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Abstract

The face plays an important role in human interactions, from identifying
others to their to understanding their emotions and mental state.
Particularly, eyes play a significant role in human communication.
Individuals tend to follow the direction of another’s eye gaze, resulting in
faster more accurate processing. Furthermore, gaze cues may influence
functional processing, such as improving memory and influencing
affective judgments of objects. The observed preference for objects that
have been cued by faces, referred to as the liking effect, only occurs
when faces are used to cue objects. This notable difference between a
gaze and a spatial cue opens the potential for this paradigm to
investigate differences between faces of different levels of realism, a topic
that could improve our understanding of face perception deficits in

Autism Spectrum Disorders.

A series of experiments are presented across four chapters. In Chapter 2,
the liking effect is investigated in long-term memory. Initially there were
issues in replicating the cueing bias for visuospatial measures. To
overcome this, the complexity of task was raised, emphasising the
importance of the task in gaze cueing experiments. There was no
explicit liking effect found, although there was a preference for items
that were presented as part of learning trials. Experiments in Chapter 3
replicated the original experiment to investigate whether the effect
occurs in both Schematic and Photographic faces. Initially, experiments
failed to replicate the liking effect. Further experiments were able to
replicate the liking effect with more detailed Schematic stimuli, but only
if the target objects were cued by multiple Photographic faces. Chapter
4 was unable to replicate these findings across individuals with High and
Low levels of autistic traits. The complexity of the design and
limitations with sample size make it difficult to extrapolate the results

beyond the current experiment. Finally, in Chapter 5 an eye-tracking



study is presented to investigate the effect in an ASD and a N'T sample.
It was found that the effect occurred in the NT group, but not in the
ASD group. Insights from the eye tracking results suggest that explicit
time observing each target may explain the effect and differences
between the groups. In Chapter 6, findings are in the context of the
wider literature. Conclusions are drawn about the efficacy of the liking
effect as an index for studying the processing of facial realism in general

and in ASD more specifically.



Chapter 1A:

Literature Review

As a species, humans utilise faces as powerful signals to understand the intentions of
others and to guide their behaviour (Burke & Sulikowski, 2013). Faces are our
primary method of identifying other people, as well as understanding how they are
feeling or what they may be thinking (Leopold & Rhodes, 2010). Previous research
has found that observing the eye gaze of another person will influence how we orient
our own attention (Friesen & Kingstone, 1998). However, there has been less focus
on the influence that such social cues may have on subsequent cognition. This thesis
will build on the current literature by utilising previously established paradigms
that investigate the functional consequences of eye gaze on our affective judgments
and our memory. In addition to developing our understanding of these functional
consequences, the potential for paradigms to improve our current understanding of
atypical face processing that has been observed in Autism Spectrum Disorder (ASD
henceforth)will be investigated through both experimental evidence (Davies, Bishop,
Manstead, & Tantam, 1994; Dawson, Webb, & McPartland, 2005; Jemel, Mottron,
& Dawson, 2006), as well as anecdotal reports (Trevisan, Roberts, Lin, &
Birmingham, 2017).

The first section of this chapter will review the broad literature around face
perception, including classical models, the development of face processing abilities,
and research into the pivotal role of eyes as a feature of the face. The second section
will narrow the focus on the primary research questions of this thesis, specifically
discussing how face perception is disrupted in ASD, as well as discussing potential
theories of why this may occur. The final section will outline the potential for novel
research about how faces are processed, and how they influence attention and social
cognition, as well as proposing new behavioural methods to investigate face

perception in both typical and atypical individuals.
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Face Perception in Neurotypical Individuals

What is Face Perception?

Face perception refers to a range of abilities from simple visual processes such as
detecting the presence of a face, to more complex processes (Bruce & Young, 1986;
Rhodes, Calder, Johnson, & Haxby, 2012; Leopold & Rhodes, 2010; Young & Bruce,
2011). Face processing can broadly be separated into two categories - invariant and
dynamic. Invariant processes typically include identity, gender and age; features
that do not change in the short term. In contrast, dynamic processes are continually
changing and adapting as required by their function - such as facial expressions, lip
movements, and eye movements. Integrating the two categories of facial features
allows us to efficiently build a perceptual representation of a face that will guide our
subsequent behaviour. However, this raises the question: Are faces special?

The unique nature of facial processing can be outlined by several behavioural
effects that demonstrate that faces are processed holistically as opposed to
featurally. That is, faces are processed as a whole based on the configuration of
features within the face; in contrast to featural processing, where objects are
processed using specific features (J. Tanaka & Gordon, 2012). Three effects have
been used to demonstrate holistic processing of faces in contrast to other non-face
objects: the disproportionate inversion effect, the part-whole effect and the
composite effect. The disproportionate inversion paradigm typically presents a
target that can be either a face or a non-face object followed by two probe stimuli,
that are either presented in the typical or inverted orientation. A participant will
then select which probe matches the target. It has been found that individuals
respond to faces that are inverted more slowly than faces that are upright (Susan &
Rhea, 1977; Freire, Lee, & Symons, 2000; Yin, 1969). In contrast, there is little
difference when participants are asked to identify objects, such as shoes (de Gelder,
Frissen, Barton, & Hadjikhani, 2003), animals (Minnebusch, Suchan, & Daum,
2009), houses, and chairs (Boutet & Faubert, 2006).

The inversion effect is an indirect measure of holistic processing. As the
inversion of the face stimuli results in individuals having to utilise a featural
approach rather than the more efficient holistic method, the responses are slower. In
the case of non-face objects, as the object is processed by individual features
whether the stimuli is inverted or not, the inversion does not elicit a significant

delay. Direct measures of holistic versus featural processing manipulate the features
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of the face itself. In the part-whole paradigm, as in the inversion effect paradigm,
participants are shown a target, followed by two probe stimuli and are asked to
identify which probe matches the target (J. Tanaka & Farah, 1995). The probes are
either presented as a whole image or as a single feature or small section of the
target. When the probes consist of only a single feature of the target face, accuracy
drops significantly compared to when the probes consist of whole faces, whereas
little difference is seen between the part or the whole probes when non-face objects
are used as the targets. The composite face effect occurs when two distinct face
identities are combined. That is, when the top half and the bottom half of a face
are aligned, the image begins to take on a distinct identity. However, when the two
halves are misaligned participants are better at distinguishing a difference between
two identities; an effect that is not seen in non-face objects. (Young, Hellawell, &
Hay, 1987).

Visual Preference for Face Shapes in Early Development

Faces appear to be highly attractive during the very early stages of human
development. It has been observed that infants spend more time looking at faces
when viewing scenes (Gliga, Elsabbagh, Andravizou, & Johnson, 2009), and they
will even attend to more attractive faces for longer (Slater et al., 2000, 1998). There
is even evidence that hours old neonates will follow simple face-like shapes but will
not follow inverted versions of the same stimuli (Johnson, 2005; Johnson, Senju, &
Tomalski, 2015; Morton & Johnson, 1991). See Figure 1.1 for an example of the
stimuli used in these experiments. Although there are ongoing debates around how
sophisticated neonates face detection is (Macchi Cassia, Valenza, Simion, & Leo,
2008; Quinn & Slater, 2003; Simion, Macchi Cassia, Turati, & Valenza, 2003), the
fact that a simple face shape will draw the attention of neonates, who have limited
vision and minimal experience, would suggest that there are mechanisms that
accurately guide neonates to attend to face-like stimuli. In fact, this early attraction
may subsequently guide how humans learn about faces (Johnson, Grossmann, &
Kadosh, 2009; Johnson et al., 2015). These mechanisms may be grounded in
fundamental perceptual preferences: there are even preliminary findings that
foetuses will turn to follow dots of light, similar to the stimuli used by Morton and
Morton and Johnson (1991), that is projected through the skin of the mother, but
will not if the shape is inverted (Reid et al., 2017). However, further replication of

these findings is required.
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Figure 1.1: Example of simple stimuli used in neonatal research. It is found that
infants will follow the image that is configured in a similar orientation to a face (left).
However, when the stimuli are inverted (right), infants do not appear to follow the
stimuli to the same extent. This behaviour may suggest an early preference to face
like configurations necessary for the development of face perception abilities. Figure
adapted from Johnson et al. (2015).

Although initial attraction to face shapes could suggest a level of holistic
processing, this does not appear to be the case. Original findings suggested that
infants utilised isolated features when observing faces, and it was only around the
age of 10 that children would switch to more sophisticated holistic methods of face
processing (Carey & Diamond, 1994). Named the encoding switch hypothesis, it has
been challenged by findings of holistic style face processing in infants and children
below the age of 10. For example, it has been found that children between the ages
of 3-5 months develop a sensitivity to faces (Hayden, Bhatt, Reed, Corbly, & Joseph,
2007; Quinn & Slater, 2003). There is also further evidence that 4-year-olds (de
Heering, Houthuys, & Rossion, 2007) and 6-year-olds (Mondloch, Pathman, Maurer,
Le Grand, & de Schonen, 2007) demonstrate adult-like holistic face processing. It
has been proposed that rather than encoding switching as originally proposed,
individuals develop holistic processing through childhood and adolescence until full

maturity (K. Lee, Anzures, Quinn, Pascalis, & Slater, 2012). It has been suggested
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that children do not reach the level of adult performance at holistic face processing
tasks until approximately 15 years old (Mondloch, Le Grand, & Maurer, 2002).

Is Face Processing Domain Specific?

Holistic processing of faces is often used as an argument that face processing is
a domain-specific behaviour, although there is still debate as to what extent this is
the case (Gauthier & Nelson, 2001; McKone & Robbins, 2012). One argument
against domain specificity is that studies of face processing vs object recognition
often present a direct comparison between faces and a single non-face category.
Therefore, it is not sufficient to claim faces are unique, as that assumes that a single
object category represents all non-face objects (Gauthier & Nelson, 2001). Research
utilising paradigms that compare multiple objects and faces in memory-based object
recognition tasks identified two categories of objects that require unique processing
abilities: Faces and cars (McGugin, Richler, Herzmann, Speegle, & Gauthier, 2012;
Van Gulick, McGugin, & Gauthier, 2016). There is evidence to suggest that
expertise predicts the use of holistic processing when recognising cars, relating to the
level of neural activity in the Fusiform Face Area (FFA) in recognition tasks where
the target stimuli are cars (Anderson, Gauthier, Skudlarski, & Gore, 2000; McGugin
et al., 2012). However, contrary evidence found that specific car knowledge does not
mediate object recognition of cars (Richler, Wilmer, & Gauthier, 2017), although
the authors state the difficulty in specifying what classifies as expertise.

Proponents of the theory that face processing is a more domain-general process
suggest that differences between holistic and featural processing in different object
categories are driven by expertise. Evidence by Shakeshaft and Plomin (2015) has
found that although intelligence may influence object recognition tasks, general
visual ability appears to be independent of intelligence. These findings across
multiple object categories, including both cars and faces, would suggest face
processing is a more domain-general ability and holistic processing is evidence of
expertise.

Similarities between the processing of face and car stimuli may suggest that
face processing abilities are domain-general but are driven by a specific preference
for face shapes. It has been found that recognition of faces and cars is highly
heritable, more so than for other objects (Wilmer et al., 2010; Shakeshaft & Plomin,
2015). Although face processing may be heritable, it has also been found that face
recognition increases alongside population density, which would suggest a level of

improvement through exposure (Balas & Saville, 2016). Although it has not been
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studied directly it was proposed by Gauthier (2018) that a similar improvement in
car recognition may occur in those who live around a large number of vehicles (e.g.,
those who live in cities). It has been found that the front of a car may show some
similar patterns with faces, headlights comparable to eyes for example and the more
similar a car’s proportion is to a face, the higher the FFA activation is (Kiihn,
Brick, Miiller, & Gallinat, 2014). If it is the case that a mechanism for rapid face
detection using Low Spatial Frequency (LSF) face shapes drives efficient face
processing, it is possible that, as a result of spatial similarities, car recognition has
hijacked a specific face detection mechanism. Therefore, processing of cars may then
develop through a domain-general style of object recognition that is typically only
observed in faces. If this is the case, such a mechanism could also explain findings
that face-like greebles elicit holistic style processing after a period of training (Chua,
Richler, & Gauthier, 2015). Essentially, if there are specific mechanisms that guide
individuals to attend to face-like shapes, subsequently building active recognition
networks required for holistic processing; is it possible stimuli that match face-like
patterns, such as cars and greebles, may also activate these mechanisms? This
explains why faces consistently require more sophisticated processing styles, whereas
holistic processing of non-face objects is more heterogeneous than faces. The next
section will discuss models of face perception and provide a more detailed
explanation of how an attraction to face shapes may develop and the knock-on

effect on the domain-general mechanism for mature face perception.

Models and Measures of Face Processing

Behavioural Models of Face Perception in Adults

Models of face perception tend to divide elements of face processing into two
categories, dynamic and invariant. The fundamental basis for this division came
from Bruce and Young’s (1986) model of face recognition, which split face
perception into seven separate face modules (see Figure 1.2). The first module is
defined as structural encoding, which accounted for the structure of the face and its
expressive nature. This module then divides down two separate pathways. The first
pathway accounts for invariant aspects of face processing and is made up of three
modules; face recognition units, person identity nodes and name generation. The
second pathway accounts for the dynamic aspects of the face and focuses on

perceived expression and language with three distinct units: expression analysis,
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facial speech analysis and directed visual processing. The Bruce and Young (1986)
model focuses purely on a cognitive interpretation but has been the backbone of
research investigating the neural mechanisms of face perception, influencing the
direction of face perception research 30 years later (Engell, Kim, & McCarthy,
2018). This model was updated in 2011 to discuss research that both supported and
conflicted with the original findings (Young & Bruce, 2011). Specifically, it includes
the addition of gaze perception, stating that current research provides evidence that
gaze perception dissociates from other kinds of transient facial signal and would,

therefore, warrant its specific module.
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Figure 1.2: Original functional model of face recognition from Bruce and Young
(1986). In this model, it is possible to see how the face modules interact with each
other in two distinct pathways after structural encoding has occurred. The invariant
pathway consisted of face recognition units, person identity nodes and name gener-
ation and the dynamic pathway, which consists of expression analysis, facial speech
analysis and direct visual processing.

Measures of Neural Correlates of Face Processing

Investigations into the neural correlates of face perception have found that,
when viewing faces compared to other, non-face stimuli, there is greater activity in
the Occipital Face Area (OFA) and the Fusiform Face Area (Bernstein & Yovel,
2015; Haxby, Hoffman, & Gobbini, 2000). It has also been found that it is possible
to selectively disrupt facial recognition without disrupting object or body

recognition through Transcranial Magnetic Stimulation (TMS) over the right OFA
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(Pitcher, Charles, Devlin, Walsh, & Duchaine, 2009). These two areas are part of
what is often referred to as the Social Brain Network (SBN henceforth). The SBN
consists of distributed networks of brain regions that are associated with a range of
social processing. For example, the Superior Temporal Sulcus (STS) has been
associated with the processing of biological motion, in faces (Campbell, Heywood,
Cowey, Regard, & Landis, 1990), and the rest of the body (Grossman & Blake,
2001). There is even evidence that the STS appears to be active in the perception of
human voices (Belin, Zatorre, Lafallie, Ahad, & Pike, 2000). The SBN also extends
to subcortical regions that have been found to be associated with processing of
emotions (Damasio et al., 2000; Ladouceur, Phillips, & Drevets, 2008; Wager,
Davidson, Hughes, Lindquist, & Ochsner, 2008) - in particular the amygdala
(Banks, Eddy, Angstadt, Nathan, & Luan Phan, 2007; Hare, Tottenham, Davidson,
Glover, & Casey, 2005; Vuilleumier & Pourtois, 2007). The ventral striatum and the
orbitofrontal cortex have been associated with processing facial attractiveness and
other social information (Aharon et al., 2004; Winston, O’Doherty, Kilner, Perrett,
& Dolan, 2007). Furthermore, the medial Prefrontal Cortex (mPFC) has been
associated with the theory of mind judgments (Siegal & Varley, 2002; Stuss, Gallup,
& Alexander, 2001). These are only a few examples of the extent of the research on
the SBN, and as researchers move to more network-based approaches, our
understanding of the SBN will expand (McCormick, van Hoorn, Cohen, & Telzer,
2018).

Neural Models of Face Perception

The most influential neural model of face perception was first described by
Haxby et al. (2000). The model utilises specific neural regions to establish a
distributed neural model of functional face perception (see Figure 1.3). In the
Haxby model, early visual perception of facial features occurs in the OFA before
splitting down the dorsal and the ventral pathway. The dorsal pathway projects to
the STS and correlates with dynamic aspects of face perception such as eye
direction, lip movement and facial expression. Information is then fed forward to
extended systems, such as the Intraparietal Sulcus (IPS), the auditory cortex, and
the amygdala and limbic system. The ventral pathway projects to the FFA and
correlates with invariant identity processes before passing to the anterior temporal
lobe to process biographical information about the individual. The Haxby model
has been the dominant model of neural face processing, utilising the widely accepted

two pathways associated with facial processing. However, it has been suggested that
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the two pathways do not align with the dynamic and invariable behaviours that
were originally proposed (Bernstein & Yovel, 2015; Duchaine & Yovel, 2015). In a
review of current research, they found that while identity was only processed in the
FFA (ventral path), evidence of activity related to expression was found in both the
FFA and STS (ventral and dorsal pathways). Therefore, they suggested that what
had previously been subdivided into dynamic and invariable processes may
represent signatures of form and motion processing. These suggestions align with
findings by Calder and Young (2005) that expression and identity are processed
using common mechanisms. Although there may still be some debate as to what
extent each pathway contributes to each feature of face perception, there is a
consensus that there are two pathways that project from the first perceptual

features processed in the OFA.
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Figure 1.3: Model of a distributed human neural system for face perception from
Haxby et al. (2000). In the Haxby model, it is possible to see, as in the Bruce and
Young (1986) model, that the visual analysis is separated down two distinct pathways
- Dynamic and Invariant. However, the Haxby model builds on the Bruce and Young
model by providing the associated neural pathways that correlate with each stage of
visual processing.

Measures of Temporal Dynamics in Face Processing

When viewing faces, we see patterns of neural activity that appear to be unique

to faces emerging very early in processing. Electroencephalography (EEG) measures



Chapter 1A: Literature Review 11

electrical activity in the brain through electrodes placed on the scalp. Although it is
limited in its spatial resolution, it can collect data on the millisecond timescale
(Luck, 2014), allowing researchers to investigate beyond observed behaviour by
measuring EEG responses during or after the desired behaviour. One method used
for measuring brain waves is Event-Related Potentials (ERP); a measured brain
response that is the direct response to the onset of a stimulus (Luck, 2014). The
N170, characterised by a negative peak at 170 ms after the onset of the stimuli,
shows face-selective properties, demonstrated by a greater response to face stimuli
over the occipitotemporal electrodes compared to other non-face stimuli (Bentin,
Truett, Puce, Perez, & McCarthy, 1996; Rossion et al., 2003). Before the N170, the
P1 (a positive peak 100 ms after stimulus onset) is also larger when viewing faces,
although this may be influenced by participants’ attention and task load (Hileman,
Henderson, Mundy, Newell, & Jaime, 2011). These findings were corroborated using
intracerebral EEG recordings, where electrodes are implanted directly onto the
cortex at sites of interest. Barbeau et al. (2008) found similar patterns of
neurological response that would correspond to the P1 — N170 in the fusiform gyrus,
as well as the inferior frontal gyrus. They also found subsequent activity in the
parahippocampal gyrus and hippocampus (240-480 ms) regions that are associated
with distinguishing identity.

In addition to EEG, the use of eye-tracking can provide evidence of the
temporal dynamics of facial processing. It has been found that 85% of people will
attend to the eyes as their first fixation when shown a face for only 1 second,
dropping to 75% for longer image presentations (Iskra & Gabrijeléic Tome, 2017).
They also found that in longer time frames of 4 seconds, 95% of participants would
return their attention to the eyes after making secondary fixations. Furthermore,
Chuk, Chan, and Hsiao (2014), found that first fixations would tend towards the
centre of the face before shifting fixations towards an individual eye (predominantly
the left eye, although there were individual differences) in subsequent fixations.
Chuk and colleagues also deduced that individuals who focused towards the central
eye regions and spent less time investigating other regions of the face were more
likely to use holistic style processing than those who shifted their attention to
multiple features of the face. Temporally sensitive techniques, such as eye-tracking,

will be discussed in more detail in Chapter 5.
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Development of Face Processing Abilities

Two Process Theory of Face Recognition

Attention to face shapes has been demonstrated in infants that are hours old
using gaze following experiments. Morton and Johnson (1991) suggested a
two-process theory of infant face recognition. The first process, CONSPEC, guides
the innate preference for a face like configuration. In their experiments, they found
that infants displayed preferential looking towards Low Spatial Frequency (LSF)
shapes that replicated facial structures, but not if the shapes were inverted.
Johnson’s concept of CONSPEC established the ability for LSF face shapes to draw
newborns’ attention. One proposal was that the LSF of basic face structures makes
them the most visually salient stimulus in neonates’ limited visual field. This
explanation was countered through experiments that found upright configuration
was still the prominent influence on newborn’s preference towards faces, even when
the saliency was controlled (Morton & Johnson, 1991; Morton, Johnson, & Maurer,
1990). Subsequently, it was thought that there might be a more domain-general bias
towards stimuli that were top-heavy as this may appeal to neonates limited visual
capacity, but this does not appear to be the case (Chien, 2011). There have also
been suggestions of evidence for more complex innate face processing behaviours
(Quinn & Slater, 2003), for example, a preference for eyes within a face (Batki,
Baron-Cohen, Wheelwright, Connellan, & Ahluwalia, 2000), and a preference for
attractive faces (Slater et al., 2000, 1998). However, a high-level explanation is
implausible, due to immaturity of the visual cortex at birth, but also because these
behaviours can all be explained through LSF face configurations (Johnson, 2005).
While CONSPEC describes early behaviours associated with following face shapes,
the second process, CONLEARN, develops around two months (Morton & Johnson,
1991). CONLEARN describes the development of more advanced behaviours that
come about through engagement with faces as a result of CONSPEC. Johnson and
colleagues (1991) originally proposed that as cortical regions develop, CONSPEC
processes are no longer needed and are replaced by CONLEARN. However,
subsequent revisions have proposed that this may not totally be the case (Johnson,
2005), as will be discussed in more detail later in this chapter. The CONSPEC and
CONLEARN approach does not inherently provide support for either an innate or
an expertise-driven hypothesis. Although the rapid development of CONSPEC
behaviours would suggest a level of innate process, the way that CONSPEC gives
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way to CONLEARN behaviours would be more indicative of an expertise-based
model. In later modifications Johnson et al. (2015) suggest that CONLEARN
cannot purely be a result of learnt experience due to the consistency of the specific
networks between individuals, as well as developmental evidence of specific

face-selective neural activity Johnson et al. (2015).

Subcortical Pathways and the Interactive Specialisation Account of Face

Perception

Morton and Johnson (1991) proposed that infants move away from CONSPEC
processes as they develop CONLEARN abilities. However, Johnson (2005)
presented evidence of subcortical neural activity in response to LSF face shapes. It
was found that activity in the superior colliculus, the pulvinar and the amygdala
correlated with LSF face stimuli, which subsequently mediating later activity in the
extrastriate area (Morris et al., 1998). These sub-cortical pathways have been found
to activate in response to LSF rapidly face stimuli (Senju & Johnson, 2009a),
suggesting that CONSPEC abilities do not disappear during development and
remain as an early face detection process that also modulates later CONLEARN
processes. Further evidence of the independence of the subcortical network comes
from the activity and perceptual abilities in those with disrupted face perception,
namely, activity in the presence of faces in individuals with blindsight and
prosopagnosia (de Gelder et al., 2003; Morris, 2002).

Johnson proposed that the development of face processing can be explained in
terms of the interactive specialisation hypothesis (Johnson et al., 2009, 2015;
Johnson, 2000). Interactive specialisation proposes that there is an underlying
architecture in the brain that develops prenatally. Then, through exposure and
experience with external stimuli, individuals build and develop neural pathways for
behaviour through a series of multidirectional, back-propagated interactions between
genetics, brain and environment (Johnson, 2000). This approach has gained
increasing attention due to advances in neuroimaging studies that conform with the
interactive specialisation hypothesis (Amso & Casey, 2006; Johnson et al., 2009).
The interactive specialisation hypothesis can explain why different individuals show
similar networks and developmental trajectories, but also considerable heterogeneity
as a result of the level of exposure received to the required stimuli (Johnson et al.,
2009). Johnson used face perception as an example to demonstrate how subcortical
activity resulting in attraction to LSF face shapes also results in more considerable

experience with faces. The exposure to faces results in the development of a level of
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expertise, which would manifest as holistic processing (Johnson, 2000; Johnson et
al., 2015) — possibly explaining the similarities between object recognition of cars
and faces discussed earlier. If the LSF shape of a front-facing car matches that of a
face, subcortical pathways may modulate further domain-general networks that
allow for sufficient specialisation for processing cars through greater exposure.
Therefore, a level of expertise for categorising cars may occur even among

individuals who would not be considered car experts.

Pivotal Role of Eyes as a Feature of Face Perception

From birth, we find that individuals typically focus on eyes more than any
other facial feature (Dalton et al., 2005; Hernandez et al., 2009). Eye contact is also
perceived differently depending on context. Avoiding eye contact could be perceived
as disrespectful, and prolonged eye contact could be perceived as aggressive, or
romantic, depending on who the other person is and what facial expression they are
displaying. These examples outline the intricate nature of perceived eye contact,
but what is it about the eyes that are so special, and how are eyes processed
differently from other facial features?

To understand how eyes are special, we need to understand what it is about eye
contact that captures our attention. Multiple studies show clear attentional
advantages that result from processing direct eye contact more efficiently, i.e., our
ability to detect faces with direct eye gaze faster compared to faces with averted eye
gaze (Senju, Kikuchi, Hasegawa, Tojo, & Osanai, 2008; Senju, Hasegawa, & Tojo,
2005). It is not just rapid detection that demonstrates how important eyes are for
face perception; we use a combination of facial features to understand emotional
expressions. However, people perform better at extrapolating emotional information
from the eyes than they are from other features (Baron-Cohen, Wheelwright, Hill,
Raste, & Plumb, 2001). For example, prolonged direct eye contact can be
interpreted as aggressive (Adams & Kleck, 2005; Adams, Gordon, Baird, Ambady,
& Kleck, 2003). Direct eye contact, coupled with an angry expression will result in
spikes in amygdala activity, but when a fear expression is shown, spikes in amygdala
activity are correlated with averted eye gaze (Adams & Kleck, 2005). Repeated
direct eye contact combined with smiling can indicate attraction (Walsh & Hewitt,
2011). It has also been found that individuals making direct eye contact are rated
as more attractive (Ewing, Rhodes, & Pellicano, 2010). Finally, direct eye gaze can

subtly change an individual’s behaviour, such as increasing levels of imitation
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between a participant and a model (Wang, Newport, & Hamilton, 2010). Referred
to as the eye contact effect, these behaviours provide examples for the impact eye
contact can have on social interactions. In the next section, different theories of the

mechanisms behind the eye contact effect are discussed.
Theories of the Eye Contact Effect

It is clear that eyes are a particularly important stimulus, but why? What is it
about eyes that draw our attention and what mechanisms give them their unique
properties? The first theory is the affective arousal model. This model proposes that
eye contact directly elicits the brains arousal system or elicits a strong emotional
response, which in turn leads to enhanced perceptual and cognitive processing of
faces (Hood, Macrae, Cole-Davies, & Dias, 2003; Kawashima et al., 1999). This
model conforms with the findings that emotional responses trigger visceral
autonomic responses (Pfaff, Ribeiro, Matthews, & Kow, 2008), which are consistent
with physiological responses when viewing faces (Nichols & Champness, 1971).
There are also suggestions that this model can account for differences between
responses as a result of other face processes, such as expression and attractiveness
(Vuilleumier & Pourtois, 2007; Winston et al., 2007). However, there are limitations
in the generalised nature of this account. If the eye contact effect were the result of a
general arousal mechanism, the activation would be more widespread than the areas
associated with the SBN that are activated by faces in previous studies (Freiwald,
Duchaine, & Yovel, 2016). Also, it has been found that the psychophysiological
differences are incongruent with the emotional arousal measures. For example,
measures of pupil dilation do not account for the raised activity in the medial
prefrontal cortex (Kampe, Knut; Frith, Chris; Frith, 2003). Therefore, it appears
unlikely that the affective arousal model can fully explain the eye contact effect.

An alternative suggestion is that eye contact may directly activate theory of
mind processes that will prepare the individual for communication (Conty, N'Diaye,
Tijus, & George, 2007; Pelphrey, Viola, & McCarthy, 2004), coined the
communicative intention detector model. It has been found that many areas of the
brain that are responsible for theory of mind calculations also overlap substantially
with the areas of the social brain network which are activated through direct eye
contact (Schultz et al., 2003; Conty et al., 2007; Pelphrey et al., 2004). This model
offers a good account of the eye contact effect, but the two networks do not entirely
overlap. That is, only parts of the theory of mind networks are activated during

perceived eye contact. It is also notable that the varying levels of activation as a
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result of task demands and context contradict the suggestion that the eye contact
effect is solely a result of the theory of mind activity (Senju & Johnson, 2009b).

An alternative model of the eye contact effect that provides a more
comprehensive explanation has been proposed by Senju and Johnson (2009a). The
fast-track modulator model proposes that the eye contact effect is mediated by the
sub-cortical face detection pathway. The subcortical pathway is activated by LSF
visual information that is best represented by faces. This route is fast compared to
cortical activity, as shown by MEG data, from the pulvinar, amygdala and superior
colliculus (Bailey, Braeutigam, Jousméki, & Swithenby, 2005; Winston, Vuilleumier,
& Dolan, 2003). Intra-cranial ERPs have also been used to show that there is
subcortical activation that precedes cortical activation typically associated with the
structural encoding of faces (Krolak-Salmon, Hénaff, Vighetto, Bertrand, &
Mauguiere, 2004). This activity is also correlated with greater activity in the
fusiform gyrus (George, Driver, & Dolan, 2001; Kleinhans et al., 2008). There is
also further activation in the medial prefrontal cortex and the orbitofrontal cortex
that modulates the activation of the social brain networks areas that may account
for activity proposed in the ToM model, instigating communication intent to allow
for efficient interactions (Conty et al., 2007). The fast track activation model can
account for the fast detection of eyes as well as early modulation of the SBN. These
mechanisms also account for the findings in the theory of mind based communicative
intention model. In doing so the fast track modulator model can account for many
of the behaviours associated with eye gaze (Senju & Johnson, 2009b).

