
speed with which someone else’s perspective is taken relative to one’s own does
get influenced by reward.

One task, the Director task (Keysar et al., 2000), involved verbal
communication. Participants received instructions from a character (the ‘director’)

to move a certain object between shelves. As the director had incomplete visual
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access to the visual scene, their perspective had to be taken in order to respond
correctly. Specifically, on experimental trials, participants had to ignore the
distractor object that ostensibly matched the verbal instruction, but was not visible
to the director. The ratio of gaze duration at the target versus distractor object
was taken as a measure of egocentric interference, and hence of task
performance. The reward value associated with the director had no influence on
task performance.

The other task, the Dots task (Samson et al., 2010), did not involve verbal
communication, yet also relied on judgments in response to visual scenes. The
participant had to respond to a number of dots in a visual scene, either from their
own perspective, or that of a character in that scene. Crucially, this number was
either consistent or inconsistent between the two perspectives. Egocentric
interference was measured as the degree to which participants were slowed
down in their other-perspective judgment when the perspectives were
inconsistent versus consistent. Altercentric interference was measured using the
same method, but for self-perspective judgments. The results showed that
neither egocentric interference, nor altercentric interference, was influenced by
the reward value associated with the character in the visual scene.

Conversely, reward value influenced the speed with which the other-
versus the self-perspective was taken in the Dots task. Specifically, when the
other person was associated with a negative reward value, the participant took
longer in making judgments from the other- versus the self-perspective. This
difference was absent when the other person was associated with a positive
reward value. Therefore, it can be concluded that the relative difficulty with which

someone else’s perspective is selected is reduced with reward. This dovetails
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with the two-step perspective taking process described in Section 3.6: the self-
and other-perspective are first automatically computed. Next, one of the two
perspectives is intentionally selected for the behavioural judgment (Schwarzkopf
et al., 2014; Qureshi et al., 2010). The findings suggest that it is this second step
where reward can have an effect. Put differently, reward improves explicit

perspective selection when taking someone else’s perspective.

6.1.3 The effect of reward on empathic accuracy

In chapter 4, it was investigated whether reward value, quantified as social
closeness, influenced empathic accuracy. Participants were paired up as either
friends or strangers and rated each other on social closeness. Using an existing
video rating task (Zaki et al., 2008; Martin-Key et al., 2017), participants
continuously rated videos of themselves on valence and arousal. These same
videos were then rated by their pair member. Empathic accuracy was based on
the correlations between the self- and other-ratings. It was found that if
participants reported themselves to be closer to the other person, their empathic
accuracy for valence (but not arousal) towards this other person was higher.
Therefore, it can be concluded that reward increases empathic accuracy, at least
for inferences about valence. This conceptually replicated the findings reported
by Stinson and Ickes (1992), who contrasted friends with strangers in a similar

empathic accuracy paradigm.

6.1.4 Task-dependence of reward effects

Although the studies reported above do not suggest a universal positive effect of

reward on cognitive empathy-related processes, some observations can be
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made. If there is an effect of reward, it is positive. In addition, the pattern of the
current findings, in conjunction with previous findings, suggests that the effect of
reward is task-dependent. This section discusses under what circumstances
reward may have an effect, taking into account previous findings in the literature.

The first potential factor to influence whether reward can affect
performance on cognitive empathy-related tasks is the importance of the other
person for the task at hand (i.e. do they need to be explicitly processed in order
for the participant to respond accurately?). For instance, in the mouse-tracking
task (Chapter 2), the target person is irrelevant to the task at hand, i.e. the
participant is instructed to respond based solely on their own belief. The results
of the study employing this task showed no effect of reward. In contrast, the
results for the Sandbox task study (Chapter 2) did show an effect. In this task,
the participant is presented with two characters. To respond correctly to the test
guestion in the Sandbox task, the participant should keep track of one of the two
characters’ belief. In order to do this, the participant has to be able to distinguish
which character is the one that places the object in the sandbox container, and
which one moves it. Similarly, two previous studies employing the action
identification task showed an effect of reward on attributing intentions to actions
(Kozak et al., 2006; Marsh et al., 2010). In this task, the participant is actively
encouraged to think about the other person performing these actions. In the video
rating paradigm developed by Stinson and Ickes (1992) and employed in Chapter
4, the other person is the very source of the verbal and nonverbal information
required to make inferences. Lastly, in the Dots task experiment covered in
Chapter 3, it is necessary that the participant take the other person’s visuospatial

perspective in half of the trials. Selecting the correct perspective to make a
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decision from is crucial to performance, and this selection is where the reward
effect takes place. For all of these four tasks (Sandbox; action identification; video
rating; Dots), reward-driven modulation of performance was reported. Therefore,
it can be concluded that a facilitatory effect of reward is observed only in tasks in
which the other person is central to the task at hand.

