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Abstract
Attention to another’s eyes and face recognition are necessary building blocks for
efficient social communication. Neurotypical adults show an attentional bias for the
eye region and strong face recognition performance. In contrast, adults with an
autism spectrum disorder (ASD) often have pervasive difficulties looking at the eyes
and recognizing others. These behavioural tendencies have led researchers to propose
the eye avoidance and indifference theories of face recognition: implicating
disruptions in eye sensitivity as a potential source of face recognition difficulties,
although a direct link has yet to be established at the individual level. Holistic
Integration also plays a key role in neurotypical face recognition, although the
temporal neurodynamics of autistic holistic integration remain unclear. Addressing
this clinically relevant gap in the literature and acknowledging the within-group
heterogeneity reported for both autistic and neurotypical adults, this dissertation
presents four empirical studies evaluating feature saliency during face perception
and its relationship with face recognition accuracy in adults with and without an
ASD. Chapter 2 presents one of the first evaluations establishing direct associations
between fixations to internal facial features during face encoding and recognition
accuracy (d') across incidental and intentional task demands. Results demonstrate
incidental recognition accuracy is positively associated with left eye and nasion
fixation patterns but is negatively impacted by increased fixations to the nose.
Intentional recognition accuracy, on the other hand, negatively correlates with
fixations directed towards non-core features and sub-clinical autistic traits. Chapter

3 then extends this research into a clinical ASD population and neurotypical control
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adults, evaluating face recognition performance from a neurodiversity perspective.
Despite between-group analyses revealing autistic adults spend less time looking at
faces during encoding, neurotypical and autistic adults’ eye movements do not differ
in their fixation patterns towards internal features nor in their recognition accuracy
scores. Within-group analyses for adults with an ASD reveal a negative association
between autism symptomology and intentional face recognition accuracy. To clarify
the temporal neurodynamics of early face perception in autism, two ERP experiments
were completed by a subset of participants from Chapter 3. N170 peak amplitudes
and latencies were measured in response to upright/inverted faces and cars, isolated
eye regions, and isolated mouths (Chapter 4) and in response to intact faces with
fixation enforced to the left eye, right eye, nasion, nose, or mouth (Chapter 5).
Consistent with neurotypical patterns, autistic adults demonstrate preserved
markers of eye sensitivity and holistic integration at the N170 level when fixation is
enforced. Collectively, this research signifies the importance of the eyes and nasion
1n supporting neurotypical and autistic face recognition accuracy and emphasizes the
importance of accounting for individual differences from a neurodiversity perspective
in social cognition research. Considerations for monitoring visual attention to faces
and moving towards more individualized methods in neuroimaging studies are also
discussed. This research has important clinical implications for the advancement and

assessment of face recognition and social cognition abilities in ASD.

Keywords: face recognition, eye saliency, holistic integration, neurodiversity,
individual differences, autism spectrum disorder, eye-tracking, N170
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Chapter 1: General Introduction

“...to recognise autism as an example of diversity in the set of all possible brains,
none of which is ‘normal’ and all of which are simply different.”
-Simon Baron-Cohen (p. 3, 2017)

1.1 Face Recognition and Social Communication

Face recognition is a crucial building block for successful social communication
and interaction: we behave differently with people we know than with people we do
not know. Humans are highly social beings with a propensity for social engagement
and interaction (Emery, 2000; Itier & Batty, 2009; Kleinke, 1986) and are generally
considered face experts. In fact, empirical research demonstrates that the ability to
recognize faces develops across the lifespan (Bruce & Young, 1986; Crook III &
Larrabee, 1992; O’'Hearn, Schroer, Minshew, & Luna, 2010; O'Toole, 2011; Wilmer et
al., 2010) and is a skill that is dissociable from word and object recognition, as well
as from general memory and intelligence (Bainbridge, Isola, & Oliva, 2013; Palermo
et al., 2011; Peterson & Miller, 2012; Yovel, Wilmer, & Duchaine, 2014).

For most neurotypical! adults, face recognition occurs relatively naturally with
little or no conscious effort, although a full spectrum of abilities exists (Russell,
Duchaine, & Nakayama, 2009; Tardif et al., 2019). Difficulties or errors in recognizing
someone’s face can result in awkward or socially inappropriate consequences and in
fact, many adults with an autism spectrum disorder (ASD) report difficulties
recognizing and identifying faces in their everyday lives (Grandin, 2008; Hendrickx,

2015; Just & Pelphrey, 2013; Robinson, 2008). These claims are substantiated by

1 For the purposes of this manuscript, neurotypical refers to an individual with no reported psychiatric
or neurological conditions.



empirical investigations demonstrating sub-standard face recognition performance
relative to neurotypical peers (for reviews see Tanaka & Sung, 2016; Weigelt et al.,
2012), despite intact or superior memory for patterns, objects, or other categories of
expertise (e.g., history, dates, sports, etc.; Boucher & Anns, 2018; Caron, 2004;
Hedley, Brewer, & Young, 2011; Kuusikko-Gauffin et al., 2011; Ozonoff & Strayer,
2001; Shalom, 2003; Trepagnier, Sebrechts, & Peterson, 2002). Notably, autistic
adults have been found to perform within the prosopagnosic range on standardized
assessments of face recognition (Cygan et al., 2018; Kirchner et al., 2011; O'Hearn et
al., 2010). Less severe (but still impactful) decrements in performance have also been
shown in a variety of immediate and delayed face recognition paradigms (Faja, Webb,
Merkle, Aylward, & Dawson, 2009; Falkmer et al., 2010; McPartland, Webb, Keehn,
& Dawson, 2011; Schauder et al., 2019; Scherf, Behrmann, Minshew, & Luna, 2008;
Trepagnier et al., 2002; Williams, Goldstein, & Minshew, 2005). The development of
face recognition across the lifespan for individuals with ASD remains unclear,
although some studies implicate an altered or delayed trajectory relative to same-
aged neurotypical peers (Fedor et al., 2017; O’'Hearn et al., 2010; O’'Hearn, Larsen,
Fedor, Luna, & Lynn, 2020).
1.2 Theories of Autistic Face Recognition

Several theories have been proposed to elucidate neurotypical and autistic face
recognition mechanisms (Moriuchi, Klin, & Jones, 2017; Senju & Johnson, 2009;
Tanaka & Sung, 2016; Weigelt et al., 2012). Qualitative theories focus on

understanding how faces are initially processed and encoded (e.g., eye



sensitivity/avoidance, holistic processing) and if disruptions in these early perceptual
stages are the antecedent to subsequent recognition difficulties and impairments.
Quantitative models focus on how well faces are remembered and high-order
cognitive processes (e.g., memory consolidation, retrieval) as the root of face
recognition abilities. This dissertation will focus on elucidating the eye
indifference/avoidance and holistic integration qualitative theories of autistic face
recognition.

1.2.1 Theories of Eye Avoidance and Sensitivity Indifference

1.2.1.1 The Eyes are Important for Neurotypical Face Recognition

Empirical evaluations demonstrate that the eye region (i.e., the left eye?, nasion3,
and right eye) is markedly diagnostict for neurotypical face recognition and
1dentification (Henderson, Williams, Castelhano, & Falk, 2003; Henderson, Williams,
& Falk, 2005; Hills, Ross, & Lewis, 2011; Hills, Cooper, & Pake, 2013; Schyns,
Bonnar, & Gosselin, 2002). In fact, focusing just below the left eye within the first
two fixations of seeing a face has been associated with strong face recognition
accuracy (Hsaio & Cottrell, 2008; Peterson & Eckstein, 2012; Peterson & Eckstein,
2013; van Belle, Ramon, Lefevre, & Rossion, 2010). Overall, memory for faces is
generally higher when elements of the eye region (especially the left eye) are visible

(Haig, 1985; Hsaio & Cottrell, 2008; Peterson & Eckstein, 2012, 2013; Royer et al.,

2 Left eye refers to the eye position from the observer’s perspective (i.e., eye on the left side of the face
from frontal view).

3 Nasion refers to the region between the left and right eyes of the face, at the nose bridge (see
Figure 1B).

4 Recognition diagnosticity refers to the idea that specific visual cues (in this case the eyes) are used
to make specific perceptual and cognitive categorizations (such as face recognition and identification;
Hills et al., 2011; Lowe, Gallivan, Ferber, & Cant, 2016).
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2018; Schyns et al., 2002; Sormaz, Andrews, & Young, 2013; Tardif et al., 2019).
Occluding or removing eye information tends to impair recognition performance
(Sadr, Jarudi, & Sinha, 2003; Sekuler, Gaspar, Gold, & Bennett, 2004), although
altering other internal facial features (e.g., nose or mouth) does not impact face
recognition to the same degree (McKelvie, 1976; Tanaka & Farah, 1993; Tanaka &
Simonyi, 2016).

Notably, neurotypical adults’ gaze fixation patterns tend to form a T-shaped
arrangement when viewing faces, with the majority of fixations directed towards the
eye region, some fixations allocated along the midline of the face (towards the nose
and mouth), and few-to-no fixations assigned to non-core features such as the
forehead, chin, or cheeks (Barton, Radcliffe, Cherkasova, Edelman, & Intriligator,
2006; Henderson et al., 2005; Hills et al., 2013; Janik, Wellens, Goldberg, & Dellosso,
1978; Malcolm, Lanyon, Fugard, & Barton, 2008; Rollins, Bertero, & Hunter, 2019;
Shepherd, Davies, & Ellis, 1981; Walker-Smith, Gale, & Findlay, 1977; Yarbus,
1967). In fact, strong face-recognizers (identified based on a median-split) spend more
time looking at, and make more fixations between, the eyes than weak face-
recognizers (Sekiguchi, 2011). Attentional cueing to the eye region has also been
found to improve recognition performance for upright, but not inverted, faces (relative
to mouth- or no-cueing conditions; Hills et al., 2011, 2013). This research collectively
highlights a distinct sensitivity to the eye region (especially the left eye) in supporting

neurotypical face recognition.



1.2.1.2 Eye Indifference and Avoidance in Autism

In contrast to neurotypical adults, many adults with an ASD experience
pervasive difficulties initiating and maintaining eye contact with others (American
Psychiatric Association, 2013; Lord et al., 2012), resulting in disorganized and
irregular face scanning patterns (Cygan et al., 2018; Pelphrey et al., 2002; Spezio,
Adolphs, Hurley, & Piven, 2006; Wang et al., 2019; Yi et al., 2013, 2014). Atypicalities
in visual attention are primarily constrained to the eye region (Yi et al., 2013, 2014)
and are often apparent within the first year of infancy (Jones & Klin, 2013; Osterling,
Dawson, & Munson, 2002; Wolff et al., 2012; Zwaigenbaum et al., 2005). Rather than
directing their attention towards the eyes, autistic adults often spend more time
looking at other facial features (such as the mouth), a person’s body, or the
background environment (Chita-Tegmark, 2016; Dalton et al., 2005; Ewing et al.,
2018; Falkmer et al., 2010; Fedor et al., 2017; Frazier et al., 2017; Klin et al., 2002;
Spezio et al., 2006; Sterling et al., 2008; Wang et al., 2019).

Stemming from these empirical findings, the eye indifference and avoidance
theories postulate that reduced attention to the eyes may result in the observer
missing critical social cues, leading to cascading influences on social cognition
performance (including face recognition; Moriuchi et al., 2017; Senju & Johnson,
2009; Tanaka & Sung, 2016). More specifically, the eye indifference hypothesis
proposes that the eye sensitivity observed in neurotypical adults may be reduced or
absent in ASD, resulting in a relative indifference to feature saliency (Moriuchi et al.,

2017; Senju & Johnson, 2009). The eye avoidance perspective suggests that divergent



visual patterns may reflect autistic individuals’ active avoidance of the eye region due
to an elevated state of arousal (Tanaka & Sung, 2016). Collectively, these theories
suggest that autistic face recognition difficulties are likely due to disruptions in eye
saliency during the initial stages of face processing.

1.2.2 Theory of Holistic integration

1.2.2.1 Primary Mechanism of Face Processing: Holistic Integration

Holistic processing is a face-sensitive® neurocognitive mechanism in which the
shape, spacing, and configuration of individual features are integrated into a
cohesive, indecomposable whole (Maurer et al., 2002; McKone & Yovel, 2009;
Nemrodov, Anderson, Preston, & Itier, 2014; Rossion & Gauthier, 2002). By
assimilating facial features into a single face percept for a quick “snapshot”, holistic
processing expedites processing speed and reserves cognitive resources for more
socially relevant information (e.g., gaze perception, emotion recognition,
1dentification). This mechanism also allows for the relatively automatic processing of
1dentifying attributes that are unique to each person’s face (feature shape, size,
spacing, symmetry, etc.) during the earliest stages of face processing. This is most
evident from neurotypical adults’ superior recognition capabilities for faces when
they are presented in their established, upright alignment (Bruce & Young, 1986;
Jenkins, Dowsett, & Burton, 2018; O'Toole, 2011; Wilmer et al., 2010; Yovel et al.,

2014).

5 Holistic processing is not unique to faces; it occurs for any category of expertise (Brams et al., 2019;
Campbell & Tanaka, 2018; Tanaka & Curran, 2001; Vogelsang, Palmeri, & Busey, 2017). However, it
is most commonly studied in relation to face processing.
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Alternatively, when face configuration is disrupted and features are altered or
impoverished (e.g., through face inversion or feature isolation), the canonical face
template is not triggered and visual processing becomes more serial and part-based,
resulting in slower processing speeds, increased cognitive demands, and impaired
recognition memory (Barton et al., 2006; Haxby et al., 1999; Hills et al., 2011; Hills
et al., 2013; Leder & Bruce, 2000; Rossion & Gauthier, 2002; Tanaka & Farah, 1993;
Tanaka & Simonyi, 2016; Valentine, 1988; Xu & Tanaka, 2013; Yin, 1969). Object
recognition is not affected by inversion to the same degree, highlighting that faces
are disproportionately affected by feature configuration.

1.2.2.2 Holistic Processing in ASD

In contrast to the wealth of knowledge for neurotypical adults, the implications of
holistic processing for autistic face recognition are less clear. Until more recently, it
has been generally accepted that holistic processing is systematically impaired in
autistic individuals, evidenced by smaller differences between upright and inverted
faces (Hobson, Ouston, & Lee, 1988; Rose et al., 2007) and in recognition performance
between isolated features and complete faces (Joseph & Tanaka, 2003; Lahaie et al.,
2006; Langdell, 1978; see Tanaka & Sung, 2016 and Weigelt et al., 2012 for review).
These findings have led researchers to suggest that autistic individuals may be
disadvantaged at face recognition accuracy due to an increased reliance on less
efficient part-based perceptual mechanisms for face recognition, in line with the
theory of weak central coherence (Frith & Happe, 1994; Happé & Frith, 2006; Hill &

Frith, 2003). From this perspective, a piecemeal face processing bias is likely to



contribute to a degraded identity percept and, therefore, weaker recognition
performance. However, this view has been challenged more recently in light of
emerging evidence demonstrating intact holistic processing mechanisms in autistic
adults (Faja et al., 2009; Lahaie et al., 2006; Nishimura, Rutherford, & Maurer, 2008;
Scherf, Behrmann, Minshew, & Luna, 2008). Adults with an ASD perform similarly
to their neurotypical peers on measures of face inversion (Lahaie et al., 2006b; Scherf
et al.,, 2008) and feature isolation (Faja et al., 2009), demonstrating degraded
recognition performance when face configuration is disrupted relative to the
recognition of upright, intact faces. Autistic adults have also been shown to engage
in holistic processing strategies when they are cued towards features relevant for face
matching (Lépez, Donnelly, Hadwin, & Leekam, 2004). These findings suggest that
whilst neurotypical individuals tend to rely predominantly on holistic mechanisms
for face processing, autistic individuals may have a weaker holistic bias, instead
relying on featural or holistic mechanisms under different task demands.

Autistic disruptions in holistic face processing are most apparent during
childhood, suggesting that the development and refinement of holistic mechanisms
may simply be delayed or divergent in ASD, rather than impaired altogether. Adults
with an ASD may default to featural mechanisms when unconstrained, but likely
develop holistic processing strategies across development which can be implemented
when instructed to do so (e.g., behavioural assessments). With an increasing

awareness of the diversity and malleability of holistic strategies within autistic



adults, additional research is required to verify the integrity of holistic mechanisms
in ASD and elucidate the neurocognitive underpinnings of autistic face processing.

These theories (i.e., eye indifference/avoidance and holistic integration) provide a
strong theoretical basis for the hypothesis that disruptions during the earliest stages
of face processing are a root cause of neurotypical and autistic face recognition
abilities. It is imperative to consider, however, that these theories are based
predominantly on group averages and often overlook heterogeneity between
participants in face recognition performance. Nevertheless, a distinct spectrum of
face recognition abilities is present across both the neurotypical and autism
populations (e.g., Yovel et al., 2014), ranging from pervasive difficulties in recognizing
faces (i.e., developmental prosopagnosia; Duchaine & Nakayama, 2006; Palermo et
al., 2011) to superior abilities in which a face is never forgotten (Bobak, Bennetts,
Parris, Jansari, & Bate, 2016; Russell et al., 2009; Tardif et al., 2019; Wilmer et al.,
2010). Within-group variability amongst neurotypical adults has been described since
the first seminal investigations of gaze patterns to faces (Haig, 1985; Janik et al.,
1978; Walker-Smith et al., 1977), although the evaluation of individual differences
within visual processing and social cognition research has only taken heed more
recently.
1.3 Individual Differences in Face Recognition Accuracy

Individual difference approaches compliment and extend group-level findings by
providing additional insights into the patterns underlying the overall group averages

(Wilmer et al., 2010; Yovel et al., 2014). Critically, averages derived from empirical



studies may be consistent with a behavioural effect but may not be associated with
it. For example, if adults with an ASD spend less time looking at others’ eyes relative
to neurotypical adults, this does not necessarily mean that autistic adults actively
avold the eyes; it could instead indicate that reduced eye contact leads to what
researchers qualify as autistic traits (directionality problem) or it could indicate that
a third variable, such as neurodevelopmental trajectory, impacts an individual’s
autistic symptomology and eye contact. Thus, it is critically important for social
cognitive research to explore the underlying patterns and heterogeneity in cognitive
and behavioural performance between individuals (for discussion see Yovel et al.,
2014). By focusing the analytical lens in a different way, within-group analyses allow
for independent evaluations of the theories derived from group-level studies in ways
that may not otherwise be possible. For example, holistic processing has long been
theorized to facilitate face recognition performance based on an expertise for upright,
but not inverted, faces (Itier, 2015; Maurer et al., 2002; Richler & Gauthier, 2014;
Rossion & Gauthier, 2002; Rossion, 2009; Yin, 1969). Examination of individual
differences in holistic processing and face recognition abilities have extended this
theory further by revealing a direct association between these visual-cognitive
processes at the individual level (DeGutis, Wilmer, Mercado, & Cohan, 2013; Richler,
Cheung, & Gauthier, 2011; Wang, Li, Fang, Tian, & Liu, 2012; although see Konar,
Bennett, & Sekuler, 2010 and Richler, Floyd, & Gauthier, 2015). Furthermore,
individual-based approaches have revealed that whilst holistic processing accounts

for a notable degree of performance variability in neurotypical face recognition
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(approximately 20%; DeGutis et al., 2013; Yovel et al., 2014), a large proportion of
variability remains unexplained, indicating that other neurocognitive mechanisms
(such as eye sensitivity) must also play a role in facilitating face recognition abilities.
The importance of implementing within-group approaches in clinical ASD
research is further underscored by the neurodiversity framework — the idea that
natural variation and diversity in cognitive, emotional, and behavioural traits fall
along a spectrum of abilities (Baron-Cohen, 2017; Mandy, 2018; Masataka, 2017;
Silberman, 2017). Moving away from a deficit-based model, the neurodiversity
perspective embraces variability in cognitive and behavioural profiles, viewing the
phenotypes of neurodevelopmental disabilities (such as those with ASD) as essential
components of the full continuum of human ability. The eye sensitivity/avoidance and
holistic integration theories of neurotypical and autistic face recognition have not yet
been explored from a neurodiversity perspective at the individual level. Therefore,
one of the main goals of the current research is to address this clinically relevant gap
in the literature.
1.4 Dissertation Overview
The broad objective of this dissertation is to evaluate the relationship between
gaze fixation patterns to facial features and recognition accuracy from a
neurodiversity perspective, evaluating neurotypical and autistic adults’ performance
at the between- and within-group levels. Specifically, can individual (within-group)
differences in autistic traits and/or gaze patterns to facial features explain some of

the heterogeneity in face recognition accuracy? This was accomplished by conducting
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a large-scale, neurocognitive assessment of face recognition in neurotypical adults
and adults with an ASD (Appendix A). This body of work represents a first step
towards a more comprehensive understanding of the role of the eyes and gaze fixation
patterns in face recognition abilities and the impact of individual differences in
neurotypical adults and those living with an ASD.

Replicating and extending group-level findings, the present research also
incorporates correlational and comparative metrics (i.e., subtraction measures) to
explore individual differences in neurotypical and autistic face processing at the
behavioural and neural level. First, direct associations between fixation patterns to
facial features and face recognition accuracy were evaluated in a large sample of
neurotypical adults under incidental and intentional task demands (Chapter 2).
These methods were subsequently extended to a group of adults with an ASD and
age-, gender-, ethnicity-, and IQ-matched neurotypical control adults (Chapter 3) and
followed up with assessments of early face perception in a subset of participants,
using co-registered eye-tracking and electroencephalography (EEG) recordings
(Chapters 4 & 5). Findings will be discussed in relation to the prominent qualitative
theories of face recognition implicating a saliency indifference and/or hyper-arousal

to the eyes in autism.

12



Chapter 2: Neurotypical Gaze Patterns During Face Encoding and Their
Relationships to Incidental and Intentional Face Recognition Accuracy

“Ut imago est animi voltus sic indices oculi.”
The face is a picture of the mind as the eyes are its interpreter.
-Cicero (143-106 BC)

2.1 Introduction
When we encounter people in our everyday lives, the way in which we look at

and examine the person’s face will invariably affect our ability to recognize that
person later. However, very little is known about how eye movement patterns during
face encoding are related to recognition accuracy at the individual level. The first
experiment addressed this gap in the literature by evaluating the relationship
between individual differences in fixation patterns to internal (left eye, right eye,
nasion, nose, and mouth) and non-core facial features during face encoding and
subsequent recognition accuracy. Associations were examined for both incidental and
intentional recognition to determine if the use of facial features differs across task
demands. The influence of sub-clinical autistic tendencies was also examined to
determine the impact of autistic traits in visual-cognitive mechanisms.