The subcortical fast track modulator model may also provide an adequate
explanation of the characteristic infant behaviours associated with CONSPEC
(Johnson, 2005), because subcortical structures are often associated with very early
behavioural responses due to the relatively mature prenatal development
(Sokolowski & Corbin, 2012). Therefore, it would make sense that rapid detection of
LSF face shapes would appear very early in development. The fast track modulator
model also fits with the proposed interactive specialisation theory (Johnson et al.,
2009, 2015). That is, the fast track module uses LSF eye shapes to encourage
interaction with faces (CONSPEC) from an early age. Early interactions with faces
result in the development of connections within the specialised network that
manifest in CONLEARN behaviours.



Chapter 1A: Literature Review 17

Perception of Averted Eye Gaze

As well as direct eye gaze, we utilise averted eye gaze to help ease interactions
with others. One experimental paradigm that is often used to investigate how
visuospatial cues will result in attentional shifts in observers is the Posner cueing
paradigm (Posner, 1980). These paradigms as a whole utilise an attentional cue to
shift the attention of an observer to a target and can be easily manipulated to test
different styles of attentional cues, including perceived eye movements (Mari,
Bennett, Scarpa, Brighetti, & Castiello, 1997; Morton & Johnson, 1991).
Measurement of accuracy and reaction times demonstrate that the visuospatial
attention of the participant has been shifted towards the cued location. That is,
participants will show a positive bias of faster and more accurate responses towards
congruently cued targets if the cue is shifting their attention.

When using cueing paradigms to measure attention, two types of cues are used;
centrally presented endogenous cues and peripherally presented exogenous cues.
These two types of cues shift attention in different ways. While exogenous cues cue
attention in a reflexive bottom-up style, endogenous cues are more interpretive and
top-down (Friesen & Kingstone, 1998; Friesen, Ristic, & Kingstone, 2004;
Kingstone, Tipper, Ristic, & Ngan, 2004). As a result of this distinction, there are
observable differences between how people suppress their responses to attentional
cues. Typically, it is seen that the exogenous cues cannot be suppressed as these are
a bottom-up, reflexive reaction to a peripheral stimulus. In contrast, endogenous
cues, which are top-down reactions to a learnt stimulus, can typically be suppressed
to some extent (Berger, Henik, & Rafal, 2005). In the context of faces, eye-gaze cues
result in a typical cueing effect when an averted gaze from a face is used to cue a
participant to an upcoming target location. Participants respond faster and more
accurately when the gaze is directed congruently towards the target location (Bayliss
& Tipper, 2005; Bayliss, Pellegrino, & Tipper, 2005; Friesen & Kingstone, 1998).

Adult humans are so efficient at detecting changes in the variation of eye gaze
that a deviation of as little as 2.8°will be perceived as deviated gaze (Pick &
Gibson, 1963). Human infants have been found to detect a deviated gaze at around
5°(Symons, Hains, & Muir, 1998). However, the age at which our ability to follow
gaze indeed develops to be adult-like is not so easy to pin down. It has been
suggested that children’s ability to genuinely determine eye contact and gaze
direction may not develop until the age of three (Doherty & Anderson, 2000).

However, there are also examples of children younger than one year, and even as



Chapter 1A: Literature Review 18

young as three months old, being able to follow the eye gaze of another person
(Hood, Douglas Willen, & Driver, 1998; Scaife & Bruner, 1975). Of note, it has
been suggested that infants’ abilities are more straightforward than those of older
individuals and rely on movement effects, more than processing the direction of the
eye gaze. For example, Farroni, Massaccesi, Pividori, and Johnson (2004) found
that neonates must observe the eye movements and a static image was not enough
to establish gaze following. Further evidence found that in 9-month olds, those that
had developed gaze following would also respond to static images, but those who
did not display gaze following would not. Furthermore, 4-5-month-old infants would
follow the direction in which a face moved, even if the eyes were directing the
opposite way, whereas an adult would attend towards the direction of the eye gaze
regardless of head direction (Bayliss & Tipper, 2005; Farroni, Johnson, Brockbank,
& Simion, 2000). Therefore, more-adult-like abilities appear to emerge around the
age of 12-18 months. Although infants’ abilities are more simplistic than joint
attention abilities in older children, they have been found to predict other
behavioural abilities such as noun acquisition (Morales et al., 2000; Tomasello &
Farrar, 1986), as well as the theory of mind abilities (Charman et al., 2000).

Functional Consequences of Eye Gaze Processing

Beyond the ability to cue visuospatial attention, eye gaze can also influence
other aspects of human cognition. Combinations of eye gaze direction and facial
expression will evoke different threat responses, demonstrated by amygdala activity.
Spikes in amygdala activity are associated with a fearful face when the gaze is
averted rather than direct. Conversely, when a face is displaying angry expression,
spikes in amygdala activity are observed when making direct eye contact (Adams &
Kleck, 2005). Humans will also use the eye gaze of others to make judgments about
the individual. In experiments where faces would either congruently or
incongruently gaze towards a target object, faces that consistently gazed away from
the target were rated as less trustworthy, even if the participant is unaware that
they were consistently averting their gaze (Bayliss & Tipper, 2006). Furthermore, it
has been found that observed gaze cues can impact our interactions with our
environment. For example, an object congruently cued by a face will be rated
preferable compared to an object that was incongruently cued. However, if an arrow
is used to cue attention, this effect is not seen (Bayliss, Paul, Cannon, & Tipper,
2006). These findings expand the effect of eye gaze away from the individual,

demonstrating the power that a gaze shift may have on another person’s cognition.
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Neural Correlates of Eye Gaze Perception

A broad review of the networks responsible for the processing of eye gaze was
recently conducted by (Carlin & Calder, 2013). They found three areas that showed
specific activations to eye gaze: the anterior superior temporal sulcus (aSTS); the
lateral parietal cortex and the medial prefrontal cortex (mPFC). They proposed
that each area accounted for a different component of behaviour when processing
averted eye gaze. The aSTS was involved in the perception of the gaze direction and
appeared to distinguish averted gaze in line with various head directions Carlin and
Calder (2013). The lateral parietal cortex appears to deal with attentional
orienting, as activity in this areas has been observed in both gaze and non-gaze
cueing experiments (Materna, Dicke, & Thier, 2008; Shepherd, Klein, Deaner, &
Platt, 2009). It has also been proposed that the mPFC is active when engaging in
joint attention (Schilbach et al., 2010). These findings would correspond with the
proposed functions of direct eye contact. That is, in the Johnson et al. (2015) model
of the fast track module, the mPFC is suggested to modulate communicative intent,
which would also be a vital modulation when dealing with averted eye gaze as a
form of communication. Both direct and averted eye gaze have incredible social
importance and are crucial for smooth social interactions, but what would the

impact be if there was interference with the face and gaze processing?

Summary

The current section has provided a broad overview of the current literature on
face perception. Although there is still debate as to what extent face processing is
either domain-specific or domain-general, the interactive specialisation account
provides a good domain-general account, that can also explain the aspects of face
perception that appear innate and more domain-specific in nature. Building on this
debate, both historic and more recent models of face perception were discussed.
Comparisons between the cognitive and neural models have identified two distinct
pathways for face processing ability, with the most recent evidence suggesting that
these pathways process form and motion independently. Furthermore, the
two-process theory of face recognition is discussed to gain some insight into how
face perception develops in infancy. The implications of recent additions of
subcortical pathways may explain why infants are drawn to face-like shapes, as well

as the potential for how interactive specialisation may account for the development
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of practical face processing abilities. Finally, the critical role that eyes play in face
processing is discussed with a focus on how the observed eye gaze of another person
can influence the attention and cognitive processing of observers. Now that we have
established the typical methods of how face processing is investigated as well as
current theories about the development of face processing and gaze processing, the
subsequent section will discuss literature more relevant to the main research
questions of the thesis. Namely, to what extent is face perception atypical in those
with ASD and to what extent can any atypicality be explained by the visual

properties and realism of the face.
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Chapter 1B:
Background to the Thesis

This section will discuss the current literature focused on the primary research
aims of this thesis. The previous section has provided a broad overview of the
literature of face perception and eye gaze perception. However, this has focused
primarily on face perception in Neurotypical populations (NT henceforth). In this
section, the evidence for atypical face perception in ASD will be considered and
potential explanations discussed. Furthermore, this section will outline the evidence
that autistic people do not suffer from similar atypicalities when processing faces
with less realistic features. Finally, three research questions will be established that
aim to investigate the potential for gaze cueing paradigms to disentangle the

relationship between facial detail and face processing in ASD.
Disruption of Face and Gaze Perception in ASD

Autism spectrum disorder is a neurodevelopment disorder, based on the
diagnostic criteria of the DSM V (American Psychiatric Association, 2013). ASD is
diagnosed across two symptom pathways: Problems with social communication and
social interactions; and restrictive and repetitive behaviours (American Psychiatric
Association, 2013). Therefore, with their inherent social nature, faces can be an
ambiguous stimulus for autistic individuals. One finding among autistic children is
that they are less able to process faces in a holistic style at a comparable level with
their peers (R. P. Hobson, Ouston, & Lee, 1988), although they may develop the
ability later in adulthood (Nishimura, Rutherford, & Maurer, 2008). These deficits
may impact how efficiently faces are processed in ASD (Behrmann, Thomas, &
Humphreys, 2006), as well as emotion recognition (Baron-Cohen, Wheelwright, Hill,
et al., 2001), which may have significant impacts on an individual’s ability to
interact with others. One commonly reported feature of face perception in autism is
that individuals appear to have difficulty with making eye contact. While
neurotypical individuals predominantly focus towards the eyes when viewing faces,
autistic people spend less time looking at the eyes compared to other features and

tend to spend more time looking at the mouth (Bayliss & Tipper, 2005; Jones &



Chapter 1B: Background to the Thesis 22

Klin, 2013; Kliemann, Dziobek, Hatri, Baudewig, & Heekeren, 2012). It has been
found that there are correlations between the amount of time an infant spends
attending to the eyes and their broader developmental trajectory. For example, the
amount of time an infant spends looking at eyes will predict the ability to join
attention with others (Morales et al., 2000; Tomasello & Farrar, 1986), which in
turn may impact on their development of the theory of mind in children with ASD
(Charman et al., 2000).

There is still some debate about why there may be a notable deficit in how
autistic people engage with faces, in particular, why there appears to be a reduced
amount of time spent attending to the face and eyes of others; leading to two broad
approaches that attempt to explain why there is a perceived deficit. In the first
approach, it is suggested that the reason people attend faces and eyes is that they
portray a large amount of social information and, as autistic individuals have
deficits in social processing, faces and eyes are less attractive as stimuli in ASD
(Moriuchi, Klin, & Jones, 2017). An alternative approach suggests that atypical
processing of the face and eyes results in a specific pattern of avoidance, which is
supported by anecdotal evidence from autistic people who report significant
discomfort making direct eye contact (Trevisan et al., 2017). Furthermore, spikes in
amygdala activity occurred in autistic individuals when they were presented with
eyes level with a fixation cross, therefore focusing them directly on the eyes
(Kliemann et al., 2012). Also, using the same paradigm, it was demonstrated using
eye-tracking experiments that autistic participants would reflexively shift their gaze
away from the eyes and towards the mouth (Dalton et al., 2005; Kliemann, Dziobek,
Hatri, Steimke, & Heekeren, 2010). Together this would suggest a pattern of eye
gaze avoidance. The proposal that faces, and in particular eyes, result in negative,
avoidant behaviour in autistic people may also be consistent with the subcortical
processing of eyes as proposed by (Senju & Johnson, 2009b). For example, if the
efficient subcortical detection of eyes results in a negative processing response in
ASD, as suggested by the spikes in amygdala activity demonstrated by Kliemann et
al. (2012), it may develop into a learnt avoidance in some autistic individuals.
Furthermore, based on the interactive specialisation account of face perception,
avoidance of face and eye contact may have a knock-on effect in the development of

active face processing networks.
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Differences in Atypical Behaviour Across Photographic and Schematic

Faces

Interestingly, there is evidence that autistic people do not show the same issues
with the processing of less realistic faces. For example, the same style of holistic
processing as neurotypical individuals has been observed in ASD when viewing
cartoon faces, reverting to featural processes when looking at a photographic
representation of a face (Rosset et al., 2008). There is also case study evidence using
fMRI that found that an autistic child showed typical levels of activity in the
fusiform gyrus and the amygdala when viewing animated faces of characters, with
which they were familiar. However, again activity in these areas was reduced when
viewing photographic faces (Grelotti et al., 2005), possibly explaining the relative
success of interventions that use animated faces (Golan et al., 2010; Yan, Liu, Ye, &
Liu, 2018), and why autistic people tend to choose animated videos over videos of
faces (Dubey, Ropar, & Antonia, 2017).

Differential processing of faces with differing levels of realism has also been
demonstrated in non-autism focused research, namely, the Uncanny Valley effect
(Mori, MacDorman, & Kageki, 2012). First outlined by Mori, originally from the
field of robotics, the uncanny valley effect outlines the uncomfortable sensation
individuals have with robots that are perceived to be too realistic. Thus as an entity
appears increasingly human, it becomes more endearing to an observer, but as it
becomes increasingly realistic, there is a point where it appears too realistic,
resulting in the uncanny sensation, which passes when the entity is a realistic
representation of a human face. To date, there is minimal research into how autistic
individuals interact with faces that fall within the uncanny valley. One study with
children between 5 and 7 found that autistic children did not appear to show any
uncanny valley effects, whereas children in a typically developing control group did
(Feng et al., 2018). One explanation that has been used to explain the 'uncanny’
feeling is the result of a disconnection between the perceptual information provided
by a face (Katsyri, Forger, Méakariinen, & Takala, 2015). That is, the uncanny
valley effect in static faces is most extensive when there is a perceptual disconnect
between the detail of some features and the stimuli as a whole (e.g., human eyes on
an artificial face or atypical features; Kétsyri et al., 2015).

Although there is no evidence that the uncanny valley effect and autistic face
perception are causally related, it may provide some insight into why autistic

individuals do not show face processing deficits when viewing animated faces, which
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in turn may help to disentangle why face perception can be impaired in ASD. For
example, in the perceptual mismatch hypothesis, conflicting visual information leads
to a conflict between the bottom-up processes of interpreting the visual features and
the top-down processes that indicate that it is not a human face. If it is the case
that an alternative perceptual conflict occurs when viewing a human face in ASD, it
may explain why gaze avoidance may occur. Thus it is crucial to understand how
visual information is utilised during face processing in both NT and ASD

populations to understand whether any perceptual conflict occurs.

Differences in Processing High and Low Spatial Frequency Face Informa-

tion

Faces provide much information about another person, and as such, they also
provide detailed visual information that needs to be processed. In spatial frequency
theory, early visual information from an object is split into essential components
based on their spatial frequency characteristics (De Valois & De Valois, 1988).
These different components are then primarily separated down separate pathways,
with LSF primarily conveyed by magnocellular cells and High Spatial Frequencies
(HSF) primarily conveyed by parvocellular cells (Hubel & Livingstone, 1988; De
Valois, Albrecht, & Thorell, 1982). This time course difference has been
demonstrated in simple behaviour paradigms through longer response times to the
perception of HSF than LSF when presented alone (Mihaylova, Stomonyakov, &
Vassilev, 1999). Furthermore, EEG studies demonstrate early visual evoked
potentials, such as the P1, have shorter latencies and greater amplitudes when
viewing LSF compared to HSF stimuli (Proverbio, Zani, & Avella, 1996). As faces
are such a complex stimulus, they present a wide range of information across the
whole band of spatial frequency, with LSF information conveying holistic
information about the face and HSF conveying fine details suitable for featural
processing (Goffaux & Rossion, 2006). Recent evidence supports the coarse-to-fine
hypothesis of processing, where processing is led by fast LSF information followed
by progressive processing of mid to high spatial frequencies over time (Jeantet et al.,
2019; Goffaux et al., 2011). Such evidence demonstrates that in processing tasks of
LSF filtered faces degraded as the stimuli were presented for longer durations.
However, performance increased for longer durations when HSF filtered images were
used. The coarse style of processing is not seen in simple visual processing and has
been proposed to only occur in more specific visual processes that involve

categorisation of stimuli (Goffaux et al., 2011). Using faces as an example, this
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allows for effective detection and initial processing of the face, which subsequently
informs slower HSF processing of finer detailed features required for accurate
high-level face processing abilities such as identity or emotion recognition.

Although perception relies on a range of spatial frequency between the HSF
and LSF bands, it has been found that in ASD, there is a preference for HSF
processing (Kéita, Guy, Berthiaume, Mottron, & Bertone, 2014; Deruelle, Rondan,
Gepner, & Tardif, 2004). Preferential processing of HSF visual information has been
observed in both non-face (Deruelle et al., 2004), and face stimuli (Kéita et al.,
2014; Yamasaki et al., 2017). A preference towards HSF over LSF processing may
explain why autistic individuals maintain featural methods of face perception later
in development compared to holistic processing seen in typically developing children
(Deruelle et al., 2004). However, this does not explain the gaze avoidant behaviour,
or why ASD children do not demonstrate such differences in processing cartoon
faces.

These un-answered questions present an opportunity to build on our
understanding of atypical face perception in ASD and the subsequent social deficits
that may result. One possible explanation is that autistic individuals may
experience difficulties when integrating the extreme high and low spatial frequencies
that are associated with faces, or in particular the eyes. One possibility is that this
complex integration of spatial frequencies may be akin to other over stimulatory
issues that those with ASD experience. A commonly reported symptom of ASD is
sensory overstimulation across multiple modalities (Haigh, 2018). Furthermore, face
processing of human faces has been found to rapidly trigger activity across the wider
SBN (Freiwald et al., 2016; Johnson, 2005). Overstimulation through both the
integration of extreme spatial frequency information and the rapid activity of the
SBN may account for a learnt avoidance of the faces of others. However, cartoon
faces may not be as overstimulating for autistic individuals due to their reduced
visual detail or their reduced social nature of them as a stimulus. If it is the case
that avoidance of face stimuli is a learnt response and a result of overstimulation, it
may be possible to reduce overstimulation through exposure, as has been attempted
with other modalities (Gee, Thompson, & St John, 2014). Reducing avoidance
behaviours may increase interactions with faces, allowing for the full development of

the face processing networks required for efficient face processing.
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A Potential Paradigm for Investigating Facial Realism

Throughout this chapter, evidence has been outlined that investigates how
humans process faces, from early face recognition abilities to more advanced
abilities such as how we use the direction of eye gaze to gain social information from
others. These findings outline the vital role that eyes within the face play for both
detection, as well as modulation of other face processing behaviours such as joint
attention and emotion recognition. Furthermore, theories have been proposed about
how attraction to eyes early in the developmental timeline will increase engagement
with faces and the impact of the resulting development of mature face perception.
In the context of an interactive specialisation account disruption of the implicit
attraction to faces may impede social development, as may be the case in ASD.
Early research has been introduced that suggests that autistic participants are less
likely to present atypical face processing behaviours compared to NT individuals
when viewing animated faces. Therefore, to build on this research, it is proposed
that new paradigms should be explored that could be used to provide a
comprehensive understanding of face processing abilities across a variety of visual
realism. Face processing tasks could be developed that not only investigate the
visual processing but expand into how eye gaze processing may alter participants’
attention and subsequent changes in cognition. Utilising paradigms that can
investigate the visual preferences as well as functional consequences as a result of
social eye gaze, it will be possible to break down to what extent less realistic faces
are processed in comparison to realistic representations of faces.

It has been found that faces of all levels of realism will elicit face processing
behaviours and will even elicit second-order behavioural cues such as a gaze cueing
bias for visuospatial attention (Friesen & Kingstone, 1998). Therefore, to
understand more intricate differences between faces of different levels of realism, it
is essential to move to paradigms that expand on the social consequences of eye gaze
beyond visuospatial effects - for example, the liking effect. In a seminal study by
Bayliss et al. (2006), it was found that individuals followed the eye gaze of a face to
a target object. If the object was cued by eye gaze, they tended to rate the object
higher than objects that had been incongruently cued. Although the difference
between ratings was small, it was consistent across participants. However, when the
same experiment was conducted with arrow cues instead of faces the effect was not
found, demonstrating that it was not congruently cued attention alone that would

result in the liking effect (See Figure 1.1 for a comparison between Face and Arrow
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results). Bayliss and colleagues suggested that the liking effect was an efficient form
of objective evaluation. That is, if individuals attend to an object, they likely have a
preference for that item and it would be an efficient form of processing to develop a
preference for the gazed-towards object. To establish this, Bayliss, Frischen, Fenske,
and Tipper (2007) manipulated the facial expressions of the faces used as cues and
found that a positive facial expression boosted the effect, consistent with their
proposed suggestion. However, there has been no research that investigates this
effect in faces that are not photographic representations of human faces. As this
effect has been demonstrated only to work in faces, it could be possible to separate
the effects of the attentional cue into visuospatial measures (such as reaction time
and accuracy) and functional consequences in the form of gaze cueing bias for

object preferences.
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Figure 1.1: In this original figure from Bayliss et al. (2006) the differences between
participants’ rating of Congruent and Incongruent objects are displayed. These results
demonstrate a consistent positive difference among participants in experiment 1 where
a gaze cue is used. In experiment 2 when an arrow is used as a cue there is not the
same level of consistency.

There are several possible outcomes for this effect using facial cues that will
need to be considered. Firstly, is it possible that any face shape that cues attention
may elicit the effect? As we have seen, it only takes fundamental visual
representations of faces to trigger some face processing abilities. Therefore, it may
be possible that a simple schematic face may be enough to elicit the effect.
Alternatively, if the effect requires more extensive activation across the SBN, it may
be possible that only detailed faces, presenting across a broad spatial frequency

spectrum, will elicit adequate processing for the effect to occur; and as such the
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effect may not be seen in low realism schematic faces. If it is the case that the effect
requires detailed facial features, it could open up this paradigm as a method to
distinguish how we process facial realism. However, if the first possibility is correct
and the effect occurs across both high and low detail faces, it may limit the value of
using the paradigm to measure the effect in future.

Another consideration of the mechanisms involved in the liking effect is the
requirement of memory for gaze cue associations that are necessary for the effect to
occur. It has been suggested that preference as a result of gaze cueing bias is reliant
on the recalled association between the eye gaze and the object (Bry, Treinen,
Corneille, & Yzerbyt, 2011). It has been found that attention from eye gaze
facilitates memory (Turk-Browne, Golomb, & Chun, 2013). One possibility that
should also be considered is the fact that eye gaze may facilitate attention in a way
that other spatial cues do not. If it is the impact of memory on attention that
results in changes in affective judgments, it would be necessary to draw out that
possibility. That is, to what extent is the liking effect related to attention driven
memory? Moreover, if memory does play a role in the liking effect, to what extent

does facial realism impact memory?

Specific Research Questions and Thesis Structure

The aim of this thesis is to investigate behavioural methods designed to
understand face processing across a spectrum of facial realism by utilising the liking
effect paradigm to separate the functional consequences of eye gaze from
visuospatial consequences. Data will also be collected for this effect in the context of
multiple memory modalities to understand the potential for memory to impact
preferential judgments of items. The goal will be to establish whether the liking
effect is a suitable and effective paradigm for distinguishing the effects of facial
realism on face processing. Furthermore, data will be collected across the autistic
spectrum, both through measures of the broader autism phenotype and directly
from autistic participants, to understand how ASD may interact with this effect, as
well as how different levels of realism impact face processing across the autistic

spectrum. This broad aim has led to the development of three research questions:

1. To what extent can the liking effect be used to measure differences in how we

process faces of different levels of realism?
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2. Will autistic individuals utilise eye gaze in the same manner as neurotypical
participants regarding the functional consequences of eye gaze, as measured by
the liking effect?

3. Can this paradigm be used to distinguish differences in face processing in a

spectrum of facial realism between ASD and N'T participants?

A series of nine experiments were conducted to investigate the three research
questions. Chapter 2 presents three experiments that attempt to study the
functional consequences of eye gaze on affective judgments and memory. In Chapter
3, four experiments that attempt to replicate the original Bayliss et al. (2006)
paradigm with extensions using schematic faces are presented. Chapter 4
investigates the relationship between facial realism and autistic traits directly in the
context of the liking effect. In Chapter 5, eye-tracking data using the liking effect
paradigm in NT and ASD samples are presented. Finally, in Chapter 6, the findings

are discussed in the context of the wider literature.
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Chapter 2:

Functional Consequences of Eye
Gaze on Affective Judgments in
Long Term Memory

Previous research into the liking effect has tended to investigate only the impact of
gaze cues on affective judgments in short term memory paradigms (Bayliss et al.,
2006, 2007; Strick, Holland, & van Knippenberg, 2008). Participants were presented
an object alongside either a congruent or incongruent gaze cue. They were then
asked to rate how much they liked the object. The effect of gaze cueing on affective
judgements may have built up over the initial cueing trials, but in the rating stages,
the participant is primed before the gaze cue. Therefore, this raises the question of
how the memory of the object may impact the effect. One study by Bry et al. (2011)
found that in a task with a delay between observing the gaze cue and a subsequent
rating task, there was a gaze cueing benefit only if individuals recalled observing the
item in the gaze cueing task, suggesting that memory may play a significant role in
the gaze cueing bias for affective judgments. One possibility is that cueing of
visuospatial memory towards an object may facilitate encoding that, in turn, results
in the gaze cueing bias found in the liking effect. It has been demonstrated that
attention during encoding will improve subsequent memory (e.g., Rock & Gutman,
1981). Therefore, to understand the mechanisms that drive the liking effect, it
would be wise also to investigate the functional consequences of eye gaze on memory.
Turk-Browne et al. (2013) extended previous findings that attentional gaze cues
will facilitate encoding in long term memory. Their primary goal was to investigate
the neural correlates of facilitation and reorientation and to establish whether these
could be used to predict memory recall. Participants were presented a face that
either maintained a direct gaze; oriented their gaze away from a target location, or
towards the target location. Participants were then rapidly presented with two
images (a target and a distractor) and were asked to respond once they had
detected the targets as fast as possible. It was found that participants responded
faster when the eye gaze was congruent, facilitating attention towards the cue. It

was also found that congruent gaze resulted in higher recall than both incongruent



Chapter 2: Affective Judgments in Long Term Memory 31

or direct gaze cues in subsequent recall tasks. The authors proposed that congruent
cues resulted in attention to the target location, which facilitated memory, whereas
incongruent and direct gaze cues result in reorientation that limits the participants’
ability to encode effectively. Furthermore, activity in areas that have previously
been found to correlate with facilitation was able to predict accurate recall of
objects in later trials (Turk-Browne et al., 2013).

Turk-Browne et al. (2013) demonstrated that gaze facilitates memory, but they
did not test whether the benefits of gaze cues extend beyond the realm of long-term
memory recall to affective judgements associated with the gazed-at objects.
Replication of the faciliatory effects of gaze cues on memory (Turk-Browne et al.,
2013), in the context of a liking effect paradigm similar to that of Bayliss et al.
(2006), could outline the mechanisms required for the liking effect to occur.
Measures of memory would also provide a secondary effect to aid in the
understanding of the consequences of eye gaze induced by faces of differing levels of
realism.

In the current series of experiments, a paradigm was developed to investigate
whether attention cued by human gaze has consequences for memory recall as well
as the affective judgment of objects in long term memory. Following Turk-Browne
et al. (2013), we prompted participants to respond to targets paired with a direct;
congruent or incongruent gaze cue. In a second task, participants were then asked
to state if they had seen the target before and to rate the certainty of memory

recall. Two hypotheses were tested in the experiment:

Hypothesis 1: Cueing effects on memory. Targets that are validly cued by the
gaze of a face will be better remembered, as a result of more efficient top-down
processing limiting the need for reorientation. In contrast, eye gaze that cues
incorrect locations will hinder memory by requiring reorientation and

therefore weaker target encoding.

Hypothesis 2: Cueing effects on affective judgements. Targets that are cued by
the gaze of a face will result in a more favourable appraisal because the
facilitation effect engendered by valid cues will allow for efficient processing
that, as well as improving memory, will impart information about social

appraisal from the observer.
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Methods

Three experiments were conducted as part of this chapter. An overview of the
method that was utilised across all three experiments is discussed here. Specific

participant details and procedures are discussed for each experiment independently.
Participants

Participants were either University of Oxford undergraduates, taking part for
course credit, or were recruited using the Oxford Participant recruitment scheme

and were compensated £7 for their time.
Ethical Considerations

All participants gave informed consent before the experiment commenced; they
were made aware that they could withdraw at any time and that all data collected
would remain anonymous. The experiment was given ethical approval by the
University of Oxford Central University Research Ethics Committee (CUREC;
R45285/RE001).

Apparatus

Tasks were presented using a computer running Matlab (64-bit version R2015b;
The MathWorks, Natick, MA), images were displayed using Psychtoolbox (Kleiner,
Brainard, & Pelli, 2007; Pelli, 1997; Brainard, 1997). Responses were collected via a
keyboard press. Stimuli were presented on a 24-inch monitor with a resolution of

1920 x 1080 pixels.
Measures

To measure autistic symptomology, participants completed an Autistic
Quotient questionnaire (Baron-Cohen, Wheelwright, Hill, et al., 2001). The AQ has
been used to screen those who demonstrate Autistic traits and has demonstrated an
80% reliability for screening individuals with ASD at a critical cut-off score above
32 (Baron-Cohen, Wheelwright, Hill, et al., 2001; Woodbury-Smith, Robinson,
Wheelwright, & Baron-Cohen, 2005). The Participants were also asked to complete
a Liebowitz Social Anxiety Scale questionnaire to measure levels of social anxiety
(SAS; Liebowitz, 1987). The SAS has demonstrated a highly significant correlation

with several other self-report questionnaires for anxiety and phobia (Social
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Interaction Anxiety Scale and the Social Phobia Scale; Heimberg et al., 1999).
These questionnaires were used to compare individual differences between
participants and their interaction with within-subject effects. These two measures of

social anxiety and autistic traits are also used in future chapters of this thesis.
Stimuli

All images were presented on a mean grey background at full resolution (1920 x
1080 pixels).