However, experiments employing the Director task provide evidence
against this interpretation. It could be argued that the director is central to the
task at hand, as they are the person giving instructions to the participant. Yet no
effect of reward was found in the Director task in Chapter 3. Moreover, Savitsky
and colleagues (2011) found that people were better at taking someone’s
perspective when that person was a stranger than when they were a friend.
Although the friends versus strangers design is an indirect manipulation of
reward, the finding suggests an impeding, rather than facilitatory, effect of reward
on perspective taking. An interesting difference between the task used by
Savitsky and colleagues (2011) and the Director task in Chapter 3 (and the
majority of tasks discussed in this thesis) is that Savitsky and colleagues (2011)
employed physically present directors, whereas the task in Chapter 3 was
computerised. It is possible that, when the director is shown behind the shelves
on the computer screen, the participant processes the director’s instructions
without paying attention to the director themselves, precluding an effect of the
reward associated with the director. This possibility could be investigated by
including a no-director condition in the task, which can be used to reveal uniquely
social effects in the director condition, i.e. whether mentalising of directors takes
place. If participants show a similar (lack of reward-driven modulation of)

performance in the director and no-director condition, this would suggest that the
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computerised task in Chapter 3 is not conducive to paying attention to the director
and hence mentalising. Alternatively, it can be argued that a real friend has more
reward value than an evaluatively conditioned face. The Director task may not be
sensitive to reward-driven modulation with this type of experimental manipulation.
Regardless of the methodological differences between these task versions, the
case of the Director task suggests that the need to process the other person does
not categorically result in reward-driven facilitation of performance on cognitive
empathy-related tasks.

Alternatively, the effect of reward may only emerge when the task
measure for the cognitive empathy-related task is explicit. The Sandbox task, the
video rating task, the action identification paradigm and the Dots task all use an
explicit response measure to quantify performance (e.g. reaction time and
accuracy derived from binary or continuous decisions). On the other hand, the
Director task experiment in the current thesis only employed eye-gaze as a
measure, as the design did not lend itself to an investigation of reaction times. As
eye-gaze behaviour is commonly taken as an implicit response measure (e.g.
Schneider et al., 2012a; Onishi & Baillargeon, 2005), it is possible that the effect
of reward could not be observed here. In addition, the mouse-tracking experiment
reported here, which showed no effect of reward, used an implicit measure based
on the response trajectory. In short, it is possible that the effect of reward relies
on the explicitness of the employed measure; the importance of the other person
for the task at hand; or a combination of the two.

The emerging pattern is that the presence and direction of reward-driven
modulation of performance can differ based on the way cognitive empathy-

related processes are measured. This observation dovetails with Warnell and
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Redcay’s proposal (2019) that cognitive empathy tasks (in their example: Theory
of Mind tasks) in reality tap into various cognitive capacities, such as working
memory, language understanding and executive function. It is possible that there
is a relationship between reward and some, but not other, cognitive capacities
(see also Section 6.3).

Another possibility is that the presence and direction of a reward effect
relies on the extent that verbal understanding plays a role in the task. It has been
argued that being close to someone can result in a perceived self-other overlap
(Aron, Aron, Tudor, & Nelson, 1991). It has subsequently been shown that this
self-other overlap can impede perspective taking (Savitsky et al., 2011) and that
inducing self-other differentiation can facilitate perspective taking (Sassenrath,
Sassenberg, & Scholl, 2014). Notably, both these studies involved experiments
in which an ambiguous verbal message was communicated to the participant. A
perceived self-other overlap may result in the assumption that the meaning
intended by the other person matches the participant’s perception of the world.
This assumption may be made especially when the communicator is a friend,
rather than a computerised, conditioned avatar. In short, these studies provide
evidence that a high reward value can impede perspective taking in the case of
semantic ambiguity of a communicated message.

In contrast, when the task requires judgments that do not rely on
interpreting ambiguous verbal messages, the effect of reward is generally
facilitatory. This facilitation was shown in several studies involving mental state
attribution, i.e. the attribution of intentions (Kozak et al., 2006; Marsh et al., 2010)
and empathic accuracy (Stinson & Ickes, 1992). This interpretation was further

corroborated by the findings reported in this thesis for the Sandbox task (Chapter
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2) and the video rating task (Chapter 4). One possible mechanism for this
facilitatory effect of reward is that, when someone is liked, there is increased
depth of processing, possibly due to more attention allocated to the other person.
This conjecture is further supported by the current findings in the Dots task
(Chapter 3), where it was shown that the selection of the other person’s
perspective (relative to one’s own) was sped up when that person was liked. It is
possible that, when someone else is liked, more cognitive resources are
employed to try to understand their point of view.

In short, the combination of the current data and previous findings
suggests that the effect of reward on performance on cognitive empathy-related
measures depends on the task at hand. Although in some cases a higher reward
value can result in egocentricity, it generally leads to more processing of the other
person’s mental state. Returning to the model formulated in Chapter 1 (Figure
1.1), the current findings suggest that performance on tasks that tap into Theory
of Mind, perspective taking, and empathic accuracy can be improved by reward.
In other words, it can be concluded that the effect of reward can take place for

different component processes underlying empathy-related inferences.

6.2 Individual differences in the effect of reward

In addition to examining possible reward-driven modulation of performance on
cognitive empathy-related tasks, another primary aim of this thesis was to
investigate whether this modulation is related to autistic traits. It has previously
been reported that autistic traits can alter reward-driven modulation of affective
empathy-related processes (Sims et al., 2012, 2014; Trilla Gros et al., 2015;

Haffey et al., 2013). For cognitive empathy-related processes, this relationship
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has only been found for the attribution of intentions to actions (Marsh et al., 2010).
However, this relationship has not been examined for belief tracking, a more
direct measure of Theory of Mind. In addition, this relationship between autistic
traits and reward-driven modulation has not been examined yet for perspective
taking or empathic accuracy.