2.1.1 Eye Saliency

In neurotypical adults, the present state of the literature implicates a sensitivity
to the eye region in face recognition, such that use of eye information during
intentional recognition and identification improves accuracy (Haig, 1985; Hsaio &
Cottrell, 2008; Peterson & Eckstein, 2012, 2013; Rollins et al., 2019; Schyns et al.,
2002; for review see Itier, 2015). There is also significant credence to suggest that

attending to the eyes during face encoding (when a face is first encountered) is an
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important strategy for optimizing face recognition performance (Henderson et al.,
2005; Hills et al., 2011, 2013; Sekiguchi, 2011; although see Rollins et al., 2019). For
Instance, face recognition accuracy is higher when attention is cued to the eye region
during encoding, compared to mouth- or no-cueing conditions (Hills et al., 2011;
2013). Likewise, strong face-recognizers tend to spend more time looking at people’s
eyes when they first see videos of unfamiliar people introducing themselves than do
poor face-recognizers (Sekiguchi, 2011). However, a direct link between free-viewing
fixation patterns during the encoding of previously unfamiliar faces and subsequent
recognition accuracy has yet to be established at the individual level.
2.1.2 Individual Differences in Feature Reliance

Despite reports of variability in fixation patterns from the earliest studies of
face recognition (e.g., Haig, 1985; Janik et al., 1978; Walker-Smith et al., 1977),
studies have only recently begun to explore the role of gaze fixation patterns in face
recognition mechanisms from an individual (within-in group) perspective. This
research focuses primarily on occluding the majority of the face and only presenting
a small section, large enough for one facial feature (i.e., Bubble technique; Schyns et
al., 2002; Vinette, Gosselin, & Schyns, 2004). These studies reveal that the left eye is
most diagnostic for optimizing neurotypical face recognition performance (Royer et
al., 2018), an effect that extends across the full range of recognition abilities (Tardif
et al., 2019). Individual-level approaches have also revealed that the T-shaped face
fixation pattern commonly reported throughout the neurotypical literature (i.e.,

majority of fixations directed towards the eye region, with fewer fixations directed
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towards the mouth and nose; Henderson et al., 2005; Walker-Smith et al., 1977;
Yarbus, 1967) is largely a biproduct of averaging idiosyncratic visual strategies across
participants (Arizpe, Walsh, Yovel, & Baker, 2017; Mehoudar, Arizpe, Baker, &
Yovel, 2014). In fact, Arizpe and colleagues (2017) found four distinct feature-
dominant subgroups based on peak eye movement spatial densities during old/new
recognition of unfamiliar faces (i.e., left eye-, right eye-, nasion-, and nose/mouth-
reliant), with each subgroup accounting for 20-30% of participants. These findings
demonstrate adults may have developed individualized gaze strategies that are the
most effective in supporting the optimal extraction of face information, rather than
all neurotypical adults employing the same visual processing strategies during face
recognition (Arizpe et al., 2017; Mehoudar et al., 2014; Peterson, Lin, Zaun, &
Kanwisher, 2016; Peterson & Eckstein, 2012, 2013; Tsank & Eckstein, 2017; Yovel et
al., 2014). Notably, a significant association between idiosyncratic eye movement
patterns and recognition performance has not yet been found (Arizpe et al., 2017;
Mehoudar et al., 2014), although this may be attributed to the limited sample sizes
(INs < 50) in these studies, limiting their ability to detect within-group effects in the
neurotypical population. Overall, these discoveries highlight the importance of
examining fixation patterns at the individual level and signal a need for segregating
the eye region into separate components (i.e., left eye, nasion, right eye) in order to
determine the unique contribution of each feature and understand the dynamics of

face recognition more fully.
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2.1.3 The Impact of Task Demands

It also remains unclear how the relationships between gaze patterns and face
recognition accuracy vary across task demands. When we encounter unfamiliar
people in our daily lives, our focus is often directed to socially pressing cues directly
affecting one’s safety and/or social behaviours (e.g., trustworthiness). In this case,
referred to as incidental encoding, face attributes essential for identifying faces (e.g.,
feature shape and size, inter-featural distance) are passively encoded during the
earliest stages of face perception (Zheng, Mondloch, Nishimura, Vida, & Segalowitz,
2013). In contrast, most empirical investigations implement paradigms relying on the
explicit encoding and recognition of faces (i.e., intentional recognition), where
1dentifying details are actively encoded as the observer focuses on remembering the
face for a later encounter. Although most everyday encounters arguably rely on more
incidental mechanisms, the degree to which this passive featural encoding relates to
recognition accuracy remains unknown. Gaze fixation patterns have been shown to
differ depending on a participant’s awareness of task-relevant information (Boutet,
Lemieux, Goulet, & Collin, 2017). When participants are aware of task demands (e.g.,
all trials within a block require the same type of response) gaze fixation patterns are
primarily directed towards the centre of the face. Alternatively, when participants
are unaware of task requirements (e.g., task-relevant information is randomized
throughout a block), gaze fixations are biased towards the eye region. Gaze patterns
also appear to be relatively consistent across social judgements (e.g., trustworthiness

vs. dominance; Hermens, Golubickis, & Macrae, 2018), although further examination
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of this phenomenon is required, particularly in relation to the connection with
incidental and intentional face recognition accuracy.

2.1.4 Sub-clinical Autistic Traits and Face Recognition

Face recognition difficulties are common amongst individuals with an ASD
(Kirchner et al., 2011; McPartland et al., 2011; O’Hearn et al., 2010; Weigelt et al.,
2012; see Chapter 1). Interestingly, these behavioural patterns have been shown to
extend to the general population as well, with autistic-like cognitive and behavioural
traits being implicated in face recognition performance at the sub-clinical level (Davis
et al., 2017; Halliday, MacDonald, Scherf, Sherf, & Tanaka, 2014; Morgan & Hills,
2019; Rhodes, Jeffery, Taylor, & Ewing, 2013; Valla, Maendel, Ganzel, Barsky, &
Belmonte, 2013). Face recognition difficulties can extend to neurotypical first-degree
relatives of autistic probands, albeit to a lesser degree (Adolphs, Spezio, Parlier, &
Piven, 2008; Kuusikko-Gauffin et al., 2011; Sucksmith, Allison, Baron-Cohen,
Chakrabarti, & Hoekstra, 2012; Wallace, Sebastian, Pellicano, Parr, & Bailey, 2010;
Yucel et al., 2015). Additionally, neurotypical adults with a high degree of sub-clinical
autistic traits also have trouble recognizing others when individual differences are
considered (Halliday et al., 2014; Rhodes et al., 2013; Valla et al., 2013). Collectively,
empirical research demonstrates negative associations between sub-clinical autistic
traits and face recognition abilities, such that individuals with more autistic
tendencies tend to have poorer recognition scores than individuals with fewer autistic

traits.
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2.1.5 Study Aims and Research Questions

The first goal of this dissertation was to examine the associations between
fixation patterns to internal facial features and face recognition accuracy in
neurotypical adults. To this end, a within-subjects design was implemented in which
eye movements were recorded in a large sample of adults engaged in incidental and
intentional recognition tasks with unfamiliar faces. To determine the relative
attentional importance afforded to each feature, featural saliency was measured for
core (left eye, right eye, nasion, nose, and mouth) and non-core (forehead, cheeks, and
chin) features of the face using area-normalized eye-tracking measures . Group-level
analyses evaluated the effects of encoding task demands on fixation measures and
recognition accuracy (d’). Within-group differences were subsequently explored for
each task through correlations focused on the associations between gaze patterns and
recognition accuracy scores.

Overall, it was predicted that the classic T-shaped fixation pattern would be
replicated at the group level during face encoding and would not vary across task
demands. Specifically, participants were expected to direct the majority of their
fixations towards the eye region (with a particular bias for the left eye and nasion)
during incidental encoding, in line with previous studies demonstrating an increased
eye-reliance in conditions where participants are unaware of the primary task
demands (Boutet et al.,, 2017) and when making trustworthiness judgements
(Hermens et al., 2018). Furthermore, if attention to the eyes is in fact essential for

optimizing face recognition, then an increased awareness of task-relevant
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information should also lead neurotypical adults towards an eye region bias during
intentional encoding in order to optimize the extraction of identity-relevant cues. At
the behavioural level, face recognition accuracy was expected to be higher following
intentional encoding (due to increased cognitive resources dedicated to identity-
coding) than during incidental encoding. Idiosyncratic fixation patterns were
anticipated across the neurotypical sample, with significant heterogeneity in feature
reliance. It was predicted that increased fixation to the eyes would be positively
associated with recognition accuracy (on the respective task), whereas fixations to the
nose, mouth, and non-core features were not expected to relate to face recognition
accuracy. Here, the eye region was separated into three segments (left eye, nasion,
and right eye) to directly evaluate the validity of the left eye superiority reported in
the literature (e.g., Haig, 1985; Schyns et al., 2002; van Belle et al., 2010); if the left
eye 1is particularly salient for face encoding and recognition then associations should
be strongest for the left eye.

Once these gaze-behaviour associations were established, featural fixation
patterns and recognition accuracy were correlated with self-reported autistic traits
(for sub-scale analyses see Appendix C). It was anticipated that sub-clinical autistic
traits would be negatively correlated with looking time and fixation counts to the eyes
(especially the left eye), such that neurotypical adults with more autistic traits would
spend less time attending to the eyes than adults with fewer autistic tendencies. Nose
fixations were not expected to be associated with autistic traits, although a positive

correlation was predicted for mouth fixations, such that adults with higher AQ scores
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would attend to the mouth more often than their peers with lower AQ scores. Autistic
tendencies were also expected to relate to face recognition accuracy (with poorer face
recognition performance observed for neurotypical adults self-reporting more autistic
traits), although any potential differences between incidental and intentional tasks
were exploratory in nature.
2.2 Method

2.2.1 Participants

A total of 124 neurotypical adults with no history of epilepsy or seizures,
psychiatric disorders, neurological disease, head injury, or concussion participated
for course credit or cash payment. All participants self-identified as
White/Caucasian,® reported normal or corrected-to-normal vision, and were not
taking antidepressant, antipsychotic, or cortisone medications at the time of testing.
Data from twelve participants were subsequently excluded due to equipment
malfunction (3), unreliable eye-tracking recordings’ (3), or for performing at or below

chance levels (d’' <0) on both face recognition tasks8 (4). Thus, 112 neurotypical adults

6 To reduce other-race perceptual and memory confounds on face recognition performance, only
participants identifying with a primary White/Caucasian racial background were included in the
present study.

7 One participant yielded poor calibrations on all eye-tracking recordings, and two participants’ data
consisted solely of shaky, unreliable fixations (< 100ms) due to movement and/or weak pupil contrast.
8 This a priori exclusion criterion was implemented to ensure that neurotypical recognition abilities
were not confounded by developmental prosopagnosia, other visual/face processing difficulties, or non-
compliance with task instructions. Participants were only required to achieve above-chance levels on
one task to be included in the analyses reported here, so as not to penalize participants for potential
floor-effects on one task. Six participants in the current sample demonstrated chance-level accuracy
(d’' <0) on one task (3 incidental; 3 intentional); however, these participants performed above chance-
level on the other task and were not flagged as influential outliers. Therefore, these participants are
included in the present analyses.
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(60 female, 50 male, 1 non-binary, 1 unspecified; Mage = 20.44 years, SDage = 4.41)
were included in the analyses reported here.

This study was reviewed and approved by a University of Waterloo Human
Research Ethics Committee and, in accordance with the Declaration of Helsinki, all
participants provided informed written consent at the beginning of the experimental
session.

2.2.2 Stimuli

A collection of 120 White/Caucasian faces (60 men, 60 women) from the
Chicago Face Database set (Ma, Correll, & Wittenbrink, 2015) were separated into
four stimulus sets (each with 15 men and 15 women). All faces depicted a neutral
facial expression and included models who did not have facial hair or glasses.
Photographs were greyscaled and cropped to only include the internal facial features
(i.e., eyes, nose, and mouth). Face stimuli were then air-brushed to remove any
1dentifying marks (e.g., scars, acne), makeup, jewelry, and/or hair, and were sized to
a horizontal visual angle of 8.53° (for the Encoding Phases) and 6.52° (for the Test
Phases)?. Finally, faces were centered on an axis passing through the tip of the nose
on a pixel-scrambled background (12.64° x 12.88¢ visual angle, see Figure 1).

2.2.3 Procedure

After obtaining informed consent, eye dominance was established using the

Miles test (Miles, 1930). Participants were then seated at a table with their heads

9 Different sized faces were used at encoding and test to ensure that behavioural markers of face
recognition best captured identity encoding, rather than pictorial memory from the same image (Bruce
& Young, 1986).
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supported in a chinrest 70 cm from a ViewPixx monitor (120 Hz refresh rate). The
experimental tasks were presented in a fixed order with the Incidental Face
Recognition Task always preceding the Intentional Face Recognition Task.1© At the
end of each session, each participant completed the Autism-Spectrum Quotient
questionnaire, a validated and reliable measure of autistic social-cognitive

behaviours (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001).

A
Encoding Phase Intervening Task Test Phase
2 Count -
<30 — backwards — x 60
250-400 ms from 100 by 250-400 ms
jittered twos jittered
Until Response
Old/New

Figure 1. Panel A: Trial progression for the Encoding and Test Phases of the Incidental and
Intentional Face Recognition Tasks. Note that both tasks proceeded in the same manner (with different
face sets), with the exception that in the incidental task participants were asked to mentally judge the
trustworthiness of each face during encoding, whereas participants were instructed to explicitly
study/memorize each face during the intentional encoding phase. Panel B: Stimulus exemplars with
feature regions of interest (ROIs) overlaid for the left and right eyes, nasion, nose, mouth, and non-
core facial features (i.e., chin, cheeks, and forehead).

10 Although I acknowledge that potential order effects on the data outcomes cannot be ruled out, this
order was preserved across all participants to maximize the unexpected nature of the face recognition
test during the Incidental Face Recognition Task and to ensure that participants’ eye movement
patterns and behavioural responses remained as natural and unbiased in this condition as possible.
Set-task mappings were counterbalanced across tasks and participants.
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2.2.3.1 Incidental Face Recognition Task

The old/mnew recognition task used here was comprised of an Encoding Phase,
a Test Phase, and a Rating Phase. For the purposes of this manuscript, the Rating
Phase will not be discussed further.

In the Encoding Phase, participants viewed 30 faces (15 men, 15 women) one
at a time, in a random order, and were instructed to mentally judge the
trustworthiness of each face as it appeared on the screen (i.e., “Think to yourself,
‘How trustworthy does this person look to me?”). On each trial, a central fixation
cross was presented (jittered presentation time: 250 — 400 ms), followed by a face
stimulus (subtending 8.53° horizontal visual angle). The face remained on-screen for
2000 ms before the next trial began (Figure 1A); no overt responses were required
during this phase of the experiment. Face set was randomized across participants.

Once the Encoding Phase was complete, participants were instructed to count
backwards from 100 by increments of two (e.g., 100, 98, 96, and so on) for a duration
of 30 seconds. The researcher started a stopwatch once participants started counting
and stopped the participant after 30 seconds had passed. This intervening task was
included to ensure participants had sufficient time to transfer all face memory traces
to long-term memory prior to starting the Test Phase.

Participants were then told they would be tested on their memory for the faces
they had just seen. In this surprise Test Phase, participants were instructed to
indicate, as accurately as possible, whether each face was old (i.e., they had seen this

face and mentally assessed this person’s trustworthiness) or new (i.e., they had never
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seen this face before) using the left and right trigger keys on a standard game
controller. Response buttons were counterbalanced across participants. Here,
participants viewed 60 sequential faces (30 men, 30 women; all target faces from the
Encoding Phase set, as well as 30 new distractor faces from one of the remaining face
sets) in a random order. Each trial began with a central fixation cross (jittered
presentation time: 250 — 400 ms), followed by a face stimulus which remained on the
screen until a response was registered (Figure 1A).
2.2.3.2 Intentional Face Recognition Task

This task proceeded in much the same manner as that explained above for the
Incidental Face Recognition Task, except that participants were explicitly instructed
to study/memorize each face carefully during the Encoding Phase for an upcoming
(expected) memory test (Test Phase). All other instructions and response options
remained the same.

The two stimulus sets not used in the Incidental Face Recognition Task were
used here (30 faces for the Encoding Phase and 60 faces (30 target, 30 distractor) for
the Test Phase). Participants were aware that all faces presented in the Intentional
Face Recognition Task were different from those in the previous task (i.e., old
responses indicated that the face was just studied/memorized, not that the face had
ever been judged on its trustworthiness; new responses indicated that they had never

seen the face before).
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2.2.3.3 Autism-Spectrum Quotient (AQ)

The AQ is a 50-item self-report questionnaire commonly used to assess
cognitive and behavioural tendencies associated with the autistic phenotype (Baron-
Cohen et al., 2001) and has been validated in both clinical and non-clinical adult
samples (Austin, 2005; Hoekstra, Bartels, Cath, & Boomsma, 2008; Hurst, Mitchell,
Kimbrel, Kwapil, & Nelson-Gray, 2007; Ruzich et al., 2015; Sucksmith, Roth, &
Hoekstra, 2011; Woodbury-Smith, Robinson, Wheelwright, & Baron-Cohen, 2005).
Here, respondents completed a computerized version of the questionnaire, indicating
their level of agreement or disagreement (“definitely disagree”, “slightly disagree”,
“slightly agree”, “definitely agree”) with statements tapping into the five cognitive-
behavioural domains (attention to detail, attention switching/flexibility, social skills,
communication, imagination/theory of mind). Each item was then scored on a scale
of 1 — 4, with higher scores indicating more autistic-like tendencies!!; Total AQ scores
were summed across all items. Subscale scores were also calculated for each of the
five sub-domains (see Appendix C).

2.2.4 Eye-Tracking Recordings

An Eyelink 1000 remote eye-tracking system (SR Research, http:/sr-

research.com) recording at a sampling rate of 1000 Hz was used to monitor monocular

eye movements from each participant’s dominant eyel2. Nine-point calibration and

11 The four-point scoring system was adopted here because these methods have been shown to yield
stronger internal consistency and test-retest reliability metrics compared to studies implementing
Baron-Cohen et al.’s (2001) traditional binary scoring system (Austin, 2005; Stevenson & Hart, 2017).
This scoring technique is also recognized to be a more suitable method of capturing individual
variations in behavioural heterogeneity (a key aspect of autistic symptom presentation).

12 The non-dominant eye was recorded for four participants due to difficulties tracking the dominant
eye.
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validation sequences were initiated at the beginning of each phase, marking the
participant’s eye gaze position relative to a series of targets placed equidistant around
an invisible square border.

2.2.5 Data Processing

Six non-overlapping region of interest (ROI) templates (corresponding to the
left eye, right eye, eye region, nose, mouth, and full face; Figure 1B) were created for
each face. Individualized templates were generated for each face model, as opposed
to one generalized template, to account for variations in internal feature structure
and distances across identities. Post data collection, these individualized ROI
templates were applied to all experimental trials.

Fixation reports detailing the location (featural ROI!3) and duration (in
milliseconds) of each fixation during the Encoding Phase were extracted using

DataViewer software (version 2.6.1; SR Research, http://sr-research.com). Fixations

falling within the eye region but not within the left or right eye boundaries were coded
as landing within the nasion ROI. Likewise, fixations falling within the face but not
within the boundaries of any core feature were categorized as landing on non-core
features. Fixations less than 100 ms were removed!4 (7.46% of all fixations) using

custom-made R scripts, in line with standards from the face processing literature

13 In the rare event the centroid of a fixation landed on the border(s) between two or more core feature
ROIs, the fixation was coded as landing on the upper-most feature (i.e., eyes >nose > mouth). Fixations
on eye-nasion borders defaulted into the respective eye’s ROI, and fixations on the border of core
feature ROIs were coded as falling within the ROI (rather than being labelled as a fixation towards a
non-core feature).

!4 Fixations less than 100 ms are confounded by irrelevant oculomotor activity (e.g., saccadic velocities)
and are more likely to include small eye movements more indicative of false saccade planning and/or
attentional redirection rather than higher-order cognitive processes of interest to the present study
(Manor & Gordon, 2003; Rayner & Pollatsek, 1989).
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(Falkmer et al., 2010; Goldinger, He, & Papesh, 2009; Hills & Pake, 2013; Manor & Gordon,
2003). Fixation counts and total time spent looking at each ROI were calculated. Trial-
wise proportion values were then computed for looking time (relative to the 2000 ms
viewing time) and fixation counts (relative to the total number of fixations made
during the trial).

Next, to maximize our confidence that results would reflect the relative interest
or salience of each feature (rather than being confounded by differences in the size
and boundaries of each feature’s ROI), proportional area values were calculated for
each feature (Equation 1) relative to the full image (including the face and the pixel-
scrambled background; 12.64° x 12.88°).

Equation 1:

ROI area (in pixels)

roportion = - - —
prop Rolarea ™ image size (in pixels)

These area proportion values were then used to transform the proportional
looking time and fixation outcome measures into area-normalized values (A;

Equations 2 & 3).

Equation 2:

proportion of dwell time to the ROI

A . =
dwell time proportion of ROI area

Equation 3:

proportion of fixations made to the ROI
Afixation count =

proportion of ROI area
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Following this transformation, values >1 indicate that a region was visually
targeted due to the region’s relative salience or interest. Alternatively, area-
normalized values closer to 1 suggest that fixations were directed to the region
randomly.

To calculate behavioural memory sensitivity scores (d), the proportion of hits
(correctly 1dentified targets) and false alarms (incorrectly identified distractors) were
calculated for each recognition task. Next, task-specific d' values were computed
using the dprime() function in R, by subtracting the standardized distribution for

false alarms from the standardized distribution for hit responses!® (Equation 4).

Equation 4: d' = z(hits) — z(false alarms)

Using this metric, d’ scores index an individual’s ability to accurately detect
the test signal (in this case target faces) amongst cognitive “noise” (incorrectly
recognized faces). Higher d’' values denote greater discernment between signal and
noise and, therefore, better recognition accuracy. Chance threshold is denoted by d’
values equal to O (i.e., equal proportions of hits and false alarms); values below zero
indicate a higher degree of perceptual noise than recognition signal (i.e., false alarm

rate > hit rate).

15 The dprime() function applies logarithmic-linear corrections to extreme proportional values (i.e., hit
or false alarm values equal to 0 or 1; Hautus, 1995). No such instances were observed in these
experiments.
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2.2.6 Data Analysis
All statistical analyses were conducted using SPSS v26 (IBM Statistics).

First, to quantify the differences in viewing patterns between features, and to
evaluate the impact of encoding demands, a 6 (Feature: left eye, right eye, nasion,
nose, mouth, and non-core regions) x 2 (Task: incidental and intentional) repeated
measures analysis of variance (ANOVA) was conducted using area-normalized
looking time and fixation count values as outcome variables. Greenhouse-Geisser
corrections were applied where Mauchley’s test of sphericity was violated (p < .05);
group-level follow-up analyses and pairwise comparisons were Bonferroni-corrected.
Second, to evaluate the impact of task demands on recognition accuracy, a paired-
sample ¢-test was conducted with Task (incidental or intentional face recognition) as
the within-subject variable and d’ as the dependent variable.

Next, the relationship between fixation patterns and recognition accuracy (d’)
using an individual differences perspective. To this end, a series of Pearson
correlations were implemented evaluating the relationship between fixation patterns
to facial features (left eye, right eye, nasion, nose, mouth, non-core features) and task-
specific d'values. Correlations were computed for each feature-task relationship (e.g.,
left eye & incidental recognition, mouth & intentional recognition, etc.; 6 features x 2
tasks) and for both outcome measures (area-normalized looking time and fixation
counts). Correlation analyses were also used to evaluate the relationships between

self-reported autistic traits (AQ) and fixation patterns as well as recognition
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accuracy. Bootstrapping simulations!¢ (with 5000 iterations; Efron & Tibshirani,
1994) were applied to all correlation analyses to define 95% confidence intervals,
thereby determining the likelihood of the observed relationships yielding a non-
existent (r = 0) association and to provide protection against multiple comparisons
(Efron & Tibshirani, 1994; Romano, Shaikh, & Wolf, 2008; Vasilopoulos, Morey, Dhatariya,

& Rice, 2015; Westfall, 2011).