Face Cues

Four face stimuli were used from the Oslo face database (Chelnokova et al.,
2014). Faces were presented centrally with three variations of each face: left gaze,
right gaze, and direct gaze. Each face image measured 276 x 312 pixels
(approximately 76 x 86 mm) and was presented an equal number of times across
trials, with all faces gazing congruently, incongruently and direct an equal number

of times.
Target 1mages

For Experiment 1, two stimuli sets were utilised as targets for the experiment
and were counterbalanced across participants. Following from Turk-Browne et al.
(2013), natural scenes were used as this had been found to elicit memory effects. It
was also considered that participants were less likely to have pre-existing preferences
to natural scenes that might impact participants’ ratings of the targets in the
experiment. However, it was possible that if the scenes were too abstract,
preferential ratings might be less indicative. Therefore, a second stimulus set of
objects was sourced to replicate that which been used by Bayliss et al. (2006).
These target stimuli conditions were compared to decide if there were any
differences and results are discussed in the Results section of Experiment 1.

For the scene images, two different stimuli sets were used. Ninety-six images
were taken from the University of Texas Natural Image Database (Geisler & Perry,
2013); the remaining images were taken from UPenn Natural Image Database
(Tkacik et al., 2011). These images were similar styles of natural images and scenes
taken in either Austin, Texas or Botswana. Images were rejected if they contained
pictures of animals, or if they were deemed too similar to the other images used. All
images measured 400 x 276 pixels (approximately 110 x 76 mm).

Object images were collected from the Bank of Standardised Stimuli (BOSS;

Brodeur, Guérard, & Bouras, 2014). In total, 180 images were used. Images were
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selected semi-randomly, removing images that were too similar to other images in
the set. Items were also rejected if they contained any form of a face or face-like
element (to avoid any confounding effects), and also if they contained any food or
drink items to try to avoid any pre-preference for items during the rating task. As
in Turk-Browne et al. (2013), blurred versions of the target images were created in
Matlab to act as a distractor 'false’ image. All images measured 300 x 300 pixels
(approximately 83 x 83 mm).

All of the target images were blurred using a 2-D Gaussian filter in Matlab to
create distractor images. The images were described to participants as either "True’

images for the target images or 'False’ images for the blurred distractor images.
Counterbalancing

Each stimulus set was split in half and then further split into three to give a
total of 6 groups. Groups one, two, and three were displayed in two halves: the first
half in the Initial Learning phase and the second half as novel images in the testing
phase. The gaze direction for each image was altered between the three groups so
that all images were congruent, incongruent and direct for each image. The order
was reversed for groups four, five and six so that each image was seen as novel or
old an equal number of times for each participant. Images were presented in a
randomised order and screen side. For Experiments 2 and 3, the gaze direction was

counterbalanced for all images as well as the target letter in Experiment 3.
Procedure

Learning Phase Querview

In the initial phase, participants were asked to identify which image was the
‘true’ image (i.e., the non-blurry image) by using the corresponding directional
arrow on a keyboard. After a fixation cross, participants were presented a face with
a direct fixation for 500 ms before the gaze shifted either to the left or the right.
After 500 ms an object appeared to either the left or right of the face stimuli.
Simultaneously a distractor target appeared on the opposite side of the face. The
participant was then asked to categorise the target item as to whether it would be
typically found in the garage or the kitchen using the up and down keys. If the trial
was Congruent, the gaze direction and the target object location was the same; if
the gaze was towards the distractor, the trial was Incongruent. A ’'neutral’ Direct

condition was also used, where the face would not make any gaze shifts. In the
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experiment, there were four face identities (two female, two male), and 12 target
images (six garden and six kitchen items in the object group). Including
presentation location and item type, the factors were balanced resulting in 192
trials. Trials were divided into three blocks of 64 trials, where the participant was
asked to take a break between each block. Participants were put into two groups to
counterbalance which objects were Congruent/Incongruent/Direct between
participants. For each participant in the object group an equal number of garden
and kitchen items were Congruent/ Incongruent,/ Direct to avoid a general
preference towards one category or the other. A timeline of the Learning procedure

can be found in figure 2.1.
Test Phase Overview

In the test phase across all three experiments participants were presented with
either a probe image and were first asked to respond if they had seen the item in the
Learning phase using the directional keys (left for no, right for yes) to measure
memory recall of the object. Subsequently, they were asked to rate how confident
they were in their memory judgment on a scale of 1-6. Finally, to take a measure of
participants affective judgments of the objects, participants were asked to rate "how

much they liked the image’ on a scale of 1-6.
Data analysis

Cueing effects in the Learning phase

The two dependent variables for the Learning phase were Accuracy and
Reaction Time (RT). For Accuracy, a proportion of correct and incorrect scores
were calculated to provide Accuracy scores for analysis. Median RT's were
calculated using trials where a correct response was given, with erroneous trials
being discarded. Medians indexed reaction times better for these purposes, rather
than means, as medians are less severely affected by extreme values, while they are
still representative of the overall difficulty of the categorisation judgements in
question. While using mean RT's is a common approach in studies that include
neurotypical adults, it was less well justified for the thesis, as the interest was
ultimately in investigating neurodiverse individuals, for whom excluding slow
reaction times may mean excluding representative behaviour. Gaze direction of the
face stimuli (Direct, Congruent or Incongruent) was the primary independent
variable for all experiments. Analysis of both the Accuracy and Reaction time data

using the Shapiro-Wilk test found that the data were not normally distributed.
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Data were, therefore analysed using non-parametric analysis methods. A Friedman
test was used to analyse if there were any differences between the main factors of
Congruency (Direct, Congruent and Incongruent) and Duration (Short and Long).
If a significant difference was observed in either of the main factors then post hoc
analysis with Wilcoxon signed-rank tests was conducted with a Bonferroni correction

applied, resulting in a significance level set at p < 0.017 for both Accuracy and RT.
Memory recall

Memory Recall Accuracy was calculated using the proportion of correct and
incorrect responses. Memory Recall responses were then divided into four groups
based on the gaze condition in the Learning phase (Direct, Congruent, Incongruent)
and Novel images. Again it was found that the data were not normally distributed,
confirmed by a Shapiro-Wilk test, and as such non-parametric tests were applied. A
one-sample Willcoxon signed-rank test was used to compare to hypothesised median
of 0.5 (chance).

For experiments where memory for old objects was above chance, d' scores were
calculated using proportion of hits and false alarms on the following trial types: Old
objects with Direct gaze; Old objects with Congruent gaze; Old objects with
Incongruent gaze. These scores were calculated to investigate participant sensitivity
and were assessed using a Friedman test with gaze direction entered as the
within-subject factor. If a significant difference was observed, then post hoc analysis

with Wilcoxon signed-rank tests was conducted with a Bonferroni correction applied.
Memory Confidence Judgments and Affective Ratings

Memory confidence was analysed using a Shapiro-Wilk test and was found to
be non-normally distributed and was therefore examined using non-parametric
statistics. Gaze direction (Direct, Congruent, Incongruent and Novel) was the
primary independent variable and was compared using a Friedman test to establish
and significant main effects. Post hoc analysis was conducted using a Willcoxon
Signed-rank test with a Bonferroni correction. Due to a technical error, Memory
confidence was only collected for a small subgroup of participants in Experiment 1
and will therefore not be presented for Experiment 1.

Affective rating data were found to meet the assumption of normality using the
Shapiro-Wilk test and therefore were tested using repeated measure ANOVAs with
Gaze Condition (Novel objects; Old objects with Direct gaze; Old objects with

Congruent gaze and Old objects with Incongruent gaze) entered as a 4-level
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within-subject factor. In the event of significant main effects or interactions, a

pairwise comparison was conducted with an applied Bonferroni correction.
Outlier Exclusion

It was decided that outlying data would not be removed from the experiment.
As a primary goal of the experiment was to understand the impact of gaze cues on
affective judgements - an inherently subjective judgment made by the participant -
removal of extreme data as a result of one dependent variable may have unintended
consequences on other dependent variables. Therefore, rather than trimming
specific extreme data, the median was used to compare RT to compensate for

potential extreme values without having to compromise other dependent variables.
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Experiment 1

The aim of Experiment 1 was to investigate the impact that memory may have
on the liking effect to clarify two questions. Firstly, would the impact of social gaze
on affective judgments last in long term memory and secondly, if so, how much

would explicit recall impact differences in affective judgment?
Methods

Participants

Thirty-two adult participants (mean age = 25.1, range = 19-50), of which 18

were female, took part in the experiment.
Procedure

In the initial phase, participants were asked to identify which image was the
‘true’ image (i.e., the non-blurry image) by using the corresponding directional

arrow on a keyboard.
Results

Learning phase

A summary table of the descriptive statistics of both the Learning phase and
the Rating phase can be found in Table (2.1.

Accuracy

To compare how accurate participants were at responding to the target stimuli
a proportion of correct vs incorrect responses was calculated for the Direct (M =
978, SD= 0.071); Congruent (M = .981, SD = .033) and Incongruent (M = .975,
SD= .047) Gaze conditions. These proportions were compared using a Friedmans
test and it was found that there was no significant difference between the gaze
conditions (X?(2) = 2.475, p = .290).
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Reaction Time

Reaction Times were calculated for trials where a correct response was recorded
and were compared with a Friedmans test. It was found that there were significant
differences between the Direct (M = 655.050 ms, SD= 515.352); Congruent (M =
591.687 ms, SD = 442.372) and Incongruent (M = 611.952, SD= 555.810; X?(2) =
21.063, p < .001). Post hoc analysis with Wilcoxon signed-rank tests was conducted
with a Bonferroni correction applied, resulting in a significance level set at p <
0.017. It was found that there was a significant difference between the Congruent
(Mdn(IQR) = 460.465 ms (405.182 ms to 629.38 ms)) and Direct (Mdn(IQR) =
483.431 ms (434.659 ms to 763.025 ms)) gaze conditions (Z = -3.628, p < .001), and
the Incongruent (Mdn(IQR) = 444.255 ms (388.345 ms to 659.803 ms) and Direct
condition (Z = -3.123, p = .002). However, there was no significant difference

between Congruent and Incongruent gaze conditions (Z = -0.019, p < .985).

Table 2.1: Mean and Standard Deviation for both Proportion Correct and Median
RTs (ms) from the Learning phase of Ezperiment 1 N = 32).

Direct Congruent Incongruent
M SD M SD M SD
Proportion Correct  0.978 0.072 0.981 0.034 0.976 0.047

Median RT (ms)  655.050 515.353 591.687 442.372 611.953 555.810

Test phase

A summary table of the descriptive statistics of the Test phase can be found in
Table 2.2.

Memory Recall

To investigate whether Memory Recall was above chance a proportion of
correct answers for Gaze conditions (Direct, M = .537, SD= .118; Congruent, M =
503, SD = .187; and Incongruent M = .525, SD= .174) and the Novel condition (M
= .704, SD= .135) were compared against a chance variable fixed at 0.5. It was
found that Memory Recall was not significantly above chance for any of the Gaze
conditions - Direct (Z = -1.101, p = .271; Mdn(IQR) = .525 (.403 to .700)),
Congruent (Z = -0.10, p = .992; Mdn(IQR) = .491 (.336 to .625)) or Incongruent
items (Z = -.845, p = .398; Mdn(IQR) = .542 (.400 to .630)). However, it
significantly above chance for Novel Items (Z = -4.862, p < .001; Mdn(IQR)(IQR =
.692 (.602 to .810)).
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Object Rating

Average participant Affective Rating scores were compared using a repeated
measures ANOVA to gauge how preference varied across the different Gaze
conditions. There was a significant main effect of condition on the Affective Rating
scores (I (3, 93) = 4.385, p = .006, 772 = .124), with the lowest scores for Novel
items (M = 2.907, SD = 0.775) compared to Direct (M = 3.084, SD = 0.8),
Congruent (M = 3.038, SD = 0.771) and Incongruent items (M = 3.143, SD =
0.824). Pairwise comparison, using a Bonferroni correction, found that there was a
significant difference between Incongruent and Novel scenes (p = .035), There were

no other significant differences between any of the other conditions.

Table 2.2: Mean and Standard Deviation for Memory Recall and Object Rating scores
from the Rating phase of Experiment 1 (N = 32).

Direct Congruent Incongruent Novel

M SD M SD M SD M SD
Memory Recall 0.538 0.188 0.503 0.187 0.526 0.174 0.705 0.135
Object Rating 3.136 0.870 3.211 0.768 3.122  0.771 3.009 0.777

Discussion

This chapter aimed to investigate the impact that gaze cueing has on memory
recall and subsequent affective judgments. For the Affective Ratings, there was a
main effect of cue type. However, this was driven by a lower score for Novel items
rather than by differences within the gaze cues. These differences may support the
proposal that it is memory that drives differences in affective judgments and that
gaze cues facilitate memory. However, it was also found that, for all gaze conditions,
differences in memory performance were not above chance. Therefore, if there is an
effect of memory, it must be a trace amount that is not detected in an explicit recall
task.

The more concerning finding was that there was no explicit RT benefit for
congruently cued items. Although it appeared that both Congruent and
Incongruent gaze conditions were significantly faster than Direct conditions, a RT
bias for congruently cued items is consistently found across gaze cueing paradigms
(for review see Frischen, 2007), raising the question: Why was no gaze cueing bias
was found? One suggestion is that the timings of the attentional cues presented to

participants may have interfered with the gaze cueing bias, a possibility that is
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explored in Experiment 2. Finally, there appeared to be no significant differences
between natural scenes or object conditions. As such, it was decided that object
stimuli would be used in future experiments as this would optimise the ability to

replicate any gaze bias in affective judgments, as seen in Bayliss et al. (2006).
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Experiment 2

One aspect of cueing paradigms that have been found to influence RT's is
Inhibition of Return (IOR). IOR refers to an orienting mechanism by which, after
the initial benefit gained from attending to a cued location, there is often a negative
bias as individuals reorient away from the cued location (Posner & Cohen, 1984). In
the 1984 study, Posner and Cohen demonstrated shorter RTs if a target appeared in
a cued location. However, if there was a period between the initial cue and the
appearance of the target stimuli, termed the Stimulus Onset Asynchrony (SOA), of
more than 300 ms, there was no cueing benefit. Furthermore, there was a cost to
speed of RT as the SOA was increased. It was proposed that this inhibitory effect
aids in visual search as it prevents repeated examination of the same location,
facilitating a thorough search of the whole environment.

Friesen and Kingstone (1998) investigated whether IOR would occur when
faces were used to cue the attention of participants. They found that a cueing effect
appeared very early (105 ms) in some response conditions and by 300 ms in all
conditions. At longer SOA of 1005 ms, the cueing bias was no longer present.
However, there was no RT cost, and therefore no IOR effect observed; confirmed in
a comparable study by Driver et al. (1999) using more realistic faces. Frischen and
Tipper (2004) identified several possible experimental differences between the
peripheral style cues in experiments where IOR had been identified and the face
cueing experiments where IOR had not. Firstly, they suggested that participants’
attention in the original Posner IOR experiments was drawn back to the centre after
the onset of the peripheral cue, a dimension not present in many gaze cueing
experiments (Posner & Cohen, 1984; Frischen & Tipper, 2004). Furthermore, it was
proposed that in non-face cueing experiments where IOR occurs, the cue is only
presented very briefly (Collie, Maruff, Yucel, Danckert, & Currie, 2000; Frischen &
Tipper, 2004). Frischen and Tipper (2004) ran a series of 10 experiments
systematically investigating the influence that these factors may have on the
occurrence of IOR in faces. They found that when the face cue was removed from
view during the SOA, there was a small IOR effect, but only at the extended SOA
of 2400 ms. In a follow-up experiment, they found that any salient change in the
cue during the SOA, whether the face is visible or not, will elicit an adequate shift
in attention to result in an IOR effect at a longer SOA of 2400 ms.
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Although the timings of this experiment make it unlikely that there is an
explicitly inhibitory effect, decay of facilitation may result in the non-significant
cueing effects. It has been found that facilitation is optimal with an SOA between
300 and 600 ms (Friesen & Kingstone, 2003, 1998; Friesen, Moore, & Kingstone,
2005). Therefore, the facilitatory effect may be impeded at the longer combined
stimulus presentation time of 300 ms and SOA of 500 ms; impacting the accuracy,
RT, and memory advantages. To investigate how decay in the facilitatory effect may
impact these measures, a Duration condition was added in Experiment 2. By
altering the timing of the paradigm to create a Short (300 ms) and a Long (600 ms)
condition, it was possible to investigate the null findings of Experiment 1, resulting
in an additional hypothesis: Any effects as a result of a gaze cueing bias would only
occur in shorter gaze cue presentations due to a decay in facilitation that may occur
at the longer SOA.

Methods

Participants

Fourteen adult participants (mean age = 23.5, range = 18-30), of which eleven

were female, took part in the experiment.
Procedure

The procedure for experiment 2 followed the same general procedure as
Experiment 1, but the duration of the gaze cue was altered to be either 300 ms or
600 ms.

Results
For a summary table of the results of the Learning and Rating phase, please
refer to Appendix B.

Learning Phase

A summary table of the descriptive statistics of both the Learning phase and
the Rating phase can be found in Table 2.3.
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Accuracy

Proportion of the Correct responses were calculated for the Direct (M = .897,
SD= .241); Congruent (M = .904, SD = .263) and Incongruent (M = .849, SD=
.333) Gaze conditions. The conditions were compared using a Friedman test and it
was found that there was no significant difference between the gaze conditions
(X?(2) = .558, p = .756). Proportion correct scores were also compared for the
Duration conditions, Short (M = .881, SD= .266) and Long (M = .885, SD =
.261). It was found that there were no significant differences between accuracy
responses in the Long and the Short Duration conditions (X?(1) = 1.448, p = .836).
Finally, interaction variables were compared using a Friedman test and it was found
that there was no significant difference between any of the variables (X?(5) = 1.951,
p = .856).

Reaction Time

Comparisons of RT between the three Gaze conditions found that there were
significant differences between the three Congruency variables - Direct (M =
975.982, SD= 238.472), Congruent (M = 912.119 ms, SD = 190.905 ms) and
Incongruent (M = 921.002 ms, SD= 202.834 ms; X?(2) = 8.714, p = .013). Post
hoc analysis with a Wilcoxon signed-rank test was conducted with a Bonferroni
correction applied, resulting in a required p = 0.017. Median (IQR) for the Direct,
Congruent and Incongruent gaze conditions were 857.350 ms (851.988 ms to
1058.025 ms), 845.205 ms (775.545 ms to 1087.505ms) and 848.152 ms (805.158 ms
to 1032.409 ms) respectively. It was found that there were significant differences
between Direct and Incongruent conditions (Z = -2.417, p = .016). However, there
was no significant differences between the Direct and Congruent (Z = -2.166, p =
.30) or Congruent and Incongruent conditions Z = -0;408, p = .683.

Comparisons between the Duration conditions found that there was a
significant difference between the two conditions (X?(1) = 14.000, p < .001), which
appears to be driven by faster reaction times for the Short, M = 807.899 ms, SD =
368.361) compared to the Long Conditions M = 1008.544 ms, SD = 209.720).

Furthermore, there were significant differences between the interaction variables
(X2(5) = 54.041, p < .001). A post hoc Wilcoxon signed-rank test was conducted.
However, none of the analysed pairs managed to meet the required significance

threshold of p = .008 once a Bonferroni correction had been applied.
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Table 2.3: Mean and Standard Deviation for both Proportion Correct and Median
RTs (ms) from the Learning phase of Experiment 2 (N = 14). Scores are shown both
as aggregate and by duration.

Direct Congruent Incongruent Total
M SD M SD M SD M SD
Proportion Correct Long 0.893 0.255 0.906 0.266 0.846 0.325 0.882 0.267
Short  0.902 0.231 0.903 0.262 0.853 0.346 0.886 0.262
Total  0.978 0.072 0.981 0.034 0.976 0.047

Meadian RT (ms) Long 1038.039 252.184 987.438 174.011 1000.158 211.124 1008.545 209.720
Short 843.132  257.997 794.435 172.195 786.132 137.131 807.900  186.362
Total 1047.390 386.033 1128.388  253.606 1349.046  245.850

Test Phase

A summary of the descriptive statistics for the testing phase can be found in
Table 2.4.

Memory Recall

Memory recall Accuracy was compared against chance (0.5) using a Wilcoxon
signed-rank test and it was found that for Direct (Z = -2.383, p = .017; Mdn(IQR)
= .400 (.225 to .475)) and Congruent (Z = -2.045, p = .041; Mdn(IQR) = .400
(.225 to .475)) accuracy was significantly below chance. Incongruently (Z = -1.635,
p = .102; Mdn(IQR) = .433 (.225 to .571)) cued stimuli were not accurately recalled
above or below chance. However, participants were able to distinguish Novel stimuli
above chance (7 = -3.297, p = .001; Mdn(IQR) = .843 (.716 to .935)).

Memory Confidence

Analysis of the Confidence judgments found that there was a significant main
effect of Gaze condition for memory confidence (X?(3) = 9.512, p = .023; Direct, M
= 2.709, SD = 0.901; Congruent, M = 2.735, SD = 0.943; Incongruent, M = 2.539,
SD = 0.974; Novel, M = 2.278, SD = 0.762). Post hoc analysis was conducted
using a Wilcoxon Signed-Rank test with an adjusted p value of .0125. It was found
that there was a significant difference between the Confidence judgments of
Congruently cued items and Novel items (Z = -2.691, p = .007; Congruent mdn
(IQR) = 3.76 (2.488 to 3.279); Novel, mdn (IQR) = 2.301 (2.195 to 2.681). There
was no significant difference between the Duration variables (X?%(3) = 0.692, p =
.405; Short, M = 2.643, SD = 0.926; Long, M = 2.675, SD = 0.925). There was a
significant difference between the interaction variables (X?(5) = 14.891, p = .021),
but post hoc analysis using a Wilcoxon Signed-rank test found that none of the

pairings met the adjusted p = 0.125.
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Affective Judgments

Average Affective rating scores were compared for the three Gaze Conditions
(Direct, M = 3.179, SD = 1.063; Congruent, M = 3.011, SD = 1.253; Incongruent,
M = 3.001, SD = 1.114). and the Novel condition (M = 2.581, SD = 1.926). It was
found that there was a significant main effect of Gaze congruency on the liking
effect. Post hoc analysis with a Bonferroni correction applied found no significant
differences between any of the Old conditions. However, there were significant
differences between the Novel and the Direct (p = .007) and Incongruent (p = .030)
conditions.

Analysis of the differences between the Old variables when the Duration
condition was applied found that there was no significant main effect of Congruency
(F(1.333,17.327) = 1.304, p = .283, n; = .091) or of Duration (F(1, 13) = .435, p
= .521, 772 = .032). There was also no significant interaction between the two factors

(F(1.431, 18.607) = .48, p = .581, 72 = .033).

Table 2.4: Mean and Standard Deviation for Memory Confidence scores from the
Rating phase of Experiment 2 (N = 14). Results are displayed by duration as well as
an aggregate.

Direct Congruent Incongruent Novel
M SD M SD M SD M SD
Memory Recall 0.365 0.167 0.390 0.187 0.399 0.184 0.812 0.137

Confidence Long 2.928 0.971 2,713 1.042 2.385 1.093 N/A N/A
Short 2.549 1.031 2.784 0.964 2.597 1.001 N/A N/A
Total 2.710 0.901 2.540 0.974 2.540 0.974 2.278 0.726

Object Rating Long 3.244 1.138 3.005 1.333 2.873 1.062 N/A N/A
Short 3.165 1.278 3.069 1.281 3.056 1.214 N/A N/A
Total 3.179 1.063 3.011 1.253 3.001 1.115 2.581 0.927

Discussion

As in Experiment 1, it was found that while responses to Direct cues were
significantly slower, there was no gaze cueing bias for congruently cued items. It
should be noted that, while there were differences between Long and Short cue
conditions in measures of spatial cueing, there were no differences between
conditions when results were broken down between Gaze conditions. Therefore,

although we cannot explicitly rule out any impact that Facilitation decay or
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inhibition may have on gaze cueing based on these findings, it would indicate that
these factors do not explain why we have been unable to elicit a gaze cueing bias for
visuospatial attention measures.

Another suggestion is that the task itself is not adequate for the detection of
gaze cueing responses. A requirement for the gaze cueing paradigm is that a cue
orients participants’ attention to a location before the onset of a target stimulus.
Then if the target is incongruent to the cued location, the participant must reorient
to make a judgment and respond. If the participant can make an accurate judgment
from both Congruent and Incongruent locations, then there is no need to reorient to
make an accurate response, hence no differences would be expected in visuospatial
attention measures. In Experiment 3, task demands were investigated as a possible

explanation for the null findings in Experiments 1 and 2.
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Experiment 3

In the original experiment by Turk-Browne et al. (2013), participants were only
asked to make a single response when they detected the onset of the two images
(target and distractor). In the current task, participants were asked to make a
spatial judgment about the location of the target image. The spatial judgment task
may create an issue for this task, as the correct response can be deduced from either
cued location. That is, if the target appears in the cued location, the participant
responds with that direction, or if it is the distractor that appears in the cued
location participants can respond with the opposite direction. Therefore, there
would be no need to reorient back to the target image if cued to the incongruent
location.

Initially, the goal of responding to the target location was utilised to encourage
more engagement with the target image to facilitate affective judgments. However,
it may have had the unintended consequence of reducing engagement with targets.
Therefore, in Experiment 3, the task difficulty was increased to ensure participants
would have to attempt to reorient away from ncongruent cues to complete the task
effectively. It was hypothesised that participants would respond less accurately and
more slowly if incongruently cued to complete a complex task as participants would

have to reorient before responding.
Methods

Participants

17 adult participants (mean age = 23.7, range = 19-30), of which fifteen were

female, took part in the experiment.
Procedure

In Experiment 3, a letter was overlaid onto the 'true’ image, and participants

were asked to respond to the letter presented (up key for X down key for Y).
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Results

Learning Phase

A summary of the results of the learning phase can be found in Table 2.5.
Accuracy

A Friedmans test was used to compare Accuracy among the three Gaze
conditions. It was found that there was a significant difference between Gaze
conditions (X?(2) = 6.310, p = .043; Direct (M = .952, SD= .426); Congruent (M
= .943, SD = .483); Incongruent (M = .915, SD = .084). Post hoc analyses was
conducted using a Wilcoxon sign-ranked test with a Bonferroni correction (adjusted
p = .017) and it was found that there was a significant difference between the Direct
and Incongruent gaze conditions (Z = -2.630, p = .009; Direct Mdn(IQR) = .966
(1932 to .983); Incongruent Mdn(IQR) = .933 (.850 to .983). However there were no
significant differences between the Direct and Congruent conditions (Z = -1.404, p
= .160) or Congruent and Incongruent conditions (Z = -1.527, p = .127). There
was no significant difference between Duration variables (X?(1) = 0.250, p = .617).
There were also no significant differences between any of the interaction variables
(X2(5) = 5.032, p = .412).

Reaction Time

For RT it was found that there was a significant difference between the Gaze
conditions (X?(2) = 12.706, p = .002; Direct M = 1047.390 ms, SD= 386.033;
Congruent M = 1128.387 ms, SD = 253.605; Incongruent M = 134.045 ms, SD =
245.850). A Wilcoxon Signed-rank test with a Bonferroni correction (adjusted p =
.017) was conducted post hoc. It was found that there were no significant
differences between the Congruent and Direct gaze conditions (Z = -1.586, p =
.113). However, there was a significant difference between Incongruent and Direct
conditions (Z = -2.864, p = .004; Direct, Mdn(IQR) = 1225.760 ms (614.019 ms to
1369.540 ms); Incongruent, Mdn(IQR) = 1242.716 ms (1197.216 ms to 1503.126
ms), and the Congruent and Incongruent conditions (Z = -3.385, p = .001;
Congruent, Mdn(IQR) = 1142.245 ms (913.928 ms to 1247.931 ms). There was no
statistically significant difference between the Long and the Short conditions for the
Duration (X?(1) = 2.882, p = .090; Long (M = 1083.619 ms, SD= 219.547); Short
(M = 1225.467 ms, SD = 312.014); Incongruent (M = 134.045 ms, SD = 245.850).
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Analysis of interaction between the two factors found that there were
significant differences (X°(5) = 38.983, p < .001). Post hoc analysis with a
Wilcoxon-signed rank test with a Bonferroni correction (p = 0.008) was conducted
between factor pairs. In the Short condition, it was found that there were significant
differences between the Congruent and Incongruent conditions (Z = -3.527, p <
.001; Congruent, Mdn(IQR) = 1003.207 ms (914.065 to 1106.790 ms); Incongruent,
Mdn(IQR) = 1217.334 ms (112.997 ms to 1291.038 ms), as well as between the
Direct and Incongruent conditions (Z = -3.527, p < .001; Direct, Mdn(IQR) =
1032.421 ms (616.419 ms to 1209.826 ms). For the Long condition there was a
significant difference between the Incongruent and Congruent conditions (Z =
-3.527, p < .001; Congruent, Mdn(IQR) = 1201.774 ms (868.381 ms to 1363.691
ms); Incongruent, Mdn(IQR) = 1321.876 ms (1216.893 ms to 1600.754 ms). None of

the other pairings met the required level of significance (see figure 2.2).
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Figure 2.2: Mean RT by the Gaze condition. Error boxes represent IQR. It was
found that there were significant differences between Direct vs Incongruent RTs and

Congruent vs Incongruent RTs. p < .05 indicated by *.
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Table 2.5: Mean and Standard Deviation for Memory Confidence scores from the
Rating phase of Experiment 3 (N = 17). Results are displayed by duration as well
as an aggregate.

Direct Congruent Incongruent Novel
M SD M SD M SD M SD
Memory Recall 0.561 0.194 0.630 0.216 0.538 0.211 0.779 0.126

Confidence Long 2.848 0.863 2.853 0.899 2.871 0.846 N/A  N/A
Short 2.915 0.881 2.934 0.883 2.958 0.842 N/A N/A
Total 2.893 0.841 2.925 0.801 2.925 0.801 2.174 0.708

Object Rating Long 3.232 1.187 3.047  0.965 3.338 1.164 N/A N/A
Short 3.292 1.262 3.438 1.070 3.239 1.019 N/A  N/A
Total 3.273 1.182 3.276  1.011 3.276  1.000 2.838 0.869

Test Phase

For a summary of the results of the Test Phase, see Table 2.6.
Memory Recall

Memory Recall Accuracy was significantly above chance for the Congruent (Z
= -2.045, p = .041, Mdn(IQR) = .683 (.571 to .764) and for Novel stimuli only (Z
= -3.575, p < .001, Mdn(IQR) = .766 (.692 to .882), but was not significantly
different for either Direct (7 = -1.322, p = .186, Mdn(IQR) = .566 (.416 to .700) or
Incongruent (Z = -.933, p = .351, Mdn(IQR) = .633 (.383 to .672) Gaze cues (see
figure 2.3). To investigate these differences further, d’ scores were calculated for
Direct, Congruent, and Incongruent Gaze conditions. Wilcoxon Signed-rank test
was used to compare pairings between Direct (mdn (IQR) = 1.068(0.612 to 1.334),
Congruent (mdn (IQR) = 1.087(0.752 to 1.437), and Incongruent (mdn (IQR) =
.802(0.490 to 1.387). It was found that there were no significant differences between
Direct and Incognruent (Z = -1.194, p = .233), or Congruent and Direct (Z =
-1.184, p = .236). There was a trend towards significance between Congruent and
Incongruent, but it did not meet the threshold (Z = -1.915, p = .055).
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Figure 2.3: Memory recall by the Gaze condition. Error boxes represent IQR. It was
found that participants Memory Recall accuracy above chance in both the Congruent
and Novel conditions. p < .05 indicated by *.