For each of the experiments reported in this thesis that used a reward
manipulation, it was subsequently measured whether autistic traits altered the
reward-driven modulation of cognitive empathy performance. Note that the
primary effect of reward was not always found (i.e. for implicit belief tracking;
altercentric interference in perspective taking; egocentric interference in
perspective taking). Individual differences in reward-driven modulation of task
performance were only related to autistic traits once. This was the case for the
effect of reward on egocentric interference in the Dots task (Section 3.5). This
finding suggests that one’s own perspective interferes less with taking the other’s
perspective when that person is liked, but only for perspective-takers low in
autistic traits. However, as the effect of reward was not significant, it cannot be
concluded that this relationship between autistic traits and the reward effect
magnitude is meaningful. In contrast, when reward-driven modulation of task
performance was observed, individual differences in this modulation were on no
occasion related to autistic traits.

The absence of this relationship suggests that people high and low in
autistic traits show no observable difference in reward-driven modulation of
cognitive empathy-related processes tested in this set of studies. Note that this
finding is inconsistent with the generally negative relationship between autistic

traits and the effect of reward on affective empathy-related processes. It has been
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shown that automatic facial mimicry, an important affective empathy-related
process, already occurs rapidly (i.e. at 17-40 ms) when a participant is presented
with a face (Sonnby-Bergstrom, 2002). It is therefore possible that the effect of
reward on facial mimicry is also rapid and bypasses conscious reasoning. This
rapid response, or reflex even, is not facilitated by reward in those high in autistic
traits (see Sims et al., 2012, 2014). On the other hand, for those processes for
which a reward effect was reported in this thesis, the time scale was longer and
allowed for conscious reasoning. It is therefore possible that those low and high
in autistic traits alike benefit from reward, as the reward value can be consciously

represented and can influence depth of processing of others’ mental states.

6.3 The interrelationship between cognitive
empathy measures

The aim of the study covered in Chapter 5 was to see whether (1) task measures
purportedly tapping into different components of cognitive empathy (Theory of
Mind, perspective taking, and empathic accuracy) are related to each other and
(2) whether the answer to this question could elucidate the found pattern of
reward-driven modulation.

The correlational analysis showed that there was no relationship between
any two task measures. Note that these task measures were all free of a reward
manipulation, and the sample consisted of participants who had not yet
participated in the experiments involving a reward manipulation. A possible
interpretation of this general absence of a relationship is that different cognitive

empathy-related tasks all tap into a different mixture of underlying cognitive
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capacities (cf. Warnell & Recay, 2019). Based on the selection of tasks in this
thesis (and Chapter 5 in particular), it is clear that they are characterised by a
diversity in task demands. It has been suggested that it is difficult to disentangle
different components of cognitive empathy (Preston & de Waal, 2002). By the
same token, it is difficult to disentangle the contributions of different cognitive
capacities to performance on individual tasks tapping into cognitive empathy.
Therefore, it is likely that various cognitive empathy tasks are not directly related
because these cognitive capacities vary between individuals.

As no relationship was found between cognitive empathy measures, this
investigation did not identify a possible mechanism through which reward can
influence cognitive empathy. Hence, it is likely that reward-driven modulation of

cognitive empathy occurs through its effect on underlying cognitive capacities.

6.4 A comparison between cognitive and
affective empathy

Based on the above, it can be concluded that reward-driven modulation takes
place for both cognitive and affective empathy components. However, whereas
the direction of this effect is generally positive for affective empathy, it is task-
dependent for its cognitive counterpart. It is possible that the effect of reward on
affective versus cognitive empathy may rely not only on different behavioural, but
also different neural mechanisms.

For affective empathy, the effect of reward may rely on a direct functional
connection between brain regions involved in reward processing and mimicry

(Sims et al., 2014). When an emotional expression (or a bodily expression in
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general) is observed, this expression is neurally and behaviourally matched by
the observer (e.g. Field et al., 1982; Meltzoff & Moore, 1977; Stern, 1977; Sims
et al., 2012, 2014, Bastiaansen et al., 2009). The perception of another person
directly results in action (behaviour) on the part of the observer (cf. the
perception-action link; Preston & de Waal, 2002).

On the other hand, for cognitive empathy, the effect of reward may rely
more on whether the observer engages in conscious reasoning about the other
person’s mental states. During such reasoning, a representation of the other
person is held in working memory. That person’s reward value subsequently
determines the depth of processing of that person and their mental states.
Cognitive empathy arguably depends on more varied underlying capacities than
affective empathy does, as was suggested by the task-dependence of the reward
effect (Section 6.1.4). Therefore, it is likely that there is no such straightforward
functional connection between regions involved in cognitive empathy and the
reward system as there is for affective empathy.