2.3 Results

2.3.1 Descriptives and Distribution Normality

Descriptive statistics for eye-tracking and behavioural measures are presented
in Appendix D. Initial inspection of the data confirmed that most underlying
distributions fell within normality threshold standards (skewness < 3, kurtosis < 10;
Kline, 1998). However, looking time and fixation counts to non-core features during
intentional encoding yielded non-normal distributions (Looking time: skewness =
2.84, kurtosis = 11.18; Fixation Frequency: skewness = 3.29, kurtosis = 14.46) when
the full sample was considered. This was found to be driven by four outlying cases
(#2.5 SD). Exclusion of these instances resolved normality issues (Kline, 1998; see
Appendix D) and were henceforth removed from analyses evaluating viewing

patterns to non-core features.

16 Bootstrap simulations estimating 95% confidence intervals were conducted for each correlation,
rather than the more classically implemented Bonferroni correction, in line with recommendations for
data with interdependent variables (Vasilopoulos et al., 2017), as is the case here. Therefore, although
some associations may not survive correction at the conservative Bonferroni threshold, the corrections
applied here sustain the credibility of the reported effects.
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2.3.2 Fixations to Facial Features During Incidental and Intentional
Encoding

Fixation patterns did not differ between encoding tasks (Task main effects and
Interactions: ps > .13).

Regardless of encoding task, participants focused on the core internal features
(left eye, right eye, nasion, nose, and mouth) for longer periods of time, and more
often, than expected by chance alone (As > 2.91; Figure 2). Alternatively, fixations
to non-core features (e.g., forehead, cheeks, chin) occurred more randomly (As = 0.50
— 0.59). The 2 (Task) x 6 (Feature) repeated measures ANOVAs confirmed main
effects of Feature, such that participants fixated on the nasion more often, and for
longer periods of time, than any other core or non-core facial features (area-
normalized looking time: F(2.74, 300.97) = 85.09, MSE = 55.01, p < .001, ny2 = .44;
area-normalized fixation counts: F(2.56, 281.76) = 116.47, MSE = 66.08, p < .001, 2
= .51; paired comparisons: ps < .001). The left eye was also looked at significantly
more than the right eye and mouth (ps < .02), although left and right eye fixations
did not differ from the nose (ps >.21). The mouth was looked at the least of all internal

features (ps <.001).
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Figure 2. Panel A: Area-normalized looking time to internal facial features during incidental (orange)
and intentional (pink) encoding. The dotted line marks the threshold for random-intentional eye
movements (1.0) a. Median scores are represented by the horizontal lines and whiskers extend to the
minimum and maximum points within the interquartile range. Panel B: Heat map illustrating average
fixation durations during intentional encoding overlaid on a composite face comprised of all face
identities.

2.3.3 Incidental and Intentional Face Recognition Accuracy
Contrary to the initial hypothesis, face recognition accuracy did not differ

between the incidental and intentional recognition tasks (#(111) = -0.40, p = .69;

Figure 3).
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2.3.4 The Relationship Between Encoding Fixation Patterns and Face
Recognition Accuracy

2.3.4.1 Incidental Face Recognition Task

Correlation analyses revealed significant positive associations between left eye
fixation metrics and incidental recognition accuracy scores (Looking Time: r = .23, p
= .01, Clgs%: [0.02 — 0.41]; Fixation Count: r=.23, p = .02, Clgs%: [0.03 — 0.42]; Figure
4A), such that increased fixation to the left eye during encoding was related to higher
incidental recognition accuracy (d'). Participants who made more (area-normalized)
fixations on the nasion also demonstrated significantly higher incidental recognition
accuracy than participants who made fewer nasion fixations (r = .19, p = .05, Closu: [-
0.01 — 0.36]; Figure 4C), although time spent looking at the nasion did not reach
statistical significance (p =. 19). In contrast, nose fixations were negatively correlated
with incidental recognition accuracy scores (Looking Time: r = -.22, p = .02, Closu: [-
0.38 — -0.03]; Fixation Count: r =-.22, p = .02, Clgs%: [-0.39 —-0.06]; Figure 4B), such
that participants who spent more time look at, and/or made more fixations towards,
the nose during encoding performed more poorly than participants who attended to

the nose less often. All other correlations were non-significant (ps > .19).
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Figure 4. Scatterplots depicting the significant correlations identified between area-normalized
looking time to the left eye (Panel A) or nose (Panel B), as well as nasion fixation counts (Panel C)

during face encoding and subsequent incidental recognition accuracy (d’). The dotted line (d’' = 0)
indicates chance level.

2.3.4.2 Intentional Face Recognition Task

For this task, reduced looking time and fewer fixations to non-core features of
the face were associated with higher intentional face recognition scores (Looking time:
r=-.25, p =.009, Closy: [-0.40 — -0.10]; Fixation Frequency: r = -.25, p = .01, Clgse: [-

0.40 — -0.08]; Figure 5A). No other correlations were statistically significant (ps >

31).

2.5
kg 68 b0 . - -
= Figure 5. Scatterplot depicting the significant
B association between area-normalized looking time to
% non-core features and intentional recognition
k: accuracy. The dotted line (d' = 0) marks chance level.

.00 .25 .50 .75 1.00 1.25

Area-Normalized Looking Time to
Non-Core Features

34



2.3.5 The Role of Sub-Clinical Autistic Traits

Pearson correlations were implemented to assess the relationships between
AQ scores and fixation patterns (area-normalized looking time and fixation counts),
as well as between autistic traits and incidental/intentional recognition accuracy. AQ
scores were not available for one participant; thus, analyses reported here were
conducted with 111 neurotypical adults. Descriptive and normality statistics for all
AQ factors are displayed in Appendix C along with exploratory analyses across AQ
sub-scales.

Contrary to initial hypotheses, fixation patterns were largely unrelated to self-
reported autistic traits (ps > .08). Total AQ scores were, however, significantly
correlated with intentional recognition accuracy (r = -.21; p =.03; Closw: [-.39 — -.01]),
such that individuals with higher AQ scores performed more poorly than their

counterparts with fewer autistic traits (Figure 6B). Total AQ scores were not

significantly related to incidental recognition accuracy scores (r =-.16; p = .09).
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2.4 Discussion
This research study aims to evaluate the relationship between gaze fixation

patterns to internal facial features and face recognition accuracy in a large sample of
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neurotypical adults. Here, area-normalized looking time and fixation counts to core
(left eye, right eye, nasion, nose, and mouth) and non-core (forehead, cheek, chin)
features were monitored during incidental and intentional face encoding. Group-level
analyses focused on quantifying potential task differences in gaze patterns and
recognition accuracy. Correlation analyses then evaluated the relationship between
individual differences in fixation patterns to features and variability in face
recognition accuracy. Overall, group level results demonstrate increased visual
attention towards core internal features of the face relative to non-core features,
replicating previous reports throughout the neurotypical literature (Andrews, Davies-
Thompson, Kingstone, & Young, 2010; Haig, 1985; Longmore, Liu, & Young, 2015; Shepherd
et al., 1981; Yarbus, 1967). Critically, this bias towards the internal features of the face
was prominent, even when accounting for the visual area of each feature, thereby
highlighting the relative saliency of these features for face encoding. Supporting the
initial predictions and the eye region sensitivity for recognition reported throughout
the literature (Henderson et al., 2005; Hills et al., 2013; Janik et al., 1978; Rollins et al.,
2019; Royer et al., 2018; Shepherd et al., 1981; Sormaz et al., 2013), these results
demonstrate that the eye region (left eye, nasion, and right eye) is fixated on longer
and more often than other parts of the face. Here, we also see that within the eye
region, the nasion itself appears to be the most salient area, with substantially more
fixations directed towards this small region than would be expected based on its size
and lack of detail alone. Therefore, this region of the face must emanate some form
of relative importance or interest for neurotypical adults — an idea we will revisit in

Chapter 5. Fixation patterns were also noticeably biased towards the left and right
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eyes of the face, signifying these features’ salience in the eye region as well. It is worth
noting that here, the left and right eyes of the face were looked at the same degree
overall, and this was true for both tasks.

Interestingly, gaze fixation patterns to the eyes were not significantly different
from fixations directed towards the nose. The relative saliency of the nose observed
here admittedly came as an initial surprise, given that this feature is not particularly
diagnostic for face recognition (Schyns et al., 2002; Shepherd et al., 1981). However,
closer examination of the raw data revealed that many nose-based fixations were
clustered towards the upper-left quadrant of the ROI (close to the left eye and nasion;
see the heatmap in Figure 2) and not towards the base of the nose!” (as would be
expected if the nose feature itself was essential for face encoding). Given that this
fixation cluster falls at the intersection of multiple features, this indiscriminate area
of the face may be classified as part of the eye region, nasion, nose, or non-core
features across studies depending on how the featural ROIs are defined (Hessels,
Kemner, van den Boomen, & Hooge, 2016). With this understanding, the present results
are no longer at odds with the eye sensitivity literature as initially thought — the base
of the nose itself (what we commonly consider to be the nose feature) does not contain
diagnostic information for face recognition. Instead, the region below each eye
appears to capture visual attention to a significant degree during face encoding.

These results compliment existing research indicating that fixations just below the

17 This observation also confirms that nose metrics were not disproportionately influenced by fixations
carrying over from the preceding fixation cross (centred on the nose) but rather that these measures
include intentionally directed fixations (> 100 ms).
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left eye are related to improved face identification (Hsaio & Cottrell, 2008; Peterson &
Eckstein, 2012, 2013) and extends our understanding further by demonstrating these
patterns are also seen during face encoding. The subjectiveness of feature ROI
application discussed here also speaks to the importance of analyzing x- and y-gaze
coordinates and/or implementing standardized ROIs to improve translation and
generalizability across research studies and samples (see Hessels et al., 2016).

The left-eye bias is not supported at the group level in this large sample of
neurotypical adults with a range of gaze fixation patterns and recognition abilities.
Rather, the distributed saliency observed across multiple facial features is consistent
with Arizpe et al.’s (2017) gaze-reliant sub-groups: left eye-, right eye-, nasion-, and
nose-mouth-reliant and support the view that neurotypical adults’ fixation patterns
may be better classified based on preferred feature clusters — the subject of a future
investigation. Taken together, the current research highlights the importance of the
eye region in face encoding and signifies the need for social cognition studies to
analyze the eye region in more detail (i.e., segregating the left eye, right eye, and
nasion into individual components and/or analyzing x- and y-gaze coordinates) to
more fully understand what it 1s about the eyes and nasion that make them
particularly salient.

Although recognition accuracy (d’) did not differ between tasks on average,
correlation analyses revealed that variability in gaze fixation patterns were related
to incidental (but not intentional) recognition accuracy. Consistent with initial

predictions, the left eye and nasion were positively correlated with recognition
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accuracy, supporting the position that the left eye and nasion are the most salient
features for successful recognition. Although it is important to keep in mind that the
eye sensitivity hypothesis was only supported for incidental recognition. Even though
participants looked at the eyes and nasion similarly regardless of encoding tasks,
fixations directed towards the eyes during intentional encoding were not significantly
related to subsequent face recognition accuracy. The consistency of associations
across area-normalized looking time and fixation count metrics indicates that
neurotypical adults not only look at the left eye for longer periods of time to support
efficient recognition, but it also appears that a strategy in which the left eye and
nasion are returned to frequently (i.e., higher fixation counts) is equally beneficial for
optimizing incidental recognition. These findings extend our understanding of the
importance of the eye region in incidental face recognition and provide evidence in
support of the eye region as an anchored reference point for face processing.
Fixation counts and time spent looking at the nose were also found to be
negatively associated with incidental recognition accuracy, such that adults with an
increased reliance on the nose demonstrated poorer recognition scores than adults
who did not rely on this feature to the same degree. This extends our general
understanding that the nose does not typically portray key identifying details to
include the realization that increased reliance on this feature may in fact impair
recognition performance. It is also interesting to consider this pattern in light of the
earlier finding that fixations tend to be directed towards the bridge of the nose and

underneath the eyes. Although left eye and nasion fixations yielded positive
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associations with recognition accuracy, nose fixations elicited the opposite response.
In line with previous research (Hsaio & Cottrell, 2008; Peterson & Eckstein, 2012,
2013), the current study suggests that the eccentricity of fixations from the eyes and
nasion may also be critical for recognition efficiency. Specifically, fixations closer to
the eyes appear to be optimal for neurotypical performance, whereas less-precisely
targeted fixations on the (adjacent) bridge of the nose may not be in sufficient range
of the “optimal zone” to maximize accuracy. The precise nature of these relationships
cannot be addressed by the present study alone and require further investigation.
Intentional face recognition accuracy was not associated with gaze fixation
patterns to core facial features, although a negative correlation was apparent with
time spent looking at non-core features (forehead, cheeks, chin). These findings stress
the importance of directing visual attention towards internal core features during
face encoding to optimize face recognition accuracy. This relationship was further
mediated by autistic-like imagination traits (see Appendix C), indicating that adults
with an increased awareness of another’s thoughts and intentions (i.e., perspective
taking) may be more cognisant of the social (identity) cues portrayed by the internal
features of the face, thereby directing their fixations towards these features more
often and optimizing recognition accuracy. Alternatively, adults with a weaker
understanding of others’ intentions and how social cues are portrayed seem to be less
likely to direct fixations towards internal features, instead spending more time
attending to less relevant parts of the face, resulting in poorer recognition accuracy

(for further discussion see Appendix C). Once neurotypical adults direct their
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fixations to the internal features of the face, however, reliance on certain features
does not necessarily benefit intentional recognition.

Intentional recognition accuracy also systematically decreased as a function of
Total AQ score (Figure 6), whereas sub-clinical autistic traits were not significantly
related to incidental recognition accuracy. These results add to the body of literature
demonstrating differences in recognition performance as a function of sub-clinical
autistic traits (Davis et al., 2017; Halliday et al., 2014; Morgan & Hills, 2019; Rhodes et al.,
2013; Valla et al., 2013) and extend the field’s understanding to demonstrate that this
pattern is specific to intentional recognition and does not translate to all measures of
face recognition performance. Therefore, autistic traits differentially impact face
recognition performance at the sub-clinical level based on task demands, with the
most significant influence observed when explicit memorization and recognition is
required. These results mirror evidence from outside the face literature indicating
weaker learning trajectories for individuals with high AQ scores when executive
functioning demands are required, but not when visual perception strategies are
beneficial to learning performance (Ferraro, Hansen, & Deling, 2018; Parkington,
Clements, Landry, & Chouinard, 2015; Reed, Lowe, & Everett, 2011).

This first experiment demonstrates that although faces appear to be looked at
in similar ways across task demands at the group level, the way in which facial
features are used for face recognition is fundamentally different across tasks and
individuals. Using an individual differences approach, this study reveals that the left

eye and nasion are particularly salient during face encoding and incidental
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recognition, supporting the eye region sensitivity of neurotypical face processing and
recognition. Fixations clustered towards the bridge of the nose also appear to be
important for incidental face encoding, although increased reliance on this region has
a negative impact on recognition accuracy. Alternatively, intentional face recognition
is largely unrelated to gaze fixations to core facial features and is instead influenced
more so by non-core features and autistic traits, indicating a cognitive-behavioural

Impact on memory abilities at the sub-clinical level.
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Chapter 3: Autistic Gaze Patterns During Face Encoding and Face
Recognition Accuracy

“The face is the mirror of the mind and eyes without
speaking confess the secrets of the heart.”
-St. Jerome (347 — 420 A.D.)

3.1 Introduction

Now that associations between face encoding fixation patterns and recognition
accuracy have been established in neurotypical adults (Goal #1; Chapter 2), these
methods were extended into a clinical autism population to assess neurodivergent
face recognition abilities (Goal #2).

3.1.1 The Role of Visual Attention in Autistic Face Recognition

One of the most noticeable behavioural characteristics of autism is a

propensity for reduced attention to the eyes and difficulties maintaining and
Iintegrating eye contact during social overtures (American Psychiatric Association,
2013). Although the stereotypical schema of autistic gaze behaviours is often similar
to that depicted in the media (e.g., Rain Man, Dr. Murphy from The Good Doctor): an
autistic adult who looks away from the face all together and focuses on the person’s
body or the background, it is essential to recognize that, like any other cognitive or
behavioural trait, gaze behaviours vary widely in ASD. While it is true that some
autistic adults, particularly men, spend more time attending to non-social elements
in their environment relative to neurotypical adults (Chita-Tegmark, 2016;
Hendrickx, 2018), other autistic adults may constrain their focus to the face but on

other core facial features (e.g., nose or mouth), non-core parts of the face (e.g.,
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forehead, cheeks), or the person’s hair (Just & Pelphrey, 2013; Klin et al., 2002;
Pelphrey et al., 2002). In stark contrast to the stable, systematic fixation patterns
observed when neurotypical adults view faces (see Chapters 1 & 2), individuals with
an ASD often display irregular and disorganized gaze patterns —allocating attention
in a seemingly random fashion, or towards the mouth and body of another person
(Chita-Tegmark, 2016; Klin et al., 2002; McPartland et al., 2011; Pelphrey et al.,
2002; Rollins et al., 2019; Snow et al., 2011; Spezio et al., 2016; Wang et al., 2019).
These findings suggest that many adults with an ASD are less strategic in
distributing their visual attention to facial features within a face, due to a reduced
awareness or saliency for diagnostic cues within the eye region (eye indifference;
Moriuchi et al., 2017) and/or an increased reliance on other features (e.g., nose,
mouth) for social information as a result of active avoidance of the eyes (eye avoidance;
Tanaka & Sung, 2016).

Some autistic adults develop camouflaging strategies (e.g., mimicking mutual
eye gaze or fixating close to the eyes)!® to mask their autistic behaviours, whereas
others may not experience as much, or any, difficulty integrating eye contact, thereby
showing typical attention to another’s eyes (Green, Travers, Howe, & 2019;
Hendrickx, 2015; Hull et al., 2020; Ratto et al., 2018; Schuck et al., 2019). However,
this diversity in visual attention is under-recognized within the scientific literature.

To date, only a handful of studies have reported similar eye movement patterns

18 Recent investigations have unveiled that autistic girls/'women and non-binary individuals tend to
engage In more camouflaging behaviours and mutual eye contact than autistic boys or men
(Hendrickx, 2015; Hull et al., 2020; Schuck et al., 2019).
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between autistic and neurotypical adults at the group level (Fletcher-Watson,
Leekam, Benson, Frank, & Findlay, 2009; Hedley, Young, & Brewer, 2012; Schauder
et al., 2019). These reports demonstrate that, in some cases, autistic adults do attend
to, and use, eye information in a similar way as neurotypical adults. Closer
examination of studies reporting group-level impairments also reveals that preserved
gaze patterns are present in autism but are often missed or undermined by group-
level effects and analyses (Wilmer et al., 2010; Yovel et al., 2014). Likewise, although
face recognition difficulties and impairments are prevalent amongst autistic adults,
several reports of typical face recognition have also been documented (Hedley et al.,
2012; Kanner, 1943; Klin et al., 1999; Nishimura et al., 2008; Schauder et al., 2019).
In fact, face recognition abilities are likely related to autistic behavioural expression
and social functioning (Kirchner et al., 2011; McPartland et al., 2011), although it
remains unclear which aspects of autistic symptomology contribute to face
recognition abilities (e.g., perspective taking, attention to detail) — an important facet
to understand in order to effectively develop therapies, interventions, and workshops
that address core social symptoms in autistic adults.

Collectively, this research signifies that despite the perpetuation of deficit-
based views of ASD, not all autistic gaze patterns and face recognition abilities
deviate from the neurotypical range. Instead, the true reflection of autistic face
processing abilities may be better characterized along an extension of the
neurotypical spectrum, highlighting the importance of adopting a neurodiversity

framework in relation to autistic social cognition (Baron-Cohen, 2017; Mandy, 2017,
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Masataka, 2017; Silberman, 2017). While it is critical that we understand the
underlying roots of disrupted and impaired performance, it is equally important to
determine how preserved attention to the eyes influences face processing
mechanisms in autism by recognizing the full spectrum of abilities. One possibility is
that similar to neurotypical adults, attention to the eyes may play a key role in
accounting for autistic face recognition abilities (Moriuchi et al., 2017; Senju &
Johnson, 2009; Tanaka & Sung, 2016). For instance, Snow and colleagues (2011)
reported that face recognition accuracy was related to the number of fixations autistic
adults made to faces during encoding, although a direct link between attention to
specific features within the face (especially the eyes) and face recognition accuracy
has yet to be evaluated.
3.1.2 Study Aims & Research Questions

The second goal of this dissertation was to examine the associations between
fixation patterns to internal facial features and face recognition accuracy in autistic
and neurotypical adults. Consequently, the same within-subjects design described in
Chapter 2 was implemented in a diverse sample of adults with an ASD and matched
neurotypical control adults. Once again area-normalized fixation metrics captured
attentional saliency for each feature (left eye, right eye, nasion, nose, mouth, and non-
core regions) and a combination of group-level and within-group analyses explored
the impacts of task demands and gaze patterns on face recognition accuracy. Autistic

behavioural symptomology (as measured by the Autism Diagnostic Observation
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Schedule, ADOS-2; Lord et al., 2012) was also correlated with gaze fixation patterns
and recognition accuracy.

A range of gaze fixation patterns and recognition abilities were anticipated for
both groups, although it was hypothesized that autistic adults would fixate on the
eyes less during face encoding and would perform more poorly on measures of face
recognition, than neurotypical controls. In line with studies indicating a potential
over-reliance on the mouth during autistic face processing (Klin et al., 2002; Pelphrey
et al., 2002; Spezio et al., 2013), it was also predicted that adults with ASD would
fixate on the mouth or non-core facial features more than their neurotypical
counterparts. At the individual level, it was anticipated that autistic symptomology
would be associated with face recognition accuracy and gaze fixation patterns. In
particular, it was predicted that eye and nasion fixations would be negatively
correlated with ADOS-2 scores, such that autistic adults with milder symptomologies
would attend to the eyes more than autistic adults with greater social difficulties.
Alternatively, fixations to the mouth and non-core features were predicted to be
associated with higher ADOS-2 scores. The nose was hypothesized to be unrelated to
autistic symptom presentation.

In terms of gaze-behaviour relationships, positive associations between eye
fixation patterns (especially to the left eye) and face recognition accuracy were
anticipated, in accordance with Chapter 2 results and eye indifference/avoidance
theories (Moriuchi et al., 2017; Tanaka & Sung, 2016). Furthermore, if adults with

ASD do in fact rely on the mouth or non-core features for face recognition, then an
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association should be seen between mouth fixation patterns and d’ scores for autistic
participants.
3.2 Method

3.2.1 Participants

All eligible participants from the neurocognitive assessment (Appendix A)
completed this experiment. Following data processing, 1 neurotypical participant was
excluded because she performed below chance levels on both face recognition tasks?.
This resulted in 24 autistic and 21 neurotypical adults providing complete data for

this experiment (Table 1).

Table 1. Demographic information for autistic and neurotypical adults included in the Incidental and
Intentional Face Recognition Task analyses. Mean values and ranges are shown here with standard
deviations in parentheses.

Autistic Adults Neurotypical Adults
n =24 n =21 t43) »p
Gender 12 female, 9 male, 10 female, 9 male,
2 non-binary, 1 transgender 2 non-binary
Ethnicity 22 White, 2 Asian 19 White, 2 Asian
29.54 (9.70) 27.95 (10.12)
Age 18 — 52 years 19 — 50 years 0.54 .59
115.88 (15.57) 115.74 (8.94)
Full Scale IQ 91 - 157 101 — 128 0.03 .97
117.04 (13.92) 115.32 (9.25)
Verbal 1Q 100 — 160 95— 134 0.47 .65
111.46 (17.10) 112.05 (9.92)
Performance 1Q 33 _ 154 94— 198 -0.13 .89

19 Similar to Chapter 2, this chance-level criterion was implemented for neurotypical adults to ensure
that this group represented individuals with typical face recognition abilities not confounded by
developmental prosopagnosia or other face recognition difficulties.
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3.2.2 Stimuli, Procedure, & Data Processing

All stimuli and Incidental and Intentional Recognition Task procedures were
1dentical to those described in Chapter 2. These recognition tasks were completed at
the beginning of Session 2 of the neurocognitive assessment (Appendix A).