Memory Confidence

Analysis of the Memory Confidence found that there was a significant
difference between the Gaze conditions (X?(3) = 18.396, p < .001; Direct (M =
2.893, SD= 0.841); Congruent (M = 2.90, SD = 0.811); Incongruent (M = 2.925,
SD = 0.801; Novel, (M = 2.174, SD = 0.708). Post hoc analysis was conducted
with a Wilcoxon Signed-Rank test with an adjusted p = 0.012. It was found that
there was a significant difference between Direct (7 = -3.464, p = .001; mdn (IQR)
= 2.933 (2.646 to 3.475)), Congruent (Z = -3.361, p = .001; mdn (IQR) = 3.000
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(2.781 to 3.361), and Incongruent (Z = -3.361, p = .001; ; mdn (IQR) = 3.105
(2.873 to 3.289)), when compared to Novel items (mdn (IQR) = 2.214 (1.939 to
2.560). There was no significant difference between the Duration conditions (X?(1)
= 2.250, p = .134; Short (M = 2.935, SD= 0.814); Long (M = 2.857, SD = 0.803).
There was a significant difference between the interaction variables (X2(5) = 26.269,
p < .001). However, post hoc analysis found that there were no significant

differences between any of the paired conditions at the adjusted p = 0.012.
Affective Judgments

For Affective rating scores there was a significant main effect of Gaze condition
(F (3, 48) = 16.722 p < .001, 72 = .511); Direct (M = 2.76, SD = 0.404);
Congruent (M = 2.80, SD = 0.322); Incongruent (M = 2.75, SD = 0.368) and
Novel objects (M = 2.32, SD = 0.420)]. There were statistically significant mean
differences between Direct and Novel (p = .047), Congruent and Novel (p = .036),
and Incongruent and Novel (p = .012). There were no significant differences
between any of the Old gaze conditions (p = 1 for all comparisons). Interestingly,
there was a significant main effect of Gaze Duration, with the Short (M = 3.322,
SD = 1.117) condition resulting in a higher mean ratings then the Long condition
(M = 3.172, SD = 1.105; F (1, 16) = 14.664, p < .001, 12 = .478). There was no

interaction between gaze cue Duration and the gaze cue Congruency (F < 1).

Table 2.6: Mean and Standard Deviation for Memory Confidence scores from the
Rating phase of Experiment 3 (N = 17). Results are displayed by duration as well as
an aggregate.

Direct Congruent Incongruent Novel
M SD M SD M SD M SD
Memory Recall 0.561 0.194 0.630 0.216 0.538 0.211 0.779 0.126

Confidence Long 2.848 0.863 2.853 0.899 2.871 0.846 N/A  N/A
Short 2.915 0.881 2934 0.883 2.958 0.842 N/A N/A
Total 2.893 0.841 2.925 0.801 2.925 0.801 2,174 0.708

Object Rating Long 3.232 1.187 3.047 0.965 3.338 1.164 N/A  N/A
Short 3.292 1.262 3.438 1.070 3.239 1.019 N/A  N/A
Total 3.273 1.182 3.276 1.011 3.276 1.000 2.838 0.869
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Discussion

In Experiments 1 and 2, there was no gaze cueing bias for either visuospatial or
functional measures of attention. However, by increasing the complexity of the task,
it was possible to elicit a gaze cueing bias for both visuospatial and memory
measures, but not for affective judgments. As expected, when the difficulty of the
task is increased, participants must reorient away towards the object, ensuring
engagement with the target stimuli; demonstrating similar patterns of memory
recall accuracy to Turk-Browne et al. (2013). This methodology replicated the
finding that congruently cued items were recalled more accurately than either
congruently or incongruently cued items.

It is worth noting that even though congruently cued items were responded to
significantly faster than incongruently cued items, the gaze was cueing attention as
expected. RTs in the Direct condition were faster than the other two conditions, in
direct contrast to Experiments 1 and 2, where the Direct condition was significantly
slower. However, this is not reflected in the memory findings where only the
congruently cued items showed a memory advantage.Although memory did appear
to have some impact on affective judgments, the congruency of the gaze did not
appear to translate to differences between affective judgments. However, implicit
memory traces demonstrated by confidence scores could have had an impact on
participants’ preferences. Explanations for these findings will be considered in the

main discussion of this chapter.
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General Discussion

One of the most interesting findings in Experiments 1 and 2 was the lack of a
gaze cueing effect for either visuospatial or functional measures of gaze cues.
Accuracy results across all three experiments were approaching ceiling, and
therefore a null result was perhaps unsurprising. However, the fact that gaze did
not influence RT until the task was made more demanding may raise questions
about how robust gaze cueing paradigms are. This is a surprising finding, in the
light of previously reported robust benefits of gaze cues on both detection and
discrimination (Friesen & Kingstone, 1998; Friesen et al., 2004; Frischen, 2007) and
the fact that the primary task was modelled on Turk-Browne et al. (2013), who
found a significant gaze cueing bias. The absent cueing effects on target processing
also appear to explain the reduced memory performance in the recall tasks in
Experiment 1 and 2. In both experiments, memory performance for previously cued
items was below chance, whereas the ability to distinguish Novel items was
significantly above chance. Although there was a significant difference in Affective
Ratings of Incongruent vs Novel images in Experiment 1, the lack of any gaze
cueing effects; the poor memory performance, and the inability to replicate it in
Experiment 2 raises doubts as to whether the gaze cue was responsible for any
differences in affective judgments. The same logic applies to gaze duration
differences in Experiment 2. Even though there were significant effects of gaze
duration in both Response Accuracy and RT, again there were no differences
between gaze cueing conditions; resulting in null findings for both measures of
functional attention in the subsequent rating tasks.

In Experiment 3, the task was made more challenging to increase participant
engagement with the target images. The change in difficulty resulted in participants
taking significantly longer to respond to incongruently cued items versus
congruently cued items. These results conformed to the previous experimental
findings and therefore suggests that task difficulty should not be overlooked in gaze
cueing paradigms. Although response accuracy did not meet significance, there was
a trend in the same direction as the reaction time findings.

In terms of memory recall accuracy, as in Experiment 1 and 2, it was found
that participants’ ability to respond to Novel items accurately was above chance.

However, for Old items, only items that had been congruently cued were recalled
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significantly above chance. When d’ scores were compared, it was found that d’ for
items in the Congruent gaze condition were higher than Incongruently cued items at
a level that was approaching significance. Therefore, it is not possible to make
inferences based on these results, but it may suggest that there is an opportunity to

investigate these differences in future studies.

Gaze Cueing Paradigms for Measuring Visuospatial attention

Gaze cueing paradigms have been used since Posner (1980) to measure how
attention is shifted due to external influences, whether the cues are exogenous,
endogenous, faces, or arrows. These experiments typically find that attention is
reflexively cued by faces and will even occur if participants are told to ignore the
cue or that the cue is inaccurate (Friesen & Kingstone, 1998; Langton, Watt, &
Bruce, 2000). However, the findings from Experiments 1 and 2 suggest that the
effects require specific levels of task demands for the effect to occur. Although it is
assumed that participants’ attention is cued, there is no way of knowing this from
the data collected in Experiments 1 and 2. In previous experiments, the simplest
tasks were still able to elicit a cueing effect; for example, in the original Posner
(1980) paradigm participants simply respond to the spatial location of the cue.
Turk-Browne et al. (2013) used an even more straightforward task, asking
participants to make a single response once the images were displayed. As
demonstrated in Experiment 3, more complex discrimination tasks also resulted in
the cueing effect. However, based on the first two experiments, the cueing effect may
not be apparent if the task complexity falls between these simple and complex tasks.
Put simply, a task which is complex enough to require secondary processing, but not
complex enough to require reorienting, will not elicit a cueing effect. In Experiments
1 and 2 the task relied on distinguishing the side at which the ’true’ (non-blurry)
image appeared; participants would simply be able to distinguish the correct side
regardless of cue direction. It could be proposed that the objective of distinguishing
if the image is blurry or not was equally difficult no matter which image the
participant was cued to, therefore eliminating the need to reorient and impacting
the subsequent bias found in most gaze cueing paradigms. These surprising findings
can have wide-reaching implications in terms of attention cueing paradigms. Adding
other measures of visual attention, such as eye-tracking, will allow for more accurate

interpretation of results. Were participants merely not the following gaze when the
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task was to detect the non-blurry image? Were they adopting a different strategy?

We shall return to the use of complementary eye-tracking measures in Chapter 5.

The Effects of Congruent Gaze Cues on Memory Recall

The weak memory for old items across the board in Experiments 1 and 2, but
not in Experiment 3, may again be the result of the Learning phase task because
the task did not require full engagement with the object. Participants may have
been unable to fully encode the objects, resulting in memory performance below
chance. In Experiment 3, the participants were required to engage with the target
image to discriminate the letter, resulting in better performance with congruently
cued items, the only cued condition to perform above chance; providing further
evidence of the importance of task definition in attentional cueing tasks.

Although the findings of Experiment 3 are based on a limited sample, and more
data would need to be collected to replicate the finding to draw full conclusions,
there did appear to be an effect of congruent eye gaze on memory; this would
suggest that eye gaze influenced participants to focus on items for longer and more
thoroughly, facilitating memory more than if the gaze was direct or incongruent.
However, it is hard to conclude that this effect is unique to eye gaze. Subsequent
experiments are required using non-social cues to investigate if cueing effects on
memory result from simple attentional cueing or if there is something unique about

directed eye gaze resulting in more reliable memory encoding.

Affective Ratings and Memory Confidence Judgments

Based on Bayliss et al. (2006) it was hypothesised that items gazed at by a face
would be rated as more likeable than those which were not cued. Our results found
that objects that were gazed towards were not significantly rated more highly than
any other objects. Any preference for items based on eye gaze requires the
participant to remember that the face looked at the item, as noted in Bry et al.
(2011), but if recall of the object was already low, it is likely that any eye gaze
associated with the object will not be subsequently remembered. Although they did
not suggest an effect of gaze cues, the results did suggest that there were potential
effects of prior exposure on the affective ratings and on the memory confidence
judgements, both of which may have implications for memory recall. Ratings and

confidence judgments were significantly higher for items that were seen, regardless
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of the direction of the gaze cue, even though explicit memory recall was not above
chance for Direct or Incongruent gaze cues. This dissociation would suggest that at
some level participants were encoding characteristics of the objects they saw during
the Learning phase, even if this was not reflected in explicit recall results.
Therefore, in future experiments, a design that accounts for both implicit and

explicit memory recall would be appropriate.

Future Research Direction

The unique significance of faces is not limited to real human faces. There is
evidence to show that gaze cueing effects can be prompted by animated faces, even
those as simplistic as schematic drawings (Friesen & Kingstone, 1998). A proposed
pipeline for testing the effects of face realism on atypical gaze processing by people
with ASD is to identify a measurable effect of eye gaze on both visuospatial and
functional measures of attention and then to use faces of varying levels of animacy
to measure the point at which atypical behaviour appears. The goal of this study
was to establish whether the liking effect had the potential to be able to disentangle
the different styles of attention as well as to investigate the liking effect in a
long-term memory paradigm. However, difficulties in eliciting even the visuospatial
effects mean that this specific paradigm may not be ideal for testing the liking effect
in future. Such paradigms that focus on replications of the liking effect are
discussed in Chapter 3.

There were also some interesting findings regarding affective judgments and
memory. Even though eye gaze did not appear to influence affective judgments, it is
notable that items that were present in the Learning stage were rated preferable
compared to novel items in Experiments 1 and 3. This preference is especially
interesting when it is put into the context that memory recall was not significantly
above chance for the majority of conditions across the two experiments; providing
support to the findings of Bry et al. (2011) that memory is necessary to make
connections between the gaze cue and the item to influence affective judgments.
Our findings, as they are, were not adequate to make claims about the longevity of
the effect, or how gaze cued attention may impact memory and the subsequent
impact on affective judgments. To do so would require an experimental paradigm
that was more directly comparable to Bayliss et al. (2006). The potential
connections between memory and the liking effect will be discussed in more detail in

the general discussion (Chapter 6).
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Conclusion

In conclusion, the task used to measure the effects of attention cues is an
important aspect of experimental design that must not be overlooked. These
findings do show that provided a cueing effect on target processing can be
demonstrated; eye gaze can influence memory. We speculate that this depends,
crucially, on whether the task performed on target items involves participant
engagement. Subsequent affective ratings did not fit our hypothesis that eye gaze
should influence affective judgments, at least in the long-term memory realm. For
future experiments to investigate the functional consequences of gaze on long term
memory, both implicit and explicit recall should be assessed. Effects on affective
judgements thus far have been demonstrated only in the short-term memory realm.
Chapter 3 will build on these findings by aiming to replicate the findings of Bayliss
et al. (2006) in a more directly comparable paradigm, and will also introduce the
extension of using schematic faces to explore whether LSF gaze cues are adequate to

elicit a gaze cueing bias for affective judgments.
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Chapter 3:

Replication and Extension of
Bayliss, Paul, Cannon, & Tipper
(2006)

Beyond cueing spatial attention, research by Bayliss et al. (2006) found that people
rate objects that have been cued by the eye gaze of a photographic representation of
a face as more likeable than objects that were not cued. The author’s explanation
as to why this effect occurred was that it was an efficient method of appraising
objects in the environment. That is because people will typically attend towards
objects they desire (Shimojo, Simion, Shimojo, & Scheier, 2003), basing one’s
affective feelings towards an object that has been gazed at would be an efficient
method of appraising one’s environment (Bayliss et al., 2006).

To further investigate this effect, Bayliss and colleagues also went on to
investigate how facial expressions influenced this effect. They found that if the face
was smiling, gazed-at objects were rated higher than if the face had a disgusted
expression, but objects that were looked away from were rated equally for both
conditions (Bayliss et al., 2007). These findings that positive facial expressions were
associated with increases in affective judgments of objects were in line with their
original explanations of the effect. If somebody is smiling when they attend to an
object, it confirms the assumption that they like the object and therefore the effect
would be higher. Furthermore, it has been found that trustworthiness of the face
will also modulate this effect, with only faces that had been associated with a
trustworthy description eliciting the effect (King, Rowe, & Leonards, 2011). It was
also found by Strick et al. (2008) that the effect was only observed when more
attractive individuals were presented with direct eye contact to the item. In the
previous chapter it was established that as long as the task benefits from the
attention being cued to a specific location, eye gaze cues will bias measures of
visuospatial attention, as well as functional measures in the form of explicit memory
tasks. Eye gaze has also been shown to demonstrate unique attentional properties
compared to other spatial cues. It has previously been shown that the reflexive

nature of eye gaze influences the attentional bias of individuals towards following
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eye gaze more than alternative attentional cues, such as arrows (for example,
Friesen et al., 2004). One possibility is that the mechanisms for efficient face
processing can facilitate attention in a way that non-social cues cannot. However,
the reflexive nature of eye gaze has been reported in experiments utilising
non-photorealistic faces (Friesen & Kingstone, 1998), which would be in accordance
with the Johnson et al. (2015) theory of subcortical pathways for processing of eyes.
That is, subcortical networks that efficiently process LSF face information may
facilitate processes that enhance attentional cues from eye gaze when compared to
non-social arrow cues.

Efficient processing of eye gaze utilising the subcortical pathways may explain a
gaze cueing bias for visuospatial attention, but could this alone be sufficient to
result in higher-order social cognition that would be required to influence affective
judgments in this way? Or is the effect reliant on more social judgments that
require the broader spatial frequency information? The findings that emotional
expression, trustworthiness and attractiveness facilitate the effect would suggest
that greater visual detail is necessary to enhance the effect. As of yet, no research
available appears to specifically investigate the impact of the relative detail of faces
regarding the liking effect. Investigating how these traits influence the functional
consequences of gaze processing, from gaze cueing benefits, all the way to the liking
effect may help us to understand how the cognitive and affective elements of gaze
processing operate.

In addition to differences between the processing of faces across a spectrum of
realism, individual differences, such as those along dimensions of Social Anxiety and
Autism Spectrum Disorder (ASD), have been shown to have notable impacts on
levels of eye contact in both Social Anxiety (Schneier, Rodebaugh, Blanco, Lewin, &
Liebowitz, 2011), and ASD (Senju & Johnson, 2009b). A large body of evidence
suggests that there is a complicated relationship between ASD and gaze following
(Gillespie-Lynch, Elias, Escudero, Hutman, & Johnson, 2013; Pantelis & Kennedy,
2017). As previously discussed in Chapter 1, facial processing in individuals with
ASD does not appear to be impeded when more simplistic, cartoon representations
of faces are presented. The use of the liking effect, therefore, presents a potential
dimension to investigate the processing of faces across a variety of realism in ASD.
At one level, it will be possible to investigate to what extent eye-gaze following is
impacted in simple face representations in both NT and autistic participants. In

addition, it is possible to investigate how facial realism impacts more advanced
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social behaviours in the form of the liking effect, as well as how these impacts may

differ between autistic individuals.
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Experiment 4

In Experiment 4, the primary aim was to replicate the original finding that
direct eye gaze from a photographic representation of a face would result in objects
being rated higher than objects that were incongruently cued (Bayliss et al., 2006).
Furthermore, these findings were extended by testing whether a simple Schematic
representation of a face would influence people’s affective judgments. The first
between-subjects condition used a photograph of a face as in the previous
experiments; the second condition used a simple schematic outline of a face. These
types of schematic faces have been used in previous experiments and were found to
result in similar cueing effects on reaction times and accuracy (Friesen & Kingstone,
1998), but no prior study has looked at how these schematic faces interact with the
liking effect described by Bayliss et al. (2006). In addition to this experimental
manipulation, measures Autistic Traits (Autistic Quotient (AQ); Baron-Cohen,
Wheelwright, Skinner, Martin, & Clubley, 2001) and Social Anxiety measurements
(Liebowitz Social Anxiety Scores (SAS); Heimberg et al., 1999) were taken. These
two measures were selected as both ASD and social anxiety disorder have shown
marked difficulties with processing eye gaze (for Social Anxiety and ASD
respectively; Schneier et al., 2011; Senju & Johnson, 2009b). Gaze avoidance in
ASD and social anxiety disorder do not necessarily share the same mechanisms, and
therefore collecting both measures may allow us to differentiate differences between
two potential dimensions of individual differences.

The replication was based on the original findings (Bayliss et al., 2006) using
neutral expressions, rather than emotional expressions, to avoid any confounding
effects in emotional processing that might interact with our measures of individual

differences. Three hypotheses were developed:

Hypothesis 1: Participants’ attention will be cued by the eye gaze of both
Photographic and Schematic representations of faces, resulting in faster and
more accurate responses to Congruently cued stimuli compared to

Incongruently cued stimuli in both face conditions.

Hypothesis 2: Based on the findings of Bayliss et al. (2006) Congruently cued
items will be liked more than Incongruently cued items when a Photographic

face is used to cue attention. However, this difference will not be observed
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when the Schematic face is used to cue attention, as it will not be perceived as

a social entity.

Hypothesis 3: — As autistic traits and socially anxious behaviours result in
atypical patterns of attention when viewing faces, participants’ reaction times,

as well as ratings of objects, will be moderated by AQ and SAS scores.
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Methods

Participants

Sixty participants (36 female, 22 male, 2 N/A) were recruited through the
University recruitment system and were reimbursed either by £10 or course credit
for their participation. The mean age of participants was 22.75 years (Range =
18-49). All participants gave informed consent before the experiment commenced.
They were made aware that they could withdraw at any time and that all data

collected would remain anonymous.
Ethical considerations

Informed consent was received by all participants, and they were made aware of
their right to confidentiality and to withdraw at any time. There were no other
specific ethical considerations raised before the experiment. The experiment was
given ethical approval by the University of Oxford Central University Research
Ethics Committee (CUREC; R43226/RE001).

Apparatus

Tasks were presented using a computer running Matlab (64-bit version R2015b;
The MathWorks, Natick, MA), with images being displayed using Psychtoolbox
(Kleiner et al., 2007; Pelli, 1997; Brainard, 1997). Responses were collected via
keyboard input. Stimuli were presented on a 24-inch monitor with 1920 x 1080 pixel

resolution.
Measures

To measure autistic symptomatology, participants completed an Autistic
Quotient questionnaire (Baron-Cohen, Wheelwright, Skinner, et al., 2001). They
were also asked to complete a Social Anxiety Scale questionnaire to measure the
social anxiety of the participant (Heimberg et al., 1999). These were used to
compare individual differences between participants and their interactions with

within-subject effects.
Stimuli

All stimuli were presented on a mean grey background at full resolution. Before

each trial, a fixation cross measuring 80 x 80 pixels (22mm x 22mm) was displayed.
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As in the original experiment, target stimuli consisted of 36 household objects, 18
typically found in the kitchen, 18 typically found in the garage. All the objects
originated from the Bank of Standardised Stimuli (Brodeur et al., 2014). These 36
objects were modified in Photoshop (Adobe; San Jose, CA) to appear in one of four
colours (green, red, yellow or blue) giving a total of 144 possible targets. Images
were presented in a box measuring 300 x 300 pixels (approximately 83mm x 83mm).
The face stimuli consisted of 36 faces selected at random (18 male, 18 female) from
the Oslo Face Database (Chelnokova et al., 2014). Faces were presented in a box

measuring 332 x 337 pixels (approximately 90mm x 90mm; see Figure 3.1).

Figure 3.1: Two examples of faces from the Oslo Face Database (Chelnokova et al.,
2014). Each model has been photographed with a neutral expression while maintain-
ing a left, direct and right gaze.

Our stimuli were selected to be as similar as possible to the original
experiment. The target objects belonged to the same categories of objects and were
coloured in the same way. However, the faces were perceptually more complex than
the images used in the original experiment as they were higher in quality and were
also presented in colour. After completing the task, participants completed

questionnaires in the same program, with questions presented at the top of the
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screen and the rating scales presented at the bottom. Participants’ answers
appeared in the centre of the screen before pressing enter, to confirm answers and

moving to the next question.
Design

The study employed a 2x2 mixed design. The within-subjects factor was Gaze
Congruency, and the two levels were defined by whether the gaze cue was
Congruent or Incongruent with the upcoming target object location. The
between-subjects factor was Cue Type, based on whether it was a Photographic or a
Schematic representation of a face. Throughout the experiment, the response keys,
the colour of the objects, and whether the gaze cue was Congruent or Incongruent

were all counterbalanced between participants to avoid response bias.
Procedure

In the standard cueing trials of blocks 1 to 5, participants fixated on the
fixation cross and were asked to refrain from eye movements, ignore the
uninformative gaze cue and respond to the target as quickly as possible. At the
start of each trial, the fixation cross appeared for 600 ms followed by a face with
eyes gazing straight ahead for 1,500 ms; then, 500 ms before target onset, the eyes
moved to the left or the right. The images were displayed for 2,500 ms or until a
response was recorded. The screen then went blank for 1,500 ms before the next
trial. At response, a tone gave feedback on performance (a bell for correct and a
buzzer for incorrect/timeout). Participants used the H key and the space bar to
respond to the category of the target object. The key which corresponded to Garage
or Kitchen objects was counterbalanced between participants. Participants
completed five blocks of 72 trials in which each target was displayed once per block.
A timeline for each trial is shown in Figure 3.2A.

In the sixth block, the procedure was the same as in blocks one to five, but,
after the participant had categorised the object, a blank screen was displayed for
500 ms, followed by the rating screen. Participants responded to the ratings using
the keyboard but also responded aloud to an experimenter facing away from the
screen. After the response, a blank screen was presented for 500 ms, followed by a
fixation cross indicating the next trial. A timeline for the rating task is presented in
Figure 3.2B.
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Figure 3.2: A timeline of the experimental procedure. Arrow A shows the timeline for
the cueing trials in blocks 1-5. During the rating phase, participants would complete
a trial as in the previous block (A), followed by a rating procedure where participants
responded to the question ”How much do you like the object image?”.

Data analysis

A series of statistical models were applied to test each hypothesis.

Hypothesis 1: Effects of Gaze Congruency on Cueing Accuracy, Reaction Time in
both Photographic and Schematic gaze cues.

To investigate how participants’ attention was cued in both Schematic and
Photographic faces, a series of two-way mixed ANOVAs were used to test effects on
the dependent variables Response Accuracy and Median RTs. Response Accuracy
scores were calculated as a proportion of correct and incorrect categorisation of the

target stimuli. Median RTs were calculated based on accurate trials, removing RT's
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from erroneous trials. The between-subjects independent variable was whether the
face cue was Photographic or Schematic (Face Type). The within-subjects
independent variable was whether the gaze cue was Congruent or Incongruent (Gaze

Congruency).

Hypothesis 2: Effects of Gaze Congruency on Object Ratings in both Photographic

and Schematic gaze cues.

To investigate how participants’ affective judgments of objects were influenced
by gaze cues in both Schematic and Photographic faces, a two-way mixed ANOVA
was used to test effects on the dependent variable of Object Ratings. The
between-subjects independent variable was whether the face cue was Photographic
or Schematic (Face Type). The within-subjects independent variable was whether

the gaze cue was Congruent or Incongruent (Gaze Congruency).
Hypothesis 3: Autistic and social anziety traits as moderators of gaze cueing effects

To investigate the effects of autistic traits and socially anxious behaviours in
moderating response and rating behaviours, AQ and SAS were entered as covariates
independently into a series of ANCOVAs to test effects on the dependent variables
Response Accuracy, mean and Median RT's, and Object Ratings. As above, the
between-subjects independent variable was the Face Type (Photo or Schematic).
The within-subjects independent variable was the Gaze Congruency. The two
covariates (AQ and SAS) were mean centred to overcome issues with the

within-subject factors, as discussed in Thomas et al. (2009).
Outlier Exclusion

As in Chapter 2, it was decided that extreme values would not be removed
from the data to minimise the impact of excluded data from one variable impacting
the results of another variable. Furthermore, with the categorical nature of the task,
extremes in data may be representative of processes. Therefore, RT data were
compared using the median to limit the impact of extreme values without removing

them from the comparisons.
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Results

The mean and standard deviation for the sample n = 60 can be found in

Appendix D.

Hypothesis 1: Effects of Gaze Congruency on Cueing Accuracy, Reac-

tion Time in both Photographic and Schematic gaze cues.

Response Accuracy

Analysis of the proportion of correct responses found that there was no
significant differences between the Congruent (M = 918, SD = .071) and
Incongruent (M = .921, SD = .061) Gaze conditions (F < 1). Furthermore, there
was no significant main effect of Face Type - Photo (M = .921, SD = .072) and
Schematic (M = .918, SD = .060; F' < 1). Analysis of the interaction between the
two conditions found that there were no significant differences between the

interaction variables (F < 1). A summary of the data can be found in Table 3.1.

Table 3.1: Mean and Standard Deviation for Accuracy from Experiment 1 (N = 60).

Photo Schematic Total
M SD M SD M SD
Congruent 0.922 0.078 0.914 0.066 0.918 0.072
Incongruent 0.920 0.068 0.923 0.055 0.921 0.061
Total 0.921 0.072 0.918 0.060 N/A N/A

Reaction Times

For Median RT it was found that there was a significant main effect of Gaze
Congruency (F(1,58) = 12.314, p < .001, n; = .175), driven by faster Median RTs
for Congruently cued objects (M = 670.06 ms, SD = 67.504) than Incongruent cued
objects (M = 686.275 ms, SD = 71.507). There was no significant main effect
between Photo (M = 662.686 ms, SD = 65.508) or Schematic (M = 694.362 ms, SD
= 70.613) Face Types (F(1,58) = 3.52, p = .066, n; = .057). There was also no
interaction between Gaze Congruency and Face Type (F < 1). A summary of the
data can be found in Table 3.2.
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Table 3.2: Mean and Standard Deviation for RT (ms) from Experiment 1 (N = 60).

Photo Schematic Total
M SD M SD M SD
Congruent 656.257 62.664 684.756 70.171 670.506 67.504
Incongruent 668.581 68.743 703.970 70.919 686.275 71.507
Total 662.419 65.509 694.363 70.613 N/A N/A

Hypothesis 2: Effects of Gaze Congruency on Object Ratings in both

Photographic and Schematic gaze cues.

Analysis of the differences between the Congruent (M = 4.912 ms, SD = 0.828)
and Incongruent (M = 4.809 ms, SD = 0.872) conditions found that there were no
significant differences between the Gaze Congruency conditions (F(1,58) = 3.814, p
= .056, nf) = .004). Analysis of the main effect of Face Type found that there was
no significant differences between the Photographic (M = 4.806 ms, SD = 0.863) or
Schematic (M = 4.915 ms, SD = 0.865) conditions on Object Ratings (F < 1).
Analyisis of the interactions found no significant differences between the two factors
(F < 1). A summary of the data can be found in Table 3.3.

Table 3.3: Mean and Standard Deviation for Object Rating from Experiment 1 (N =
60).