This neural account is also a possible explanation of why autistic traits
influence the reward-driven modulation of affective empathy, but not of cognitive
empathy. More precisely, it has been shown that the functional connectivity
between frontal regions involved in affective empathy-related processes and
striatal regions involved in reward processing is reduced for people high in autistic
traits (Sims et al., 2014). For cognitive empathy-related processes, autistic traits
may not play a modulatory role if there is no such direct functional connectivity
with reward processing. Rather, the extent of the reward effect may depend more

on individual differences in general cognitive functioning.
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6.5 Potential limitations and future directions

First, for all experiments covered in this thesis, it was attempted to replicate
previous findings before examining a possible reward effect. Generally, results
reported by previous studies using the same paradigms were replicated. An
exception, however, was the Sandbox task. In Chapter 2, there was no significant
difference between bias for false belief versus memory control trials. For this
reason, the reward effect was subsequently investigated for false belief trials
only, as, theoretically, this is where Theory of Mind ability is most apparent.
However, note that the false belief versus memory control difference has
previously been taken as a measure of belief tracking performance, as this
difference measure controls for the contribution of processes shared by both
conditions (e.g. Coburn et al., 2015). Therefore, the reward effect observed in
Chapter 2 should be interpreted with caution, as it cannot be excluded that the
effect was due to some other process than belief tracking.

On the other hand, the false belief versus memory control difference was
replicated in Chapter 5. As discussed in Chapter 5, it is possible that the version
used in Chapter 2 put too many demands on the participant, making a direct
investigation of belief tracking difficult. For this reason, when adapting the
Sandbox task for future studies, distracting features of the design should be kept
to a minimum.

In the majority of experiments reported here, the manipulation of reward
was central. For the tasks using the evaluative conditioning procedure, there was
always one person associated with positive reward, and one with negative

reward. Due to this binary manipulation, it is unclear whether any reward effect
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is due to facilitation by positive reward, or interference from negative reward. In
order to give a more definitive answer about the effect of reward, studies should
include a neutral condition too.

Relatedly, in the experiments using the conditioning procedure, it was not
validated whether the manipulation was successful. Critics could suggest that the
absence of a reward effect can be explained by unsuccessful reward
conditioning. Supporting this suggestion, Dawson, Rissling, Schell, and Wilcox
(2007) showed that people need to be aware of the evaluative conditioning in
order for it to have an effect. On the other hand, several papers have already
shown that the manipulation used in this thesis resulted in reward-driven
modulation of behaviour (e.g. Sims et al., 2012, 2014). Panasiti and colleagues
(2016) also showed that this manipulation influenced performance on the Implicit
Association Test, which is a measure of the strength of conditioning (Greenwald,
McGhee, & Schwartz, 1998). In addition, Neufeld and Chakrabarti (2016) showed
that (not) noticing the manipulation in the conditioning procedure had no effect
on behavioural proxy measures of the success of conditioning. Therefore, it can
be surmised that the evaluative conditioning procedure was also successful in
the current experiments, even when no reward effect was observed.
Nevertheless, future studies could use more explicit measures of reward value
(e.g. vignettes; see Kozak et al., 2006; Marsh et al., 2010) or directly test the
success of conditioning with self-reported liking scales (cf. social closeness
scale).

A last point related to reward is that the question remains to what extent
reward as manipulated through (1) an evaluative conditioning procedure and (2)

social closeness are reflective of the same underlying construct. As was
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mentioned in Chapter 4, being close to someone implies a shared, and often
long, history. On the other hand, reward value as manipulated through the
evaluative conditioning procedure is a novel and rapidly acquired association with
the other person. Stinson and Ickes (1992) argued that empathic accuracy is
higher for friends than for strangers because of their shared knowledge, or shared
history. However, a more recent study found that shared knowledge does not
predict the correct interpretation of ambiguous messages communicated by
friends versus strangers (Pollmann & Krahmer, 2018). Instead, the authors
postulated that friends are more motivated than strangers to engage in the
reasoning about conveyed meanings. This explanation suggests that the effect
of both social closeness and conditioned reward value on cognitive empathy
performance is mediated by motivation. However, to be able to compare between
various positive evaluations, including for example similarity and familiarity, more
research should be done on how they directly relate to each other.

Lastly, the paradigms employed in Chapter 3 were level-1 visual
perspective taking tasks, tapping into the judgment of whether someone else
could see an object, as opposed to how this object looked to this other person.
In their review, Pearson and colleagues (2013) showed that level-1 perspective
taking is mostly intact in autism, whereas level-2 visual perspective taking is
impaired. Mirroring the Dots task, recent paradigms have been developed that
can be used to quantify both altercentric and egocentric interference in level-2
visual perspective taking (Elekes et al., 2016; Ward et al., 2019). Using such
paradigms, it could be examined whether there is also reward-driven modulation
of level-2 visual perspective taking, and whether individual differences in this

modulation are related to autistic traits. As the majority of the participants in the
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current studies did not reach the clinical cut-off score for the AQ, it is
recommended that such a study include a larger range of autistic traits than is
reported here. Alternatively, such a study could be conducted with a sample of

people with a diagnosis of high- or low-functioning ASC.