To quantify clinical autistic behaviours and confirm ASD diagnosis, adults
with a suspected or previously diagnosed autism spectrum disorder completed
Module 4 of the ADOS-2; Lord, Luyster, Gotham, & Guthrie, 2012) at the end of the first
experimental session. This interactive collection of activities and interview questions
was administered by KBP in accordance with research-reliable training standards
and took approximately one hour to complete. To receive an autism spectrum
classification, respondents must have a Communication sub-scale score of at least 2,
a Social Interaction sub-scale score of at least 4, and a cumulative Communication
and Social Interaction score above 7. Alternatively, respondents with Communication
scores above 3, Social Interaction scores above 6, and a combined Communication and
Social Interaction score above 10 receive an autism classification. Restricted,
repetitive behaviour indices are included as part of the total ADOS-2 score but are
not used when considering diagnostic classifications (Lord et al., 2012). All autistic
participants scored at or above the autism spectrum ADOS-2 classification (range: 6
— 17; Appendix E) and thus were included in the ASD group.

3.2.3 Data Analysis

To quantify the differences in featural fixation patterns between groups, and

to evaluate the impact of encoding demands, 6 (Feature: left eye, right eye, nasion,
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nose, mouth, non-core) x 2 (Task: incidental, intentional) x 2 (Group: ASD,
neurotypical) mixed model ANOVAs were conducted using area-normalized looking
time and fixation count values. Second, to evaluate autistic and neurotypical adults’
incidental and intentional face recognition abilities, a mixed method 2 (Task:
incidental, intentional) x 2 (Group: ASD, neurotypical) ANOVA was conducted with
Task as the within-subject factor and d' accuracy as the dependent variable. SPSS
v26 (IBM Statistics) was used to conduct all analyses. Greenhouse-Geisser
corrections were applied when Mauchley’s test of sphericity was violated (p <.05) and
Bonferroni corrections were applied to follow-up analyses and pairwise comparisons.

Next, to evaluate the association between face fixation patterns and
recognition accuracy, a series of Pearson correlations were implemented with
bootstrapping simulations (5000 iterations; Efron & Tibshirani, 1994) controlling for
multiple comparisons and determining the likelihood of obtaining true effects within
95% confidence intervals (Chmiel & Gorkiewicz, 2012; Vasilopoulos et al., 2015;
Westfall, 2011). The relationships between autism symptom severity and gaze
fixation patterns to internal features were evaluated by correlating area-normalized
looking times and fixation counts to each featural ROI and autistic adults’ ADOS-2
scores. Incidental and intentional d’' metrics were also correlated with ADOS-2 scores
to determine the impact of autistic symptom presentation on face recognition ability.
Finally, to investigate the associations between featural fixation patterns and
recognition accuracy, area-normalized fixation measures were correlated with

incidental and intentional d’ scores for autistic and neurotypical adults separately.
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3.3 Results

3.3.1 Featural Fixation Patterns During Incidental and Intentional
Face Encoding

Autistic and neurotypical fixation patterns to faces during incidental and
intentional encoding are shown in Figure 7; normality metrics are presented in
Appendix E. On average, core internal features (left eye, right eye, nasion, nose, and
mouth) were all looked at for longer periods of time, and more often, than expected
by chance alone (As > 1.74), and this was true for both autistic and neurotypical
groups. Alternatively, fixations to non-core features (e.g., forehead, cheeks, chin)
occurred more randomly (As = 0.48 — 0.85). It is important to note, however, that
substantial variability was noted for all features, with some individuals showing
strong biases of visual interest for certain features (e.g., As > 5), whereas other
individuals did not have the same degree of saliency capture (e.g., As < 2).

The 6 (Feature) x 2 (Task) x 2 (Group) ANOVA unveiled significant main
effects of Feature for area-normalized looking time (F(2.47,106.29) = 39.95, MSE =
57.67, p <.001, np2 = .43) and fixation count (F(2.24, 96.43) = 41.64, MSE = 83.86, p
<.001, npz = .49). As shown in Figure 7, the nasion was looked at longer and more
often than any other feature (ps <.01), followed in turn by the left eye, right eye, and
nose, which did not differ from each other (ps = 1.00) but were looked at more often,
and for longer periods of time, than the mouth and non-core features (p < .001).
Fixation patterns to internal facial features did not differ across diagnostic Groups
(main effect and interactions: ps > .06), although autistic adults did spend less time

looking at the face (and made fewer fixations towards the face) than did neurotypical
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adults (main effect of Group, Looking Time: Masp = 4.75, SEasp = 0.23, Mntc = 5.54,

SEntc = 0.25, F(1,43) = 5.23, MSE = 15.82, p = .03, np? = .11; Fixation Count: Masp =

5.91, SEasp = 0.23, Mntc = 6.64, SExtc = 0.25, F(1,43) = 4.52, MSE = 15.80, p = .04,

np? = .10).
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Figure 7. Area-normalized looking time to
facial features during incidental (orange)
and intentional (pink) encoding for autistic
and neurotypical adults. Dashed lines mark
the threshold (1.0) for random/intentional
eye movements. Within each box plot, the
mean is indicated by an x, the solid lines
indicate the median, and whiskers extend to
the limits of the interquartile range.
Normality metrics are also presented in
Table E1.

Fixation patterns varied across tasks — irrespective of group membership —

such that more time was spent looking at (and more fixations were made towards)

the face during incidental encoding compared to intentional encoding (main effects of

Task, Looking Time: F(1,43) = 5.98, MSE = 3.45, p = .02, ny? = .12; Fixation Count:

F(1,43)=5.92, MSE =3.51, p =.02, ny2 =.12). Fixation patterns were not significantly

associated with autistic symptomology (ps >.14).
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3.3.2 Incidental and Intentional Face Recognition Accuracy

Recognition accuracy did not differ across task demands (p = .25) and was also
unaffected by group membership (main effect of Group: p = .59; Group x Task
interaction: p = .89; Figure 8A). However, when d' scores were assessed solely for
autistic adults, Pearson correlations revealed that ADOS-2 scores were negatively
associated with intentional face recognition accuracy (r = -.56, p = .005, Closy = [-.84
—-.18]), but not incidental recognition accuracy (r =-.13, p =.54). As shown in Figure
9B, autistic adults with lower ADOS-2 scores were more accurate at intentionally

recognizing faces than their autistic counterparts with higher ADOS-2 scores.
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Figure 8. Panel A: Incidental (orange) and intentional (pink) face recognition accuracy scores (d') for
autistic and neurotypical adults. The dashed line indicates chance level on the recognition tasks. For
each box plot, the solid line represents the median and whiskers extend to the limits of the
interquartile range. Panel B: ADOS-2 scores as a function of intentional recognition accuracy for
autistic adults.

3.3.3 The Relationship Between Fixations to Facial Features During
Encoding and Face Recognition Accuracy

No significant associations were found between fixation patterns and

recognition accuracy for either group (ps >.06; Appendix E).

53



4.4 Discussion

Face recognition impairments are not a diagnostic component of ASD,;
however, many autistic adults experience pervasive difficulties recognizing others
throughout their daily lives (Cygan et al., 2018; Faja et al., 2009; Hedley et al., 2011;
Kirchner et al., 2011; O’'Hearn et al., 2010; Tanaka & Sung, 2016; Weigelt et al., 2012;
Williams et al., 2005). On the other hand, some autistic adults do not experience
difficulties recognizing faces, demonstrating abilities within (or in some cases even
enhanced relative to) the typical range (Hedley et al., 2012; Kanner, 1943; Klin et al.,
1999; Nishimura et al., 2008; Schauder et al., 2019). Visual attention to the eyes is
theorized to be a primary neurocognitive mechanism driving autistic face recognition
behaviours (Moriuchi et al., 2017; Tanaka & Sung, 2016;) and shows a great deal of
phenotypic heterogeneity across the autism population. Here, face fixation patterns
and face recognition accuracy abilities were evaluated within a diverse group of
autistic adults and neurotypical control adults. Group-level and within-group
analyses examined the relationship between gaze fixation patterns during face
encoding and incidental/intentional face recognition accuracy, as well as potential
associations with clinical autistic symptomology.

Overall, autistic adults spent marginally less time attending to the face than
neurotypical adults, in line with accounts of reduced social attention in autism (Chita-
Tegmark, 2016; Klin et al., 2002; Papagiannopoulou, Chitty, Hermens, Hickie, & Lagopoulos,
2014; Senju & Johnson, 2009; Snow et al., 2011). Although, once fixations were directed
within the face, groups did not differ in the average fixation looking times or counts

across features. At the group-level, autistic and neurotypical adults fixated on the
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internal features of the face more than would be expected by chance alone, supporting
the viewpoint that these features are particularly salient for optimizing face
recognition and generating a high degree of social interest for autistic and
neurotypical observers alike. Paralleling that reported in Chapter 2, the nasion was
looked at longer, and more often, than any other feature, followed by the left eye,
right eye, and nose, with the mouth being looked at the least of all core features.
These fixation distributions coincide with the traditional T-shaped pattern reported
throughout the neurotypical literature (Henderson et al., 2003, 2005; Hills et al., 2013;
Itier, 2015; Janik et al., 1978; Mehoudar et al., 2014; Walker-Smith et al., 1977; Yarbus,
1967) in which the eye region is specifically targeted, with the greatest emphasis on
the nasion.

Critically, the present study demonstrates that autistic adults do not always
exhibit atypical gaze fixations during face encoding and does not support the eye
avoidance hypothesis at the group level. Similar to that reported by Hedley and
colleagues (2012) — in which autistic adults did not differ from their neurotypical
counterparts on fixation allocation during intentional face recognition — the present
findings highlight that, under two different task demands, autistic adults often direct
their attention towards the eye region and look at the left eye, nasion, and right eye
of faces in ways that are similar to neurotypical adults. The relative visual interest
of each feature did vary considerably for autistic and neurotypical adults (see Figure
8 & Table E1); for example, while the left eye was particularly salient for many

individuals, this feature captured little attention for others. However, no significant
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correlations were detected within groups in relation to gaze fixation patterns and
recognition accuracy within groups, likely due to the limited sample sizes.

Adults with and without an ASD were also not significantly different on face
recognition accuracy at the group level, although a prominent association was
established between autistic symptom presentation and intentional recognition
accuracy (d') scores within the ASD group (Figure 8B), providing further insights
into the autistic face recognition phenotype (Lewis, Shakeshaft, & Plomin, 2018; Losh et
al., 2009; Weigelt et al., 2012). Here we see that even though autistic adults, as a group,
achieved similar levels of intentional recognition accuracy as their neurotypical
peers, autistic adults with higher ADOS-2 scores performed more poorly than autistic
adults with more mild symptomologies. These findings support the variability of face
recognition difficulties reported throughout clinical practice and the scientific
literature and highlight that core cognitive and behavioural attributes of autism
negatively influence autistic adults’ ability to recognize faces when attention is
intentionally focused on encoding identifying characteristics. Alternatively, when
autistic adults focus on another attribute of social cognition (e.g., trustworthiness)
when they first encounter faces, their recognition accuracy does not appear to be
affected by their clinical phenotype. These findings add to the growing body of
literature demonstrating the impact of autistic traits on face recognition abilities
(McPartland et al., 2011; Kirchner et al., 2011) and extend our understanding to
acknowledge that autistic symptomology appears to be specifically related to

intentional measures of face recognition. It is also possible that some autistic adults,
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particularly those with higher ADOS-2 scores, may be better able to optimize face
recognition accuracy when they are left unconstrained or engage in more passive
encoding strategies (e.g., focusing on a person’s trustworthiness) rather than
explicitly trying to remember the person’s face for later on. Collectively this study
supports a neurodiversity framework within the domain of face recognition (Baron-
Cohen, 2017; Mandy, 2018; Masataka, 2017; Silberman, 2017), viewing autistic
performance as existing along the same spectrum of abilities as neurotypical adults
and highlighting that in some circumstances autistic adults perform similarly to, or
better than, their neurotypical counterparts. The array of situations in which face
recognition is optimized or hindered in neurotypical and autistic adults provides
exciting avenues for future research.

The current research also adds to the growing body of neuroimaging evidence
implicating deviations and alterations in the recruitment of neural networks
employed by autistic and neurotypical adults during face recognition and social
processing (e.g., Nomi & Uddin, 2015). During intentional face recognition (the most
commonly implemented empirical paradigm in the scientific literature), neurotypical
adults rely on a distributed neural network reflecting a complex interplay of
prefrontal and temporal cortical regions associated with executive functions,
intentional focus, encoding, and the face network (e.g., middle temporal gyrus,
fusiform gyrus), as well as subcortical regions related to consolidation, saliency
detection, and social reward (e.g., insula, ventral striatum, amygdala; (Haxby &

Hoffman, 2000; Ishai, 2008). Alternatively, in the case of autism, where the connections
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between neural networks are altered, reliance on cognitive strategies that recruit
under-connected regions (e.g., prefrontal cortex) may in fact impede performance,
whereas reliance on alternative strategies and neural routes (e.g., passively encoding
1dentity) may be more successful in optimizing their ability to recognize others.

These findings have significant implications not only for clinical applications
and therapeutic strategies for autistic individuals presenting with pervasive face
recognition deficits, but also for the understanding of autistic face recognition within
the scientific community. Specifically, most studies evaluating face recognition
abilities in autistic individuals rely on intentional measures that require explicit
attention to the face and identifying features, often resulting in high cognitive
demands. Therefore, additional research is required to replicate and extend the
present findings to clarify whether the face recognition deficits reported throughout
the literature are truly reflective of autistic face recognition experiences and abilities,
or instead reflect the unsuitability of the empirical measures used to test face
recognition behaviours for autistic adults, perhaps requiring adaptation for this
diverse population and others struggling with intentional task demands.

In summary, this second experiment reveals that autistic adults appropriately
allocate fixations to facial features during face encoding and achieve comparable
levels of face recognition accuracy as neurotypical control adults under incidental and
intentional task demands, although considerable heterogeneity exists within both
populations. Using an individual differences approach and neurodiversity

perspective, this research establishes that intentional face recognition abilities are
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associated with clinical autistic symptomologies, although incidental recognition does

not appear to be associated with autistic behaviours.
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Chapter 4: The N170 as a Neural Marker of Holistic and Featural
Processing in Autistic and Neurotypical Adults

“The general expression of a face is the sum of a multitude of small details, which are
viewed in such rapid succession that we seem to perceive them all at a single glance.”
-Sir Francis Galton (1883)

4.1 Introduction

The ability to detect facial features within one’s environment and integrate these
components into a cohesive whole is a complex but necessary process for the efficient
perception and recognition of faces. These earliest stages of face processing are crucial
for facilitating higher-order social processes (e.g., emotion recognition, gaze
perception, identification) and have been proposed to be at the core of social
communication difficulties and impairments in ASD (Laycock, Crewther, &
Chouinard, 2020; Senju & Johnson, 2009; Tanaka & Sung, 2016). As outlined in
Chapters 1 & 3, disruptions in the detection of facial features (especially the eye
region) and/or reduced reliance on holistic processing for faces during these earliest
stages of perception can lead to poor or disrupted face percepts, resulting in cascading
consequences on subsequent aspects of social processing. These theories of holistic
integration and eye sensitivity are largely grounded in findings from behavioural
studies, with the neural underpinnings of autistic holistic processing and eye
sensitivity remaining largely unknown. In particular, the N170 ERP component — the
earliest neural marker of face and feature perception (Bentin, Allison, Puce, Perez, &
McCarthy, 1996; Eimer, 2011; Itier et al., 2006; Itier & Taylor, 2004; Nemrodov et al.,

2014; Rossion & dJacques, 2011) — provides an excellent tool for unravelling the
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neurodynamics of these rapid and complex mechanisms with excellent temporal
resolution; however, the featural and holistic integration of the N170 amongst
autistic adults is largely controversial (for reviews see Feuerriegel et al., 2014; Kang
et al., 2018). Furthermore, despite the atypical gaze fixation patterns typically
reported for adults with an ASD, visual attention has not yet been controlled for in
ERP evaluations within autistic adult samples, thereby compromising researchers’
ability to adequately determine true group differences in electrophysiological
research. To address these issues within the literature, N170 peak amplitudes and
latencies were measured in response to upright/inverted faces and cars as well as
1solated eye regions and mouths in a subgroup of autistic and neurotypical adults
from the neurocognitive assessment (Appendix A) using a gaze-contingent event-
related potential (ERP) paradigm that has been established within the neurotypical
literature (e.g., Nemrodov et al., 2014; Parkington & Itier, 2018b, 2019a) to control
for visual attention to the face.

4.1.1 A Neural Marker of Early Face Perception: The N170 ERP
Component

Neurotypical adults recruit a dynamic, distributed neural network during holistic
face processing (Haxby & Hoffman, 2000; Ishai, 2008), with neural generators in the
fusiform gyrus and occipital-temporal cortex responding to faces and feature
configurations with a sensitivity not seen for other categories (Arcurio, Gold, &
James, 2012; Engell & McCarthy, 2014; Itier & Taylor, 2004; Kanwisher & Yovel,

2006). This neural signature is further evidenced by a face-sensitive scalp-recorded
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ERP over occipital and fusiform face areas, occurring within the first 200 ms of seeing
a face (for reviews see Eimer, 2011 and Rossion & Jacques, 2011). In short, the N170
ERP component (henceforth referred to as the N170) is the earliest neural marker of
face processing, measured by time-locking scalp-recorded electrical measurements of
underlying brain activity (EEG) to the presentation of a face (Bentin et al., 1996;
Eimer, 2011; George, Evans, Fiori, Davidoff, & Renault, 1996; Luck, 2014; Rossion &
Jacques, 2011). Occurring approximately 120-200 ms post face onset, the N170 is
argued to reflect the structural and holistic integration stages of early face perception
(Bentin et al., 1996; Eimer, 2000a, 2000b, 2000c; Eimer, 2011; Itier, Herdman,
George, Cheyne, & Taylor, 2006; Nemrodov et al., 2014; Parkington & Itier, 2018b;
Parkington & Itier, 2019a; Rossion et al., 2000; Rossion & Jacques, 2011). Typically
larger over right-side sites (Dundas, Plaut, & Behrmann, 2014; Hillger & Koenig,
1991; Rossion et al., 2000; Rossion, Joyce, Cottrell, & Tarr, 2003), the N170
consistently elicits a larger and faster peak response to faces and eye regions than to
objects or other visual categories (Bentin et al., 1996; de Lissa, McArthur, Hawelka,
Palermo, Mahajan, & Hutzler, 2014; Eimer, 2011; Itier et al., 2006; Itier & Taylor,
2004a; Kloth, Itier, & Schweinberger, 2013; Nemrodov et al., 2014; Rossion et al.,
2000; Rossion & Jacques, 2011).

Importantly, the N170 is reliably enhanced and delayed for inverted faces (Itier
& Taylor, 2002; Itier, Taylor, & Lobaugh, 2004; Nemrodov & Itier, 2011; Nemrodov
et al., 2014; Rossion et al., 1999; Rossion et al., 2000; Rossion et al., 2003) as well as

1solated eye regions (Bentin et al., 1996; Kloth et al., 2013; Nemrodov & Itier, 2011;
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Parkington & Itier, 2018b; for reviews, see Rossion & Jacques, 2012 & Eimer, 2011),
supporting the eye sensitivity and holistic integration theories outlined in Chapter 1.
As a matter of fact, neuroscientists are now able to reliably index the face inversion
effect (FIE) at the neural level by comparing N170 amplitudes and latencies for
upright and inverted faces. The N170 FIE is prominent amongst neurotypical adults
and is regarded as a hallmark index of holistic face processing (Eimer, 2011;
Nemrodov et al., 2014; Rossion & Jacques, 2011; Yovel, 2016). Likewise, indices of
featural sensitivity can also be determined at the neural level using modulations in
N170 responses (e.g., differences between the N170 elicited for full faces versus
1solated features; see Parkington & Itier, 2018b). Therefore, the magnitude of these
difference scores can be reasoned to signal an individual’s sensitivity or reliance on
specific facial features and holistic processing biases.

4.1.2 The N170 ERP Component in Autistic Adults

Within the clinical domain, the N170 has been proposed as a potential biomarker
for 1dentifying face processing difficulties in autism (Jeste & Nelson, 2008; Kang,
Keifer, Levy, Foss-Feig, McPartland, & Lerner, 2018; McPartland, 2016), although
the reliability and usefulness of this neural marker for diagnostic purposes is still
debated (Kang, McPartland, Keifer, Foss-Feig, Levy, & Lerner, 2019; Key & Corbett,
2020; Vettori, Jacques, Boets, & Rossion, 2019). Critically, only a handful of studies
have evaluated the N170 in autistic adults, producing conflicting results (see
Feurriegel, Churches, Hofmann, & Keage, 2014 and Kang et al., 2018 for reviews).

For instance, some studies report delayed N170 latencies for autistic adults relative
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to their neurotypical peers (McPartland, Dawson, Webb, Panagiotides, & Carver,
2004; O’Connor, Hamm, & Kirk, 2005; O'Connor, Hamm, & Kirk, 2007). This small
but significant finding is further supported by a recent meta-analysis evaluating
N170 latency and amplitude differences across 18 studies involving children and
adults with an ASD as well as neurotypical control peers (latency effect size: 0.36;
Kang et al., 2018). Collectively, this has led some researchers to suggest that autistic
face processing difficulties may be a reflection of delayed processing from the earliest
stages of face perception. Alternatively, other studies have not found significant
differences in N170 latencies between autistic and neurotypical adults (Churches,
Wheelwright, Baron-Cohen, & Ring, 2010; Churches, Baron-Cohen, & Ring, 2012;
Churches, Damiano, Baron-Cohen, & Ring, 2012; Webb et al., 2010; Webb, Merkle,
Murias, Richards, Aylward, & Dawson, 2012), insinuating that holistic processing
may not be disrupted in all autistic adults. Several studies have also reported reduced
overall N170 amplitudes for autistic adults compared to neurotypical peers (Churches
et al., 2012; O’Connor et al., 2005; Webb et al., 2012), suggesting social
communication impairments may be rooted in diminished face processing, although
these attenuated responses are not always face-specific and are inconsistently
reported throughout the literature (amplitude effect size: -0.03; Kang et al., 2018).
The modulation of N170 amplitudes and latencies across instances of face
inversion and featural sensitivity also remain unclear in autism. To date, only a few
studies have directly evaluated the N170 FIE in autistic adults, again yielding

conflicting results, with reduced FIEs observed for autistic adults in some cases
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(McPartland et al., 2004; Webb et al., 2012) but preserved FIEs demonstrated when
performance demands were controlled (Tavares, Mouga, Oliveira, & Castelo-Branco,
2016). In association with the discovery that autistic adults are able to engage in
holistic strategies when explicitly cued (Churches et al., 2012; Lépez et al., 2004),
these results indicate that task demands and differences in attention may impact
autistic face processing at the neural level.

Furthermore, O’Connor et al. (2007) i1s currently the only study to directly
evaluate autistic adults’ N170 responses to faces and isolated features. In this case,
autism diagnosis did not impact amplitude responses; however, autistic adults
elicited longer N170 latencies for faces, eye regions, and mouths relative to
neurotypical adults, despite comparable object latencies across groups. These
findings led the authors to propose that autistic face processing atypicalities may be
the result of delays in early feature processing and integration (O'Connor et al., 2007),
although additional replication and extension of these findings is required to confirm
the stability and generalizability of these neural patterns. In particular, empirical
evaluations directly evaluating holistic and featural processing within the same
group of autistic and neurotypical adults are necessary to more fully understand the
stability and generalizability of the temporal neurodynamics underlying autistic face
processing.