Photo Schematic Total
M SD M SD M SD
Congruent 4.869 0.866 4.957 0.801 4.913 0.828
Incongruent 4.745 0.872 4.873 0.882 4.809 0.872
Total 4.807 0.864 4.915 0.836 N/A N/A

Hypothesis 3: Awutistic and social anxiety traits as moderators of gaze

cueing effects

A mixed model ANCOVA was used to investigate Response Accuracy, Median
RTs and Object Ratings; while also controlling for AQ and SAS (independently).
No notable differences were found between the ANCOVA and the ANOVA in
Hypothesis 2 for any of the conditions. That is, once the variance accounted for by
the covariate measures were removed from the model, there were no notable changes

to the outcomes.
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Discussion

It was possible to replicate the spatial gaze cueing effects found in Bayliss and
colleagues’ original work for both the Photographic and Schematic representations
of faces. However, it was not possible to replicate the finding of influenced affective
judgments in either condition, even when accounting for AQ and SAS scores.
However, these unexpected null findings may result from an underpowered sample.
Work done as part of the reproducibility project has demonstrated that many
experimental designs may not be as robust as once thought (Open Science
Collaboration, 2015). The sample size of 30 for the current experiment was based on
the original study’s sample of 24. Investigation of the original sample size and the
effect sizes calculated from the information given (dz = 0.196 based on Mean and
Standard deviation of the object rating findings in faces of Bayliss et al. (2006)),
resulted in a post hoc power calculation of 0.15. The commonly accepted convention
is that a study design should afford a minimum power of 0.8 and ideally should be
0.95 (Cohen, 1992). Based on these criteria, data from both the original experiment
and the current replication were collected from underpowered samples, resulting in
the increased likelihood of a type II error. The inability to replicate this effect does
not mean that the effect does not exist, but instead that increased sample size is

required to establish whether or not the effect holds.
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Experiment 5

The unexpected null results seen in Experiment 4 raised the question of
whether the sample size was adequate to detect the effect. The impact statistical
power on research has been discussed in the context of the reproducibility crisis in
psychology (Open Science Collaboration, 2015), raising questions on the validity of
these types of effects. To ensure that this was not the cause of the null results found
in Experiment 4, an experiment was designed that would be adequately powered to
test for the effect.

An identical method to Experiment 4 was used to conduct this experiment
online to allow for fast and easy participation from a wide variety of respondents.
The hypotheses used for Experiment 5 were identical to those of Experiment 4. As
the study was designed to test the robustness of the effects, the study was
preregistered with the Open Science Framework (OSF; https://osf.io/25kds/) — this

will be discussed in more detail throughout this report.
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Methods

Power analysis

The sample size of Experiment 4 was based on the sample size on the original
experiment by Bayliss et al. (2006), who used 24 participants per experiment.
Subsequent power analysis found this to be under-powered. Therefore, the second
set of experiments were designed to be conducted online to allow for adequate data
collection. As the primary goal of the study was to replicate the findings related to
affective judgements, the power analysis was based on the initial analysis of object
ratings reported by Bayliss et al. (2006).

The effect size was calculated based on the mean, standard deviation and r2
value for the affective judgments scores in the face condition from the original
experiment (Cohen’s dz = 0.196). It was estimated that 276 participants were
required to achieve the target power statistic of 0.9 based on calculations in
g*Power (Faul, Erdfelder, Lang, & Buchner, 2007). A target of 300 participants was
set for each condition. If after recruitment the number of participants who were
below a minimum threshold for accuracy was less than 0.8 (N = 207), a further 50
participants would be collected until the number of participants had surpassed the

minimum.
Participants

A total of 675 participants took part in the experiment. Participants were
recruited and reimbursed through Prolific Academic (Prolific Academic: Oxford UK;
Website: www.Prolific.ac.uk). Participants were expected to correctly categorise the
target object in over 75% of trials to account for data quality issues associated with
remote data collection and were given a £2 bonus for achieving the 75% minimum to
encourage engagement. This cut off was chosen as it was felt this was the minimum
acceptable level that would ensure participants had engaged with the target objects.
This minimum criterion was met by 99% of participants in Experiment 4. After
participants who failed to meet the minimum requirement were removed, 479
participants in total (277 Female, 200 Male, 2 Non-Binary; mean age, 35.67)
provided data for our final analysis. Of the 481 participants: 235 were allocated to
the Photographic face condition and 246 to the Schematic face condition. Therefore,

based on the power calculations done before the experiment, the Photo face
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condition had a power statistic of 0.85, and the Schematic Face condition had a

power score of (.86, surpassing the minimum set before data collection began.
Ethical considerations

Informed consent was received by all participants, and they were made aware of
their right to confidentiality and to withdraw at any time. Specific ethical issues
regarding the use of online data collection and storage were considered to be
resolved by the inherently anonymous nature of online data collection, as well as the
legal data protection guarantees made by the software providers. The experiment
was given ethical approval by the University of Oxford Central University Research
Ethics Committee (CUREC; R43226/RE004).

Apparatus

Data was collected using Gorilla Experiment Builder (www.groilla.sc;
Anwyl-Irvine, Massonnié, Flitton, Kirkham, & Evershed, 2019) between the 13th
and the 21st of September 2017. Gorilla presents stimuli online via the user’s
browser. Both Gorilla and Prolific checked to ensure that people only took part in
the experiment on desktop or laptop computers and were not able to take part on a
mobile phone or tablet. Participants were asked to put their browser in full screen.
However, there was no control over screen size and position. Participants responded

using the H or Space key on their keyboard.
Measures

As in Experiment 4, participants were asked to complete an AQ and SAS
questionnaire to collect individual differences in autism symptomology and social
anxiety traits. These were presented as two separate questionnaires. In the AQ
questionnaire participants completed a single page with all questions; for the SAS

questionnaire participants completed the two parts for each question on a single

page.
Stimuli

The same stimuli were utilised as in Experiment 4. However, due to the nature
of the remote experiment, it was not possible to report the absolute size of the
presented stimuli. All images were scaled so that they were presented in the same

proportions as the previous experiment.
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Procedures

Participants were recruited through Prolific Academic. Once they had
confirmed that they would like to take part, participants were given a link to
Gorilla. Here they were shown a full information sheet and were asked to consent to
partake in the experiment. Once they had consented, participants were shown the
instructions, and the experiment progressed as described in Experiment 4.

In addition to this, in Experiment 5, participants were asked two further

questions:

"Please list any factors that you think affected your ratings of the objects” —

participants were then allowed to list any factors they wished.

"How much do you think the face looking at the object affected your rating of
the objects” — participants were displayed a slider bar beginning at 50 to say
how they felt the eye gaze affected their decision between 0 and 100.

Data analysis

Data were analysed using the same methods as Experiment 4 to analyse
Hypotheses 1 to 3. An Accuracy score was calculated based on the proportion of
correct and incorrect responses to the target stimuli, and Median RTs were
calculated from trials where a correct response was given. Further to this, an
exploratory analysis was conducted to investigate the effects of Perceived Gaze
Influence (participants self-report score between 1-100). As with the AQ and SAS,
Perceived Gaze was entered as a covariate into a 2x2 ANCOVA to model the effects

of individual differences in Perceived Gaze Influence.
Outlier Exclusion

Due to the nature of the online experiment participants were only selected for
analysis if they achieved a minimum of 75%. As previously discussed, this was to
ensure a minimum level of engagement with the study itself. Otherwise, data were

treated as in previous experiments with no removal of extreme values.
Preregistration statement

The design, procedure and data analysis plan for Experiment 5 was registered
on Open Science Framework (OSF) before data collection on 09/11/2017 (the
registration document can be found at (https://osf.io/25kds/). Both Experiment 4
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and 5 had the same design, procedure, and ultimately were analysed using the same

analysis plan. However, it should be noted that only Experiment 5 was

preregistered.
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Results

The mean and standard deviation for the sample of 479 can be found in

Appendix E.

Hypothesis 1: Effects of Gaze Congruency on Cueing Accuracy, Reaction

Time in both Photographic and Schematic gaze cues.

Accuracy

Analysis of the proportion of correct answers for Congruent (M = .947, SD =
.047) and Incongruent (M = .946, SD = .048) conditions found that there was no
significant main effect (F' (1,477) = 2.383, p < .123, 1712, = .005). There was also no
significant difference between the Photographic (M = .946, SD = .051) or
Schematic (M = .945, SD = .046) conditions (F' < 1). Finally, there was no
significant interaction between the two factors (F' < 1). It was found that there was
no significant main effect of Gaze Congruency, or Face Type(F < 1). There was no
significant interaction between the two factors. A summary of the data can be
found in Table 3.4.

Table 3.4: Mean and Standard Deviation for Accuracy from Experiment 1 (N = 479).

Photo Schematic Total
M SD M SD M SD
Congruent 0.947 0.050 0.946 0.046 0.948 0.047
Incongruent 0.945 0.050 0.945 0.048 0.946 0.049
Total 0.946 0.051 0.946 0.047 N/A N/A

Reaction Times

For Median RT it was found that there was a significant main effect of Gaze
Congruency (F (1,477) = 273.086, p < .001, 72 = .364) driven by faster RT for
Congruently cued objects (M = 828.740 ms, SD = 141.914) than Incongruently
cued objects (M = 856.776 ms, SD = 139.980). However, there were no significant
main effect of Face Type (Photogrpahic, M = 848.521 ms, SD = 140.239;
Schematic, M = 844.581, SD = 147,789; F' < 1). There was also no interaction
effect between Gaze Congruency and Face Type (F < 1). A summary of the data
can be found in Table 3.2.
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Table 3.5: Mean and Standard Deviation for Median RT (ms) from Ezperiment 1 (N
= /79).

Photo Schematic Total
M SD M SD M SD
Congruent 833.370 141.403 831.202 148.985 831.962 142.980
Incongruent 863.672 139.077 857.961 146.595 859.917 140.486
Total 848.521 140.240 845.939 141.733 N/A N/A

Hypothesis 2: Effects of Gaze Congruency on Object Ratings in both

Photographic and Schematic gaze cues.

It was found that there was a trend towards significance difference between the
Congruent (M = 5.218, SD = 1.143) and Incongruent (M = 5.263, SD = 1.105)
conditions, but it did not reach statistical significance (F (1,477) = 3.594, p = .059,
n2 = = .007). There was also no significant difference between the Congruent (M =
5.199, SD = 1.077) and Incongruent Face Types (M = 5.269, SD = 1.127; F
(1,477) = 1.057, p = .813, 77]27 = < .001). There was also no significant interaction
between the Face Type and Gaze Congruency (F < 1). A summary of the data can
be found in Table 3.6.

Table 3.6: Mean and Standard Deviation for Object Rating from Experiment 1 (N =
479).

Photo Schematic Total
M SD M SD M SD
Congruent 5.184 1.085 5.245 1.153 5.218 1.144
Incongruent 5.216  1.070 5.295 1.102 5.264 1.105
Total 5.200 1.078 5.270 1.127 N/A N/A

Hypothesis 3: Autistic and social anxiety traits as moderators of gaze

cueing effects.

A mixed model ANCOVA was used to analyse Response Accuracy, RTs and
Object Ratings while also controlling for AQ and SAS (independently), as well as
the Perceived Gaze Influence of the eye gaze on participants’ ratings. It was found
that there were no notable differences between the ANCOVA and the ANOVA in
Hypothesis 2 for either the AQ, the SAS, or the Perceived Gaze Influence. The

exception was when AQ) was entered as a covariate; there were no significant main
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effects of Congruency for Accuracy. For all other conditions, there were no

differences once the variance accounted for by the covariates were removed.

82
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Discussion

As in Experiment 4, it was possible to replicate the finding that Congruent
gaze cues resulted in faster RTs for both face conditions, but for accuracy, only the
Photo face condition resulted in greater accuracy for Congruent conditions. As in
Experiment 4, no differences in affective judgements of objects based on the eye
gaze of either face condition were found. It might be concluded that the gaze cue of
another individual does not influence the affective judgments of an object. However,
there are methodological subtleties which may explain why it was not possible to
replicate this finding. Two proposed options were: 1) The interaction between face
identity and objects. Capozzi, Bayliss, Elena, and Becchio (2015) found that there
were interactions between the identity of the facial cues associated with the target
items. They found that for the effect to occur items had to be associated with
multiple faces across trials. If items were only cued by a single identity face, there
were no differences between affective judgments of congruently and incongruently
cued items. 2) Neutral face expression of cue stimuli. It has been suggested that
faces that are presented as "neutral” are often perceived in more complex ways,
typically in a negative manner (Collins, 2016; Cooney, Atlas, Joormann, Eugene, &
Gotlib, 2006; E. Lee, Kang, Park, Kim, & An, 2008; Said, Sebe, & Todorov, 2009).
If it is the case that the neutral expressions of these faces are being perceived as
negative, and previous research has shown negative emotions may impact the effect
(Bayliss et al., 2007), this may also be an explanation for the null effect reported
here. These confounding factors are explored further in Experiment 6.

Furthermore, the methodological change from a lab-based setting to a
home-based, online setting should not be ignored. Even with the controls put in
place to ensure that participants adequately attended to the stimuli, there is always
the possibility that the modality change could influence participants in ways not
experienced in lab-based settings. However, the fact that the results in Experiment
5 matched those of Experiment 4, and the main finding of gaze cueing was present
in Experiment 5, both argue that the online modality does seem to provide
adequate results. In conjunction with lab-based testing, online experiments are an

ideal way to collect results with large, diverse samples efficiently in future.
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Experiment 6

The inability to replicate the effect would suggest that the effect might not be
as robust as previously suggested. However, further review of the literature suggests
that there may be methodological discrepancies accounting for the null results found
in Experiments 1 and 2. Capozzi et al. (2015) modified the basic experimental
paradigm by Bayliss et al. (2006) to investigate how the number of faces gazing
towards the object that is being appraised affected the influence on the observer.
They found that if a single face gazed at an object, the liking effect did not occur,
and multiple faces gazing towards an object are required throughout the experiment
to elicit the liking effect. Furthermore, it has been proposed that the 'neutral’
expression most people display when asked to the model may appear contrary to an
observer (Collins, 2016; Cooney et al., 2006; E. Lee et al., 2008; Said et al., 2009). It
is possible the faces in Experiments 1 and 2 were perceived as negative and
therefore, did not affect the appraisal of the object. This is in line with the findings
of Bayliss and colleagues that faces displaying happy expressions were found to
boost the effect of gaze cues on the liking effect compared to negative, disgusted
expressions (Bayliss et al., 2007).

A third experiment was conducted to investigate if either of these factors might
have influenced the findings, replacing the between-subjects factor, previously
investigated facial realism (Photo vs Schematic), with manipulation of emotional
expression (Neutral vs Happy). Another within-subjects factor was also tested to
investigate whether a variety of faces is required to elicit the effect (Multiple faces
vs Single face conditions). These additional factors aimed to give a good indication
of whether either of these methodological differences may have influenced the liking

effect, either independently or in combination. We hypothesised that:

Hypothesis 1: An object must be gazed at by multiple faces rather than an
individual face to elicit a positive difference of affective judgments of objects.
Hypothesis 2: As found in Bayliss et al. (2007), the positive facial expression
will result in a greater liking effect due to the association between the

perceived positive attitude to the object.
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Methods

Power analysis

Power analysis was conducted using g*Power (Faul et al., 2007), based on the
effect size of the relationship between eye gaze and judgments scores in the original
experiment as in Experiment 5. Initial a priori power analyses based on the t-tests
used in prior experiments estimated a 173 participants required per between-subject
condition for a power level of 0.8. Power analysis for the Mixed ANOVA gave an
estimated power level of 0.9 for 346 participants, and this was therefore set as the

target sample size.
Participants

As in Experiment 5, participants were included if they achieved overall
accuracy over 75%. However, in this experiment recruitment continued until 343
participants were collected. As in Experiment 5, participants were recruited through
Prolific (Happy: Mean age = 33.5(18-72) 102 female, 67 male, Non-binary 1, N/A 1;
Neutral: Mean age = 36.1(18-69) 103 female, 69 male). Participants were paid a
base rate of £3.25 and a bonus of £1.25 if they achieved the minimum score of 75%.

Ethical considerations

Informed consent was received by all participants, and they were made aware of
their right to confidentiality and to withdraw at anytime. The experiment was given
ethical approval by the University of Oxford Central University Research Ethics
Committee (CUREC; R43226/RE004).

Apparatus

Data were collected using Gorilla Experiment Builder between 11/2/2018 -
14/2/2018. Stimuli were presented on the participants’ PC or laptop, and it was not
permitted on phones or tablets. Participants responded with the H or Space key on
their keyboard.

Measures

As in the previous Experiments, the AQ and SAS questionnaires were

presented through Gorilla as in Experiments 1 and 2.
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Stimuli

Experiment 6 was shortened compared to Experiment 5. A reduced number of
48 object images (24 displayed in two colours) were used in the current experiment,
compared to 72 images in Experiments 1 and 2. The reduction of the experiment
was required due to expense issues and had the added benefit of retaining
engagement by reducing the length of each block.

The Face images were also novel to this experiment. Eight models were
photographed displaying two expressions: Neutral, where models were asked to
present a neutral expression and Happy, where models were asked to smile without
displaying any teeth. We used these bespoke images as it had been challenging to
find a database of images which had both emotional expressions in combination
with left-right gaze cues. It should be noted that unlike the Oslo Face Database
(Chelnokova et al., 2014), these images were not controlled for factors that may
influence their visual salience, but it was deemed that would be acceptable in these
circumstances as long as the gaze direction was sufficient to ensure a gaze cueing
bias towards the object and the expression was identifiable (see Figure 3.3 for an

example of the face stimuli used for Experiment 6)
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A)

B)

Figure 3.3: Examples of face stimuli used for Experiment 6 with both a Happy
expression (A) and a Neutral expression (B)

Design

Experiment 6 followed the same design as Experiments 1 and 2, with the
addition of one condition. An additional within-subjects manipulation investigated
the number of faces looking towards an object across the trials (Face Number). Half
of the objects were associated with a Single face, and half of the objects were
associated with Multiple face identities. Objects that were associated with Single or
Multiple identities were alternated between participants and identities were

pseudo-randomised between conditions for all participants.
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Procedures

Participants were recruited through Prolific Academic. Once they had
confirmed they would like to take part participants were given a link to Gorilla.
Here they were shown a full information sheet and were asked to consent to partake
in the experiment. Once they had consented participants were displayed the
instructions and participants began the experiment following the same procedure as

in Experiment 5.
Data analysis

As in previous experiments, Accuracy was calculated as a proportion of trials
that were responded to correctly. The Median RTs for all correct trials were
calculated for each condition. The data were analysed using a 2X2X2 ANOVA with
Expression (Happy vs Neutral) entered as a between-subjects factor, and Face
Number (Multiple vs Single) and Congruency (Congruent vs Incongruent) as the
within-subject factor. The same covariates as in Experiment 4 and 5 were entered
into 2X2X2 ANCOVAs for AQ, SAS and Perceived Gaze Influence.

Outlier Exclusion

As in the previous experiments, participants were required to achieve a
minimum accuracy score of 75%, but otherwise, no extreme data values were

removed from the analysis.
Preregistration Statement

The design, procedure and data analysis plan for Experiment 6 were registered
on OSF before data collection on 27/06/2017 (the registration document can be
found at (https://osf.io/25kds/).
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Results

Hypothesis 1: Awutistic and social anxiety traits as moderators of gaze

cueing effects.

Accuracy

Analysis of the effects of Gaze Congruency, Expression and Face Number on a
proportion of correct responses was conducted using a Mixed effect ANOVA. It was
found that there was no significant difference between Congruent or Incongruent
gaze cues (M = .948, SD = .052 and M = .951, SD = .051 respectively). There was
also no significant difference between the Happy (M = .949, SD = .055) and the
Neutral (M = .948, SD = .051) facial Expressions (F' < 1). Analysis of the main
effects of Face Number found that there was also no significant difference between
the Single (M = .949, SD = .045) and Multiple (M = .949, SD = .051) conditions
.(F < 1). There was a two-way interaction between Congruency and Expression (F
(1,341) = 5.546, p =.019, 7712) = .016). Analysis of simple main effects demonstrated
a significant difference between Congruent and Incongruently cued items in the
Neutral condition (p = .011), but not in the Happy condition (p = .438). There
were no other interactions between the factors (F < 1, for all interactions). A

summary of the data can be found in Table 3.7.

Table 3.7: Mean and Standard Deviation for Accuracy scores from Ezxperiment 6
(N = 343). Scores are displayed by Expression and by Number of Faces, as well as
aggregates.

Happy Neutral Total
M SD M SD M SD
Single Congruent  0.945 0.056 0.947 0.056 0.947 0.056
Incongruent 0.954 0.051 0.952 0.054 0.952 0.054
Multiple Congruent  0.948 0.053 0.952 0.046 0.950 0.050
Incongruent 0.952 0.053 0.947 0.052 0.950 0.052
Total Congruent  0.949 0.055 0.948 0.051 0.948 0.053

Incongruent 0.951 0.055 0.951 0.052 0.951 0.053

Reaction Times

Analysis of the Median Reaction times found that there was a significant main
effect of Gaze Congruency (F (1,341) = 50.466, p < .001, n; = .129) driven by



Chapter 3: Replication and Extension of Bayliss et. al., (2006) 90

faster reaction times for Congruently cued (M = 791.090 ms, SD = 152.292) than
Incongruently cued objects (M = 805.023 ms, SD = 151.395). There were no
significant differences between the Happy (M = 795.535 ms, SD = 147.875) and the
Neutral Expressions (M = 800.562 ms, SD = 155.906; F' < 1). There was also no
significant main effect of Face Number (Single, M = 797.409 ms, SD = 155.491,
Multiple M = 798.643 ms, SD = 148.172; F < 1). Analysis of the interactions
found that there were no two-way interactions (F < 1 for all two-way interactions),
or a three way interaction between all factors (F (1,341) = 3.464, p = .064, i =
.010). A summary of the data can be found in Table 3.8.

Table 3.8: Mean and Standard Deviation for Median RT (ms) from Ezperiment 6
(N = 343). Scores are displayed by Expression and by Number of Faces, as well as
aggregates.

Happy Neutral Total
M SD M SD M SD
Single Congruent  791.145 148.868 792.589 145.574 790.312 157.573
Incongruent 804.147 151.091 805.107 156.212 804.629 153.457
Multiple Congruent  791.145 148.868 792.589 145.574 791.869 147.011
Incongruent 801.212 149.266 809.599 149.719 805.418 149.334
Total Congruent  791.145 148.868 792.589 145.574 791.090 152.292

Incongruent 802.679 150.179 807.353 152.965 805.023 151.395

Hypothesis 2: Effects of Gaze Congruency on Object Ratings in both

Photographic and Schematic gaze cues.

Analysis of the mean Object Rating scores found that there was a main effect
of Gaze Congruency for Object Ratings (F' (1,341) = 12.600, p < .001, 775 =.036)
driven by higher ratings for Congruently cued objects (M = 5.246, SD = 1.118)
compared to Incongruently cued objects (M = 5.147, SD = 1.168). There were no
significant main effects for either Face Number (Single, M = 5.224, SD = 1.186;
Multiple, M = 5.169, SD = 1.099; F (1,341) = 2.778, p < .096, 775 = .008) or Face
Expression (Happy, M = 5.224, SD = 1.065; F' < 1). Analysis of the interactions
found that there was a significant interaction between Face Number and Gaze
Congruency (F (1,341) = 5.636, p = .018, i, = .016), driven by the significant
difference between the Congruent and Incongruent condition for the Multiple ( p <
.001) but not the Single (p = .511) condition. There was also a significant
interaction between Face Number and the Expression (F' (1,341) = 4.239, p = .040,
7712, < .012), driven by a significant difference between the Single and Multiple
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condition for the Happy (p = .002) but not the Neutral (p = .057) expression (See
Figure 3.4). However, there was no significant interaction between the three
conditions (F (1,341) = 1.280, p = .259, 7)]2) = 0.004). A summary of the data can
be found in Table 3.9.
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Figure 3.4: Mean object rating score by the Gaze condition and Number of Faces. The
error box represents the SD. It was found that there was only a significant difference
between Congruent and Incongruent conditions when Multiple faces attended to the
objects, driven by higher scores for Congruently cued items. p < .05 indicated by *.
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Table 3.9: Mean and Standard Deviation for Rating scores from FEzxperiment 6 (N
= 843). Scores are displayed by Expression and by Number of Faces, as well as
aggregates.

Happy Neutral Total
M SD M SD M SD
Single Congruent  5.295 1.135 5.181 1.221 5.238 1.179
Incongruent 5.278 1.089 5.144  1.289 5.211 1.194
Multiple Congruent 5.276 0.961 5.231 1.148 5.253 1.057
Incongruent 5.050 1.076 5.120 1.206 5.085 1.142
Total Congruent 5.286 1.048 5.206 1.184 5.246 1.118

Incongruent 5.164 1.083 0.132  1.248 0.148 1.168

Hypothesis 3: Awutistic and social anxiety traits as moderators of gaze

cueing effects.

Three covariates were entered (independently) into the model as in Experiment
5: The AQ, the SAS, and the Perceived Gaze Influence. It was found that there
were no notable differences between the original model and the updated models,
suggesting that the variance accounted for by the covariates was not influential on

the outcome of the model.
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Discussion

The findings of Experiment 6 replicate the results of Capozzi et al. (2015), as
well as differences between positive and neutral expressions found by Bayliss et al.
(2006). That is, for the liking effect to occur, the object must be directly gazed at
by multiple faces with distinct identities, and the effect also appears to be boosted
by a positive expression, therefore supporting our hypothesis. Our findings suggest
that even though both expression conditions were able to elicit a bias in affective
judgments, an ambiguous neutral expression may have led to an attenuated
response to this effect. Possible explanations for why this condition influenced the
effect will be discussed in more detail in the main discussion section.

The current experiment investigated, in relative detail, the optimum
requirements for the liking effect to occur. There were some differences in the gaze
cueing elements between prior studies, in particular in the neutral condition. The
stimuli were collected specifically for this experiment, and unlike the Oslo Face
database, there were no controls for visual saliency. The saliency of a cue has been
found to influence the attention of an observer (Cerf, Harel, Einhauser, in Neural, &
2008, 2007; Calvo & Nummenmaa, 2008). The ambiguity of the neutral face
condition may have been exacerbated by the less visually salient stimuli; which may
have ultimately interfered with the gaze cue reducing the effect on the RT. However,
the bias seen in the affective judgments would indicate that participants were
ultimately following the eye gaze of the face in some regards. Although this
experiment does not account for why there may be differences between the two
expressions, the results of this study confirm that the optimum design for this study

is to use multiple faces with unique identities displaying a happy expression.
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Experiment 7

The findings of Experiment 6 would suggest that the effect only occurs when
the face that cues the object changes between exposures. Because this necessary
condition requires a unique identity, the previously used schematic face may have
been perceived as having a single identity and as a result, did not elicit the effect.
Therefore, to specify that this effect does not occur in simple schematic
representations of faces, it must be repeated schematic faces with unique identities.
To do this a set of Schematic faces based on the Photographic faces used in
Experiment 6 were developed to make eight unique schematic representations,
showing a happy expression as this was found to be the optimal method of eliciting
this effect. It was hypothesised that, as with photographic faces, only items that
were congruently cued by multiple Schematic faces would be rated higher than
objects that were incongruently cued. However, this effect would be attenuated
compared to Photographic faces, as the Schematic faces would not elicit full facial

processing that would optimise this effect.
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Methods

Power analysis

The sample size of 173 participants for this experiment was determined based
on the power analysis conducted in Experiment 6 as the design remained the same.
Power analysis for the ANOVA gave an estimate of 0.85 for 173 participants and

was therefore set as the target sample size.
Participants

As in Experiment 5, participants were recruited through Prolific (mean age =
36.5 (18-74); 82 female, 56 male). Participants were paid a base rate of £3.25 and a
bonus of £1.25 if they achieved the minimum score of 75%. Participants were
included in our analyses if they achieved over 75% with a target of 173 participants.
However, due to technical difficulties, several participants had to be rejected after
data collection had finished. In total, 138 participants’ data were collected, which

would achieve an estimated power of 0.75, slightly below the target minimum of .08.
Ethical considerations

Informed consent was received by all participants, and they were made aware of
their right to confidentiality and to withdraw at any time. The experiment was
given ethical approval by the University of Oxford Central University Research
Ethics Committee (CUREC; R43226/RE004).

Apparatus

Data were collected using Gorilla between 20/6/2017 - 22/6/2017. Participants
could only complete the experiment on a PC and were not able to complete the
experiment on a tablet or mobile device. Participants used the keyboard to respond

using either the H key or the Space key.
Measures

We collected AQ and SAS measures through Gorilla after the experiment was

completed.
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Stimuli

As in Experiment 6, a shortened procedure was used, reducing the number of
objects to 24 Objects displayed in two colours for a total of 48 images.

For the schematic faces, the same face stimuli from Experiment 6 were used to
make approximate schematic counterparts based on the outline of the face and
marked locations to match the eyes, nose and mouth. Standardised shapes were
fitted to represent these features and placed them to be the equivalent size then
coloured to correspond with the model; ensuring that there were both featural and
configural differences between the faces that would dictate a specific identity (see
Figure 3.5)
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Figure 3.5: Examples of the schematic faces used in Experiment 7. By roughly
matching the dimensions of the face and estimating similar eye colour, it was possible
to make simple schematic faces with unique identities.

Procedure

The procedure was conducted in the same manner as in previous experiments.
Participants were recruited through Prolific Academic and were given a full
information sheet and consented to take part. Participants then began the

experiment following the same procedure as referred to in Experiment 5.
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Data Analysis

As before, the proportion of correct and incorrect scores and the Median of RT's
for correct trials were calculated for the Accuracy scores and RT measures,
respectively. The data were analysed using a 2x2 ANOVA within-subjects ANOVA
with Face Type (Photo vs Schematic) and Congruency (Congruent vs Incongruent)
as the within-subjects factors. As in the previous experiments, AQ, SAS and
Perceived Gaze Influence were entered independently as Covariates into a series of
2X2 ANCOVAs.

Outlier Exclusion

As in previous chapters, participants were required to achieve 75% to be
entered for analysis to ensure engagement in the experiment. Otherwise, there was

no removal of outlying data from the analysis.
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Results

The mean and standard deviation for the sample N = 138 can be found in

Appendix G.

Hypothesis 1: Awutistic and social anxiety traits as moderators of gaze

cueing effects.

Response Accuracy

Analysis of the proportion of correct results found that there was no significant
main effect of Gaze Congruency (Congruent, M = .951, SD = .057; Incongruent, M
= .954, SD = .053; F(1,137) = 1.926, p = .167, n]% = .014). There were also no
significant differences between the Single (M = .951, SD = .057) or Multiple (M =
954, SD = .054) conditions for Face Number (F < 1). Analysis of the interactions
found no significant effects (F' < 1). A summary of the data can be found in Table
3.10.

Table 3.10: Mean and Standard Deviations for Accuracy from Ezperiment 7 (N =
139). Scores are presented by Number of Faces and as aggregate scores.