6.6 Conclusions

In the current thesis, it was investigated whether reward influences cognitive
empathy-related processes. This question was addressed using a variety of task
measures in a laboratory setting, tapping into Theory of Mind, perspective taking,
and empathic accuracy. The results generally demonstrated subtle egocentric
biases when adult participants had to reason about someone else’s mental
states. More importantly, results show that reward-driven modulation was task-
dependent, i.e. reward had a positive effect on task performance, but not for all
employed tasks. In addition, it was found that individual differences in this reward-
driven modulation were in no case related to autistic traits. These observations
suggest that social motivation plays a role in some cognitive empathy-related
processes, and not differentially so for people high versus low in autistic traits.
However, as no clear pattern of reward-driven modulation was found across the
task measures, and as performance on these measures was shown not to be
interrelated, the findings do not elucidate possible mechanisms underlying the
effect of reward on cognitive empathy. For this reason, more research is needed
to clarify under which experimental or quotidian circumstances reward can
influence cognitive empathy. Nevertheless, whereas previous studies showed a

relatively generalised positive effect of reward on affective empathy-related
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processes, the current results suggest that reward can also, in some cases, have

a positive influence on cognitive empathy.
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Appendix B - Faces shown in implicit belief tracking study

(Chapter 2.4)
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Prac: used for practice trials in the evaluative conditioning task; Main: used for
main trials in the evaluative conditioning task. The -90° and +90° Main images
were used for the agents in the implicit belief tracking task (see Chapter 2.4.1.3).
For the implicit belief tracking task, the faces (without background) were rotated

at a pitch of 45°.
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Appendix C - Change-of-location scenarios used in explicit

belief tracking study (Chapter 2.5)

Numbers in each scenario represent sequentially presented sections. The filler

task was presented between section 3 and 4.

False belief scenarios

2) 1. Will and his friend Rose have just come home from the park. 2. Will puts his
keys in the top drawer full of gloves, scarves and hats and then rushes to the
toilet. 3. While Will is in the toilet, Rose moves the keys to here. 4. Then Will

comes back in. Where will he look for his keys?

3) 1. Mark and his friend Will are planting flowers in their garden plot to surprise
their other housemate. 2. Mark buries a flower here and then goes to the shed to
get a shovel. 3. While Mark is gone, Will decides to move the flower and buries

it here. 4. Then Mark comes back. Where will he look for the flower?

6) 1. Maria and her friend Mark are moving house and they are packing their
mugs into a box full of tissue paper. 2. Maria buries a mug here in the box and
then goes to the kitchen to get a drink of water. 3. While Maria is in the kitchen,
Mark moves the mug to here. 4. Then Maria comes back in. Where will she look

for the mug?
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10) 1. Will and his friend Mark are taking decorations off the Christmas tree and
putting them back in the box. 2. Will takes the star off the tree and puts it in the
box here. He then leaves to get more decorations. 3. While Will is gone, Mark
moves the star to here where it is covered by tinsel. 4. Then Will comes back in.

Where will he look for the star?

11) 1. Mark and his friend Maria have just been clothes shopping and bought
some socks. 2. Mark folds up their socks and puts them in the drawer here. He
then goes outside to get some more shopping from the car. 3. While Mark is
outside, Maria moves the socks to here. 4. Mark then comes back in. Where will

he look for the socks?

14) 1. Rose and her friend Maria are running a bubble bath for their housemate
who has had a stressful day. 2. Rose picks up the soap from the side and
accidentally drops it here. She then leaves to go and get a towel. 3. While Rose
IS gone, Maria reaches into the bath and knocks it over to here. 4. When Rose

comes back in, where will she look for the soap?

17) 1. Maria and her friend Rose are making a tray bake cake. 2. Maria buries an
almond here and then leaves to get a drink of water. 3. While Maria is gone, Rose
moves the almond and buries it here. 4. Then Maria comes back. Where will she

look for the almond?

19) 1. Rose and her friend Will have just come home from the shops and are

putting the groceries away. 2. Rose puts the frozen peas in the freezer here and

277



then leaves to go to the toilet. 3. While Rose is in the toilet, Will moves the peas

to here. 4. Then Rose comes back in. Where will she look for the peas?

Memory control scenarios

4) 1. Will and his friend Mark are taking down their clothes from the washing line.
2. Will puts his t-shirt here in the basket and then goes inside to get a drink. 3.
While Will is inside, Mark moves the t-shirt to here. 4. Then Will comes back

outside. Where did he put the t-shirt before going to get a drink?

5) 1. Mark and his friend Maria have just come home from the supermarket and
are putting the food away. 2. Mark puts the cheese away in the fridge here and
then leaves to go to the toilet. 3. While Mark is in the toilet, Maria moves the
cheese to here. 4. Then Mark comes back in. Where did he put the cheese before

going to the toilet?

9) 1. Maria and her friend Mark are out camping and are halfway through setting
up the tent. 2. Maria puts the peg bag here at the front of the tent. Then, she
leaves to go and peg round the back. 3. While Maria is pegging, Mark opens the
bag to get a peg and then places the bag down here. 4. Then Maria comes back

round the front. Where did she put the peg bag before leaving?

8) 1. Mark and his friend Will have just come back from IKEA and are putting their

new plates away in the cupboard. 2. Mark puts the plates here and then goes

back to the car to get the rest of the items. 3. While Mark is outside, Will moves
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the plates to here in the cupboard. 4. Then Mark comes back in. Where did he

put the plates before going outside?