4.1.3 Biases in Electrode Selection and Visual Attention

It is also important to consider that atypical patterns observed on the N170 in

ASD may be confounded by factors unrelated to holistic and featural processing. For
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example, all studies to date have evaluated the N170 component in autistic adults
using a grand average approach, measuring amplitudes and latencies on the same
electrodes (that produced the largest responses on average, irrespective of group
membership) for all participants, despite neuroimaging evidence indicating that
autistic adults recruit alternative brain regions and neural pathways for face
processing (Courchesne, 2002; Nomi & Uddin, 2015; Wolff et al., 2012). Consequently,
this approach does not take into account person-to-person variations in neural
generators and, therefore, peak N170 responses may not be fully representative of an
individual’s optimal face processing abilities. Alternatively, ERP techniques that
evaluate neural responses on the electrodes that are maximal for each participant
(e.g., Aguado, Parkington, Dieguez-Risco, Hinojosa, & Itier, 2019; McCrackin & Itier,
2018; McCrackin & Itier, 2019; Neath & Itier, 2015; Neath & Itier, 2014; Neath-
Tavares & Itier, 2016; Parkington & Itier, 2018b, 2019a) may provide a more
sensitive approach that is better suited for the heterogeneous autism population.
Moreover, despite the wealth of evidence demonstrating that autistic individuals
spend less time attending to faces relative to neurotypical controls (for review and
meta-analysis see Chita-Tegmark, 2016) and emerging evidence from the
neurotypical literature signalling the importance of controlling where participants
are looking during face perception (de Lissa et al., 2014; Itier & Preston, 2018; Neath
& Itier, 2015; Neath & Itier, 2014; Neath-Tavares & Itier, 2016; Nemrodov et al.,
2014; Parkington & Itier, 2018b; Parkington & Itier, 2019a) there are currently no

studies which directly monitor visual fixation during N170 evaluations of autistic face
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perception in adults. Therefore, it is possible that atypicalities reported on the N170
may be the result of differences in attention allocation to the visual stimulus (i.e.,
reduced amplitudes in autism may reflect reduced attention to the face) rather than
disrupted responses at the neural level per se. As such, it remains uncertain whether
holistic and featural mechanisms are intact or impaired amongst autistic adults when
visual fixation is enforced to faces, isolated features, and objects.
4.1.4 Study Aims and Research Questions

This experiment addressed these concerns by simultaneously evaluating the
temporal neurodynamics of holistic and featural processing within the same
individuals for whom face recognition abilities were known (from Chapter 3), using
gold-standard metrics of face inversion and feature isolation. Specifically, adults with
and without ASD viewed images of upright and inverted faces, upright and inverted
cars, isolated eye regions, and isolated mouths while brain activity (EEG) and eye
movements were recorded. Data were subsequently cleaned and time-locked to image
onset and the peak N170 amplitudes and latencies were evaluated across groups. To
evaluate the relationship between individual differences in neural responding and
autistic symptomology (as measured by the ADOS-2), difference score indices were
calculated for N170 amplitudes and latencies representing face and car inversion
(inverted — upright), eye region sensitivity (eye region — upright face), and mouth
sensitivity (isolated mouth — upright face).

Overall, neurotypical adults were expected to replicate the classic findings

within the literature, demonstrating intact holistic processing with a noticeable FIE
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on the N170 (i.e., smaller and faster N170 responses for upright, relative to inverted,
faces) but absent or reversed car inversion effects. For autistic adults, the expected
pattern of results was unclear. On the one hand, if holistic processing is preserved
when visual fixation is enforced, then we should see a distinct N170 FIE and neural
pattern similar to that anticipated for neurotypical adults. On the other hand, if
holistic processing is disrupted in autism, then autistic adults should show a smaller
or absent N170 FIE. Furthermore, if a holistic face bias is in fact altered in autism,
then negative associations should be observed between autistic symptomology and
neural indices of the FIE.

Featural sensitivities were also anticipated for both groups. Neurotypical
adults were expected to elicit faster and attenuated N170 responses to upright faces
relative to inverted faces, isolated eye regions, and isolated mouths. Face-sensitivity
was also anticipated for neurotypical adults, with smaller and attenuated N170s
predicted for upright and inverted cars relative to face categories; the car inversion
effect was predicted to be smaller than the FIE. If perceptual sensitivity to the eyes
1s disrupted or atypical in autism, then adults with an ASD should yield N170
responses to the eye region that are disproportionately attenuated (hypo-response) or
intensified (hyper-response) relative to neurotypical adults, in line with the eye
indifference and avoidance theories of autistic face recognition (Moriuchi et al., 2017,
Tanaka & Sung, 2016). In this case, autistic symptomology would also likely relate to
the magnitude of the eye sensitivity index, such that adults with higher ADOS-2

scores would yield larger sensitivities to the eyes than autistic adults with lower
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ADOS-2 scores. Likewise, if the mouth is particularly salient for autistic face
perception (as has been alluded to in some cases; Klin et al., 1999; Pelphrey et al.,
2002; Spezio et al., 2006), then an increased sensitivity to the mouth may also be
observed for autistic adults relative to their neurotypical peers, with an increased
reliance on the mouth for individuals with higher ADOS-2 scores. If, however, no
differences in N170 responding are observed between neurotypical and autistic adults
at the group level, this would suggest that adults with an ASD process face
information in a comparable way to neurotypical control adults when visual attention
is accounted for.
4.2 Method

4.2.1 Participants

A total of 38 participants completed this experiment during Session 2 of the
neurocognitive assessment?? (see Figure Al, Appendix A). Following data
processing, 1 autistic participant’s data was excluded from analysis because they
yielded too few trials per condition after artifact rejection for reliable ERP
measurements and the neurotypical adult who performed at chance levels on both
recognition tasks (Chapter 3) was excluded. Demographic details for the final sample

are presented in Table 2.

20 One autistic woman presented with head sensitivities so severe EEG set-up was not possible, and 2
other autistic women yielded high impedance values (> 35 kQ) that resulted in unreliable EEG
readings. Furthermore, one autistic man did not complete this experiment due to fatigue and three
neurotypical controls (2 women, 1 man) did not complete this experiment because data was not
available for their ASD-match.

69



Table 2. Demographic information for autistic and neurotypical adults included in the Holistic and
Featural Processing ERP Experiment. Mean and range values are shown here with standard

deviations in parentheses.

Autistic Adults Neurotypical Adults
(n=18) (n=18) 133) p
Gender 9 female, 6 men 9 women, 8 men
2 non-binary, 1 transgender 1 non-binary
28.28 (9.76) 26.78 (9.51)
Age 18 — 48 years 19 — 50 years 0.47 .64
Full Scale 1Q 115.06 (15.52) 115.67 (8.63) 0.15 39
91 — 157 101 — 128 ) )
Verbal 1Q 117.11 (14.38) 114.33 (9.05) 0.69 49
100 — 160 94 — 128 ) )
Performance 1Q 109.94 (16.54) 112.78 (10.32) 0.62 54
83 — 154 95 — 134 ) '

4.2.2 Stimuli

Grey-scaled photographs of upright and inverted faces, upright and inverted

cars, isolated eye regions, isolated mouths, and flowers were used for this experiment

(Figure 9). Sixteen upright faces (8 men, 8 women) were selected from the collection

used in Parkington & Itier (2018b). These computer-generated faces only included

the internal facial features (left eye, right eye, nose, and mouth) and were matched

at both the local (featural) and global (image) levels for pixel intensity and root-mean-

squared contrast (see Parkington & Itier, 2018b for further details). Faces subtended

8.13° (horizontal) x 12.64° (vertical) visual angle and were centered (along an axis

passing through the nasion) on a 12.88° (horizontal) x 17.89° (vertical) pixel-

scrambled background. Inverted face stimuli were generated by isolating the faces

within each image and flipping them 180° along the horizontal axis. Isolated eye
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region and mouth stimuli were also taken from Parkington & Itier (2018). These
stimuli subtended 6.92° (horizontal) x 2.45° (vertical) visual angle.

Front-view photographs of 18 different cars from the collection used by Kloth
et al. (2013), as well as seven flower photographs from Nemrodov et al. (2014), were
also used here. Cars and flowers were all cropped into ovals subtending 8.13°
(horizontal) x 12.64° (vertical), to approximate the oval outline of the face stimuli,
and inverted copies were generated by flipping these images 180° along their
horizontal axes. These car and flower images were then each centered on a 12.88°

(horizontal) x 17.89° (vertical) pixel-scrambled background.

Upright Face Inverted Face Inverted Car

Gaze contingent
Isolated Eye Region| (300 ms)

250 ms

Maximum 750 ms

Isolated Mouth

Figure 9. Stimulus exemplars (with central ROIs overlaid) and a sample trial progression
demonstrating an oddball trial. Participants were instructed to maintain central fixation and press
the spacebar if they detected a flower. Central fixation was confirmed offline using 1.92°¢ regions of
interest (ROIs; overlaid yellow circles) centered on each image. Holistic integration (blue box) was
evaluated by comparing N170 responses elicited by upright/inverted faces and cars. Featural
sensitivity (pink box) was evaluated by comparing N170 responses elicited by upright faces, isolated
eye regions, and isolated mouths.
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Mirror-flipped copies of all experimental stimuli (upright/inverted faces,
upright/inverted cars, eye regions, mouths) were also generated (to eliminate
stimulus-asymmetry effects). All images were then run through custom-made
MATLAB 2014b scripts adapted from the SHINE package (Willenbockel et al., 2010)
to match all images on global pixel intensity (0.58) and root-mean squared contrast
(0.47) by adjusting only the background pixels (i.e., face, car, feature, and flower

images all remained unaltered).

4.2.3 Procedure
4.2.3.1 Experimental Design

Task order was counterbalanced across participants, such that half of
participants completed this ERP experiment first and the Face Fixation ERP
Experiment (Chapter 5) second while the remaining half of participants completed
the ERP tasks in the opposite order.

Here, participants completed an oddball detection task2! (25% probability)
while eye movements and EEG activity were monitored. Participants pressed the
spacebar on a standard keyboard if the picture was a flower; no response was required
for all other experimental categories. Seated with their head position stabilized in a
chinrest, participants were asked to fixate on a central cross which would trigger the

presentation of an image, and to maintain central fixation on the subsequent image

21 An oddball-detection task was used to ensure sustained attention to the image categories. Given the
high demands already placed on participants to limit eye movements in this paradigm, we wanted to
ensure all other factors remained as simple as possible. A higher oddball rate was used here (25%)
relative to past studies using the same gaze-contingent oddball paradigm (10%; Parkington & Itier,
2018, 2019) to maximize attention capture for autistic participants who may have difficulties
sustaining attention to low-frequency targets.
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that flashed. All participants completed a short (15 trial) practice phase before
starting the experiment proper.

Overall, this experiment included five blocks of 125 trials (20 trials/condition
+ 5 oddball trials/condition). Each trial began with a gaze-contingent fixation cross?2,
during which participants had to maintain fixation within an ROI subtending 1.92°
centered around the fixation cross for 300 ms. Once the gaze-contingent trigger was
activated, an image (upright/inverted face, upright/inverted car, isolated eye region,
1solated mouth, or upright/inverted flower) flashed for 250 ms, followed by another
fixation cross. The next trial began after 750 ms or once a spacebar response was
registered, whichever occurred first (Figure 9).

If the fixation trigger was not activated within five seconds (i.e., if the
participant failed to fixate on the cross for 300 ms) the trial was aborted and a drift
correction was recorded. Mid-block recalibrations were conducted following two
consecutive drift corrections or when the eye recording was clearly off-centre.

4.2.3.2 Eye-Tracking and EEG Recordings
Eye-tracking parameters were the same as outlined in Chapter 2. An

ActiCHamp system (Brain Vision, https:/brainvision.com) continuously recorded

EEG measurements (500 Hz) from custom-made 64-electrode ActiCaps conforming to
the 10/20 extended system. PO9 and PO10 electrodes (placed over the posterior

occipito-temporal region of each hemisphere), as well as a pair of electrodes placed

22 A non-triggered version was also available as an accommodation for participants who had difficulties
consistently activating the gaze-contingent trigger. This version proceeded in the same manner, except
that a 300-500 ms jittered fixation cross replaced the fixation trigger screen. Seven participants with
an ASD and one neurotypical participant completed this non-triggered version.
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over the mastoids (TP9 and TP10), were used in lieu of AF3, F1, AF4, and F2
recording sites. Cz was designated as the active reference during all recordings and
a ground electrode was placed over the posterior region between POz and PO4.
Electrode offsets were kept below 35 kQ.

4.2.4 Data Processing

To ensure participants were looking at the photographs during stimulus
presentation, interest area reports were generated for each participant using

DataViewer 2.6 (SR Research, http://sr-research.com). Custom-made MATLAB

scripts were then used to compare these reports with the EEG recordings. Any trials
in which participants did not maintain fixation with the pre-determined 1.92° central
ROI (Figure 9) or in which one or more eye movements were made outside of this
ROI, were automatically removed. Manual trial selection was implemented for three
autistic participants’ recordings (all completed on the non-triggered version of this
experiment) because of a shift in the eye movement recordings due to glasses glare.
In this case, trials deemed to be outside of the pre-determined central ROI were
marked. The experimenter (KBP) then determined if a systematic shift was present
(e.g., fixations consistently shifted upwards and to the right) on these trials. Any
fixations contained within 1.92° of this shifted region were accepted as central
fixations and these trials were kept for analysis. Alternatively, any trials in which
one or more fixations were made outside of this shifted region were rejected. A total

of 7.94% of trials was removed across all participants due to eye movements.
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The EEGLab toolbox (Delorme & Makeig, 2004) running under MATLAB
2014b was used to generate an average reference and digitally band-pass filter (0.01
Hz — 30 Hz) EEG recordings. Data were then time-locked to face onset, -100 ms (pre-
stimulus onset; baseline) to +350 ms (post-stimulus onset) epoch windows were set,
and incorrect trials were removed (0.15% of all trials). Trials with artifacts above or
below £70uV were automatically detected using the EEGLab toolbox; 7.86% of trials
were removed across all participants due to EEG artifacts.

4.2.5 Electrode Selection

Participants in both groups produced the standard topographic distributions
for all stimulus categories, with maximal N170 responses recorded in the posterior
occipto-temporal region. In order to be most sensitive to individual differences in
N170 peak responding, each participant’s average waveforms were individually

inspected using ERPLab (http://erpinfo.org/erplab; see Parkington & Itier, 2018b,

2019a for a similar method). The left- and right-side electrodes yielding the maximal
N170 response for all conditions were selected for each participant (Table 3) and
peak amplitudes and latencies were then extracted from these electrodes between

120 ms and 230 ms post-stimulus onset.
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Table 3. Distribution of peak N170 electrodes (over left and right posterior occipital-temporal
electrode sites) selected for analysis.

Autistic Adults (n = 18)

Left-Side Electrodes Right-Side Electrodes
Electrode Number of Participants Electrode Number of Participants
P7 1 P8 5
P9 8 P10 5
PO7 4 PO8 4
PO9 5 PO10 4
Neurotypical Adults (n = 18)
Left-Side Electrodes Right-Side Electrodes
Electrode Number of Participants Electrode Number of Participants
pP7 4 P8 1
P9 8 P10 6
PO7 2 PO8 6
PO9 4 PO10 5

4.2.6 Statistical Analysis

Holistic processing and featural sensitivity indices were analyzed separately
using mixed method analyses of variance (ANOVAs) in SPSS Statistics v26 (IBM
Statistics). In all cases, Group was entered as the between-subject factor and all other
independent variables (Category, Orientation, and/or Electrode Side) were entered as
within-subject factors.
4.3 Results

4.3.1 Neural Markers of Holistic Processing

To investigate the integrity of holistic and featural processing amongst autistic
and neurotypical adults, 2 (Category: Face, Car) x 2 (Orientation: Upright, Inverted)
x 2 (Electrode Side: Left-Side, Right-Side) x 2 (Group: ASD, Neurotypical) mixed

model ANOVAs were conducted on peak N170 amplitudes and latencies.
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4.3.1.1 N170 Peak Amplitude
No significant differences were observed between autistic and neurotypical
adults (no main effect or interactions with Group; ps > .12). Overall, N170 responses
were larger over right-side sites (main effect of Electrode Side: F(1,34) = 8.96, MSE =
23.26, p =.005, np%2 =.21) and faces elicited enhanced N170 peak amplitudes compared
to cars (main effect of Category: F(1,34) = 64.59, MSE = 10.32, p < .001, n,% = .66).
Orientation did not yield a significant effect on its own (p = .99); however, it did

interact with Electrode Side and Category (Figures 10 & 11).
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Figure 10. Group-level ERP waveforms (displaying the N170 component) elicited by upright faces
(solid green lines), inverted faces (solid purple lines), upright cars (dashed green lines), and inverted
cars (dashed purple lines) amongst autistic and neurotypical adults. Here, waveforms were generated
by averaging the left- and right-side electrodes at which the N170 was maximal for each participant.
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A general inversion effect (inverted > upright) was observed over the right
hemisphere, whereas, a reversed inversion effect (upright > inverted) dominated over
left-side sites (Orientation x Electrode Side interaction: F(1,34) = 9.84, MSE = 1.88,
p =.004, np2 = .22). Face stimuli replicated the classic face inversion effect (FIE), with
larger peak amplitudes for inverted faces relative to upright faces, whereas cars
demonstrated an reversed inversion effect in which upright cars elicited consistently
larger amplitudes than inverted cars (Orientation x Category: F(1,34) = 52.56, MSE

=4.81, p <.001, np2 = .61; Figure 11).
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Figure 11. N170 peak amplitudes for upright (green) inverted (purple) faces and cars. Note the
persistently enhanced amplitudes for upright relative to inverted cars over both left and right sites,
whereas the face inversion effect (inverted face > upright face) only reached significance over right-
side sites.
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Furthermore, whilst the car inversion effect was evident across both
hemispheres (ps < .001), the FIE was only significant for right-side sites (p < .001,
left-side sites: p = .05, Bonferroni paired ¢-tests significant at p <.013; Orientation x
Electrode Side x Category interaction : F(1,34) = 11.61, MSE = 2.29, p = .002, 1,2 =
.26; Figures 10 & 11).

4.3.1.2 N170 Peak Latency

The N170 peak response was elicited significantly earlier for faces than cars
(main effect of Category: F(1,34) = 107.16, MSE = 74.07, p <.001, ny2 =.76) and was
also earlier for upright than inverted images (main effect of Orientation: F(1,34) =
47.30, MSE = 17.20, p <.001, np% = .58; Figure 11). No Group (p = .89) or Electrode
Side (p = .51) effects were found for N170 latencies, nor did any interactions reach
significance.

4.3.2 Neural Markers of Featural Processing & Sensitivity

To evaluate featural processing and sensitivity amongst autistic and
neurotypical adults, 3 (Category: Upright Face, Eye Region, Mouth) x 2 (Electrode
Side: Left-Side, Right-Side) x 2 (Group: ASD, Neurotypical) mixed model ANOVAs

were implemented using peak N170 amplitudes and latencies.
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Figure 12. Group-level ERP waveforms (displaying the N170 component) elicited by upright faces
(purple), isolated eye regions (yellow), and isolated mouths (lime green) amongst autistic and
neurotypical adults. Here, waveforms were generated by averaging the left- and right-side electrodes
at which the N170 was maximal for each participant.

4.3.2.1 N170 Peak Amplitude

N170 peak amplitudes were similar for adults with and without autism (main
effect of Group and interactions: ps > .20) but were significantly attenuated for faces
relative to amplitudes elicited by isolated eye regions and mouths (ps < .001), which
did not differ from each other (p = .60; main effect of Category: F(2,68) = 23.02, MSE
=4.82, p <.001, ny? = .40; Figures 12 & 13). Amplitudes were generally larger over
right-side than over left-side sites (¥(1,34) = 9.18, MSE = 25.70, p = .005, np2 = .21);
however, this right lateralization was only significant for isolated eye regions (p <
.001) and mouths (p = .005; Category x Electrode Side interaction: F(2,68) = 16.26,

MSE = 1.42, p < .001, np2 = .32). No hemispheric differences were observed for peak
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amplitudes to faces (p = .18; Bonferroni-corrected paired t-tests significant at p <

.017).
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Figure 13. N170 peak amplitudes over left (yellow) and right (blue) sites for upright faces, isolated
eye regions, and isolated mouths. Note the larger peak amplitudes for isolated eye regions and mouths
(which also show a right lateralization), relative to upright faces.

4.3.2.2 N170 Peak Latency
Faces elicited the fastest N170 responses overall, followed by isolated eye
regions, with isolated mouths evoking the slowest responses (F(1.47, 50.06) = 96.00,
MSE = 134.97, p < .001, np2 = .74; all paired comparisons: ps < .001). No Group or
Electrode Side effects were found, nor did any interactions reach significance (ps >
.38).

4.3.3 Autistic Symptomology and Neural Markers of Holistic and
Featural Processing

Exploratory correlations were conducted to determine if autistic symptomology
relates to neural markers of holistic processing and featural sensitivity. Amplitude
and latency measures of the face inversion effect (inverted faces — upright faces), face

sensitivity effect (upright faces — upright cars), and car inverted inversion effect
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(inverted cars — upright cars) were computed over right-side sites23? to index markers
of holistic face processing. Similarly, eye region (eye regions — upright faces) and
mouth (mouths — upright faces) sensitivity indices were calculated over right-side
sites, as markers of featural processing. Pearson correlations with bootstrapped
confidence intervals (5000 iterations) were then conducted to evaluate each of these
difference measures as a function of Total ADOS-2 scores in autistic adults?4.

Here, a borderline-significant association was found between total ADOS
scores and the magnitude of the car inversion effect amplitude (r =-.46, p = .05, Closy:

[-.76 — .23]; Figure 14). No other correlations were significant.
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Figure 14. Scatterplot of the relationship between autistic symptomology (ADOS-2 scores) and the
car inversion neural index over right-side sites. Positive scores indicate larger amplitudes for inverted
cars; negative scores indicate larger amplitudes for upright cars.

23 Correlation analyses were focused on right-side sites to evaluate brain-behaviour relationships
across sites producing the clearest signal.
24 The ADOS-2 was not administered to neurotypical adults and thus it is not possible to evaluate
these relationships in the control sample.
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4.4 Discussion

When fixation was enforced, autistic and neurotypical adults elicited
comparable N170 peak amplitudes and latencies at the group-level. In fact, both
groups demonstrated measurable face and car inversion effects, consistent with
patterns reported throughout the neurotypical literature (Bentin et al., 1996; Eimer,
2011; Itier, Taylor, & Lobaugh, 2004; Itier & Taylor, 2004b; Kloth et al., 2013; Rossion
et al., 2000; Rossion et al., 2003; Rossion & Jacques, 2011), signifying intact and
preserved holistic processing in autism. Specifically, upright faces elicited distinctly
larger and faster N170 peaks relative to objects (highlighting the N170’s sensitivity
to faces) as well as attenuated amplitudes and faster latencies compared to inverted
faces (signifying the N170’s sensitivity to orientation and featural configuration),
patterns that were upheld for autistic and neurotypical adults alike. These findings
provide evidence in support of preserved sensitivities to face orientation and holistic
biases in face perception amongst autistic adults, consistent with recent reports
(Churches et al., 2010; Churches et al., 2012; Lopez et al., 2004; Tavares et al., 2016;
Webb et al., 2010). Notably, autistic adults elicited N170 peak responses on par with
neurotypical amplitudes and latencies for all visual -categories, thereby
demonstrating that early visual perception does not appear to be delayed or less
sensitive in autism. Instead, autistic adults with face recognition abilities within
neurotypical limits demonstrate preserved holistic mechanisms during early face
perception when visual fixation is enforced. Thus, the present findings do not support

disruptions in autistic holistic integration at the neural level, indicating that autistic
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weaknesses in social communication are likely not rooted in a breakdown of holistic
processing during the earliest stages of face perception, but rather are likely the
result of disruptions in later stages of the social processing network.