M SD
Congruent  0.950 0.061

Single 1 congruent 0954 0.053

. Congruent  0.953 0.054
Multiple Incongruent 0.956 0.054
Total Congruent  0.951 0.057

Incongruent 0.955 0.054

Reaction Times

Analysis of Median RTs found that there was a significant main effect of
Congruency (F(1,137) = 56.156, p < .001, 12 = .255) driven by a faster reaction
time in the Congruent condition(M = 797.031 ms, SD = 130.390) compared to the
Incongruent condition (M = 816.947 ms, SD = 129.832). There was no significant
effect of Face Number (Single, M = 807.151 ms, SD = 128.635; Multiple, M =
806.826 ms, SD = 131.287; F' < 1). There was no significant interaction between
the two conditions (F' < 1). A summary of the data can be found in Table 3.11.
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Table 3.11: Mean and Standard Deviations for Median RT from Ezperiment 7 (N =
139). Scores are presented by Number of Faces and as aggregate scores.

M SD
Single Congruent  797.883 128.555
Incongruent 816.420 128.715
. Congruent  796.179 131.626
Multiple 1 oneruent 817.473 130.949
Congruent  797.031 130.091

Total

Incongruent 816.947 129.832

Hypothesis 2: Effects of Gaze Congruency on Object Ratings in both

Photographic and Schematic gaze cues.

For the Object Ratings there was a significant effect of Gaze Congruency
(F(1,137) = 7.114, p = .009, 52 = .050) driven by a higher rating for Congruent
items (M = 5.411, SD = 1.159) than Incongruent items (M = 5.273, SD = 1.128).
There were no significant differences between the Face Number conditions (Single,
M = 5.341, SD = 1.138; Multiple, M = 5.343, SD = 1.149; F < 1). There was no
significant interaction between the two factors of Face Number and Gaze

Congruency (F' < 1). A summary of the data can be found in Table 3.12.

Table 3.12: Mean and Standard Deviations for Object Rating from Ezxperiment 7 (N
= 139). Scores are presented by Number of Faces and as aggregate scores.

M SD
Sinele Congruent  5.421 1.164
& Incongruent 5.286 1.143
. Congruent  5.402 1.155
Multiple Incongruent 5.286 1.143
Total Congruent  5.411 1.159

Incongruent 5.286 1.143

Hypothesis 3: Autistic and social anxiety traits as moderators of gaze

cueing effects.

The three covariates (AQ, SAS, and the Perceived Influence) were entered to
independent ANCOVA’s. It was found that there were no notable differences
between the original model and the updated models; suggesting the variance

accounted for by the covariates was not influential on the outcome of the model.
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Discussion

It was found that there was a significant gaze cueing bias, but that there was
no interaction between Congruent gaze cues and the Face Number condition, which
would suggest that the multiple identities were not required to elicit the effect.
However, this raises an interesting question: why did Congruent gaze result in a
preference for items cued by schematic faces in this experiment, but not in previous
experiments?

One possible explanation of the differences between the current experiment and
Experiments 4 and 5 is the increase in details in the eyes of the schematic face. Eye
colour was added to the schematic faces to add a featural element. The addition of
more detailed featural information that was important for the perception of identity
may have also impacted how the faces were perceived and may subsequently have
resulted in a liking effect with Schematic faces where it was not seen previously.
The relationship between facial realism and identity will be discussed further in the

general discussion.
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General Discussion

The main aim of the study was to replicate the findings of Bayliss et al. (2006),
as well as to extend their previous findings to understand how this effect would
occur in perceptually sparse face conditions. Throughout the experiment, it was
found, with one exception, effects of gaze cueing on reaction times, with faster
responses to objects that had been congruently cued, conforming with the previous
literature. However, in our first two experiments, it was not possible to elicit a bias
towards congruently cued objects in affective judgments (the "liking effect”), even
in large samples. Further research found that the effect required multiple faces to
gaze towards the object to elicit the liking effect, ultimately replicating more recent
findings (Capozzi et al., 2015). However, in the schematic face condition, there were
no differences between the multiple and single face conditions, rather a general

preference for items that were congruently cued.
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The Influence of Multiple Identities on Affective Judgments

Capozzi et al. (2015) suggested that multiple identities were able to elicit the
effect as a result of the social consensus hypothesis. They suggested that seeing
multiple people look towards the object leads to the conclusion that the object is
liked by others and that therefore it is an efficient judgment to conform to the
crowd. This explanation again would be in line with findings that perceived positive
face attributes. However, this explanation would suggest that the consensus builds
the effect up over trials. Therefore, it would be expected that there would be an
attenuated effect even when using a single face condition. It is the case that this is
seen in both Experiments 4 and 5. However, in these experiments, a positive
difference is only seen in Experiment 7 with a negative difference in Experiment 5.
These conflicting results make it difficult to make any claims about whether there is
even a consistent trend towards the liking effect in single face conditions, although
there are previous studies utilising a single face condition that have elicited an effect
(King et al., 2011; Strick et al., 2008).

There may be alternative mechanistic explanations for why the effect is only
consistently seen when objects are associated with Multiple faces using Photographic
stimuli. One possible suggestion is that instead of multiple faces boosting the effect,
repeated connections between an object and a single face identity may result in a
habituation effect to the gaze connection, limiting the extent to which eye gaze will
influence people’s affective judgments of the targets. There are parallels in the fMRI
literature of repetition suppression for repeated stimuli (Yi, Kelley, Marois, & Chun,
2006). There is no literature on habituation or repetition suppression on affective
judgments. However, in more cognitive terms, the multiple/single differences could
be explained through habituation. A habituating effect may also explain the
original finding by Bayliss et al. (2006) that the arrow cue did not elicit a preference
as a result of the cue. As the arrow cue does not change across trials, participants
may habituate to the object and therefore may not show a preference.

This explanation of the liking effect mechanisms is complicated by the findings
in Experiment 7. If it were the case that multiple identity associations with objects
reduced habituation allowing the objects to benefit as a result of widespread
attention to the item rather specific social attention related to eye gaze, it would be
expected that this effect would also be seen in the multiple conditions with the
schematic faces in Experiment 7. However, as it appeared that this effect was equal

across both Single and Multiple conditions, this cannot be the case. Therefore, it is
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likely that whatever mechanisms that account for the social consensus explanation
of the liking effect are more complex than simple visual habituation; raising the
question: why do schematic faces appear to elicit a liking effect, irrelevant of
expression or number of face/item connections? One possible reason is that the
subcortical pathways that are triggered by a face shape begin activation of more
extensive face processing networks that modulate how people associate the gaze
with the item. However, in the schematic representations of faces, there is not
enough information for full processing to occur. Therefore, the social consensus
influence cannot act on participants’ judgments. By raising the level of detail in the
schematic condition, it may cross a threshold for the effect to occur that previous
schematic faces did not. Any differences may have been identified in differences in
the effect size, but the use of different tests (2 vs 3-factor ANOVAs) makes it
difficult to make direct comparisons. The number of face/item connections will be
addressed further in Chapter 4.
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Issues with the Use of AQ as a Covariate for Investigating Functional

Consequences of Eye Gaze

A further extension of the original study was the addition of measures of
autism and social anxiety to investigate how they may have influenced the liking
effect. ANCOVAs were used to remove the variance that was accounted for by these
measures, and it was found that there were no notable differences. However, there
were possible issues with the use of self-report measures that meant they might not
have been indicative of the extreme levels of behavioural traits, in particular the
AQ), that would impact face processing behaviours. For example, in Experiment 6,
only 26 of 346 participants scored over the established diagnostic cut off of 32 for
ASD, and of those 26, only 14 were in the multiple face condition. Therefore, the
sample size is not adequate to allow useful conclusions. If the marked atypicalities
in face perception and gaze following are only noted in individuals on the extreme
end of this distribution, there may simply have not been enough variance within our
participants to gain an adequate sample of extreme scores. Although there is
evidence that there are differences between individuals with high vs low AQ scores
in gaze cueing tasks (Bayliss & Tipper, 2005), limited variance in the recorded AQ
meant that differences in social processes required for influencing affective
judgments were possibly not represented. Therefore, to really investigate the extent
of autistic and social anxiety traits on this effect, more sensitive measures of autistic
behaviours or direct comparison between autistic participants and NT controls
should be conducted. These concerns will be addressed in Chapters 4 and 5 by
utilising an online study with specific high and low autistic trait cohorts, as well as

collecting data with autistic participants.
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Potential for Online Data Collection for Large Scale Replications

Since the findings of the reproducibility project were published (Open Science
Collaboration, 2015), many psychological effects have been under scrutiny. Ensuring
that testing for an effect is adequately powered has been recognised as one of the
issues with experiments that were not able to replicate in the follow-up
experiments.In this chapter, several large scale experiments were designed to
replicate and extend the findings of Bayliss et al. (2006). Although Experiments 4
and 5 were unable to replicate the liking effect due to methodological differences,
they were able to demonstrate that the Gorilla online experimental platform was
useful in providing adequate results that aligned with a smaller lab-based sample; at
least regarding the accuracy and RT (www.gorilla.sc; Anwyl-Irvine et al., 2019).
The use of tools such as Prolific for participant recruitment and Gorilla for data
collection will allow for much larger, and more diverse, samples to be collected
quickly and at a relatively lower cost per participant, even for more extended, more
complex behavioural studies. As long as adequate attentional checks are carried out
to ensure that only data collected from participants who engages with the
experiment are analysed, our research suggests that online data collection has the

potential to improve how human data can be collected.
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Conclusions

The main aim of this study was to replicate the findings of Bayliss et al. (2006).
The effect was not replicated in experiments 4 and 5 due to minor differences in the
methodology, but results of Experiment 6 did replicate the original findings of
Bayliss et al. (2006, 2007). Furthermore, this confirms the findings by Cappozzi
(2015) that the effect required connections between multiple face identities, as well
as confirming that positive emotions expressed by the cue face would also influence
the impact of the effect as demonstrated by Bayliss et al. (2007). However, although
the liking effect was seen in the Schematic faces, there were no differences between
the single and multiple face identity condition, raising questions about differences
between face modalities. Although there were no differences based on AQ measures,
it cannot be assumed that there will be no differences between people who have a
diagnosis with ASD. Now that the parameters for the paradigm have been
established, future chapters will now focus on investigating the liking effect in
specific population samples. Finally, in this chapter, some successful data sets were
collected online using Gorilla. Although further testing will be required to confirm
the validity, this method does show promise as a solution for collecting large scale

data sets of complex behavioural paradigms.
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Chapter 4:

Functional Consequences of Gaze
Cues on Affective Judgments in

Individuals with High and Low
Autistic Traits

Experiment 8

In the previous chapter, consistent with Capozzi et al. (2015), it was established
that when photographic faces oriented their gaze towards items, there was a
significant preference towards items that were congruently cued when cued by
multiple face identities across trials. However, this liking effect was not seen when a
single face consistently gazed towards an item.

Interestingly, the liking effect was seen in objects that were associated with
both Multiple and Single face identities when schematic representations of faces
were used. Although it was predicted that there would be no effect in schematic
faces, these findings outline that there were distinguishable differences in the
functional consequences of eye gaze in schematic vs photographic representations of
faces. Further research is required to establish the mechanistic differences of this
effect. However, in the context of the thesis aims, namely to disentangle differences
between how faces are processed across a spectrum of realism in ASD, this effect
may demonstrate potential.

In previous chapters, the Autistic Quotient (AQ; Baron-Cohen, Wheelwright,
Skinner, et al., 2001) has been used to account for variance in the broader autism
phenotype that may account for behavioural differences. However, it has
consistently been found that the AQ did not explain any such differences between
individuals. Furthermore, using the AQ to account for a variance may indicate
differences, but ultimately it may not provide us with insight into how processing of
faces may be specifically impeded in autistic spectrum disorder. Possibly due to

under-sampling among participants who demonstrate the most severe autistic traits.
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For example, in Experiments 3 and 4 from Chapter 3, only 26 of 509 participants in
total had an AQ score high enough to meet the criteria for potential diagnosis. One
possible explanation is that the sample collected in the previous chapter failed to
collect data from those demonstrating the most severe autistic traits.

Autism is a spectrum disorder, and as such diagnosis is made when behaviour
exhibits at the extreme end of the spectrum in a way that impairs behaviour
(Mandy, Charman, & Skuse, 2012; American Psychiatric Association, 2013).
Therefore, by collecting samples from the general population and entering the AQ
as a continuous covariate, it has not been possible to investigate those at the
extreme of the spectrum. If gaze avoidance is a response to atypical processing at
the end of the spectrum, it would be a plausible explanation as to why we have not
seen any gaze related difficulties based on autistic traits. Therefore, by utilising the
established liking effect paradigm with individuals who show high levels of autistic
traits compared to individuals with below-average autistic traits, it will be possible
to draw conclusions about how face processing is impeded in those with more severe
autistic traits.

As previously discussed, there is a vast literature that shows atypical responses
to gaze cueing among autistic people (Nation & Penny, 2008; Frischen, 2007).
Autistic individuals are equally as good at detecting faces with direct and averted
eye gaze, whereas neurotypical individuals show a significant bias towards faces with
direct eye gaze (Senju, Yaguchi, Tojo, & Hasegawa, 2003). Difficulties in detecting
eyes and interacting with others’ eye contact have been shown to impact how
individuals with ASD share attention (Caruana et al., 2018; Mundy, Sigman, &
Kasari, 1994). Furthermore, it has been demonstrated that individuals with ASD
are less effective at naturally sharing attention with others (Hobson & Hobson,
2007), impacting their ability to develop language skills (Charman, 2003; Morales et
al., 2000; Tomasello & Farrar, 1986), as well as impacting their mentalising skills
(Charman et al., 2000). However, regarding gaze cueing paradigms, the research has
been inconclusive (for review see Nation & Penny). Although initial findings
suggested that autistic individuals did not follow gaze cues (Leekam, Baron-Cohen,
Perrett, Milders, & Brown, 1997; Leekam, Lépez, & Moore, 2000), more recent
findings have not supported these conclusions (Senju et al., 2005).

One proposal has been that many cueing experiments work by presenting a face
whose eyes shift in a way that results in perceived movement. This perceived
movement would in turn work as a directional cue, which could explain comparable
results between ASD and NT participants (Farroni et al., 2000; Leekam et al., 2000;
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Swettenham, Condie, Campbell, Milne, & Coleman, 2003). However, subsequent
experiments with static gaze cues also demonstrated a gaze cueing bias with autistic
participants; suggesting that autistic individuals were explicitly using the direction
of the eyes rather than just motion to attend to the object. However, this raised a
question: If autistic people can follow the direction of the eyes, why are there also
reported deficits in gaze following and joint attention in day to day interactions?
Research using gaze cueing paradigms found that although autistic individuals were
utilising gaze direction, it was not reflexive as it appeared in NT individuals (Ristic
et al., 2005). Ristic et al. (2005) found that when Autistic participants were told
that gaze cues were 80% likely to be incorrect, the cueing effect was not seen, but it
was in N'T individuals. The effect also appears to be less nuanced than in
neurotypical individuals. Whereas typical attention shifts are mediated by multiple
factors, such as hemisphere presentation and expectations (Frischen & Tipper, 2006;
Vlamings, Stauder, Van Son, & Mottron, 2005), as well as gender (Bayliss et al.,
2005), these factors do not seem to have the same impact on ASD (Senju, Tojo,
Dairoku, & Hasegawa, 2004).

It has also been proposed that the conflicting results in gaze cueing paradigms
are associated with patterns of gaze avoidant behaviour (Dalton et al., 2005;
Kliemann et al., 2012). Variance within such avoidant behaviours across autistic
individuals may explain the heterogeneity in gaze cueing experiments with autistic
participants as well as the wider population (Kliemann et al., 2012). If avoidance of
direct eye contact limits how well autistic individuals interact with eye contact,
variations in avoidance may explain why there have been differences between ASD
and NT participants in individual experimental designs, but not others. By utilising
the liking effect paradigm, it is possible to interpret how individuals interact with
functional elements of eye gaze, not just the spatial aspects. Differentiating between
visuospatial and functional consequences of eye gaze processing in this way will help
to disentangle differences between N'T and ASD participants when processing eye
gaze.

If it were the case that there were differences between the ASD and NT
individuals, there are several potential explanations. One possible explanation for
an atypical liking effect may be the avoidance of the eyes of photographic
representations of faces: gaze avoidance could impede gaze cueing for spatial tasks
(accuracy, RT). In turn, reduced gaze cueing effects could relate to the subsequent
processing of the object that results in the liking effect. Secondly, difficulties in

discerning facial identity may impact social cueing (Lewis, Shakeshaft, & Plomin,
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2018; Weigelt, Koldewyn, & Kanwisher, 2012), as the liking effect is reliant on
distinguishing identity and building connections between multiple face identities and
the items (Capozzi et al., 2015). Finally, if it was the case that complexity imposed
by more detailed photographic representations of faces interferes with the ability to
extract the information required to influence affective judgments, it may be the case
that the liking effect will be present when low detail schematic face stimuli are used
as cues.

Therefore, there were two primary goals of this study. Firstly, to establish
whether the liking effect would occur among individuals with high and low traits of
ASD, to move away from the limitations of testing the effects of AQ in population
samples. Secondly, to try and disentangle whether differences in how individuals
process low detail and high detail faces will also be present in both high and low
autistic traits through the impact on the ensuing liking effects. As in Chapter 3,
data collection leveraged online methods to allow us to meet the statistical power
requirements of a large enough sample to investigate these effects. Participants were
pre-screened for AQ scores so that we could recruit individuals who scored above
the AQ at-risk cut off that would suggest behavioural traits equivalent to that of a
diagnosis of ASD. Although this method limits to what extent conclusions can be
drawn concerning a full diagnosis of ASD, this would give a good indication of
differences compared to individuals who achieved below average AQ scores. For this

experiment two hypotheses were proposed:

Hypothesis 1: Individuals whose AQ score is above the clinical cut off for
autistic traits (AQ-S score greater than 80; Hoekstra et al., 2010), would not
be as influenced by the eye gaze of photographic faces when making affective
judgments, compared to individuals with below-average AQ scores as they

would have more difficulty processing eye gaze, limiting the effect.

Hypothesis 2: There would be no significant differences between the High and
Low AQ score groups when the same task was completed with Schematic
representations of faces, as the High AQ group would not have the same

difficulties processing eye gaze of schematic faces.
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Methods

Participant Recruitment

As the goal of the study was to compare individuals who demonstrated both
high and low levels of autistic traits, a pre-screen questionnaire was used to gauge
autistic traits. Then individuals were designated to either a High or a Low group

and were then invited to take part in the experiment.
Pre-screen

For the pre-screen, the shorter AQ-28 was used to measure ASD behavioural
traits (Hoekstra et al., 2010). The shorter nature of the AQ-28 was ideal for the
pre-screen questionnaire and has been demonstrated to correlate highly with the
original AQ questionnaire. Hoekstra and colleagues established a score of >65 as a
cut off for the presence of autistic traits. As the aim was to establish these findings
in High autistic traits it was decided to set an AQ-s of 80, closer to the mean of the
original autistic group (89; Hoekstra et al., 2010). As for the Low autistic traits
group, an AQ-s score of 60 was established; below the threshold established by
Hoekstra and colleagues for autistic traits and closer to the average AQ-s score for
the original control groups (56; Hoekstra et al., 2010). The pre-screen questionnaire
was made available through Prolific for up to 1000 participants and was completed
on Gorilla. Of the 1000 participants who took part 101 participants met the
threshold for the High group and 467 for the Low group.

Power analysis

A power analysis was conducted based on four independent variables. The
effect size of the difference between object ratings in Experiment 6 was used to
calculate the required sample size for a 2X2X2X2 mixed ANOVA. The resulting a
priori power analysis based on the effect size (f = 0.142), the correlation between
variables(0.7), and the Alpha level of 0.05 found that, for a power of 0.95, we
required an overall sample of 156 participants. For the minimum power level of 0.8,
a sample size of 102 was required. Seventy-eight participants were invited to
participate for each of the High and Low ASD groups to achieve the upper power
level of 0.95. The high and low group were then divided into two further groups of
35 for the Photographic and Schematic face groups.
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Participants

Based on these targets, we invited 78 randomly selected participants who had
scored an AQ-s score of 80 and 78 participants who scored below 65. Participants
were given two weeks to complete the experiment. After the two weeks, a full
sample was collected for both groups. To account for external influences that could
not be controlled outside a lab setting, a minimum performance level requirement
was set. Participants were expected to have over 75% accuracy. Once participants
who had scored below the minimum accuracy threshold (75% accuracy) score was
removed, a small number of extra participants were invited from the Low group to
ensure the two groups were balanced and above the minimum participant number
required. In total, there were 65 participants in the High group and 59 participants
in the Low group. Based on the power calculations, this would give an overall power
estimate of 0.88.

Participants mean age was 35.6 (range: 18 — 73) and had normal or corrected
to normal vision. The experiment lasted approximately 45 minutes, and
participants were reimbursed £3.75 for participation and a bonus £1.25 if they met
a minimum accuracy score, as detailed in Chapter 3. Participants were recruited
through Prolific Academic (Prolific Academic: Oxford UK; Website:
www.Prolific.ac.uk) and were forwarded to Gorilla) Experiment Builder

(www.gorilla.sc; Anwyl-Irvine et al., 2019) through which the study was conducted.
Ethical considerations

Informed consent was received by all participants, and they were made aware of
their right to confidentiality and to withdraw at any time. The experiment was
given ethical approval by the University of Oxford Central University Research
Ethics Committee (CUREC; R57031/RE001).

Apparatus

Data were collected online via the participant’s browser using Gorilla between
the 13/7/2018 - 24/7/2018. Participants could only complete the experiment on a
desktop or laptop computer, and the experiment was not available on a mobile or
tablet. Participants were asked to put their browser in full screen, but there was no
control over screen size and position. Participants responded using the H or Space

key on their keyboard.
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Measures

To measure autistic traits, the AQ-s was used to collect measures of autistic
traits in the pre-screen (Hoekstra et al., 2010). This measure was selected over the
original AQ-50 for two reasons. Firstly, the reduced size was ideal for short
pre-screening questionnaires of a large number of participants. Secondly, it has been
found that the AQ-50 may show significant overlap with individuals diagnosed with
social anxiety disorder (Freeth, Bullock, & Milne, 2013). The AQ-s reduces the
subcategories that show the most overlap and should, therefore, provide a more

suitable measure of autistic behavioural traits.
Stimuli

For this experiment, the same stimulus set from Experiments 6 and 7 was used:

24 target items of which 12 would be typically found in the garage, and 12 which
would typically be found in the garden. Each item was manipulated to be a shade
of 1 of 4 colours (red, green, yellow or blue), for a total of 96 unique items. For
photographic face cue, the same eight photographs of individuals from the prior
experiment were used. These photographs consisted of direct gaze as well as a left
and right directed gaze cue. The schematic faces were the same set from the prior
study (Experiment 4) with eight unique identities. Each face was manipulated to
have a direct as well as a left and right gaze cue (see Figure 3.5 in the previous

chapter for an example of both Photographic and Schematic stimuli)
Design

The study was a 2x2x2x2 mixed design. The two within-subject factors were:
Gaze Congruency with two levels defined by whether the gaze Congruently or
Incongruently cued the item location; Number of faces, where the two levels were
either Multiple or Single identity-item connections. There were also two
between-subjects factors: Face Type -the effect of the modality of the face cues with
the two levels defined as either Photographic or Schematic representations of faces;
AQ Group - with two levels defined as either High AQ group or Low AQ group.

Procedure

For this study, participants completed one block fewer than in Experiments 6
and 7, completing four training blocks and one rating block of 48 trials per block to

reduce the length of the experiment to facilitate the collection of the correct number
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of participants. First participants were displayed a fixation cross for 600 ms followed
by a direct gaze face for 1500 ms. The face would then shift gaze to the left or right
for 500 ms before the onset of the object. Objects were displayed for a maximum of
2500 ms while participants categorised the object as either a Kitchen or Garage
item. The trial would end once participants had responded, and auditory feedback
was provided before moving on to the next trial. The rating phase followed the
same timeline as the categorising trials, but after participants had categorised each
item, a blank screen was presented for 500 ms, followed by a rating screen which
was presented asking participants to rate the item on a scale of 1-9 with one being
the ”do not like at all” and 9 ”like very much”. Subsequently, another blank screen
was presented for 500 ms before the beginning of the next trial. After completing all
trials, participants were asked if any features affected their ratings and gave a score

between 0-100 on how they felt the eyes influenced their ratings.
Data analysis

These data were analysed across three measures: Response Accuracy, Median
RT and Object ratings. Response Accuracy was calculated using the proportion of
trials with correct to incorrect responses. The Median RT was calculated based on
the trials with accurate responses, removing the impact of erroneous trials. To
analyse the data, we used a series of 2x2x2x2 mixed ANOVA with Face type, and
AQ group entered as between-subject factors and Congruency and Number of Faces
entered as within-subject factors. Post hoc analysis of simple main effects with
Bonferroni corrections was used to explore any significant interactions. All data
were checked to ensure that they met the assumption of sphericity using Mauchly’s
Test of Sphericity. A Greenhouse-Geisser correction was applied if sphericity had
been violated.

Assumptions of homogeneity of variances and normal distribution were checked
using Levene’s test and the Shapiro-Wilk test, respectively. The results of the
Shapiro-Wilk test suggested that the residuals were not normally distributed.
Visual inspection of the data suggested that the residuals did appear to be normally
distributed (Histograms can be found in Appendix H. Failure of the test is likely
due to the large sample sizes. Based on these observations, it was decided to
continue with the ANOVA.



Chapter 4: Affective Judgments in High and Low Autistic traits. 116

Outlier Exclusion

In line with the previous experiments, it was decided that participants must
achieve a minimum accuracy score of 75% to ensure engagement with the
experiment. However, there was no other removal of extreme values to ensure that
trimming of data from one dependent variable did not unintentionally impact other
dependent variables. As before median RTs were compared to account for extreme

values without having to remove data entirely.
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Results

Accuracy

Analysis of the proportion of correct responses found that there was a
significant main effect of Face Number, with more correct responses for the Multiple
face condition (M = .951, SD = .055) when compared to the Single face condition
(M = .959, SD = .051 ;F(1,120) = 8.156, p = .005, 77]27 = .064). However, there was
no significant main effect of Congruency (Congruent, M = .955, SD = .054;
Incongruent, M = .955, SD = .052; F' < 1). There was also no significant main
effect of Face Type on Accuracy (Photographic, M = .953, SD = .055; Incongruent,
M = 957, SD = .050; F < 1). Analysis of the mean Response Accuracy between
AQ groups was also non-significant (High, M = .954, SD = .055; Low, M = .957,
SD = .052; F < 1).

Analysis of the interactions between factors found that there were interactions
between three factors: AQ group, Face Type, and Congruency; F(1,120) = 4.224, p
= .042, 1712) = .034), driven by significant differences between Congruent and
Incongruent gaze cues in the High AQ-group, with the Schematic face only (p =
.035). Finally, it was found that there was a significant interaction for the four way
interaction (F'(1,120) = 4.402, p = .038, 7]3 = .035), and that significant differences
between Congruent and Incongruent trials were found in the Photo and Schematic
conditions, in the High AQ group, only when Multiple face interactions are made
(High/Photo/Multiple: p = .019; High/Schematic/Multiple: p = .037). A summary
of the data can be found in Table 4.1.
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Table 4.1: Mean and Standard Deviation for Accuracy for the High (N = 65) and
Low AQ (N = 59) groups. The scores are presented by both Face Number and Face
Type, as well as aggregate scores.

Photo Schematic Total
M SD M SD M SD
Congruent  0.953 0.064 0.949 0.057 0.951 0.060
Incongruent 0.953 0.052 0.940 0.057 0.947 0.054
Congruent  0.954 0.052 0.964 0.050 0.959 0.051
Incongruent 0.972 0.041 0.966 0.053 0.969 0.047
Congruent  0.953 0.058 0.957 0.054 0.955 0.056
Incongruent 0.963 0.046 0.953 0.055 0.958 0.051
Congruent  0.941 0.061 0.969 0.034 0.955 0.047
Incongruent 0.946 0.061 0.966 0.966 0.956 0.051
Congruent  0.954 0.052 0.957 0.044 0.956 0.048
Incongruent 0.956 0.045 0.970 0.037 0.963 0.041
Congruent  0.948 0.057 0.963 0.039 0.955 0.048
Incongruent 0.951 0.053 0.968 0.502 0.959 0.277

Single

High Multiple

Total

Single

Low Multiple

Total

Median RT

Analysis of the median RTs was conducted with a mixed effects ANOVA. It was
found that there was a signifcant main effect of RT, with Congruently cued items
(M = 808.975 ms, SD = 124.041) being responded to faster than Incongruently
cued items (M = 821.852 ms, SD = 127.121; F(1,120) = 12.592, p = .001, ng
<.095). It was found that there was no significant difference between the AQ groups
(High, M = 803.731 ms, SD = 118.199; Low, M = 827.183 ms, SD = 133.077; F <
1). There was also no significant main effect of Face Type (Photo, M = 831.725 ms,
SD = 142.241; Low, M = 800.081 ms, SD = 102.187; F < 1), Face type (F(1,120)
= 2.049, p = .155, 771% <.017). There was also no significant difference between the
Face Number conditions (Single, M = 814.091 ms, SD = 124.009; Multiple, M =
816.736 ms, SD = 127.712; F' < 1). Analysis of the interactions found that there
were no significant interactions between any of the factors (F < 1 for all

interactions). A summary of the data can be found in Table 4.2.
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Table 4.2: Mean and Standard Deviation for Median RT for the High (N = 65) and
Low (N = 59) AQ groups. The scores are presented by both Face Number and Face
Type, as well as aggregate scores.

Photo Schematic Total
M SD M SD M SD
Congruent  806.652 104.048 791.176  112.600 798.914 108.324
Incongruent 818.295 122.614 798.602 127.546 808.449 125.080
Congruent 818.518 121.633 782.068 108.726 800.293 115.179
Incongruent 833.190 127.025 822.116  88.426 827.653 107.726
Congruent  812.585 112.841 786.622 110.663 799.604 111.752
Incongruent 825.742 124.820 810.359 107.986 818.051 116.403
Congruent  840.018 167.108 796.368  82.765 818.193 124.937
Incongruent 843.419 156.847 822.116  88.426 832.768 122.637
Congruent 818.518 121.633 796.772  84.365 807.645 102.999
Incongruent 849.334 162.732 818.336  84.188 833.835 123.460
Congruent  829.268 144.370 796.570  83.565 812.919 113.968
Incongruent 846.377 159.790 820.226  86.307 833.301 123.048

Single

High Multiple

Total

Single

Low Multiple

Total

Object Rating

Analysis of the Object ratings found that there was no significant difference
between the Congruent (M = 5.177, SD = 1.303) and Incongruent (M = 5.181, SD
= 1.217) Gaze conditions (F' < 1). There was also no significant difference between
the AQ groups (High, M = 5.078, SD = 1.261; Low, M = 5.289, SD = 1.259;
F(1,120) = 1.107, p = .295, 7712, <.009). Analysis of the Face Types found that there
was no significant difference between the Photographic (M = 5.104, SD = 1.268) or
Schematic faces (M = 5.255, SD = 1.258; F < 1). Finally, there was also no
significant main effect of Face Number (Single, M = 5.174, SD = 1.303; M = 5.182,
SD = 1.216; F' < 1. There were no significant interactions between any of the
factors (F' < 1 for all interactions). A summary of the data can be found in Table
4.3.