13) 1. Rose and Maria have just finished watching Toy Story on DVD. 2. Rose
puts the DVD in the box here and then goes to the kitchen to put the kettle on. 3.
While Rose is in the kitchen, Maria moves the DVD to here. 4. Then Rose comes

back in. Where did she put the DVD before going to put the kettle on?

15) 1. Rose and her friend Will are packing a suitcase before their flight. 2. Rose
puts her wash bag here in the suitcase and then goes downstairs to get her
shoes. 3. While Rose is downstairs, Will moves her wash bag to here. 4. Then

Rose comes back in. Where did she put her wash bag before going downstairs?

16) 1. Will and his friend Rose are preparing for their friend’s birthday party by
wrapping up their joint present together. 2. After wrapping, Will puts the present
in the drawer here to keep it safe. He then leaves to go and get ready. 3. While
Will is getting ready, Rose opens the drawer to check the present and moves it
to here. 4. Then Will comes down to check on the present. Where did he put the

present before leaving to go and get ready?

18) 1. Maria and her friend Rose are clearing out old clutter that they don’t need
anymore. 2. Maria puts her old teddy bear in the bin here and then goes inside
to get more clutter. 3. While Maria is inside, Rose moves the bear to here in the
bin. Then Maria realises she wants to keep the bear. 4. She goes back to the bin.

Where did she put the bear before going inside?
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True belief scenarios

1) 1. Mark and his friend Will have just come home from the shops and are putting
their groceries away. 2. Mark puts the ice cream in the freezer here. 3. In view of
Mark, Will moves the ice cream to here to make space for more items. Mark then
leaves to go to the toilet. 4. Then Mark comes back down. Where will he look for

the ice cream?

7) 1. Will and his friend Mark are planting flowers in the garden plot. 2. Will plants
the flower here. 3. While Will is watching, Mark decides to move the flower to
here. Will then leaves to go and blow his nose. 4. When Will comes back out, he

wants to look at the flower. Where will he look for it?

12) 1. Rose and her friend Maria are putting the plates away in the cupboard. 2.
Rose puts the plates here. 3. While Rose is watching, Maria moves the plates to
here. Rose then leaves to get her phone from the other room. 4. Then Rose

comes back and wants to get a plate. Where will she look for them?

20) 1. Maria and her friend Rose are taking the Christmas decorations down. 2.
Maria takes a decoration and places it here in the box. 3. While Maria is watching,
Rose moves the decoration to here. Maria then leaves to get a snack. 4. Then

Maria comes back. Where will she look for the decoration?
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Appendix D - Faces shown in the Director task study

(Chapter 3.4)
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Prac: used for practice trials in the evaluative conditioning task; Main: used for
main trials in the evaluative conditioning task. The highlighted photographs of

‘Main F1’, ‘Main F2’, and ‘Dir F3’ were used for the Director task.

281



Appendix E - Cartoon images used for characters in the

Sandbox task (Chapter 5.4.2.2)

Scenario ‘Placer’ character ‘Mover’ character

Practice 1

Practice 2
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Appendix F - Change-of-location scenarios used in the

Sandbox task (Chapter 5.4.2.2)

Numbers in each scenario below represent sequentially presented sections. The

filler task was presented between section 5 and 6.

False Belief scenarios

Practice 1) 1. Paula and her friend Laura are burying flower bulbs. 2. Paula buries
a flower bulb in the sandbox, as shown below. 3. After that, Paula goes to the
shed to get a watering can and Laura is on her own. 4. In her absence, Laura
decides to move the flowerbulb and bury it in a new location. 5. Laura leaves the
flower bulb here and goes inside to get a drink. 6. When Paula returns with the

watering can, where will she look for the flower bulb ?

Main 3) 1. Steven and Kevin are tidying the living room. 2. Steven puts his book
on the bookshelf, as shown below. 3. After that, Steven goes to get the vacuum
cleaner and Kevin is left on his own. 4. While Steven is gone, Kevin moves the
book to another location on the shelf. 5. Kevin leaves it there and leaves the room
to find a duster. 6. When Steven returns with the vacuum cleaner, where will he

look for his book?

Main 4) 1. Philip and Tom are unpacking after a holiday. 2. Philip puts his suitcase

under his bed, as shown below. 3. After that, Philip leaves the room to do his
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laundry and Tom is left on his own. 4. While Philip is gone, Tom moves the
suitcase to another location under Philip’s bed. 5. Tom leaves it there and leaves
the room to bring his laundry downstairs. 6. When Philip returns after starting his

laundry, where will he look for the suitcase ?

Main 6) 1. Sandra and her sister Amelia are standing next to their mum's freezer.
2. Sandra places a tub of ice cream in the freezer. 3. After that, Sandra goes to
ask Mum about dinner time and Amelia is on her own. 4. In her absence, Amelia
decides to store the tub of ice cream in a different location. 5. Amelia leaves the
ice cream here in the freezer and goes to help Mum set the table. 6. When Sandra
returns to take the ice cream out again for dessert, where will she look for the

item?