It is interesting to note that cars produced the opposite pattern as faces, with
larger and faster N170 responses to upright cars compared to their inverted
counterparts, a pattern that was upheld for both groups. Throughout the literature,
objects most commonly produce a negligible inversion effect (Itier et al., 2004; Itier &
Taylor, 2004; Rossion et al., 2000; Rossion et al., 2003; Rossion & Jacques, 2011),
although a reversed pattern has been observed for investigations implementing cars
(Kloth et al., 2013), similar to that done here. The precise nature of the variability in
inversion effects across object categories and studies is largely unknown, although
one possibility arises from the face-like nature of car stimuli. For instance, some
participants spontaneously reported that the upright and inverted cars looked like
faces in some cases, especially inverted cars with distinct front headlights positioned
in similar locations as the eye region of faces. As shown in Figure 10, the inverted
car category does support these qualitative reports, thereby suggesting that inverted
cars may have been impacted by influences of pareidolia and perceived more as face-
like objects, yielding smaller and faster N170 responses relative to upright cars which
were processed in a more object-consistent fashion. This premise is consistent with
typical N170 responses for faces and face-like objects amongst neurotypical and

autistic adults (Akdeniz, 2020; Churches et al., 2012; Proverbio & Galli, 2016),
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demonstrating yet again that autistic adults are capable of processing faces and
objects in similar ways as neurotypical controls when required by task demands.

Beyond the group-level effects, a marginal association between car inversion
amplitude and autistic symptomology emerged at the individual level, such that
ADOS-2 scores were inversely associated with car inversion effect magnitude; no
other correlations were statistically significant. These findings do not coincide with
initial predictions (which anticipated face-specific inversion effects that would reduce
In magnitude with increasing autistic symptom severity) and require further
replication in larger samples to clarify the validity of these associations. Although
orientation sensitivity appears to be preserved on the N170 peak at the group level,
additional research is needed at the individual level to directly evaluate the
heterogeneity and implementation of these mechanisms in relation to behavioural
tendencies.

Featural sensitivity was also found to be preserved amongst autistic adults,
evidenced by comparable N170 peak responses to faces, isolated eye regions, and
mouths as neurotypical adults. N170 amplitudes were smallest and fastest for
upright, intact faces whereas isolated eye regions and mouths elicited larger and
delayed responses. Importantly, the classic eye region sensitivity (i.e., enhanced and
delayed N170 peaks for eye regions versus faces) was observed for both autistic and
neurotypical adults, adding to the growing body of literature unveiling the human
sensitivity to the eyes (de Lissa et al., 2014; Eimer, 1998; Emery, 2000; Itier et al.,

2006; Itier et al., 2007; Itier, 2015; Parkington & Itier, 2018b; Parkington & Itier,
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2019a), and providing strong evidence in favour of a typical sensitivity to the eyes in
autism at the level of the N170. Although no differences were observed between peak
amplitudes elicited by isolated eye regions and mouths for either group, eye regions
consistently elicited faster peak responses than mouths. The current research
partially parallels O’Connor et al.’s (2007) findings, demonstrating preserved featural
sensitivity during early autistic face perception, with feature type playing a
particularly prominent role in neural timing. These results are also in line with
neurotypical reports of face and feature processing in which eye movements were not
recorded (Bentin et al., 1996; Nemrodov & Itier, 2011) but are in contrast to a more
recent report implementing a similar gaze-contingent paradigm in young adults
(Parkington & Itier, 2018b). Although the eye region and mouth were never directly
compared in this latter study, isolated mouths elicited comparable N170 amplitudes
to a single eye but were markedly attenuated relative to isolated eye regions.
Therefore, it 1s unexpected that the eye region would be similar in terms of amplitude
to the mouth for both groups in the present study and requires additional follow-up
to determine the root of these differences across studies.

Critically, an atypical eye sensitivity was not observed at the group level for
autistic adults, nor were ADOS-2 scores related to eye or mouth sensitivity indices.
Based on group-level evaluations of the N170 ERP component, the eye avoidance and
indifference theories are not supported within a group of autistic adults with face
recognition abilities within the neurotypical range, indicating that focusing on the

eye region of a face does not elicit a hypo- or hyper-sensitive neural response on the
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N170 peak in autism nor is an indifference observed across features. Thus, potential
arousal or sensitivity mechanisms related to avoidance and/or reduced attention to
the eyes in autism are more likely to be found at later stages of social cognitive
processing, in line with quantitative theories of autistic face processing (Cygan et al.,
2018; Senju & Johnson, 2009; Weigelt et al., 2012). Instead, the present results reveal
that autistic adults are capable of perceiving faces and features in a similar way to

their neurotypical counterparts when visual attention is controlled.
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Chapter 5: Examining Autistic and Neurotypical Adults’ Neural Sensitivity
to Features Within a Face

“Looking into someone’s eyes changes the entire conversation.”
-Anonymous

5.1 Introduction

Reduced and/or atypical attention to the eyes is a prominent characteristic of
autism (APA, 2013; Chita-Tegmark, 2016; Ewing et al., 2018; Frazier et al., 2017,
Jones & Klin, 2013; Wang et al., 2019), although the temporal neurodynamics guiding
these behaviours remain largely unstudied. Here, this final experiment presents the
first systematic evaluation of autistic and neurotypical responses to features within
a face using co-registered eye-tracking and EEG techniques. A subset of adults who
participated in the neurocognitive face processing assessment (Appendix A)
completed a gaze-contingent ERP task measuring N170 peak amplitudes and
latencies to faces in which fixation was enforced to the left eye, right eye, nasion,
nose, or mouth. This enforced fixation procedure has been established within the
neurotypical population (Itier & Preston, 2018; Neath & Itier, 2015; Neath-Tavares
& Itier, 2016; Nemrodov et al., 2014; Parkington et al., 2017; Parkington & Itier,
2018b; Parkington & Itier, 2019a) and not only permits evaluation of the neural
response to each feature equally (whereas free-viewing parameters do not
spontaneously sample all features to the same degree, especially within an autistic
population) but also simulates a situation in which face information must be captured

within 1-2 fixations (a strategy that has been deemed essential to optimizing
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neurotypical face recognition performance; Hsaio & Cottrell, 2008; Peterson &
Eckstein, 2012, 2013; van Belle et al., 2010).
5.1.1 Holistic Face Perception: A Malleable Construct

Neurotypical fixation and saccade patterns to faces are highly consistent and
reproduceable within individuals (Arizpe et al., 2017; Henderson et al., 2003;
Longmore et al., 2015; Shepherd et al., 1981; Walker-Smith et al., 1977; Yarbus,
1967). This integration of features in a reliable, methodical fashion supports a
reliance on holistic mechanisms during early face perception and highlights the
importance of assimilating all features into a single, whole percept for effective
processing. It does not, however, assume that all facial feature information is relied
upon to the same degree.

Recent ERP advancements have unveiled that neurotypical holistic integration
1s, in fact, a flexible mechanism that is affected by the features visible in central vision
(de Lissa et al., 2014; Itier & Preston, 2018; Nemrodov et al., 2014; Parkington &
Itier, 2018b, 2019). In fact, N170 peak amplitudes show a systematic attenuation
when more features are visible in parafovea and are particularly impacted by the
presence of an eye (Parkington & Itier, 2019a). Even though it is well accepted that
neurotypical gaze fixations are dynamically distributed across various facial features,
with observers commonly returning to certain features (e.g., left eye) over the course
of time (Arizpe et al., 2017; Henderson et al., 2003, 2005; Mehoudar et al., 2014;
Sekiguchi, 2011; Yarbus, 1967), visual attention has only recently been accounted for

in investigations evaluating the N170. In a landmark study, McPartland and
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colleagues (2010) revolutionized our understanding of early face perception by
demonstrating that attentional cueing to the eye region and mouth of a face enhanced
N170 responding relative to faces that were not cued. These findings were later
replicated and extended using state-of-the-art gaze-contingent ERP techniques (de
Lissa et al., 2014; Itier & Preston, 2018; Neath & Itier, 2015; Neath-Tavares & Itier, 2016;
Nemrodov et al., 2014; Parkington, Ermis, & Itier, 2017, Parkington & Itier, 2018b, 2019);
demonstrating the malleability of holistic face perception — a mechanism previously
assumed to be rigid — contingent upon where an observer focuses within a face.

5.1.2 The Role of the Eyes in Holistic Face Perception

The eyes are considered integral for optimizing holistic processing at the neural
level (Eimer, 1998; Itier & Preston, 2018; Neath & Itier, 2015; Neath-Tavares & Itier,
2016; Nemrodov et al., 2014; Parkington & Itier, 2018b, 2019; Rousselet, Ince, van
Rijsbergen, & Schyns, 2014). In line with the eye region sensitivity reported
throughout the literature (see Chapter 1 for review), neurotypical adults consistently
demonstrate enhanced N170 amplitudes for faces in which fixation is enforced to the
left or right eye, relative to fixation on other core (nasion, nose, or mouth) or non-core
(forehead) features (de Lissa et al., 2014; Itier & Preston, 2018; Neath & Itier, 2015;
Neath-Tavares & Itier, 2016; Nemrodov et al., 2014; Parkington & Itier, 2018b, 2019).
This neural signature is often more pronounced in the hemisphere ipsilateral to the
eye in focus (i.e., left eye fixations elicit larger responses over left-side sites whereas
right eye fixations elicit larger responses over right-side sites; see Figure 3 in
Parkington & Itier, 2019a) and is not driven by differences in low-level properties

across features, such as pixel intensity or contrast (Parkington & Itier, 2018b).
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Alternatively, the temporal responding of the N170 ERP component appears to be
optimized more so for nasion or nose fixations, despite measurably attenuated peak
amplitudes relative to fixation directly on the eyes (de Lissa et al., 2014; Itier &
Preston, 2018; Nemrodov et al., 2014; Parkington & Itier, 2018b). These N170
modulations persist across task demands (de Lissa et al., 2014; Itier & Preston, 2018;
Neath & Itier, 2015; Neath-Tavares & Itier, 2016; Nemrodov et al., 2014; Parkington
& Itier, 2018b; Parkington & Itier, 2019a), emotional expressions (Neath & Itier,
2015; Neath-Tavares & Itier, 2016), and manipulations in face size (Parkington et al.,
2017), highlighting the saliency and stability of the neurotypical response to faces.
Collectively, these findings provide compelling evidence in favour of a sensitivity to
the eyes within a full face (which may more accurately be referred to as an eye region
sensitivity; Parkington & Itier, 2018b) at the neural level.

5.1.3 The Unknown Impact of Visual Fixation on the N170 in Autism

Despite the fact that many adults with an ASD spend less time attending to faces
and, in particular, the eyes (Chita-Tegmark, 2016), there are currently no empirical
studies controlling for visual attention while measuring N170 face responses in
autistic adults. Thus, it remains unclear whether the handful of studies reporting
attenuated and/or delayed N170 responses to faces in ASD (for reviews see
Feuerriegel et al., 2014 and Kang et al.,, 2018) reflect true differences in face
processing at the neural level or if the observed patterns instead reflect systematic

differences in visual attention to the face during ERP recordings.
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According to the eye avoidance theory, autistic adults may experience a hyper-
sensitivity to the eyes, leading to an active avoidance of the eye region (Tanaka & Sung,
2016), whereas the eye indifference hypothesis speculates that reduced attention to
the eyes may be a function of reduced sensitivity and a relative indifference to the
eyes (Moriuchi et al., 2017). Alternatively, hyposensitivity may also be observed, such
that autistic adults may be less sensitive to the eyes than other features, leading to
reduced attention to the eyes because of an attenuated sensitivity to the eyes. As
such, autistic individuals may rely on other features (e.g., mouth) for extracting face
cues (e.g., identity, emotional expression; Ewing et al., 2018; Ketelaars, In’t Velt, Mol,
Swaab, Bodrij, & van Rijn, 2017; Spezio et al., 2006), resulting in a possible increased
sensitivity to these other features in autism.

5.1.4 Study Goals & Research Questions

To address this significant gap in the literature and elucidate the role of fixation
to internal features during early autistic face perception, N170 measurements were
recorded while fixation was enforced to the left eye, right eye, nasion, nose, and mouth
of faces using co-registered eye-tracking in our group of adults with and without ASD.
Overall, neurotypical adults were expected to replicate previous findings, in which
left and right eye fixations elicit significantly larger N170 amplitudes relative to
nasion, nose, and mouth fixations, although N170 latencies were anticipated to be
fastest for nasion and nose fixations, of intermediate speed for faces with eye
fixations, and slowest for faces with mouth fixation. Conversely, the anticipated

patterns for autistic adults were less clear. On the one hand, if the N170 eye
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sensitivity is intact in autism, then autistic adults should elicit comparable N170
peak responses as neurotypical adults, with the eyes still producing the largest
responses overall. Likewise, if the mouth is in fact a feature of interest and relevance
for autistic individuals, then we should see a heightened (and possibly faster) N170
response for mouth fixations amongst participants with an ASD but not for
neurotypical controls. On the other hand, if hypo- or hyper- N170 responses are
elicited for adults with an ASD relative to the control group, this would be indicative
of atypical feature sensitivity in autism.
5.2 Method

5.2.1 Participants

Thirty-seven participants from the neurocognitive assessment completed this
experiment, with most (16 autistic, 18 neurotypical) also contributing data to the
Holistic and Featural Processing ERP Experiment?> (Chapter 4). After data
processing, 3 participants’ (2 autistic and 1 neurotypical) data were excluded because
too many trials had to be removed due to eye movements and EEG artifacts. The
neurotypical woman who performed at chance levels on the face recognition tasks
(Chapter 3) was also excluded here, resulting in a final sample of 17 autistic adults

and 17 age-, gender-, ethnicity-, and IQ-matched neurotypical adults26.

25 Two (2) autistic men who provided data to Chapter 5 did not complete the current task due to fatigue,
and one (1) autistic man who did not complete the Holistic and Featural Processing ERP Experiment
provided valid data for the present analysis.

26 The reader is referred to Table 2 (Chapter 5) for demographic information.
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5.2.2 Stimuli

Upright faces (10 men, 10 women) centred on the left eye, right eye, nasion,
nose, and mouth were selected from the collection of stimuli used in Parkington &
Itier (2018). These computer-generated faces only included the internal facial
features of the face (left eye, right eye, nose, and mouth) and were matched at both
the local (featural) and global (image) levels for pixel intensity and root-mean-
squared contrast (see Parkington & Itier, 2018b for further details).

Faces subtended 8.13° (horizontal) x 12.64° (vertical) visual angle and were
presented on a 12.88° (horizontal) x 17.89° (vertical) pixel-scrambled background.
Oddball stimuli comprised of six (upright) flower stimuli from the aforementioned
Holistic and Featural Processing ERP Experiment which were centered on the pixel-
scrambled background at the five locations roughly corresponding to the faces’ left
eye, right eye, nasion, nose, and mouth positions. Mirror-flipped copies of all stimuli
were generated (to eliminate stimulus-asymmetry effects) and the images were run
through custom-made MATLAB 2014b scripts adapted from the SHINE package
(Willenbockel et al., 2010) to match all images on global pixel intensity (0.58) and root-
mean squared contrast (0.47) by adjusting only the background pixels (i.e., face and
flower images all remained unaltered).

5.2.3 Procedural Design and EEG and Eye-Tracking Recordings

This experiment proceeded in a similar manner as that described above in
Chapter 5, except that only four blocks (of 120 images: 20 trials/condition + 20 oddball

trials) were needed to display the five experimental conditions (see Figure 15). The
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EEG electrode montage and all recording measurements were collected as described

ols Jo]6]°

Left Eye Right Eye Nasion Nose Mouth

in Chapter 4.

Gaze contingent
(300 ms)

250 ms

Maximum 750 ms

Figure 15. Stimulus exemplars and a sample trial progression demonstrating an oddball trial for this
experiment. Participants were instructed to maintain central fixation and press the spacebar if they
detected a flower. Face and flower position were manipulated within each image so that the feature of
interest (e.g., left eye) would be centered (i.e., where the participant should be focusing). Central
fixation was confirmed offline using 1.92¢ regions of interest (ROIs) centered on each image/feature.
ERP waveforms were measured in relation to face onset.

5.2.4 Data Processing & Electrode Selection

All data processing techniques were the same as those outlined above for the
Holistic and Featural Processing Experiment. Peak N170 amplitude and latency
measurements were extracted from the electrodes outlined in Table 4 between 110

ms and 200 ms post-stimulus onset.
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Table 4. Distribution of peak N170 electrodes over left and right posterior occipito-temporal electrode
sites selected for analysis.

Autistic Adults (n=17)

Left-Side Electrodes Right-Side Electrodes
Electrode Number of Participants Electrode Number of Participants
pP7 2 P8 1
P9 5 P10 4
PO7 3 POS8 8
PO9 7 PO10 4
PO3 0
Neurotypical Adults (n=17)
Left-Side Electrodes Right-Side Electrodes
Electrode Number of Participants Electrode Number of Participants
P7 3 P8 2
P9 7 P10 6
PO7 3 PO8 5
PO9 3 PO10 4
PO3 1

5.2.5 Statistical Analysis

N170 peak amplitude and latency responses to faces with fixation enforced on
different core facial features were analyzed separately using 5 (Featural Fixation:
Left Eye, Right Eye, Nasion, Nose, Mouth) x 2 (Electrode Side: Left-Side, Right-Side)
x 2 (Group: ASD, Neurotypical) mixed method ANOVAs in SPSS Statistics v26 (IBM
Statistics). In all cases, Group was entered as the between-subject factor, with

Featural Fixation and Electrode Side being entered as within-subject factors.

5.3 Results
5.3.1 N170 Peak Amplitude
The 5 (Featural Fixation) x 2 (Electrode Side) x 2 (Group) mixed method

ANOVA revealed a significant main effect of Fixation (¥(2.53, 80.33) = 23.03, MSE =
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3.87, p <.001, np2 = .42) that was not affected by Group (main effect of Group: p = .43,

Group-interactions: ps > .06).
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Figure 16. Group-level ERP waveforms displaying the N170 component, elicited by faces with
enforced fixation to the left eye (teal), right eye (blue), nasion (dark blue), nose (purple), and mouth
(cyan) amongst autistic and neurotypical adults. Here, waveforms were generated by averaging the
electrodes at which the N170 was maximal for each participant over left- and right-side sites.

Here, neurotypical and autistic adults elicited significantly larger N170 peak
amplitudes to faces with fixation enforced to the left and right eyes than to any other
features, which did not differ from each other (Figures 16 & 17). N170 amplitudes
were also larger over right-side sites (main effect of Electrode Side: F(1,32) = 7.90,
MSE = 38.18, p =.008, np? = .20) and were further qualified by a significant Featural
Fixation x Electrode Side interaction (F(3.15, 100.87) = 2.83, MSE = 1.90, p = .04, n;?
= .08). Follow-up pairwise t-tests revealed that left and right eye fixations elicited

enhanced peak amplitudes at right-side sites (ps < .006), whereas no hemispheric
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differences were found for other features (pairwise comparisons: ps >.02; Bonferroni-

corrected significance at p <.01).
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Figure 18. N170 peak amplitudes elicited by faces with enforced fixation to the left eye, right eye,
nasion, nose and mouth for autistic and neurotypical adults.

5.3.2 N170 Peak Latency
Overall, the 5 (Featural Fixation) x 2 (Electrode Side) x 2 (Group) ANOVA

unveiled N170 peak latency responses were significant modulated by Featural
Fixation (F#(1.99,61.75) = 18.53, MSE =63.91, p <.001, np? = .38) but were not affected
by diagnostic group (ps > .18). N170 latencies elicited by faces with nasion and nose
fixations yielded the fastest peaks overall (ps < .001), with left eye, right eye, and
mouth fixations yielding noticeably slower N170 peaks. This effect was further
qualified by a Featural Fixation x Electrode Side interaction (F(3.06, 94.81) = 11.88,
MSE = 21.54, p < .001, ny2 = .28). Follow-up analyses (Bonferroni-corrected
significance at p < .01) revealed that N170 latencies were faster over right-side sites

for right eye fixations (p < .001) and marginally so for left eye fixations (p = .05). No
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other hemispheric differences were observed across fixations to other core features
(ps > .51)

6.4 Discussion

Contrary to the eye avoidance (Tanaka & Sung, 2016) and eye indifference
hypotheses (Moriuchi et al., 2017) of early autistic face perception, the present results
provide evidence in favour of a preserved sensitivity to the eyes in autism, at the level
of the N170 ERP component. Overall, eye fixations yielded the most prominent peak
amplitudes, consistent with the N170 eye sensitivity (left/right eyes > nasion/nose >
mouth) reported throughout the neurotypical literature (de Lissa et al., 2014; Itier &
Preston, 2018; Neath & Itier, 2015; Neath-Tavares & Itier, 2016; Nemrodov et al.,
2014; Parkington & Itier, 2018b). Critically, this pattern was observed for autistic
and neurotypical adults alike and did not vary as a function of diagnosis. Thus,
autistic adults did not elicit atypical neural responses to the eyes relative to their
neurotypical counterparts and thus group-level hypo- or hyper-sensitivity to the eyes
were not supported during the earliest stages of autistic face perception and holistic
integration, opposing initial predictions that atypicalities would be present on the
N170 ERP component. Alternatively, in line with the findings from Chapter 4, the
present results provide compelling evidence in support of intact holistic integration
mechanisms in autism and instead propose that disruptions in the processing and
reliance on information gathered from another’s eyes may occur at later stages of the
visuo-cognitive pathway rather than on the N170 peak.

On the other hand, modulation of N170 latency responses were more in line

with mechanisms serving to maximize holistic processing (nasion/nose < eyes/mouth),
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rather than featural sensitivity. At first glance these findings may seem counter-
Iintuitive: how can attention to areas of the face with less socially relevant information
(nasion/nose) lead to faster, and arguably more efficient, face processing? However, it
1s important to remember that this study implemented a gaze-contingent paradigm
in which eye movements were restricted. Therefore, the present findings should be
considered within a context where visual exploration is discouraged, and efficient
processing relies on fixation to a single feature. In this case, it makes more sense that
nasion and nose fixations yield the fastest N170 latencies. By focusing attention on
the relative centre of the face, the visual system is able to collect an optimal snapshot
of information: fixating on a part of the face that does not contain a lot of visual input
on the fovea, yet provides all critical features (eyes, nose, mouth) in parafovea to
optimize holistic processing and, potentially, lateral inhibition mechanisms. This
strategy was observed for both groups, demonstrating the importance of focusing on
the nasion/nose to optimize holistic integration for autistic and neurotypical adults
alike. The present results thereby show that autistic adults are not impaired in the
visual perception and holistic integration of faces when fixation is enforced.