Chapter 4: Affective Judgments in High and Low Autistic traits. 120

Table 4.3: Mean and Standard Deviation for Object Rating from the High (N = 65)
and Low (N = 59) AQ groups. The scores are presented by both Face Number and
Face Type, as well as aggregate scores.

Photo Schematic Total
M SD M SD M SD
Congruent  4.987 1.406 5.149 1.366 5.068 1.386
Incongruent 4.964 1.154 5.162  1.402 5.063 1.278
Congruent 4.872 1.158 5.209 1.240 5.040 1.199
Incongruent 5.058 1.242 5.351 1.188 5.204 1.215
Congruent 4.930 1.282 5.179 1.303 5.064 1.293
Incongruent 5.011 1.198 5.256 1.295 5.134  1.246
Congruent  5.261 1.312 5.289 1.351 5.275 1.332
Incongruent 5.257 1.282 5.351 1.187 5.304  1.235
Congruent  4.872 1.158 5426 1.317 5.149 1.238
Incongruent 5.191 1.279 5.323 1.081 5.257 1.180
Congruent  5.066 1.235 5.357 1.334 5.212 1.285
Incongruent 5.224 1.280 5.337 1.134 5.281 1.207

Single

High Multiple

Total

Single

Low Multiple

Total
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Discussion

In this experiment, a liking effect paradigm was used to investigate differences
between individuals with measured high and low levels of autistic traits. Regarding
the visuospatial responses, there were some significant differences. For accuracy,
there was a significant difference between congruently and incongruently cued items
for the high AQ group when multiple identities were used. However, interestingly,
the gaze direction of the gaze cueing bias was inverted for the photographic group.
There was a significant main effect of congruency for the median RT, demonstrating
the expected gaze cueing bias. For the measures of affective judgments, it was found
that there were no significant differences in object ratings between congruent and
incongruently cued objects. These results, although not in line with our previous
finding, may be indicative of issues with the experimental design, which, as prior
experience would suggest, may impact the reliability of the effect more than had

been expected.

Relationship Between Experimental Design and Effect Size Estimates for

Power Analysis

Although several experimental reasons may have impacted our results, it
should be noted that the experimental parameters matched those of the last study,
where replication of the effect was found, with one exception: the number of trials.
Power calculations were based on the effect sizes from the previously successful
study. These effect sizes should give an adequate estimate of the power required for
the experiments. Power analysis calculations focus on the number of observations
required to observe the effect. However, for research that utilises an average of
scores across multiple observations, these calculations do not account for the
number of trials. That is, effect size calculations are inherently affected by the
number of trials (Brand & Bradley, 2016). Therefore, by reducing the number of
trials, while overlooking how this may impact the observed effect sizes, the power
analysis underestimated the power of the proposed sample. Furthermore, the
analysis conducted here was more complex (two within-subject, two
between-subject factors) than the previous study (two within-subject, one
between-subject). Although these differences were inputted into the power analysis
calculations, there was no accounting for how the change in design complexity

would impact the results of the estimated effect sizes. By altering variables that
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would ultimately impact the observed effect sizes, the power level would have fallen
below the suggested threshold, plausibly explaining the non-significant findings.

These findings outline the inherently problematic nature of estimating effect
sizes for power analysis, particularly for paradigms such as this, where effect sizes
are already small — making sample size estimates difficult, even when it is possible
to collect large sample sizes. Even using online data collection methods can be
restrictive, particularly in regard to the cost involved in collecting large data sets.
Impacts of the effect sizes and methods for overcoming these issues will be

considered in the main discussion of this thesis.

Influence of Face Identity and realism on Accuracy in Individuals with
High AQ Scores

Even though the experiment in this chapter found null results for the measures
of affective judgments, there was one interesting finding that stands out. The
response accuracy data, a measure that participants consistently perform at ceiling
in previous chapters, demonstrated some interesting interactions in individuals in
the high group. These findings would suggest that there was an element of the
multiple identities that impacted participants’ responses. Visual inspection of the
data shows that these differences appear to be in opposite directions, dependent on
the face type. That is, in the photo condition, the Incongruent items are categorised
more accurately, whereas, in the schematic condition, it is the congruent images
that are categorised more accurately. It is possible these differences outline flaws in
how autistic individuals integrate facial information. That is, if those with ASD
have difficulties in integrating the facial information, it is possible that processing of
highly detailed face stimuli may require more processing resources before a gaze
cueing effect can occur, possibly inhibiting the response. However, as the demands
are not so high in the low detailed faces, there is not the same impact. Due to the
issues with the experimental design discussed above; it is not possible to draw full
conclusions about these differences in accuracy measures. However, it outlines the
future potential for investigating such differences in more detail with an appropriate

sample.
Conclusion

Overall this study was unable to elicit the main liking effects that have
previously been found. Although there may be other potential reasons for this, the

overly complicated design which resulted in an underpowered sample makes it
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difficult to comment on how eye gaze has influenced individuals with high ASD
traits, and subsequently the impact on the liking effect. However, some differences
between the High and Low AQ groups found in the visuospatial measures suggest
that there may be potential for utilising this paradigm in future with more

appropriate samples sizes and more robust design.
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Chapter 5:

Eye Tracking Study of the Liking
Effect in Neurotypical and Autistic
Populations

Experiment 9

In Chapter 3, when multiple face identities cued an item, a liking effect was elicited
consistent with Capozzi et al. (2015). In Chapter 4, the focus was on investigating
differences across individuals with measured high and low levels of autistic traits in
a large sample study, but, in Chapter 4, the liking effect was not replicated. The
null findings could be attributed to a combination of an underpowered sample size
for the more complex statistical design and reduced number of trials. In this
chapter, a lab-based eye-tracking experiment with autistic individuals was
conducted in tandem with Chapter 4 will be discussed.

Eye-tracking is utilised to measure where a participant is attending during a
computerised task. Most conventional eye trackers produce a direct source of
infrared light that is aimed at the participants’ eyes. Infrared light is reflected off
the cornea which presents as a ’glint’ that is detected by infrared cameras. The
location of the glint can then be calibrated to measure where a participant is
looking on the screen. The location is typically recorded in the form of coordinates
from the screen, indicating where a participant is looking in relation to timed events
such as the onset of stimuli (Singh & Singh, 2012). By conducting this experiment
in a lab-based environment alongside the eye tracker, it was possible to measure
attention in ways that were not possible with the behavioural paradigm alone.
There are two elements of this paradigm that were of interest: Firstly, how the
individuals interacted with the face itself. Secondly, how individuals would utilise
the eye gaze to attend to objects and how this may relate to preferential rating.

Some of the earliest methods of eye tracking by Yarbus (1967), demonstrated a
preference for viewing faces within complex scenes (for a recent summary see

Tatler, Wade, & Findlay, 2010). For an example of the initial results, see Figure 5.1.
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Eye-tracking has also been used to distinguish how people view faces, showing a
tendency in neurotypical individuals to direct and sustain gaze towards the eye
region (Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, & Cohen, 2002). In the
current paradigm, participants were presented faces with both direct and averted
eye gaze, providing the opportunity to investigate how people attend to eyes within
a face in both NT and ASD populations. Is it the case that autistic individuals
spend less time attending to the eyes? Does the time spent attending to the eyes

impact either the visuospatial or the functional consequences of eye gaze?

Figure 5.1: Original recordings of gaze fixation from Yarbus 1967 (Figure adapted
from Tatler et al., 2010).

Eye-tracking has been used to distinguish differences in how autistic people
attend to faces (Dalton et al., 2005; Kliemann et al., 2012, 2010). It has been noted
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that autistic individuals tend to spend less time attending to eyes (Dalton et al.,
2005; Klin et al., 2002) and show spikes in amygdala activity when they engage with
direct eye contact (Kliemann et al., 2012, 2010). One explanation is that autistic
individuals show reduced attraction to direct eye contact (J. W. Tanaka & Sung,
2016), impeding effective gaze cueing. However, if instructed that the gaze cues are
predictive, and therefore should be followed, Autistic participants would
demonstrate a gaze cueing bias (Ristic et al., 2005). If these difficulties in making
eye contact limit the impact of eye contact in ASD is it possible that the extra
processing required for the liking effect may also be impacted, even if there is a gaze
cueing bias for visual-spatial attention.

The use of eye-tracking has also been important in investigating how overt and
covert attention shifts are important for a gaze cue bias. Mansfield, Farroni, and
Johnson (2003), built on findings by Driver et al. (1999) and Friesen and Kingstone
(1998), that eye gaze would cue visuospatial orienting. They found that, even
though participants did make cue-driven saccades, these alone did not account for
the gaze cueing bias (Mansfield et al., 2003); suggesting that although participants
may make an overt attentional shift, the effects of the gaze cueing bias for
visuospatial attention is driven by covert attention shifts. Although the goal of this
experiment is not to investigate the explicit differences of covert versus overt
orienting in regards to visuospatial measures, it may be able to indicate how overt
orienting might influence the functional consequences of eye gaze, specifically,
affective judgments.

Regarding the liking effect, there is currently no research utilising the current
paradigm alongside eye tracking. However, other paradigms have been used to
investigate how attention to an object can predict preferences towards an object
(Schotter, Berry, McKenzie, & Rayner, 2010). It was demonstrated that people
spend more time attending to an object that would subsequently be rated positively
compared to objects rated negatively. Schotter et al. (2010) argued that it was
selective encoding that drove the gaze bias which boosted the liking effect. In
addition, similar paradigms have investigated how gaze leading can alter preferential
ratings and viewing (Bayliss et al., 2012). In this gaze leading paradigm, the eye
direction of a central face either shifted congruently or incongruently based on the
gaze direction of a participant. It was found that participants demonstrated more
consistent preferences for items in the congruent condition even though the gaze cue
occurs after the initial saccade from the participant (Bayliss et al., 2012). The

confirmatory gaze from the face may facilitate the selective encoding that was
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proposed by Schotter et al. (2010). Furthermore, it has been found that encoding as
a result of an overt attention shift resulted in interference in memory tasks, a
finding that was not replicated in covert orienting (Tas, Luck, & Hollingworth,
2016). As previously discussed, there appears to be some evidence that memory for
cued objects facilitates the affective judgments (Bry et al., 2011). If it is the case
that overt orienting is related to the selective encoding that facilitates both memory
and the liking effect, it should be possible to detect these differences by looking at
the dwell time on congruently versus incongruently cued items in the current liking
effect paradigm.

Data reported in the current chapter were collected concurrently with the
experiment in Chapter 4. Both individuals with a previous diagnosis of ASD and a
NT control group were recruited. In contrast to the previous Chapters (exploring
individual differences in population samples, in Chapters 2 and 3, sampling
individuals with high AQ symptom scores in Chapter 4) the inclusion of individuals
with an ASD diagnosis allows more direct conclusions about differences in ASD
processing to be drawn, rather than having to extract this from measures of the
broader autism phenotype. Therefore, in combination with Chapter 4, it would be
possible to draw better conclusions about face and gaze processing in ASD. Based
on the literature (Schotter et al., 2010; Bayliss et al., 2012; Dalton et al., 2005;

Bayliss et al., 2006) as well as the prior results, several hypotheses were proposed:

Hypothesis 1: In both the NT and ASD participants attention would be cued
by the eye gaze of face stimuli which would result in a gaze cueing bias for

visuospatial measures of attention (RT and Accuracy).

Hypothesis 2: In the N'T group, there would also be a gaze cueing bias for
affective judgments as cued attention would facilitate selective encoding.
However, in the ASD group, there would not be a gaze cueing bias for affective

judgments as cued attention would not facilitate selective encoding.

Hypothesis 3: The differences in affective judgment would also correspond to
overt orienting measures. N'T participants would dwell more on objects that
are congruently cued, whereas there would be attenuated attention to target

objects in the ASD group as they would be less likely to follow the gaze cue.

Hypothesis 4: In the NT group, participants would attend more to the eyes of

the face stimuli compared to the mouth. However, the aversive nature of eye
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contact for autistic participants would result in less time attending to the eyes

and more time attending to the mouth in the ASD group.
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Methods

Participants

A total of 36 participants were recruited. Of these 36 participants, 7
participants (two female, five male) were recruited through the Oxford University
Disability Advisory Service ("DAS”) and had received a previous diagnosis of ASD.
The remaining 29 participants (16 female, 13 male) were recruited through the
University participant recruitment system. Due to time constraints and difficulties
with recruiting autistic participants at the time, it is noted that this experiment is
significantly underpowered. Therefore, these findings are presented as a preliminary
investigation and will require future replications to confirm — this will be discussed
in more detail in the discussion of this chapter.

All participants were reimbursed £10 for their participation. The mean age of
the NT group was 22 years (18-30 years) and for the ASD group it was22 years
(18-28). All participants gave informed consent before the experiment commenced,
they were made aware that they could withdraw at any time, and that all data

collected would remain anonymous.
Ethical considerations

Informed consent was received by all participants, and they were made aware of
their right to confidentiality and to withdraw at any time. The experiment was
given ethical approval by the University of Oxford Central University Research
Ethics Committee (CUREC; R57031/RE001).

Apparatus

Tasks were generated using Matlab (64-bit version R2015b; The MathWorks,
Natick, MA), with images being displayed using Psychtoolbox (Kleiner et al., 2007;
Pelli, 1997; Brainard, 1997). Responses were collected via keyboard input, and
stimuli were presented on a 24-inch monitor with 1920 x 1080 pixel resolution.
Eye-tracking data were collected using the Eye Tribe tracker (The Eye Tribe;
Copenhagen, Denmark) collecting data at 60 Hz (binocular). The Eye Tribe eye
tracker is a portable and low-cost eye tracker. Previous comparisons have found
comparable results for the analysis of fixation data to other more expensive but
gold-standard setups, for example, the Eye-link eye-tracker (Dalmaijer, 2014).

Participants were positioned at the appropriate distance from the monitor using the
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default Eye Tribe software. The Eye Tribe was connected to Matlab using the Eye
Tribe for Matlab toolbox (see

https://github.com/esdalmaijer /EyeTribe-Toolbox-for-Matlab; Dalmaijer, 2014),
and calibrations were performed using the default toolbox, 9-point calibration. Ten
participants in the NT group were unable to provide adequate calibrations and were
removed from the ET analysis, resulting in a total of 19 (16 female) in the NT

group for the eye-tracking analysis.
Stimuli

Target stimuli were the same 24 items utilised in Chapter 4. Of these items, 12
items were typically found in the garage and 12 items typically found in the kitchen.
These items were colourised to be either red, green, blue or yellow for a total of 96
items. Images were presented in a box measuring 300 x 300 pixels (approximately
83 mm x 83 mm). Face stimuli consisted of the same eight photographs of
individuals with a direct, left or right-oriented gaze. The faces were presented with
a happy expression to optimise the liking effect based on previous findings (Bayliss

et al., 2007). Face images measured 534 x 716 pixels (147 mm x 198 mm).
Regions of Interest

Regions of interest (ROI) were defined using a custom script to present stimuli
for a researcher to draw a 4-point-box around the target region. Two specific ROIs
were defined for presentation stimuli: The mouth; and the eye region (a combined
region of the individual eyes leaving space over the bridge of the nose; see 5.2).
From these data, the proportion of time spent looking at each ROI during the

stimuli presentation was calculated.
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Figure 5.2: Example of Regions of Interests for one Face stimulus. The blue box
represents the Mouth region. The Eye region consisted of a combination of the two
red boxes. Division of the eye region ROI was to ensure explicit focus on the eyes
rather than the bridge of the nose.

Design

For the behavioural analysis, a paired samples design was utilised to compare
Congruent and Incongruent conditions data across three measures: Response
Accuracy, Median RT, and Object Ratings. For the eye-tracking analysis,

conditions were compared across three scenes during the trial sequence: First, the
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initial Gaze Fixation scene presented the central face alone with gaze directed at the
participant. Second, in the Gaze Shift scene, during which the central face displayed
gaze directed to the left or right of fixation. Finally, in the Object Onset scene, the
central face, with gaze, averted, remained on scene with the target object. Across
all scenes, a paired samples comparison was made between the proportional
duration on the Eye ROI versus the Mouth ROI. In the Object onset scene, a
comparison was also made between the proportional duration on the Congruent
item ROIs versus the Incongruent item ROIs, resulting in a total of four

comparisons made using the eye-tracking data.
Procedure

The current experiment followed the same procedure as in the previous
chapter, with a slightly reduced number of trials (to see an example of the timeline,
please refer to Figure 3.2 in Chapter 3). In blocks one to four, participants were
advised that the gaze cue was uninformative and to respond by categorising the
item as quickly as possible. After participants had read and confirmed consent, they
were asked to read the instructions. Participants completed the eye-tracking
calibration before starting the trials. They were then presented a fixation cross for
600 ms followed by a face with a direct gaze for 1500 ms. They were then presented
with a face with averted gaze for 500 ms before an object was displayed. The object
would stay on the screen until a response was made or until 2500 ms had passed.
The screen went blank for 1500 ms before the beginning of the next trial signified by
the fixation cross. Participants used the H key and the space bar to respond to the
category of the target object. The key which corresponded to Garage or Kitchen
objects was counterbalanced between participants. In the final block, the trials
followed the same procedure, but after the participant had categorised the object, a
blank screen was displayed for 500 ms, followed by the rating screen. Participants
were asked to respond aloud to an experimenter facing away from the screen who
entered the result using a second keyboard. Once the response was recorded, a

blank screen was presented for 500 ms before the onset of the next trial.
Data analysis

For the Behavioural data, paired-samples t-tests were used to compare the
Congruent versus Incongruent conditions for the three measures (Accuracy, Median
RT, and Object Rating). As in previous experiments, the Accuracy score was

calculated as the proportion of correct responses to trials and the RT was calculated
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from the median of accurate trials. Again, for the eye-tracking data, we used paired
samples t-tests to compare the ROI pairings for each scene. T-tests were run
independently for the NT and ASD groups, and no direct comparisons were made
between the two groups due to the disproportionate sizes of the two samples.
Normal distribution of the samples was tested using the Kolmogorov-Smirnov
test. However, due to the small sample, particularly for the ASD group, it may be
possible that the test is not sensitive enough to detect normality. As a precaution,
non-parametric equivalents (i.e., the Wilcoxon signed-rank tests; Wilcoxon, 1946)
were run. There was no divergence between the parametric and non-parametric

tests, and as such the parametric tests are reported here.
Outlier Exclusion

As in the previous chapters, there was no removal of extreme values from the
data to limit unintended impacts on other measured variables. Therefore, as RT
may be sensitive to extreme values, the median was used to analyse reaction times

to limit the potential impact of extreme values.
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Results

The mean and SD of the behavioural data for the NT group (N = 29) and the
ASD group (N = 7) can be found in Appendix J.

Behavioural

Hypothesis 1: Effect of gaze cues on visuospatial attention

For the NT group there was no significant difference for Accuracy between
Congruently (M = .938, SD = .042) and Incongruently (M = .924, SD = .061)
cued items (£(28) = 1.9137, p = .066, d = .365), although there did appear to be a
trend towards significance. In the ASD group there was again no significant
differences between the Congruent (M = .968, SD = .035) and Incongruent (M =
950, SD = .026) conditions (¢(6) = 0.966, p = .371, d = .365). A summary of the

accuracy data can be found in Table 5.1.

Table 5.1: Mean and Standard Deviation for Accuracy for the NT (N = 29) and the
ASD groups (N = 7).

NT Group ASD Group

M SD M SD
Congruent  0.939 0.043 0.969 0.035
Incongruent 0.925 0.062 0.951 0.027

The Median RT was significantly different between the Congruent and
Incongruent conditions for both the NT (Congruent M = 1313.299 ms, SD =
92.589; Incongruent M = 1338.843 ms, SD = 98.549; ¢(28) = 3.494, p = .002, d =
-0.661) and the ASD groups (Congruent, M = 1330.120 ms, SD = 116.746;
Incongruent, M = 1369.793 ms, SD = 134.258;¢t(6) = -3.052, p = .022, d = -1.153).
A summary of the data can be found in Table 5.2.

Table 5.2: Mean and Standard Deviation for Median RT (ms) for the NT (N = 29)
and the ASD groups (N = 7).

NT Group ASD Group

M SD M SD
Congruent  1313.300 92.589 1330.120 116.747
Incongruent 1338.843 98.549 1369.793  134.259
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Hypothesis 2: Effect of gaze cues on affective judgments

Analysis of participants’ Object Ratings found that in the NT group there was
a significant preference for Congruently cued items (M = 5.011, SD = 0.840) over
Incongruently cued items (M = 4.802, SD = 0.846; t(28) = 2.746, p = .011, d =
0.519; See Figure 5.3)). However, in the ASD group there was no significant
difference between the two conditions (Congruent: M = 4.857, SD = 0.645;
Incongruent: M = 5.047, SD = 0.851; ¢(6) = -0.838, p = .434, d = -0.316). A

summary of the data can be found in Table 5.3.
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Figure 5.3: Participants’ mean Rating score by the Gaze condition and Autism group.
The error boxes represent the SD. It was found that there was only a significant
difference between Congruent and Incongruent conditions among the Neurotypical
group. p < .05 indicated by *.
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Table 5.3: Mean and Standard Deviation for Object Rating for the NT (N = 29) and
the ASD groups (N = 7).

NT Group ASD Group

M SD M SD
Congruent  5.011 0.840 4.857 0.645
Incongruent 4.802 0.847 5.048 0.852

Eye tracking

Hypothesis 3 - Relationship between overt orienting gaze cues and overt orienting to

target objects

As well as comparisons between ROIs of the face, ROIs between Congruently
and Incongruently cued items object were compared. It was found that the NT
group spent more time looking at Congruent (M = 0.0108 ms, SD = 0.0121) items
than Incongruent items (M = 0.0003 ms, SD = 0.0006; ¢(18) = -3.742, p = .001, d
= -0.858). In the ASD there was no observable difference between either Congruent
(M = .007 ms, SD = .013) or Incongruently (M = 0.0023 ms, SD = 0.0044) cued
items (£(6) = -1.309, p = .238, d = -0.494).

Hypothesis 4 - Comparison between attention to Eye and Mouth regions

During the direct Gaze Fixation stage, it was found that more samples
identified participants’ gaze as located on the Eye ROI (M = 0.178 ms, SD =
0.094) versus the Mouth ROI (M = 0.041 ms, SD = 0.037; ¢(18) = 5.346, p < .001,
d = 1.226) in the NT group. There was also a similar pattern in the ASD group
(Eye ROI: M = 0.113 ms, SD = 0.052; Mouth ROI: M = 0.059, SD = 0.035; ¢(6) =
2.944, p = .025, d = 1.112). In the Gaze Shift scene there was again a significant
difference in the NT group (Eye ROI: M = 0.251 ms, SD = 0.13; Mouth ROI: M =
0.035 ms, SD = 0.167; t(18) = 6.4, p < .001, d = 1.468). In the ASD group
however, there was only a borderline difference between the Eye ROI (M = 0.147
ms, SD = 0.085) than the Mouth ROI (M = 0.062 ms, SD = 0.045; t(6) = 2.42 p =
051, d = 0.914). In the Object Onset phase there was again a significant difference
in the NT group with more time spent looking at the Eye ROI (M = 0.063 ms, SD
= 0.053) than the Mouth (M = 0.009 ms, SD = 0.011; ¢(18) = 4.586, p < .001, d =
1.052). However, this pattern was not observed in the ASD group with no significant
difference found between the ROIs (Eye ROI: M = 0.037 ms, SD = 0.027; Mouth
ROL: M = 0.032 ms, SD = 0.029; t(6) = 0.0586, p = .578, d = 0.221).
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Discussion

In this experiment, a gaze cueing bias was seen for both NT and ASD
participants for measures of visuospatial attention. However, regarding the
functional measures, it was found that there was a gaze cueing bias for affective
judgments of objects in only the NT group and not the ASD group. These
differences between the two groups suggest that even though attention is cued by
eye gaze for autistic participants, they are not utilising the gaze in the same way to
influence their judgments of objects. Furthermore, by comparing the outcome of
this experiment to the findings in Experiment 6, these findings would lend support

for the requirement of multiple identities cueing the object to elicit the effect.
The Results in the Context of Autistic Populations

The findings in the Autistic group, although very interesting, must be taken
with a grain of salt. Potential interpretations of these findings are discussed, but it
must be noted that the small sample was collected as a preliminary investigation
into this effect in autistic people. As such, any conclusions discussed here based on
these findings are speculative and will require replication with larger samples to
confirm these differences. The main finding in the ASD group is that no liking effect
was found, suggesting that autistic participants were not making interpretations
about the object that were cued, unlike the NT participants who showed a
preference for cued objects.

As discussed earlier, if it is the case that the liking effect is driven by selective
encoding (Schotter et al., 2010), it may be the case that individuals with ASD are
not encoding the cued objects. However, the eye-tracking results may suggest an
alternative explanation. In the comparison between the proportion of dwell time on
congruent and incongruent items, it was found that more time was spent attending
to the congruently cued items and most N'T participants spent no time attending to
the incongruent item. It has been found that overt orienting may facilitate other
functional measures of attention (for example, memory; Tas et al., 2016), so it is
plausible that these results may demonstrate facilitation of selective encoding.
However, in the ASD group, the proportional time looking towards the incongruent
item was higher and equal to that of the congruently cued items. Therefore, if the
eye-tracking measures are associated with selective encoding, it would be plausible
that autistic participants were encoding both congruently and incongruently cued

items equally, which would eliminate the liking effect.
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Another interesting finding based on the eye-tracking results was the differences
between how individuals attended to eyes versus the mouth of the face in the task.
In the direct gaze condition, both NT and ASD groups attended to the eyes more
than the mouth, although this was attenuated in the ASD group. The focus towards
the eyes in the ASD group was an unexpected finding. However, visual inspection of
the eye-tracking data shows a focus towards the bridge of the nose (see figure 5.4).
It has been suggested that attending to this space is often used as a coping strategy
for many individuals with ASD who have difficulties in making direct eye contact
(Trevisan et al., 2017). Although in principle this space was excluded from the eye
region of interest, it is likely that this was unsuccessful, which makes it hard to
comment on possible differences between the current and previous findings.

As the eyes shift direction, the participants’ preference for the eyes disappears
in the ASD group, but not in the NT group, which may suggest that a reaction to
shifting gaze results in an overt rather than covert shift of attention; possibly a
consequence of the more voluntary response to attentional cues in ASD compared to
the reflexive response in NT individuals. As the attention has then been averted
from the face, NT participants may be inclined to spend more time exploring the

face resulting in equal time spent attending to the eyes compared to the mouth.

A) B)

Figure 5.4: A simple representation of the average heat map of gaze fixation points
for NT participants (A) and ASD participants (B).



Chapter 5: Eye Tracking and the Liking Effect in ASD. 140

Limitations and analysis of the methodology

Limited sample size

A notable limitation of this study is the limited sample size of the ASD group.
Due to time constraints on the recruitment of individuals with a prior diagnosis, it
was only possible to recruit a limited sample. In addition, there is also the question
of the generalisability of the findings to all autistic individuals, because the
participants in the current sample were all students at university. However, it could
be argued that this may help to ensure a relative match with the control group to
ensure a level of comparability to the control group, in terms of age and
approximate intelligence. These data may give a good indication of how individuals
with ASD interact with the liking effect, but caution must be taken when drawing
conclusions from these data, in particular when making direct comparisons between
the two groups.

Another interesting observation is the potential differences in the effect sizes of
this experiment compared to our previous findings. In particular, it may raise
questions about why we were unable to elicit the effect in Chapter 4 when the same,
experiment was used, compared to this lab-based study. One possible explanation is
that there is some level of demand characteristics that impact the effect. For
example, the presence of an experimenter and direct reporting of likeability ratings
to the experimenter may drive the participants to change their behaviour by rating
gazed-towards items higher. However, if this were the case, there would have been
no effect seen in the Experiments in Chapter 3. Alternatively, it is proposed that,
although the presence of an experimenter may not have influenced the participants’
ratings per se, it may have influenced how engaged participants were with the
experiment, which in turn may have increased the encoding of the congruently cued
items. In the online versions of the experiment, where engagement may be lower
without the presence of an experimenter or in the presence of more external
distractors, it would make sense that encoding of objects may have been impeded to
some extent. The current findings do not inherently discredit the findings of the
online experiments, but they do raise the question about whether future online
experiments should account for differences in engagement with the target objects.
In the meantime, until such engagement issues can be studied in greater detail, it
would be advised to maintain the practice of collecting both online and lab-based

data to confirm any findings.
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Effectiveness of the Eye Tribe eye tracker

An ancillary objective of this study was to investigate the effectiveness of the
Eye Tribe tracker in a research setting. The Eye Tribe is very compact and
therefore portable, as well as being significantly cheaper (approximately $100 at the
time of purchase) than other available eye trackers. The portability of the device
means that it can be easily transported to participant’s homes. For researchers who
collect data from populations including ASD, who may prefer not to travel to an
unfamiliar lab-based setting, portability would be particularly desirable — allowing
data to be collected in the participants’ homes for example.

As in previous validations of the tracker, we were able to get accurate tracking
data suitable for fixation analysis. However, there were notable calibration
difficulties with wearers of glasses and contact lens. Although fixation analysis was
adequate for this study, saccade analysis would also have been a useful metric that
was not possible with this device. In conclusion, this device is adequate for the data
analysis conducted here and would be a useful tool for collecting data when
portability of a device is paramount. However, issues with calibration as well as the
relatively low frequency may suggest that it is not the best eye tracker to use in a

lab setting if alternatives are available.
Wider impact of the findings

These results demonstrate the reproducibility of the liking effect, contributing
to the literature further support for these findings. It also contributes to our
understanding of differences in facial processing between N'T and ASD participants.
Specifically, although stated with caution, it suggests that autistic individuals do
not encode information about the target of the gaze cue in the same way as NT
individuals do, even if they do benefit from gaze cues. However, there appeared to
be no conclusive differences between how autistic participants viewed the eyes
compared to the mouth.