Main 7) 1. Dean and Shane are putting things in the attic. 2. Dean stores a box
of old toys in the attic, as shown below. 3. After that, Dean goes downstairs to
find more items and Shane is left on his own. 4. While Dean is gone, Shane
moves the box of toys to another part of the attic. 5. Shane leaves it there and
goes to help Dean with the other items. 6. When Dean returns to the attic, where

will he look for the box of toys ?

Memory Control scenarios

Practice 2) 1. Sam and Jack are organising their old toys. 2. Sam puts a toy in

the box, as shown below. 3. After that, Sam leaves to find another box and Jack

is on his own. 4. In his absence, Jack adds a ball to the box, in a different location.
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5. Jack leaves it there and leaves the room to look for more items. 6. Sam then

returns to the room. Where did he put the toy before he left?

Main 1) 1. John and Michael are playing in the sandbox. 2. John buries a coin in
the sandbox, as shown below. 3. After that, John goes to the shed to get a spade
and Michael is on his own. 4. In his absence, Michael decides to bury a stone in
a different location. 5. Michael then goes inside to get a snack. 6. John then

returns with the spade. Where did he bury the coin before he left?

Main 2) 1. Jane and Mary have come home from grocery shopping. 2. Jane puts
her coat in the hallway closet, as shown below. 3. After that, Jane goes into the
kitchen to put away the groceries and Mary is left in her own. 4. While Jane is
gone, Mary opens the closet and puts her umbrella in another location within the
closet. 5. Mary leaves it there and goes to help Jane with the groceries. 6. Jane
then returns after putting away the groceries. Where did she leave her coat before

she left?

Main 8) 1. Louise and Kate are tidying their room. 2. Louise puts her shoes in the
large storage chest, as shown below. 3. After that, Louise leaves to get a snack
and Kate is left on her own. 4. While Louise is gone, Kate puts her hoodie in the
storage chest. 5. Kate leaves it there and goes to join Louise. 6. Louise then

returns to her room. Where did she leave her shoes before she left?

Main 9) 1. Ben and Jake are putting away the dishes. 2. Ben puts the frying pan

in the cupboard, as shown below. 3. After that, Ben leaves to answer the phone
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and Jake is on his own. 4. While Ben is gone, Jake puts a bowl in another location
inside the cupboard. 5. Jake leaves it there and goes to watch television. 6. Ben
then returns from answering the phone. Where did he leave the frying pan before

he left?

True belief scenario

Main 5) 1. Nancy and Claire accidentally break their sister's necklace. 2. Nancy
hides the necklace in a drawer, as shown below. 3. After that, Nancy wants to
leave the room to see where their sister is. 4. However, before Nancy leaves, she
sees Claire moves the necklace to another location inside the drawer. 5. Claire
leaves it there and follows Nancy to see where their sister is. 6. When Nancy

returns, where will she look for the necklace?
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Appendix H - Scenarios used in the Hinting task (Section

5.4.2.4) with possible correct answers

Scenario 1

George arrives in Angela’s office after a long and hot journey down the
motorway. Angela immediately begins to talk about some business ideas.
George interrupts Angela saying: “My, my! It was a long, hot journey down that

motorway!”

Question: What does George really mean when he says this?

Answer: George means either “Can | have a drink” and/or “Can | have a few
minutes to settle down after my journey before we start talking business”.

Add: George goes on to say: “I'm parched!”

Question: What does George want Angela to do?

Answer: George wants Angela to get him or offer to get him a drink.

Scenario 2

Melissa goes to the bathroom for a shower. Anne has just had a bath. Melissa
notices the bath is dirty so she calls upstairs to Anne: "Couldn't you find the Ajax,

Anne?"

Question: What does Melissa really mean when she says this?
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Answer: Melissa means “Why didn’t you clean out the bath” or “Go and clean

out the bath now”.

Add: Melissa goes on to say: "You're very lazy sometimes, Anne!"

Question: What does Melissa want Anne to do?

Answer: Melissa wants Anne to clean out the bath.

Scenario 3
Gordon goes to the supermarket with his mum. They arrive at the sweetie aisle.

Gordon says: "Cor! Those treacle toffees look delicious.”

Question: What does Gordon really mean when he says this?

Answer: Gordon means “Please buy me some sweets, mum”

Add: Gordon goes on to say: “I'm hungry, mum."

Question: What does Gordon want his mum to do?

Answer: Buy him some sweets.

Scenario 4
Paul has to go to an interview and he's running late. While he is cleaning his
shoes, he says to his wife, Jane: "I want to wear that blue shirt but it's very

creased."
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Question: What does Paul really mean when he says this?

Answer : Paul means “Will you iron my shirt for me please?”

Add: Paul goes on to say: "It's in the ironing basket."

Question: What does Paul want Jane to do?

Answer: Iron his shirt.

Scenario 5
Lucy is broke but she wants to go out in the evening. She knows that David has
just been paid. She says to him: "I'm flat broke! Things are so expensive these

days."

Question: What does Lucy really mean when she says this?

Answer: Lucy means “Will you lend me some money David ?” or “Will you take

me out tonight and pay?”

Add: Lucy goes on to say: "Oh well, | suppose I'll have to miss my night out.”

Question: What does Lucy want David to do?

Answer: She wants David to lend her money or offer to take her out and pay.