The current research has significant implications for the understanding and
development of autistic and neurotypical face processing mechanisms and theories at
both the behavioural and neural levels. However, it is essential to acknowledge and
consider that the present analyses only reflect trials in which fixations were
constrained to a pre-defined ROI (~2°: the relative size of the eye’s fovea). Thus, it is

clear that autistic adults can focus on the eyes when necessary (and when doing so
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elicit a comparable neural response to neurotypical control adults) but the current
findings do not speak to variations in N170 patterns across all trials nor during more

naturalistic free-viewing paradigms, critical areas for future investigation.
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Chapter 6: General Discussion

“Above all, the recognition of faces depends not only on the ability to parse the visual aspects of the
face — its particular features and their over-all configuration — and compare them with others but
also on the ability to summon the memories, experiences, and feelings associated with that face.”

-Oliver Sacks (2010), The New Yorker

Attending to another’s eyes during social overtures is an essential building
block for facilitating social interactions and decisions, including face recognition
(Emery, 2000; Itier & Batty, 2009; Itier, 2015; Kleinke, 1986). At the group level,
neurotypical adults typically demonstrate strong face recognition skills, whereas face
recognition accuracy is often impaired in adults with an ASD (Faja et al., 2009;
McPartland et al., 2011; Scherf et al., 2008; Tanaka & Sung, 2016; Trepagnier et al.,
2002; Weigelt et al., 2012; Williams et al., 2005). Many autistic adults also experience
pervasive difficulties attending to others’ eyes (American Psychiatric Association,
2013; Dalton et al., 2005; Frazier et al., 2017; Klin et al., 2002; Pelphrey et al., 2002;
Y1 et al.,, 2014), leading researchers to propose that autistic face recognition
difficulties may be attributed to disruptions in the earliest stages of face perception
(e.g., sensitivity to the eyes, holistic face integration; Moriuchi et al., 2017; Senju &
Johnson, 2009; Tanaka & Sung, 2016). It is essential to consider, however, that a full
spectrum of face recognition abilities exists within both the neurotypical and autism
populations, with abilities extending from pervasive difficulties recognizing others
(i.e., developmental prosopagnosia; Cygan et al., 2018; Duchaine & Nakayama, 2006;
Kirchner et al., 2011; O’'Hearn et al., 2010) to never forgetting a face (i.e., super-

recognizers; Kanner, 1941; Russell et al., 2009; Tardif et al., 2019).
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To date, research investigating the direct relationships between gaze fixation
patterns during face encoding and subsequent recognition accuracy is lacking at the
individual (within-group) level for adults with and without an ASD. To address this
clinically relevant gap in the literature and better understand autistic and
neurotypical face recognition abilities through a neurodiversity framework, the work
presented in this dissertation incorporated correlations and comparative metrics
(FIE, eye/mouth sensitivity) with traditional group-level analyses. This line of
research is especially important for autistic adults for whom atypical gaze patterns
and/or frequent errors recognizing others have socially relevant consequences.

Chiefly, Chapter 2 established the first direct associations between feature
saliency (with a specific focus on the eyes) and face recognition abilities amongst a
large sample of neurotypical adults, improving the field’s understanding of the degree
to which individual differences in gaze patterns to facial features influences
incidental and intentional recognition accuracy. Results revealed that neurotypical
adults strategically directed fixations towards the internal features of the face, with
the nasion being looked at for longer periods of time, and more often, than any other
features during face encoding, followed closely by the left and right eyes as well as
the upper bridge of the nose, although substantial variation was observed across
participants. Critically, whilst fixation patterns did not differ across task demands at
the group level, correlation analyses revealed that increased fixation to the left eye
and nasion were related to improved incidental recognition accuracy relative to adults

who spent less time attending to these regions of the face. Increased fixation to the
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nose, on the other hand, was negatively associated with incidental accuracy such that
adults with an increased reliance on this feature made more errors. In contrast,
intentional face recognition was largely unrelated to where adults fixated within the
face, although individuals who spent more time attending to non-core features of the
face performed more poorly than their peers who directed their fixation towards
internal features?’. Collectively, these findings indicate that adults have likely
developed an individualized gaze fixation strategy that works best for them during
face encoding based on their developmental experience (for discussion see Arizpe et
al., 2017; Peterson et al., 2016; Tsank & Eckstein, 2017) — an essential factor to be
considered in prospective face recognition research. Furthermore, this research
highlights that the features neurotypical observers focus on during the first two
seconds of a social encounter play a critical role in facilitating successful face
recognition, a phenomenon that appears to be true more so for incidental
circumstances (more akin to the cognitive mechanisms we employ during typical
every day encounters) than for intentional recognition (the hallmark of empirical
Investigation).

Building on this work, an in-depth neurocognitive assessment was then
implemented, extending the investigation to a clinical sample of adults with an ASD
and neurotypical control adults (Appendix A). Considering the neurological basis of
autism (Belmonte, 2004; Courchesne, 2002; Jones & Klin, 2013; Just & Pelphrey,

2013; Minshew & Keller, 2010), it is imperative to acknowledge that the behavioural

27 See Appendix D for a discussion of the significant mediating effect of perspective taking traits on
this relationship between non-core features and recognition accuracy.
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manifestations and social deficits apparent in the disorder are rooted in neural
development, connectivity, and activation. Thus, the present investigation evaluated
face processing abilities at both the behavioural (Chapter 3) and neural (Chapters 4
& 5) levels to acquire well-rounded profiles of face recognition abilities in relation to
the eye indifference/avoidance and holistic integration theories (Moriuchi et al., 2017,
Tanaka & Sung, 2016) during the earliest stages of face perception.

Chapter 3 unveiled that, on average, adults with an ASD did not differ from
neurotypical controls on measures of incidental or intentional recognition accuracy.
Autistic adults spent slightly less time fixating on the face during encoding relative
to neurotypical adults, although once fixations were directed towards the face, feature
saliency patterns did not differ between neurotypical and autistic adults. Paralleling
findings from Chapter 2, the nasion was looked at for longer periods of time, and more
often, during face encoding, irrespective of group membership or task. Fixations were
also directed towards the left eye, right eye, and nose to a significant degree for both
groups, followed thereafter by the mouth. Exploratory correlation analyses did not
reveal any statistically significant associations between fixation patterns and autism
symptom severity.

Contrary to initial predictions, adults with an ASD did not spend less time
than neurotypical adults attending to the eyes during face encoding and did not show
evidence of a reliance on the mouth or other facial features. Area-normalized looking
times and fixation counts further demonstrated that the relative saliency and

importance of internal core facial features was preserved in ASD. Consequently, the
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present findings are not in line with the eye avoidance or indifference theories of face
processing (Moriuchi et al., 2017; Tanaka & Sung, 2016) but instead provide evidence
in support of preserved gaze fixation patterns for adults with an ASD during the
encoding of face photographs. This research adds to the neurodiversity and social
cognition literature by demonstrating that autistic gaze fixation patterns fall along
the same continuum of performance as age-, gender-, ethnicity-, and 1Q-matched
neurotypical adults.

Face recognition accuracy (d') was also not impacted by task demands or group
membership. However, within the ASD group, intentional face recognition accuracy
was strongly associated with symptom severity (ADOS-2 scores), paralleling a
previous report (McPartland et al., 2011). These results demonstrate for the first time
that autistic adults with more severe symptom presentations may be
disproportionately affected by task demands during face encoding. In particular,
autistic adults with higher ADOS-2 scores yielded lower accuracies during
intentional face recognition than adults with lower ADOS-2 scores, although
incidental recognition accuracy was not related to autism symptom presentation.

It 1s interesting to consider that while intentional recognition accuracy varied
across ADOS-2 profiles, autistic adults did not differ from their neurotypical
counterparts on either incidental or intentional recognition d' measures, a surprising
finding given many of the participants qualitatively reported face recognition
difficulties in their daily lives (Parkington & Itier, 2019b). Instead, adults with an

ASD demonstrated face recognition accuracy scores within comparable ranges to
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their neurotypical matches on both incidental and intentional recognition,
demonstrating that autistic behaviours represent cases along the full continuum of
social abilities, in line with the neurodiversity perspective of autism (Baron-Cohen,
2017; Mandy, 2018; Masataka, 2017; Silberman, 2017). It is critical to consider,
however, that many participants (in both groups) performed relatively poorly28 (d' <
0.5) on at least one face recognition task. Therefore, although autistic adults
performed comparably to neurotypical controls, face recognition difficulties are
present and measurable at the individual level for neurotypical and autistic adults
alike.

The current research is also one of the first investigations to present gaze
fixation patterns and face recognition accuracy for women and non-binary individuals
with an ASD. To date, autism research at large has been biased towards the male
autistic phenotype due to the increased prevalence of boys and men with ASD relative
to autistic girls and women. However, recent advancements in autism awareness has
led to an increase in autism diagnosis in adolescence and adulthood for women and
non-binary individuals as well as an increased awareness of the necessity of including
diverse gender samples in autism research. Although gender differences were not of
primary interest to this dissertation, the current neurocognitive assessment
happened to include more autistic women and gender non-conforming individuals
than previous face recognition research, which may partially explain the lack of

differences between neurotypical and ASD groups. Girls and women with ASD often

28 A d’ value of 0.5 corresponds to a 60% hit rate and 40% false rate; accuracy levels that are well below the
standard 70-75% accuracy cut-off implemented in many neurotypical face recognition studies.

107



display fewer irregularities in eye contact and present with different cognitive and
behavioural profiles than autistic men (Hendrickx, 2015; Lai et al., 2017; Lai et al.,
2018; Schuck et al., 2019), signifying the importance of considering potential gender
differences in future investigations of autistic social cognition.

Finally, the eye indifference/avoidance and holistic integration theories of
early face perception were simultaneously evaluated at the neural level using a gaze-
contingent ERP paradigm that compared peak N170 amplitudes and latencies
elicited to upright and inverted faces and objects as well as isolated features (Chapter
4) and elicited in response to faces with fixation enforced on core facial features
(Chapter 5). Collectively these studies present the first ERP experiments to monitor
eye movements during N170 evaluations in autistic and neurotypical adults for whom
face recognition abilities were known. Here, autistic adults demonstrated intact and
preserved neural markers of early face perception, indicating holistic integration and
sensitivity to the eyes is not disrupted in autistic adults who show face recognition
accuracies on par with neurotypical adults.

Considering opposing evidence indicating attenuated N170 amplitudes and/or
delayed latencies for autistic adults relative to neurotypical peers (Churches et al.,
2010; Churches et al., 2012; Churches et al., 2012; Kang et al., 2018; McPartland et
al., 2004; O’Connor et al., 2005; O'Connor et al., 2007; Webb et al., 2010; Webb et al.,
2012), the present findings suggest that discrepancies between investigations likely
reflect differences between autistic and neurotypical adults’ visual attention to the

stimuli, rather than deficits in N170 responding and face perception per se. Autistic
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individuals (including adults within the present sample, see Chapter 3) often spend
less time attending to another person’s face than do neurotypical adults and report
pervasive difficulties initiating and maintaining eye contact with others (APA, 2013).
However, no studies to date have controlled for fixation within the face while
recording ERP measurements for autistic adults. Here, holistic and featural
mechanisms were preserved in autistic adults with typical face recognition abilities
where fixation was enforced to each visual category. Therefore, the attenuated
amplitudes or delayed latencies reported in some studies may in fact reflect degraded
N170 responses elicited by inattention to the visual categories — especially faces and
social information — an important confounding attribute which should be considered
and measured in future investigations.

The current research also highlights the importance of accounting for and
evaluating heterogeneity in neural expression during investigations of face
processing. For instance, the present analyses focused on peak responses from the
electrodes that were maximal for each participant (as opposed to the classic grand-
average approach implemented in all previous N170 investigations in autistic adults)
so as to be optimally sensitive to individual variations in N170 responding. Using this
methodology, ERP measures can more accurately represent each person’s neural
response to visual categories (i.e., complete visual processing). Alternatively, grand-
average approaches may inadvertently capture incomplete or unreliable measures of
ERP amplitudes and latencies from electrodes that do not accurately represent peak

performance for all participants. As such, this individualized approach permits a
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more accurate depiction of N170 peak responding across participants and diagnostic
groups, eliminating potential confounds in measuring attenuated amplitudes for
some participants (especially those with autism) who may not consistently show
optimal responding on the same electrodes as mneurotypical adults. The
implementation of an individual-peak methodology, particularly when dealing with
clinical populations who may differ in their overall neural signatures and/or
recruitment pathways, is an important alternative for neuroscientists to consider. By
implementing an individualized approach that aims to decrease systemic biases in
measuring neural responses, such as that done here, only then will we be able to more
concretely understand the temporal neurodynamics of autistic face processing.

This collection of work 1s not, however, without its limitations. Primarily, the
old/new recognition paradigm implemented in Chapters 2 and 3 prioritized accuracy
during the test phase to provide individuals of all recognition abilities fair
opportunity, especially given the deprived nature (grey-scaled and cropped) of the
faces. Thus, it is possible that this design, in addition to the use of static photograph
stimuli, could limit our abilities to decipher behavioural associations. It is worth
noting, however, that no participants performed at ceiling on either task, indicating
that the task demands were sufficiently difficult to challenge participants’ memory.
As such, it is possible that the face recognition difficulties facing autistic adults are
more so related to how long it takes them to recognize a face (i.e., response time)
rather than their ability to arrive at an accurate discrimination, a factor being

considered now. Secondly, this paradigm does not allow researchers to determine the
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confidence or degree to which each face was remembered (i.e., familiarity versus
recollection), limiting the ability to expand on the quantitative aspects of face
recognition. Future studies should elaborate on these theories by employing
paradigms that can help discern the stability and function of distinct memory
processes (e.g., remember-know-don’t know and/or confidence ratings) within
incidental and intentional settings. Furthermore, the neuroimaging studies included
in Chapters 4 and 5 only focused on the peak of the N170 ERP component. Whilst
this robust neural marker provides a reliable way for neuroscientists to index early
face processing and provides valuable insights for scientific and clinical
considerations, it only represents a small subset of the neural activation data
available. Differences were not observed between autistic and neurotypical adults
with the classic analyses reported here, although the current research does not rule
out the possibility that neural divergences may be observed beyond the N170 peak.
It 1s possible that group differences and/or autistic disruptions in holistic and/or eye
sensitivity processing may become evident when a more whole-brain approach to
examining neural patterns across all electrodes and time points is implemented. For
example, recent advancements in mass univariate analysis — which focuses on
evaluating changes in responses across time points and electrodes (Fields &
Kuperberg, 2019; Luck & Gaspelin, 2017; McCrackin & Itier, 2019; Pernet,
Chauveau, Gaspar, & Rousselet, 2011) — provide promising avenues for researchers
and practitioners to evaluate the temporal neurodynamics of social and cognitive

processing from alternative perspectives.
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Despite the above shortcomings, the data presented throughout this
dissertation provide critical new insights for understanding within-group individual
differences in face recognition amongst adults with and without ASD. Demonstrating
a lack of between-group differences in relation to gaze patterns to internal facial
features and incidental/intentional face recognition accuracy in neurotypical and
autistic adults, these results provide evidence against the eye indifference hypothesis
(Moriuchi et al., 2017). The nasion captured the attention of adults with an ASD more
so than any core feature and the eyes and the bridge of the nose were also more salient
than the mouth and non-core features; thus, autistic adults are not indifferent to the
attentional saliency of the eyes. The eye avoidance hypothesis (Tanaka & Sung, 2016)
was also not supported based on the data presented here: adults with an ASD did not
differ from their neurotypical peers in terms of gaze fixations to the eye region and
there was no evidence of hyper-sensitivity to the eyes on the N170 ERP component.
These findings do not, however, rule out the possibility of hyper-arousal mechanisms
occurring in response to the eyes at later cognitive stages beyond the N170 time
window (e.g., during the late positive potential time reflecting arousal appraisal
around 300-700ms post-stimulus) leading to gaze aversion patterns and potential
difficulties with face recognition. Instead, the present research findings dovetail with
the growing body of eye-tracking evidence indicating preserved gaze fixation patterns
and recognition accuracy amongst adults with an ASD (Hedley et al., 2012) and
suggest that quantitative theories of face recognition implicating disruptions in the

storage, consolidation, and/or retrieval of face identities (including differentiation
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between familiarity and recollection; Cygan et al., 2018; Weigelt et al., 2012; Weigelt,
Koldewyn, & Kanwisher, 2013) are more likely to be root causes of autistic face
recognition difficulties than the qualitative aspects explored here.

Collectively, these data implicate a small but important role of the eyes (especially
the left eye and nasion) in neurotypical incidental face recognition accuracy at the
individual level. The present research also reveals adults with an ASD perform
comparably to neurotypical control adults on measures of face recognition when
provided sufficient time to respond and elicit preserved N170 markers of holistic
integration and eye sensitivity when fixation is enforced. In one of the first
demonstrations of consistent associations between autistic behaviors and intentional
face recognition accuracy at the clinical (ADOS-2) and non-clinical (AQ) levels, this
research signifies the importance of autistic symptomology in driving recognition
abilities. As a whole, this dissertation highlights the importance of examining
individual (within-group) differences in autistic and neurotypical populations and
adopting a neurodiversity framework when investigating social processing in autism.
Representing some of the first steps towards a better understanding of the
neurocognitive mechanisms underlying incidental and intentional face recognition in
adults with and without an ASD, this work suggests that attention to the eyes during

face encoding is essential for facilitating the recognition of others.
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Appendix A: Neurocognitive Assessment in Adults with and without ASD

A multi-dimensional neurocognitive assessment was conducted between
December 2017 and December 2019 with autistic and neurotypical adults using a
combination of qualitative and quantitative techniques in static, dynamic, and live
contexts (Figure A1l). This experimental protocol was reviewed, and received
clearance through, a University of Waterloo Human Research Ethics Committee.
This dissertation focuses on the Incidental and Intentional Face Recognition Tasks
(Chapter 4), the Holistic and Featural Processing ERP Experiment (Chapter 5), and

the Face Fixation ERP Experiment (Chapter 6) 29,

Session 2: Examining Face \
Perception & Recognition
(3 hours)

* Incidental and Intentional Face

/ Session 1: Participant Intake D Recognition Tasks

( (2 - 3 hours) .
+ Cambridge Memory for Faces
« Standardized Intelligence and Cars Tests
ASI-2
‘ (% ) « EEG Set-up
Eligibility Screening | * Qualitative Interview with

Live Eye-Tracking
Video with Eye-Tracking

Autistic Symptomology
(ADOS-2)"

» Holistic and Featural

Processing ERP Experiment*

Self-Report Questionnaires
Part 1 (AQ, STICSA)

Face Fixation ERP
Experimentt

Self-Report Questionnaires

Part 2 (CESD, SPIN, CBSS)

* Only participants with a previously confirmed or suspected ASD diagnosis completed this set of activities.
T Order of tasks counterbalanced across participants.

Figure 7. Procedural flowchart for the neurocognitive assessment conducted in adults with and

without ASD.

29 For additional information regarding the tasks not included in this dissertation, the reader is
referred to our conference abstract (Qualitative Interview: Parkington & Itier, 2019a) and/or to

personally contact KBP.
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Participant Recruitment and Screening

Due to the complexity of the experimental protocol used over the course of the
neurocognitive assessment (i.e., multiple 3+ hour sessions, face-to-face qualitative
interview, eye tracking protocols, gaze-contingent EEG), clinical recruitment focused
on adults with a confirmed or suspected Level 1 or Level 2 autism spectrum disorder
diagnosis (i.e., no co-existing intellectual disorder; APA, 2013)30. Neurotypical adults
with no first-degree relatives with an ASD were targeted to serve as age-, gender-,
ethnicity-, and IQ-matched controls once the demographic profiles of autistic
participants were known.

Participants were recruited from the Kitchener-Waterloo, Greater Toronto
Area, Niagara Falls, and London regions in Southeastern Ontario, Canada.
Recruitment posters were distributed throughout these communities in common-
place areas accessible to university students and faculty (e.g., accessibility services,
campus poster boards) as well as the general public (e.g., libraries, coffee shops,
community bulletin boards). Website and newsletter announcements were also
distributed by five major local and national autism networks, seven campus-based
services, as well as family members and practitioners working within the autism
community. KBP engaged in a public talk with autistic adults (A-Team Waterloo

Region, November 2018) and provided one-on-one meetings or tours of the lab space,

30 Due to the high co-occurrence of mental health conditions in autistic adults (Buck et al., 2014b;
Nahar et al., 2019; Zener, 2019) psychiatric profiles were not used as an exclusion criterion for the
ASD group. See below for an overview of the mental health composition and medication use of autistic
adults in the present assessment.
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to answer any preliminary questions and reduce anxieties pertaining to the
experimental protocol, as needed.

Upon expressed interest, potential participants completed an eligibility
screening questionnaire with KBP (see Appendix B). Most screenings were
completed over the telephone, with a handful completed in person or via email to
accommodate participants’ needs. Three autistic adults (1 female, 2 male) were not
eligible for the present investigation due to a co-existing intellectual disability (1) or
neurological disorder3! (2). Furthermore, two participants (1 autistic male, 1
neurotypical female) did not return for the second experimental session and thus are
not included in any of the present reports.

Participant Demographics

A total of 24 autistic adults32 aged 18 to 52 years and 22 age-, gender-,
ethnicity-, and IQ-matched neurotypical controls3® completed the current
neurocognitive assessment in exchange for cash payment ($10/hour) and, when
applicable, course credit. Table A1l presents the demographic profiles of all
participants; Table A2 summarizes co-occurring psychiatric disorders and
medication use in the adults with an ASD. Characterizations of experiment-specific

demographics are described in the respective Method sections.

31 Fetal alcohol spectrum disorder (female) and cerebral palsy (male).

32 Twenty participants reported having a previously confirmed ASD diagnosis (by a psychologist or
physician) at least one month before the eligibility screening and four participants presented with a
suspected/self-identifying ASD diagnosis. All autistic symptom profiles met or exceeded the ADOS-2
diagnostic threshold; therefore, the present reports henceforth do not distinguish between autistic
adults with confirmed or suspected diagnoses.

33 Data for one additional neurotypical participant was collected but subsequently excluded from
analyses due to non-compliance with task demands.
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Table Al. Demographic profiles for all adults who completed the two-session neurocognitive
assessment. Group matching was confirmed with independent sample ¢-tests; no differences were
observed at the group-level.

Autistic Adults Neurotypical Adults p
(n = 24) (n =22)
Gender 12 female, 9 male, 11 female, 9 male,
2 non-binary, 1 transgender 2 non-binary
29.54 (9.70) 27.55 (10.06)
Age 18 — 52 years 19 — 50 years 50
Ethnicity 22 White, 2 Asian 20 White, 2 Asian
Full Scale IQ 115.88 (15.57) 114.85 (8.80) 30
91 - 160 101 — 128 )
Verbal 1Q 117.04 (13.92) 114.25 (8.82) 44
100 — 160 95-134 ’
Performance 1Q 111.46 (17.10) 111.45 (10.68) 1.00
83 — 154 94 — 128 )

Contrary to the current state of autistic face recognition research, the present
sample includes a substantial (50%) proportion of autistic women and is one of the
first to recognize non-binary and transgender identities amongst autistic adults
(accounting for 13% of the present sample). As such, the findings derived from this
neurocognitive assessment not only have significant implications for the general
autism community at large but will also provide invaluable insights into the female
autism phenotype (Allely, 2019; Hull, Petrides, & Mandy, 2020; Ketelaars et al., 2017; Ratto
et al., 2018), an under-represented and vital part of the autistic community.
Co-occurring Psychiatric Conditions and Medication Use in Autistic Adults

Consistent with psychiatric profiles of adults with an ASD throughout clinical
practice and the literature (Buck et al., 2014; Cage, Di Monaco, & Newell, 2018; Davis et
al., 2011; Hudson, Hall, & Harkness, 2019; Nahar, Thippeswamy, Shanker Reddy, Kishore,

& Chaturvedi, 2019; Rai et al., 2018; Zener, 2019), most participants in this sample
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reported at least one co-occurring psychiatric condition (19) and were taking at least

one medication?* (13) to aid with autistic and/or other mental health symptoms.