In the later stages of trials, the difference in gaze patterns, however, became
more apparent. Once the gaze shifted, NT participants continued to focus on the
eyes, whereas the ASD group spent an equal amount of time attending to the
mouth and the eyes. Despite the fact the eyes are presenting dynamic signals, the
ASD group was more focused on investigating other aspects of the face equally.
Even though the ASD participants were primed to attend to the cued direction of
the object onset, they were not engaging with targets of social gaze in the same way

as N'T participants, at least in a way that was conducive of the liking effect.
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The eye versus mouth ROI data was also complemented by our findings that
individuals with ASD spent an equal amount of time looking at congruent versus
incongruently cued items. While the NT group showed significantly less time
looking at incongruently cued items, the ASD group interacted with the congruently
and incongruently cued objects equally. This raises the question of whether it was
indeed the case that direct eye contact has an additive effect on object engagement
(and ratings), or whether incongruent eye contact results in NT participants
disregarding incongruently cued items, resulting in a reduced affective judgment
score. In contrast, individuals in the ASD group who did not show a reduced time
spent attending to the incongruently cued item rated them equally.

It has been proposed here that the measures of overt orienting towards the
target are suggestive of selective encoding. However, it is not possible from this
experiment to conclude whether the overt orienting is a result of, or the cause of,
any selective encoding. Although participants were instructed in the original Bayliss
et al. (2006) experiment not to make overt eye movements during the original
experiment; there were no explicit controls for this. Also, this was not stipulated in
the experiment outlined here, making it difficult to draw any conclusions.
Therefore, future experiments that focus on disentangling overt movements from
selective encoding would be beneficial for understanding the mechanisms of this
effect. One potential method for investigating overt attentional shifts in future is to
investigate the null findings related to single face — item connections across trials. If
individuals are less likely to overtly shift attention once a repetitive connection to
an object has been made, a reduction in attention to objects should be visible across
trials, which may outline the effect of face identity on the relationship between the
facilitating effect of overt attention shifts related to gaze cues and the impact on
affective judgments. Relationships between selective encoding and the liking effect,
as well as the potential for future research, are discussed in more detail in the

general discussion of this thesis.
Conclusion

In conclusion, it was demonstrated that the liking effect replicates under the
current conditions. Furthermore, eye tracking analysis showed that the preferences
for items in the N'T group were driven by more time spent looking at the
congruently cued items compared to the incongruently cued items. However, this

effect is not observed in a sample of individuals diagnosed with ASD, suggesting
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that they may not be influenced by eye gaze in the same way, although caution is

required based on the limited sample of the ASD group.
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Chapter 6:

(General Discussion

Throughout this thesis, a series of experiments have been presented that aim to
establish the potential for using the liking effect paradigm to investigate how
different faces are processed across a spectrum of realism. It had previously been
established that both photographic and schematic face stimuli would elicit gaze
cueing bias for spatial properties. However, it was unclear whether this gaze cueing
bias would translate into more advanced social processing that may have been
required for the liking effect. Additionally, experiments were presented that aimed
to investigate inconsistent findings of deficits shown by autistic individuals in gaze
cueing experiments and how high detail faces (such as photographic) may impede
face processing in autism in ways that low detail faces (such as cartoons) may not.

Summaries of each chapter’s specific findings are presented below.
Synopsis of Chapter 2

In the first chapter, three experiments were run, which aimed to investigate the
impact of memory on the liking effect in photographic faces. However,
methodological issues in Experiment 1 resulted in a lack of gaze cueing bias for
visuospatial measures (RT and Response Accuracy), which also appeared to impact
functional measures (Memory and Affective Judgments). It was thought that these
null findings might have been the result of an inhibition of return effect on attention
that may have impacted attentional cueing due to a long SOA. Therefore, to
overcome the potential that any faciliatory effect was decaying, two different SOA
conditions were introduced in Experiment 2. Again, a null effect was found across
both spatial and functional effects of eye gaze. Finally, in Experiment 3, it was
proposed that task demands may impact gaze cueing. In Experiments 1 and 2, the
task allowed a correct response to be distinguished from either a congruent or
incongruent cue, and there was no need to reorient in a fashion that would elicit a
gaze cueing bias. By increasing the task demands in a way that resulted in
reorienting to the target image, a gaze cueing bias was found for spatial measures.

This attentional bias to congruently cued targets resulted in increased memory,
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replicating previous findings. However, gaze cueing bias for visuospatial measures
did not result in a gaze cueing bias for affective judgments in Experiment 3.

It was concluded that task demands play a significant impact in the gaze
cueing bias for spatial as well as the functional consequences. Regarding the liking
effect, it was concluded that although it was not found here, substantial difficulties
in eliciting gaze cueing bias and differences from the original paradigm made it

impossible to conclude a specific reason why the effect was not found.
Synopsis of Chapter 3

In Chapter 2, it was concluded that it was necessary to replicate the original
effect to establish the potential for the liking effect as a method for researching
facial realism. It was decided to replicate the original paradigm with the additional
extension of using simple schematic stimuli rather than arrow cues. In Experiment
4, a direct replication of Bayliss et al. (2006) was conducted. Although it was found
that there was a gaze cueing effect for visuospatial measures, this did not translate
to a gaze cueing bias for affective judgments for either Photographic or Schematic
face stimuli. It was concluded that this might have been the result of a low sample
size resulting in a type two error. In Experiment 5, the paradigm was translated
into an online data collection platform, allowing the collection of substantially more
extensive data sets. However, again it was found that while there was a gaze cueing
bias for RT, there was no difference between affective judgments based on the gaze
cue. Subsequently, an investigation of the literature explained why this might have
been. Capozzi et al. (2015) found that objects had to be associated with congruent
eye gaze from multiple face identities across trials for participants’ affective
judgments to be influenced by eye gaze - a level of counterbalancing overlooked in
the previous experiments. In Experiment 6 data were collected with the updated
paradigm comparing objects that were cued by Single and Multiple Photographic
faces across trials and it was found that the effect only occurred in the condition
where multiple identities cued the object. Finally, in Experiment 7, the paradigm
was used to investigate the liking effect with Schematic faces. It was found that
congruently cued items were rated higher than incongruently cued items, although
this happened consistently across both single and multiple face identities.
Therefore, it was concluded that the effect was reliant on multiple identity
associations with the object in Photographic condition, which would conform with a

social cohesion account proposed by Capozzi et al. (2015). However, there were still
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questions remaining due to the null interaction between congruency and

identity /object interactions in the Schematic condition.
Synopsis of Chapter 4

Experiment 8 aimed further to disentangle the differences between the
Schematic and Photographic faces. Also, to get a better understanding of the
impact of ASD, participants were prescreened and separated into High and Low
autistic trait groups. However, this resulted in a complex design that attempted to
contrast four factors (Gaze Congruency, Face type, Number of Identity - Object
Interactions, and AQ group). A large sample was collected using online data
collection, in line with a priori power analysis. In this experiment, it was found that
there was a gaze cueing bias for RT, although this was less consistent than in prior
experiments. However, there was no significant gaze cueing bias for any of the
conditions. It was concluded that by raising the complexity of the design and
reducing the number of trials in the experiment, the selected effect sizes used to
calculate the sample size were invalid. Furthermore, the question was raised that
differences in engagement with the experiment between online and lab-based
paradigms may impact this effect, as well as online research in general. Therefore,
although there was a null finding for the liking effect, it was not appropriate to draw

conclusions on the effect based on the results of this experiment.
Synopsis of Chapter 5

In Experiment 9, a lab-based eye-tracking experiment was conducted
concurrently with the Experiment 8 (in Chapter 4). This experiment focused purely
on HSF faces and collected data from both NT participants, and participants who
had a previous diagnosis of ASD. Eye-tracking technology gave an explicit measure
of visual attention to the face cue stimuli and the target stimuli. It was found in
this experiment that we were able to replicate a gaze cueing bias for both RT
measures as well as affective judgments in the NT participants, but only the RT
measures in the ASD group. These results were also supported by our eye-tracking
results that demonstrated the significantly longer time spent looking at the
congruent compared to the incongruent object in the NT group, but not in the ASD
group. There was also a reduced focus towards the eyes compared to the mouth in
autistic participants. Based on these findings it was concluded that although
autistic individuals were able to elicit eye gaze cues from photographic face stimuli

for visuospatial processes, this attentional bias did not translate to functional



Chapter 6: General Discussion 147

differences in eye gaze, outlining the possibility that they are unable to elicit the
social information required for the liking effect to occur. Although these findings
must be taken with caution due to the meagre sample size in the autistic group,
these findings would suggest that there may be value in studying this in a large

sample of autistic participants.
Summary of Findings in Relation to the Research Aims

This thesis aimed to answer three research questions: 1) To what extent can
the liking effect be used to measure differences in how we process faces of different
levels of realism? 2) Can autistic individuals utilise eye gaze in the same manner as
neurotypical participants resulting in functional consequences of eye gaze? 3) Can
this paradigm be used to distinguish differences in face processing in Autistic
individuals and N'T across a spectrum of facial realism? In answer to the first
question regarding the liking effect, it was found that there were different patterns
of behaviours associated with low detail and high detail faces. In particular, the
liking effect was only observed in photographic faces when there were multiple
identity to object interactions, a condition that was not required with schematic
faces. However, the Schematic faces were able to elicit some sort of liking effect.
Potential explanations for this will be discussed below. Regarding the second
question, it was found that there were no differences in how individuals used eye
gaze cues for visuospatial cueing, either based on measures of the broader autism
phenotype or in a sample of autistic adults. For the liking effect, there was no
significant impact of a gaze cue bias on affective judgments in our sample of autistic
adults. However, our large-scale experiments with individuals who exhibited high
and low autistic traits were inconclusive as a result of issues with the sampling
technique. Finally, regarding the third research aim, it was not possible to extract
conclusions of differences between the autistic and N'T adults. The experiment
optimised to answer precisely these questions suffered from design flaws (Chapter
4). Ideally, the research of Chapter 5 will be extended in future to collect a larger

sample across both high and low detail faces to attempt to answer this question.

Impacts on Wider Research Area

Although it was not possible to provide answers for all the main research
questions, our results have provided insight that will impact the existing literature.

These impacts can be broken down into two broad areas: Firstly, the investigation
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of facial realism on the affective consequences of eye gaze in NT and ASD
populations; Secondly, new lessons on the impact on the value, but also the

limitations of online testing.
Facial Realism and the Functional Consequences of Eye Gaze

The original findings of the liking effect allowed us to investigate the functional
consequences of eye gaze across both visuospatial and social processes. Although we
did have issues in replication at times, when following the original paradigm of
Bayliss et al. (2006) with correct counterbalancing, the result did appear to remain
consistent. The three main findings that the current research has added to the
research around the liking effect will be discussed, before proposing the direction of

future research into facial realism.
Face Identity and Object Interactions

One significant finding was the stark difference in affective judgments once
multiple identities were used to cue objects across trials in the Photographic face
stimuli, providing a robust replication of Capozzi et al. (2015) findings in a
large-scale online sample. It also provides a cautionary tale about how small
methodological differences can have a significant impact on replication studies. A
small oversight in counterbalancing procedures resulted in null results across
multiple experiments. However, once the correct procedures were in place, it was
possible to establish interesting differences between Photographic and Schematic
face conditions.

The finding that there was a requirement for multiple identities in the
Photographic face stimuli group was consistent with the social consensus
explanation provided by Capozzi et al. (2015). However, in the Schematic face
condition, both the Multiple and Single face conditions elicited a liking effect. As
discussed in Chapter 4, it makes sense that subcortical activation as a result of LSF
from both face stimuli would rapidly increase attention towards associated to the
item, explaining an increase in affective judgment (Johnson et al., 2015). When
more detailed information are available to make effective identity judgments,
higher-order social effects such as the social consensus can have a more significant
impact on the functional consequences of eye gaze (Capozzi et al., 2015).

In addition to the differences between photographic and schematic faces, there
was also an interesting difference between the two types of schematic face stimuli

used in different experiments in Chapter 3. In both Experiments 4 and 5, there was
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a condition that presented a single schematic face. However, the effect was only seen
in the Single condition of Experiment 7. So why was this effect not found in these
previous experiments? One potential explanation for these findings is that the
presentation of repetitive stimuli in Experiments 4 and 5 resulted in suppressed
attention to the object, thereby impeding the effect. Although comparisons of the
RT suggest relatively similar patterns of RT responses, it is possible that without
any variation of face stimuli the effects of repetition may have reduced full
engagement with the stimuli, so there was no impact on preferences. Therefore, in
Experiment 7, where novel features were added, there was less repetition which
maintained the engagement that resulted in a liking effect. This does not explain
why there were differences between the Multiple and Single conditions in the
Photographic, but not the Schematic conditions. It was proposed that the social
consensus hypothesis may only occur when more detail is present, but further
research of the interactions between the four conditions is required to understand

these differences fully.

Eye-tracking Measures of Visual Attention and Their Relationship with
the Liking Effect

The addition of eye-tracking to study the liking effect offered a complimentary
method to understand how gaze cues influence visual attention and the subsequent
effects on affective judgments. In the experiment, it was seen that N'T individuals
spent significantly more time gazing towards the congruently cued items than the
incongruently cued items, as would be expected because individuals would be
required to reorient back to the target before they could respond (Posner, 1980). In
contrast, in the ASD group, it was found that autistic participants did not attend to
the congruently cued objects any more than the incongruently cued objects. Even
though autistic participants showed a similar pattern of gaze cueing bias for the RT,
they spent an equal amount of time attending to items irrelevant of the gaze cue
condition. This provides a mechanism through which more time spent attending to
an object facilitates engagement required to increase affective judgments for N'T
participants only. Therefore, in the ASD group where engagement was the same no
effect was found. These findings are in line with the consequences of eye gaze on
memory in Chapter 1. It was found that only when more prolonged engagement
with targets was encouraged through higher task demands, was there any
improvement in memory associated with cued attention. However, based only on

the findings presented in this thesis, it is not possible to establish the extent to
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which memory may play on the liking effect. Potential methods for investigating

potential cross over will be discussed later in this chapter.
The Liking Effect in Autistic Spectrum Disorder

The liking effect is of interest to research into autism for the same reason as it
is for facial realism. Although there has been previous research investigating gaze
cueing for visuospatial measures in ASD, there have been inconsistent results across
methodologies. The liking effect offered a measure of functional consequences across
both visuospatial as well as functional eye gaze.

In the presented experiments, three methods of analysing autistic traits were
used. In the first instance, AQ scores were entered as a covariate into the analyses
to remove variance account for as a result of AQ. However, at no point did the AQ
account for any significant amount of the variance. In Chapter 4, participants were
prescreened and assigned to either group based on their AQ score. Comparisons
between the group were inconclusive as a result of limitations in the statistical
design. Finally, in Chapter 5, participants who had a previous diagnosis were
recruited directly through the university DAS. It was found that the liking effect
was not found in the ASD group. However, the small sample size makes it difficult
to conclude that the liking effect is atypical in ASD, though it raises the feasibility
of investigating the effect in more detail.

The eye-tracking study in Experiment 9, compared the amount of time
attending to the eyes and the mouth when viewing a face. It was found that in the
ASD group, individuals tended to reduce their engagement with the eyes as they
made dynamic gaze shifts, whereas the N'T group maintained more time attending
to the eyes across all phases of the trial.

It was found by Chuk et al. (2014) that a sustained focus towards the centre of
the face and less time spent attending to individual features is indicative of holistic
style processing. Although the ROIs were not designed to investigate this
hypothesis, the eye regions detected such sustained focus in the NT group. In
contrast, the movement to investigate features across phases may indicate disrupted
holistic style processing in the ASD group. Although this does not demonstrate
aversive attention towards the eyes (previously suggested by Kliemann et al., 2010,
2012), it does show different patterns of face processing between NT and ASD
participants. Further research effort is warranted to investigate directly how facial

processing styles impacts the liking effect.
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Conclusions for Future Research

There is still much to be understood about face processing. Throughout this
thesis, multiple experiments have been presented that have investigated the
potential for using the liking effect paradigm as a method of processing differences
in perception between facial realism in both ASD and NT adults. Several differences
have been identified in how the liking effect operates, both in terms of face realism
and ASD, that warrant further investigation. However, it may not be the optimal
paradigm for investigating face processing for face realism in ASD. One reason the
liking effect was chosen was that, even though the effect was small, it appeared
consistent across participants. In our successful attempts, we did not see the same
level of consistency as in the original experiment. Combining this with a small effect
size would require large sample sizes, so it would not be the optimal paradigm to
use. However, there are still several follow up experiments that could be proposed.
For example, an extension of the eye-tracking study with a larger ASD sample using
both photographic and schematic faces. By focusing on how attention is distributed
to the target items, it is hoped that this would provide clarification of our current
findings within the ASD group, while also providing further evidence about how
differences in the processing of faces of different levels of realism may influence the
liking effect in both ASD and N'T participants.

General Research Methodology and the Future of Online Testing

This thesis has utilised and adapted several experimental paradigms and
research methodologies. This section will discuss the impact of the findings for
research methodologies in general: Firstly, the necessity of adequate power and
issues that arise with selecting the correct effect sizes; secondly, the use of Gorilla as
an online data collection tool; and finally, the use of open science and

preregistration and its importance in effective research.
The Validity of Online Data Collection Through Gorilla

A major theme of this thesis has been the need for suitably sized data sets, and
specifically the collection of data remotely from participants using the online data
collection tool Gorilla (Anwyl-Irvine et al., 2019). In reaction to questions about
replication in Psychology in 2015 (Open Science Collaboration, 2015), it has become

clear that an important issue for behavioural data collection is the low number of
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participants in samples. The use of online data collection tools may be vital in
helping to overcome this problem in future. In the experiments presented here, it
was found that we were able to replicate the findings of lab-based experiments with
significantly larger samples. Consistent replication of gaze cueing results persisted
across every experiment conducted, and replication of the liking effect was also
obtained in Chapter 3. However, it should be noted that there were differences
between the effect sizes of our lab-based and online samples. One potential reason
for differences between the lab-based and online experiments was the level of
engagement of the participant. Despite the use of an accuracy threshold, there were
probably direct differences between the two samples. In lab experiments,
participants are less likely to be exposed to distractions, compare to online testing,
which is reliant on participants maintaining a level of engagement that cannot be
confirmed. Bonuses were offered to participants who were able to accurately
respond to 75% of trials to encourage engagement. However, though this may have
appeared to be successful, it is not possible to know the real impact of distractions
without a non-bonus comparison group. Also, questions can be asked about how
bonuses may influence participants beyond encouraging engagement.

Another issue with online data collection is the browser based software’s ability
to display stimuli and collect responses with high temporal resolution. In a recent
article, researchers at Gorilla have conducted a series of experiments utilising a
flanker task to replicate the 'conflict network’ paradigm across a wide range of
conditions (different browsers, multiple types of PC, a variety of internet conditions;
Anwyl-Irvine et al., 2019). They found that they were able to reliably replicate this
effect across a multitude of conditions, consistently showing a reliable level of RT
measurements. Although their findings suggest that Gorilla can collect data at
comparable levels to lab-based data collection methods, such as Psychtoolbox and
E-prime, more evidence is probably required to instil confidence in researchers that
the platform can provide the required precision, especially those who require very
short stimulus presentation timings.

The reliable and simplistic nature of modern online platforms makes online
testing more accessible than ever. A drive to collect more extensive and
representative samples also makes online behavioural testing more attractive to
researchers. In future, Gorilla is hoping to expand its data collection abilities, such
as the addition of eye-tracking using conventional webcams. Utilising the javascript
package webgazer.js (Papoutsaki et al., 2016), Gorilla has recently introduced beta

testing of eye-tracking for online studies, offering a limited ability to measure
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fixation of target regions. The ability to measure gaze location during online
experiments may have applications beyond attempting to replicate conventional
eye-trackers. It may provide a measure of participants engagement to ensure
attention to the screen before proceeding with the experiment.

Overall, online experimentation appears to be an effective way of collecting
large amounts of data in a short period. It facilitates data collection from more
diverse participant groups that are not typically seen in traditional university
settings. However, researchers must be careful not to fall into the trap of recruiting
an equally restrictive demographic by utilising the same recruitment websites and
demographic settings. A further issue impacting the research conducted here is the
expense associated with collecting large data sets. Currently, the cost is lower per
participant, but the pure number of participants required can drive the cost up in a
way that may make it restrictive for some researchers and must be considered in
advance.

Furthermore, it is advisable that any data collection online is complemented
with data collection in the laboratory environment to allow comparisons to be made
from, as well as between, the large sample size of online data collection and the
controlled setting of lab-based testing. Finally, when utilising online data collection
to reach a specific sample size based on power calculations, it is vital to ensure that

the effect size estimates are appropriate for the online paradigm.
Calculating Effect Sizes for Power Analysis

Statistical power refers to the probability that a statistical test will reject a
false null hypothesis. That is, it is the likelihood that a test will detect an effect
that is present. Power of a statistical test is calculated using four main parameters,
the predefined alpha level, the effect size, the number of observations, and the power
level itself. Therefore, using three of these parameters, it is possible to calculate the
fourth. Power can be calculated as a post hoc statistic using the measured effect
size, the number of participants and the alpha level. However, if the goal is to
ensure that there is adequate power to detect an effect, the power analysis has to be
conducted a priori. To calculate the number of observations required to meet the
target power level, usually defined as a minimum of 0.8 with a goal of 0.95 based on
the work of Cohen (1992), requires the alpha level (typically set at 0.05), and the
estimated effect sizes of the desired effect.

It is this final parameter that makes a priori power analysis particularly tricky.

There are ongoing debates about how to calculate effect sizes for future experiments
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best. One suggestion is to collect enough pilot data to get an idea of the size of an
effect and then use this effect size to run a power analysis. A pilot method approach
has the advantage of ensuring that the effect size is based on the exact experimental
parameters. However, this method requires more time and expense to collect
enough pilot data; and there is no way of guessing the size of a sufficient pilot
sample to get an accurate estimation of the effect sizes. Alternatively, by taking the
effect size from previous experiments, it is possible to estimate effect sizes in
advance without having to collect enough pilot data. However, this method also has
limitations that have impacted multiple experiments in this thesis.

In the experiments conducted in Chapter 3, an apriori analysis was calculated
by using the effect sizes from the original Bayliss et al. (2006) study. The results of
this power analysis resulted in a sample size that was prohibitive in lab-based
testing. By moving experiments online, it was possible to collect samples that
previously were not possible, resulting in successful replications of the effect once
correct methodologies were put in place. However, in Chapter 4, when additional
conditions were added, and the number of trials was reduced, the estimated effect
sizes were not valid for our calculations, probably resulting in a sample that was
underpowered and therefore was not adequate to test the effect of interest.

The example of Chapter 4 outlines a central issue with using prior experiments
to estimate effect size. Altering the paradigm in any way will impact the effect sizes
used for the calculations which may not invalidate this method, but it is something
that must be accounted for. In this case, a more complex design was combined with
reducing the number of trials in an experiment, which has been found to impact
effect sizes directly (Brand & Bradley, 2016). For the experiments in Chapter 4, the
decision to reduce the length of the experiment was made purely to ensure that it
was possible to collect data from enough participants required from the power
analysis calculations. Therefore, by focusing on collecting the calculated samples
size, the importance of accurately calculating the effect sizes was overlooked at the
expense of the quality of data collected. These findings provide a cautionary tale for
those using power analysis to calculate sample size; accurate representation of effect
sizes is paramount. One possible method to get a more representative sample is to
collect an aggregate of effect sizes across experiments. However, in a similar way to
how researchers may use p-hacking to find a significant result (Head, Holman,
Lanfear, Kahn, & Jennions, 2015), researchers may be tempted to select effect sizes

for an aggregate that provide the desired result.
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There are also alternative statistical methods that may be more appropriate
when dealing with experiments that yield small effect sizes. Throughout this thesis,
frequentist statistics have been used to analyse the results of the experiments.
However, alternative methods, such as Bayesian statistics, may offer more
appropriate alternatives. In frequentist approaches the method of dealing with
experiments with small effect sizes is to increase the number observations, but in a
recent replication of the liking effect, Tipples and Pecchinenda (2018) used
simulation modelling to estimate the required sample for a Bayesian statistical
model. This analysis required only 90 participants using an equal number of trials
as the original Bayliss et al. (2006) study. As with the approach presented here,
they were able to replicate the effect, albeit with an attenuated effect. These
findings would suggest that a more measured, analysis-driven approach to dealing

with small effect sizes would be a better approach in future.
Importance of Preregistration and Open Science

For Chapters 3 and 4, the experiments were preregistered in advance on the
Open Science Framework (OSF). OSF is a service provided by the Centre for Open
Science, a non-profit technology organisation with a mission to increase the
openness, integrity, and reproducibility of scientific research. They provide a
framework for preregistration that allows separating hypothesis testing and
hypothesis-generating research. By planning research design and methodology using
the framework, it is possible to present methodologies transparently in advance of
data collection. It also provides a facility for publicly storing data and analysis
scripts for independent review. In this thesis, several hypothesis-driven experiments
have been presented. However, in hindsight, there is an argument that exploratory
analysis early in the research project could have been used to identify methods that
would have been best suited to investigate the research questions, which would then
have produced hypothesis-driven experiments in later chapters, rather than building
hypothesis and testing the liking effect this way.

When using online experiments, the potential for dredging data, or sampling
until a significant effect is found, is higher than in lab-based studies. Although
exploratory analysis is encouraged when the methods are correctly preregistered,
data that are presented as hypothesis-driven when they are not, undermine the
scientific method and have the potential for adverse consequences, as was
highlighted by the reproducibility crisis. Preregistration for online experiments

allows for analyses to be easily defined as either exploratory or hypothesis-driven
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and requires the researcher to define the sample as such. By asking researchers to
justify these decisions before data collection, Open Science will encourages open
discussions about methodology before data collection. For example, opening up
decisions of effect sizes for power analysis for examination before the data collection
will allow people to question potential flaws in advance. Preregistration may not be
perfect and will not fix methodological issues overnight, but by making research

more open, it is a step in the correct direction.

Proposed Future Research

Memory as a Measure of Selective Encoding

In the early stages of this thesis, the goal was to utilise memory as a secondary
measure of functional attention. In Chapter 2, tentative links were made to the
impact of memory on the liking effect (Bry et al., 2011), but a strong connection
was not made between selective encoding and the potential relationship between the
two measures. As the primary focus became the development of the liking effect
paradigm in Chapter 2, memory was dropped as a measure. In hindsight, potential
to investigate the relationship between selective encoding and the subsequent effects
on memory and affective judgments was missed. Although it was necessary at the
time to focus on replicating the liking effect, it was an oversight not to return to
measures of memory, and this merits more attention in future research.

Specifically, two adaptations of the paradigm are proposed that would hope to
investigate the effects of selective encoding on memory and the relationship with
affective judgments. The first adaptation would attempt to resolve the intentions of
studying long-term memory in Chapter 2 using the liking effect paradigm from
Chapter 3. By following the procedure of Chapter 3, with the repeated
categorisation of items, but with an independent recall and rating block, it would be
possible to test both the liking effect and memory as well as any relationship
between the two. The addition of eye-tracking to measure how overt attention shifts
facilitate both memory and effect would also be beneficial. Furthermore, the
addition of item level analysis across the three measures (affective scores, memory
recall and dwell time) would provide a more in-depth understanding of the
relationship between selective encoding and functional consequences of eye gaze.

The second adaptation would seek to investigate the impact of the selective

encoding in much longer-term memory traces. By using online experiments, with
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novel eye-tracking technology, large data sets could be collected using the same
paradigm as Experiments 6 and 9. The use of eye-tracking will ensure engagement
as well as indicating overt gaze shifts towards objects. However, the nature of the
online experiment means that it is also relatively simple to do follow up memory
recall experiments with participants across different time frames (from days to
weeks and beyond). Using similar item-level analysis as proposed earlier, it may be
possible to get an indication of the relationship between gaze cues and the impact

on selective encoding.

Interactive Specialisation Account for Investigating Facial Realism Pro-

cessing

Another topic of interested discussed throughout the thesis is the interactive
specialisation account of face perception (Johnson et al., 2015, 2009). The
interactive specialisation account can be used to explain how the very early
attraction to LSF face shapes leads to the development of full face processing
abilities across the full band of spatial frequencies. However, as this account was a
relatively late addition to the process of designing the experimental paradigms, it
had little influence on the experiments at hand. Therefore, there are several
directions that this research could focus on in future. Firstly, investigating further
differences between photographic and schematic faces in functional consequences,
for which we had success in Experiments 6 and 7. Focusing on both affective
judgments and memory, as well as utilising eye-tracking as in Chapter 5, it should
be possible to get a greater understanding of how the eye gaze of schematic face
shapes drive selective encoding. It may also be possible to investigate other
functional consequences that were not considered here, such as the impact of
accurate gaze cues in face ratings, as demonstrated by Bayliss et al. (2007). In
addition to expanding research into functional consequences, it would also be
essential to investigate differences in early visual processing across a spectrum of
faces across different levels of facial realism. In the early stages of the thesis, it was
planned that EEG would be utilised to investigate these effects. However, as there
were no specific hypotheses, and again the focus shifted toward replicating the
behavioural effects, these plans did not move forward. In future research, early
visual properties, whether measured using EEG, eye-tracking or behavioural
methods, will provide a better understanding of differences between faces of

different levels of realism. The potential advantages of EEG are that hypotheses can
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be developed around network-based approaches that may provide better insight into

how high detailed faces are processed differently.

General Conclusion

The work presented here investigated the potential of using the liking effect to
further our understanding of the mechanisms of face perceptions in autistic
individuals exploiting differences in how they process faces of differing levels of
realism. However, methodological issues and limited sample sizes make it difficult to
make substantive claims about the liking effect. Specific differences were found
between how schematic face stimuli and photographic face stimuli elicited the liking
effect. Also, it was found in small-scale eye-tracking experiments, that there was no
explicit liking effect seen in autistic participants. Based on these findings, it is
suggested that the future directions of research into the liking effect should highlight
differences in face processing mechanisms in those with ASD. However, it appears
that this effect is not the optimum paradigm for investigating developmental
differences in face processing. Future experiments that focus on earlier visual
processing of faces may be able to differentiate face processing differences across
development more effectively. Finally, this thesis has outlined relatively novel
approaches to collecting large data sets online, as well as discussing the limitations

of such methods for future reference.
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Appendix
Appendix A - Histograms of Residuals from Experiment 8
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Figure A.1: Histograms of the residuals from Chapter 4. Although there is some skew
in the Accuracy (tending towards ceiling effects) and the RT measures, they tend to

follow a normal distribution.
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