Scenario 6

Donald wants to run a project at work but Richard, his boss, has asked someone

else to run it. Donald says: "What a pity. I'm not too busy at the moment.”
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Question: What does Donald really mean when he says this?

Answer: Donald means “ Please change your mind Richard and give the project

to me”

Add: Donald goes on to say: "That project is right up my street."

Question: What does Donald want Richard to do?

Answer: Change his mind and give the project to him to run.

Scenario 7

Rebecca's birthday is approaching. She says to her Dad: "I love animals,

especially dogs."

Question: What does Rebecca really mean when she says this?

Answer: “Will you buy me a dog for my birthday Dad?”

Add: Rebecca goes on to say: "Will the pet shop be open on my birthday, Dad?"

Question: What does Rebecca want her dad to do?

Answer: To say he’ll buy her a dog for her birthday / buy her a dog for her birthday

Scenario 8
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Betty and Michael moved into their new house a week ago. Betty has been
unpacking some ornaments. She says to Michael: "Have you unpacked those

shelves we bought, Michael?"

Question: What does Betty really mean when she says this?

Answer: Betty means “Will you put those shelves up now please?”

Add: Betty goes on to say: "If you want something doing you have to do it

yourself!"

Question: What does Betty want Michael to do?

Answer: Put the shelves up.

Scenario 9

Jessica and Max are playing with a train set. Jessica has the blue train and Max

has the red one. Jessica says to Max: "l don't like this train."

Question: What does Jessica really mean when she says this?

Answer: Jessica means “| want your train and you can have mine.”

Add: Jessica goes on to say: "Red is my favourite colour.”

Question: What does Jessica want Max to do?

Answer: Swap trains.
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Scenario 10
Patsy is just getting off the train with three heavy cases. John is standing behind

her. Patsy says to John: "Gosh! These cases are a nuisance."

Question: What did Patsy really mean when she said this?

Answer: Patsy means “ Would you help me with my luggage please”

Add: Patsy goes on to say: "l don't know if | can manage all three."

Question: What does Patsy want John to do?

Answer: Help her with her cases.
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Appendix | - Description of the subject matter of the videos

in the Video rating task (Chapter 5.4.2.6)

Video
number

Narrator
ID*

Valence

Narrator
gender

Subject matter

Length
(m:s)

4

Positive

Female

Mother was
walking again after
long period of
rehabilitation

1:13

12

Positive

Female

Getting accepted to
a University

1:36

18

Positive

Male

Enjoying Reading
festival and making
friends

1:18

20

Positive

Female

Got a puppy

1:41

25

Positive

Male

Bonding with a
colleague and a
warm encounter
later on

1:36

25

Positive

Male

Making music with
a friend and finding
out a friend
listened to the
mixtape on repeat

1:20

12

Negative

Female

Parents moving
away from her

1:33

24

Negative

Female

Crashing car into
another at night

1:16

30

Negative

Male

Threatened by a
gun while on a trip
to a waterfall

1:28

10

31

Negative

Male

Fellow student
killed by car

1:42

11

32

Negative

Male

His car was hit by
someone else

1:08
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12

35

Negative

Female

Grandfather had a
stroke on New
Year’s Eve;
difficulty in caring
for him afterwards

1:52

* Note: Same ID indicates that the videos had the same narrator
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Appendix J - Differences between Wave 1 and Wave 2 for

the task battery Director task

Aspect Wave 1 Wave 2
Calibration 5 points (corners and 16 points (centre of all
centre) shelves)
Calibration only Calibration and

validation (test of
calibration quality)

Restart after crash From the start From a selected trial

Background behind White Blue
shelves and director

Response instruction N/A Decide on object and
destination before
mouse activation click

Data monitoring N/A Plots visible to
experimenter, showing
eye gaze pattern and
proportion of invalid
gaze points

Reasons for differences: the program running the task occasionally crashed.
When this happened in Wave 1, the task could only be restarted from the
beginning. To avoid attrition and repeated trials, the version for Wave 2 included
the option to skip the trials that the participants had already completed. The
calibration procedure, response instruction and data monitoring were changed or
added to safeguard data quality, in terms of precision of eye-tracker data and
participant’s adherence to the task instructions. The background was changed to
blue to match the physical background behind the experimenter during the task.
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Appendix K - Differences between Wave 1 and Wave 2 for

the task battery mouse-tracking task

Aspect

Wave 1

Wave 2

Mouse location tracking

Redo practice trials with
slow/incorrect
response?

In case of incorrect

response to the four

task understanding
guestions

Initiation RT (click to
start trajectory)

Between initialisation of
the response trajectory
and the button click to

proceed to the next trial

Yes

Redo two practice trials

Not saved

Between initialisation of
the response trajectory
and the response click

No

Window appears that
reminds the participant
that they should click on
the location of the ball,
and that it can
sometimes appear in a
different place to where
they last saw it

Saved

Reasons for differences: mouse location tracking and logging of the initiation
reaction time should have functioned in Wave 1 as in Wave 2, but an overlooked
error in the script caused suboptimal data recording. This error was rectified for
Wave 2. The other two aspects were changed because it was observed in Wave
1 that participants generally showed more task understanding if they were simply
reminded after the practice trials to always click on the ball in the task.
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