Table A2. Co-occurring psychiatric disorders (Top Panel) and medication use (Bottom Panel) for the
autistic adults who participated in the two-session neurocognitive assessment (Chapter 3).

Co-Occurring Psychiatric Disorder(s)
Frequency of

Occurrence

No Co-Occurring Psychiatric Diagnosis 5

Anxiety Disorder (15)
Generalized Anxiety Disorder 8
Social Anxiety Disorder 2
Obsessive-Compulsive Disorder (OCD) 2
Post-Traumatic Stress Disorder (PTSD) 1
Panic Disorder 2

Mood Disorder 12)
Major Depressive Disorder 10
Dysthymia 1
Bipolar Affective Disorder 1
Neurodevelopmental Disorder (8)
Learning Disability 3
Attention-Deficit Hyperactivity Disorder (ADHD) 5
Borderline Personality Disorder 2
Anorexia Nervosa 1

Medication Use
Frequency of

Occurrence
No Medications 9
Anti-depressant (e.g., Cipralex, Wellbutrin) 10™
Anti-psychotic (e.g., Abilify, Risperidone) 2
Mood Stabilizer (Lithium) 1
Anti-Convulsant (e.g., Gabapentine, Carbamazepine) 3
ADHD Medication (e.g., Concerta, Strattera) 4

Medical Cannabis 2
* All autistic adults with a co-existing mood disorder also reported having an anxiety disorder (9) or
ADHD (3) diagnosis.
**Two adults were also taking a second anti-depressant (Trazadone) for sleeping difficulties.

34 Cannabis was considered a medication for psychiatric purposes if the individual specified that it was
prescribed by a physician or psychiatrist for anxiety, depression, sleep, or autistic symptoms. The two
participants who regularly consumed medical cannabis were not under the influence for at least 5
hours prior to each experimental session. Recreational cannabis use was not recorded.
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Of these individuals, seven autistic adults only reported one co-occurring
psychiatric disorder (OCD, social anxiety, general anxiety, attention-deficit
hyperactivity disorder; ADHD, or learning disability), whereas nine autistic adults
reported two co-existing conditions, and three individuals reported three or more
psychiatric disorders. Co-occurring neurodevelopmental disorders, Generalized
Anxiety Disorder, and Major Depressive Disorder were amongst the most prevalent
conditions reported. All autistic adults reporting a co-existing mood disorder also
reported at least one other comorbid anxiety (9) or ADHD (3) diagnosis.

Five autistic participants reporting at least one co-existing psychiatric disorder
were not taking any medications at the time of testing. Alternatively, nine autistic
adults reported regular consumption of one medication (6 anti-depressants, 2 medical
cannabis, 1 norepinephrine reuptake inhibitor) and six reported daily consumption
of two or more?> medications.

Session 1: Participant Intake

Informed written consent was obtained from all participants at the beginning
of Session 1, after which participants completed a short demographics questionnaire.
The researcher (KBP) then overviewed the methodological techniques to be
1mplemented across the experimental sessions and familiarized participants with the
equipment (e.g., eye-tracker, EEG system) and general set-up. The Miles test (Miles,

1930) was used to determine each participant’s dominant eye for the eye-tracker and

35 One woman reported five daily medications for various psychiatric symptoms in addition to an “as
needed” prescription for Ativan.
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participants were fitted with an appropriately sized EEG ActiCap (Brain Vision) for
Session 2.

The Weschler Abbreviated Scale of Intelligence — Second Edition (WASI-2;
Weschler, 2011) was administered to adults with and without an ASD to quantify
standardized intelligence for group matching and to screen for intellectual disability
(IQ > 70) in autistic participants. All four subtests assessing verbal (vocabulary and
similarities) and spatial (block design and Raven’s progressive matrices) abilities
were administered based on standardized guidelines and standardized scores were
calculated for Performance 1Q, Verbal 1Q, and Total IQ (Weschler, 2011). Average to
above-average standardized scores were confirmed for all participants (see Table A1),
and independent ¢-tests revealed that groups were appropriately matched on metrics
of intellectual functioning.

Thereafter, the beliefs and experiences of adults with and without ASD in
regards to face recognition, eye contact, and social interaction were also investigated
alongside eye movements during face-to-face vs. video situations in the Qualitative
Interview and Video with Eye-Tracking Experiment36. Adults with a suspected or
previously diagnosed ASD completed the ADOS-2 at the end of Session 1 (see Chapter
3 for details); neurotypical adults did not complete this behavioural assessment.
Overall, Session 1 took approximately two (neurotypical adults) to three (autistic

adults) hours to complete, with time accommodations provided as necessary.

36 Due to an equipment malfunction with the live eye-tracking equipment, one autistic man completed
the Incidental and Intentional Face Recognition Tasks in lieu of the Qualitative Interview and Video
Eye-Tracking during Session 1.
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Session 2: Evaluations of Face Perception and Recognition

Following the provision of informed written consent for Session 2 activities,
participants completed the Intentional and Intentional Face Recognition Tasks using
the same protocol as outlined in Chapter 2. Standardized assessments of face
(Cambridge Face Memory Test, CFMT; Duchaine & Nakayama, 2006) and car
(Cambridge Car Memory Test, CCMT; Dennett et al., 2011) recognition were also
collected but are not elaborated on here.

Approximately halfway through the second session3’, participants were fitted
with an appropriately fitting ActiCap with 64 embedded electrodes. Participants
them completed the Holistic and Featural Processing ERP Experiment and Face
Fixation ERP Experiment, in a counterbalanced order. Self-report measures
quantifying general anxiety (STICSA; Ree, French, MacLeod, & Locke, 2008), social
anxiety (SPIN; Connor et al., 2000), depression (CESD; Radloff, 1977), autistic traits
(AQ; Baron-Cohen et al., 2001), as well as shyness and sociability (Cheek & Buss, 1981).

Overall, Session 2 took approximately three hours to complete.

37 Due to technical difficulties during Session 2, one autistic man returned for a third experimental
session to complete the EEG set-up and experiments. One autistic woman presented with severe touch
sensitivities and was not able to tolerate the sensations of the syringe and gel on her scalp. Therefore,
EEG set-up was discontinued for this participant.
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Appendix B: Eligibility Screening Questionnaire

GENERAL ELIGIBILITY QUESTIONS:

1. Have you ever been diagnosed with an Autism Spectrum Disorder? YES / NO
If yes: When did you receive that diagnosis?

If before 2013: What diagnosis were you given?
ASD / AUTISTIC DISORDER / ASPERGER’S DISORDER /
PERVASIVE DEVELOPMENTAL DISORDER NOT OTHERWISE
SPECIFIED

If yes: Who have you that diagnosis (e.g,. doctor, psychologist)?

If yes: Have you ever participated in any intervention programs or social
skill workshops?

If yes: What types of programs and/or workshops have you
participated in? (e.g., applied behavioural analysis, intensive
behavioural intervention, speech-language therapy, social-
emotional workshops, etc.)

2. How old are you? (eligibility criteria: 18+ years)

3. How long have you lived in Canada and/or the USA? (eligibility
criteria: 10+ years)

4. What is your primary ethnicity/race (e.g., Caucasian/White, Middle Eastern,
Asian, etc.)?

5. In which city/town are you currently living? (eligibility criteria: within
recruitment region)
If not from K-W but within recruitment area: Are you able to travel to
the University of Waterloo? YES / NO (eligibility criteria: yes)

6. Do you require wheelchair-accessible facilities? YES / NO

7. Do you have normal or corrected-to-normal (glasses or contact lenses) vision?
YES / NO (eligibility criteria: yes)

8. Have you ever experienced a coma, accident or head injury (e.g., concussion)?
YES / NO (eligibility criteria: no)

9. Have you ever undergone surgery or had a medical condition that you feel has
negatively affected your mental functioning? YES / NO (eligibility criteria: no)
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10.Do you have any neurological disorders or brain lesions? YES / NO (eligibility
criteria: no)

11.[for ASD: Aside from your diagnosis of Autism Spectrum Disorder,] have you
ever been diagnosed with any [other] psychological or psychiatric disorders?
(e.g, learning disorder/dyslexia, major depressive disorder, general anxiety
disorder, social anxiety disorder, obsessive compulsive disorder, ADHD,
bipolar disorder, schizophrenia, personality disorder, etc.)? YES / NO (control
eligibility criteria: no)

12.Have you ever been diagnosed with an intellectual disability (or mental
retardation)? YES / NO (eligibility criteria: no)

13.Have you ever been diagnosed with a genetic disorder (e.g,. Down syndrome,
Fragile X syndrome, etc.)? YES / NO (eligibility criteria: no)

14.Are you taking any medications containing cortisone? YES / NO (eligibility
criteria: no)

15.Are you taking any medications that can make you drowsy or sleepy? YES /
NO
If yes: Is it possible for you to refrain from taking the medication on the
days of the study? YES / NO (eligibility criteria: yes)

16.1 need to ask about drug and/or alcohol use, but you don’t need to tell me which
of these applies to you. I just need to know if you use either of them. Do you
use drugs (e.g,. cocaine, heroin, marijuana) or alcohol on a daily basis? YES /
NO (eligibility criteria: no?s)

17.For controls only: Has anyone in your immediate family (mother, father,
brother, sister, son, daughter) ever been diagnosed with an ASD? YES / NO
(eligibility criteria: no)

18.Do you have any allergies, sensitivities, or had previous reactions to cleaning
or sanitizing agents (e.g,. Lysol wipes)? YES / NO (eligibility criteria: no)

38 Daily use of medical cannabis was permitted for autistic adults.
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EEG-ELIGIBILITY QUESTIONS:

19.Do you have any allergies, sensitivities, or had previous reactions to gels,
adhesives, medical tape, rubbing alcohol, peroxide, or other sanitizing agents
(e.g,. Metricide)? YES / NO (eligibility criteria: no)

20.Do you have a personal or family history of epilepsy or seizures? In particular,
a sensitivity to flashing light? YES / NO (eligibility criteria: no)

21.Do you have any sensory sensitivities (e.g,. touch, sight, sound, smell, etc.) that
we should be aware of? YES / NO

If touch sensitivities: The study I am currently running includes
activities with EEG. This involves placing an EEG cap with electrodes
on your head, and filling each of the electrodes with a water-based gel.
In order for the gel to reach your scalp so we can pick up a good EEG
brain wave signal, we use blunt-tipped syringes and have to wiggle the
syringes on the scalp to move the hair out of the way. This process does
not hurt and just feels like a weird head massage. If you were to
participate in this study, you would have a chance to see what this feels
like before the actual EEG part of the study. Given that you are sensitive
to touch, do you think this is something you would be comfortable with?
YES / NO (eligibility criteria: yes)

If light sensitivities: Can you tell me more about your light sensitivities?
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Appendix C: Exploring the Impact of Autistic Cognitive and Behavioural
Traits in Face Fixation Patterns & Recognition Accuracy

Table C1. Descriptive and normality metrics for Autism-Spectrum Quotient (AQ) total and subscale
scores (N =111).

Mean (SD) Range Skewness Kurtosis

AQ (Total Score) 108.51 (14.64) 77 — 148 -0.05 -0.067
Subscales
Attention to Detail 24.94 (4.45) 13-36 0.10 -0.38
Attention Switching 24.89 (3.55) 15-33 -0.27 0.26
Social Skill 20.09 (5.45) 11-35 0.47 -0.33
Communication 19.76 (4.70) 10 — 37 0.37 0.65
Imagination 18.93 (3.79) 12 -30 0.61 0.45

Further examination of the cognitive and behavioural components of autistic
traits revealed that the patterns outlined in Chapter 2 were largely driven by the
Imagination subscale (for both incidental and intentional tasks), although
Communication scores also played a minor role in incidental face recognition.

Fixation Patterns

Lower Imagination scores (i.e., better pretending and imagination skills) were
associated with longer looking times and more fixations towards the left eye, as well
as shorter (and fewer) fixations to the nose (Table C2). A marginal relationship was
also identified for time spent looking at non-core features of the face and imagination
traits during intentional encoding, although this pattern was not present for fixation
counts. Communication scores also demonstrated a borderline association with nose
looking times and fixation counts during incidental encoding but (pragmatic)

communication skills were not related to left eye fixation patterns.
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Table C2. Pearson correlations with bootstrapped 95% confidence intervals (5000 iterations; N =111)
examining the association between AQ scores and area-normalized looking time and fixation frequency
to facial features. For the purposes of mediation, only face fixation measures that produced significant
(p <.05) associations with incidental (Top Panel) and intentional (Bottom Panel) recognition accuracy
were evaluated here.

Incidental Encoding
Left Eye Nose Nasion
Looking Fixation Looking Fixation Fixation
Time Count Time Count Count
AQ (Total Score) -.10 -.12 .15 .13 -.002
Subscales
Attention to Detail -.02 -.02 .003 .01 11
Attention Switching .06 .04 -.04 -.06 .02
Social Skill -.10 -.13 .12 11 -.03
Communication -.04 -.06 .19 17 -.04
Imagination -.23" -21° 217 .20 -.07
Intentional Encoding
Left Eye Non-Core Features
Looking Looking Fixation
Time Time Count
AQ (Total Score) -.09 .09 .08
Subscales
Attention to Detail -.06 .07 .08
Attention Switching .04 .05 .05
Social Skill -.04 -.02 -.03
Communication -.11 .05 .05
Imagination -.15 .16 .14

“p<.05"p<.01

Incidental and Intentional Recognition Accuracy

Here, the relationship between self-reported autistic traits and intentional
recognition reported in the main text, is further clarified to be a reflection of
individual differences in imagination traits (Table C3). Intentional d' scores were
strongly associated with the Imagination AQ subscale and weaker trends were also
observed for Communication and Imagination traits during incidental recognition,

although these latter patterns did not reach significance with 95% confidence.
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Table C3. Pearson correlations with bootstrapped 95% confidence intervals (5000 iterations)
examining the relationship between AQ scores and incidental/intentional face recognition accuracy
(d") in neurotypical adults (N =111).

Incidental d’ Intentional d’
r p 95% CI r p 95% CI

AQ (Total Score) -.16 .09 -0.34 - 0.01 =217 .03" -0.39 —-0.01"
Subscales

Attention to Detail -.09 .38 -0.24 - 0.08 -.05 .61 -0.23-0.14

Attention Switching -.01 91 -0.22 -0.19 -.14 .14 -0.32 -0.04

Social Skill -.08 .43 -0.28 - 0.12 -.15 .13 -0.32 -0.05

Communication -.18 .06 -0.37 —-0.003 -.07 47 -0.27-0.12

Imagination -.17 .08 -0.36 —-0.004 -.29™ .002" -0.48 —-0.12*

*p<.05,"p<.01

The Mediating Role of Imaginative Autistic Traits in Face Encoding
Fixation Patterns and Recognition Accuracy

Here, the potential mediating effect of imagination traits on the relationships
between featural gaze patterns and face recognition accuracy was evaluated, focusing
on the significant relationships outlined in Chapter 2. Each model independently
assessed the direct impact of fixation patterns to the feature of interest (left eye,
nasion, nose, or non-core features) and face recognition accuracy (d'; original
unmediated models) and when autistic Imagination scores were added into the basic
regression models. Bootstrapped 95% confidence intervals (with 5000 samples) were
applied to each model using the PROCESS package (Hayes, 2018).

The relationship between area-normalized looking time to non-core features
and intentional face recognition accuracy was significantly mediated by Imagination
traits (£(107) = -2.95, p =.004, Clos% =[-0.015 - -0.01]; Figure C1). Alternatively, gaze
fixation patterns to the left eye, nasion, and nose were not explained by sub-clinical

differences in Imagination.
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Imagination Autistic Traits

Tl{l;:ns'g::?; %Szhllll‘tiat Total: B =-.17** Intentional Face
(Area-Normalized) Direct: 8 =-.13 Recogmition Accuracy, (d)

Figure C1. Mediation model illustrating the indirect impact of Imagination traits on the relationship
between area-normalized looking time to non-core features during face encoding and intentional
recognition accuracy. Path coefficients are standardized regression estimates (f). *** p < .01, ** p <
.05.
Discussion

Although Total AQ scores did not impact fixation patterns to faces during
encoding (Chapter 2), sub-scale analyses reveal a weak mediation of fixation to non-
core features and recognition accuracy via Imagination (perspective taking) traits
(Figure C1). These findings contrast with a recent study indicating recognition
accuracy relates to attention to detail scores (Davis et al., 2017). It is important to
consider, however, that in that study the researchers evaluated a composite social
construct (averaged across social skill, imagination, and communication scores).
Therefore, the potential impacts of individual social constructs (e.g., communication
vs. imagination) was overshadowed in this previous case. By investigating each of the
AQ subscales individually, the current study adds the body of literature evaluating

face recognition mechanisms across the broader autism phenotype, providing refined

insight into the individual contributions of autistic imagination tendencies.
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Replication and extension are needed to confirm the validity and stability of these
visuo-cognitive patterns; however, the current analyses provide promising evidence
1n support of autistic behavioural tendencies contributing to individual differences in
face recognition abilities.

At first glance the influence of imagination may seem counter-intuitive: what
does imagination have to do with face recognition? However, closer examination of
the subscale items reveal that these statements tap into aspects of perspective taking
(e.g., “I find it difficult to work out people’s intentions”, and “I find it difficult to
1magine what it would be like to be someone else.”; Baron-Cohen et al., 2001). When
considered within this framework, the current research suggests that the face,
knowing this is where most social cues will be conveyed. Alternatively, adults with
weaker perspective taking abilities may not be able to make this connection as easily
and may spend more time attending to less informative parts of the face, thereby
missing key identity-specific information. The current findings are consistent with
research indicating that perspective taking behaviors play a major role in regulating
autistic social cognition at the clinical level (Bishop-Fitzpatrick, Mazefsky, Eack, &
Minshew, 2017; Dawson & Fernald, 1987; Scherf et al., 2015; Peters & Thompson,
2018) and provide the first demonstration of perspective taking traits partially
explaining the relationship between gaze patterns to non-core features and

intentional face recognition accuracy at the sub-clinical (AQ) level.

156



Appendix D: Descriptive and Normality Metrics for Neurotypical Face Fixation Patterns and
Recognition Accuracy

Table D1. Descriptive and normality metrics for eye-tracking (area-normalized looking time and fixation counts) and recognition accuracy
(d") measures for the Incidental (N = 111) and Intentional (N = 112) Face Recognition Tasks.

Area-Normalized Looking Time

Incidental Task Intentional Task

Mean (SD) Range Skewness Kurtosis Mean (SD) Range Skewness Kurtosis
Left Eye  7.38 (3.81) 0.13-16.37 0.004 -0.68 7.27 (3.60) 0.00 — 14.95 0.20 -0.64
Right Eye 6.09 (3.32) 0.10 - 16.38 0.38 -0.23 6.03 (3.11) 0.32 -13.96 0.48 0.04
Nasion  9.90 (6.73) 0.19 - 44.46 1.70 5.48 10.66 (6.82) 1.12 —40.00 1.38 2.70
Nose 5.81 (4.41) 0.26 — 26.31 1.83 4.48 5.60 (4.02) 0.14 — 22.62 1.64 3.40
Mouth  2.91 (2.17) 0.00 —9.67 0.89 0.34 3.01 (2.18) 0.00 —10.37 0.91 0.52
Non-Core Features 0.51 (0.39) 0.02 - 2.05 1.83 3.51 0.45 (0.25)t 0.03 — 1.34f 0.997 1.11¢F
Area-Normalized Fixation Counts
Incidental Task Intentional Task
Mean (SD) Range Skewness Kurtosis Mean (SD) Range Skewness Kurtosis
Left Eye 8.18 (4.10) 0.19 - 16.42 -0.06 -0.75 8.11 (3.78) 0.00 - 15.85 0.03 -0.77
Right Eye  6.20 (3.25) 0.14 - 14.79 0.32 0.23 6.33 (3.15) 0.48 - 15.35 0.49 0.30
Nasion 12.69 (7.44) 0.42 —46.70 1.16 2.80 13.33 (7.20) 1.40-39.23 0.89 0.90
Nose 6.96 (7.61) 0.38 -27.30 1.59 3.42 6.68 (4.28) 0.28 —22.19 1.31 1.94
Mouth  3.40 (2.43) 0.00-10.41 0.74 -0.22 3.53 (2.40) 0.00-11.26 0.80 0.39
Non-Core Features 0.60 (0.41) 0.04 — 2.23 1.76 3.47 0.58 (0.46)t 0.06 — 1.68t 1.38t 3.20f1
Face Recognition Accuracy
Incidental Task Intentional Task
Mean (SD) Range Skewness Kurtosis Mean (SD) Range Skewness Kurtosis
d'" 0.73(0.42) -0.76 — 1.59 -0.19 0.60 0.75 (0.46) -0.33-2.25 0.36 0.84

T Outlying cases (+2.5 SD) removed; N=108
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Appendix E: Normality Metrics and Pearson Correlations Evaluating Autistic and Neurotypical Face
Fixation Patterns and Recognition Accuracy

Table E1. Normality metrics for eye-tracking (area-normalized looking time and fixation count) and behavioural (d') measures collected
during the Incidental and Intentional Face Recognition Tasks with autistic (n = 24) and neurotypical (n = 21) adults (Chapter 4).

Autistic Adults
Area-Normalized Looking Time

Incidental Task Intentional Task

Range Skewness Kurtosis Range Skewness Kurtosis
Left Eye 0.00 — 14.49 0.91 0.41 0.00 —11.99 0.70 -0.47
Right Eye 0.23 —-13.03 1.23 1.57 0.12 - 14.81 0.83 2.03
Nasion 0.67 —29.41 1.16 1.99 0.00 —20.10 0.46 -0.61
Nose 0.42 — 15.92 0.68 0.33 0.00 — 14.95 1.25 1.43
Mouth 0.00 — 8.32 0.48 -1.05 0.00 - 7.21 0.69 0.47
Non-Core Features 0.05-2.58 1.79 4.16 0.14-2.21 1.46 2.26
Area-Normalized Fixation Count
Incidental Task Intentional Task
Range Skewness Kurtosis Range Skewness Kurtosis
Left Eye 0.00 — 16.24 0.70 0.56 0.00 — 14.35 0.57 -0.28
Right Eye 0.34 —10.84 0.58 -0.09 0.16 — 12.85 -0.01 -0.31
Nasion 1.22 — 33.67 0.69 -0.11 0.00 — 24.06 0.44 -0.77
Nose 1.12-15.41 0.32 -0.96 0.00 - 16.81 0.91 0.78
Mouth 0.00 -11.93 0.78 0.10 0.00 — 7.06 0.17 -0.80
Non-Core Features 0.09 — 3.42 2.01 5.29 0.20-4.15 1.69 2.59
Face Recognition Accuracy
Incidental Task Intentional Task
Range Skewness Kurtosis Range Skewness Kurtosis
d’ -0.32 -1.61 -0.15 -0.73 -0.10 — 1.47 -0.28 -0.57
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Neurotypical Adults
Area-Normalized Looking Time

Incidental Task

Intentional Task

Range Skewness Kurtosis Range Skewness Kurtosis
Left Eye 0.13 — 16.52 0.46 -0.07 0.00 — 13.44 0.51 -0.98
Right Eye 1.22 — 14.26 0.32 -1.22 2.04 — 13.70 0.35 -1.15
Nasion 0.41 — 24.07 -0.05 -0.73 2.04 — 25.15 0.64 0.36
Nose 0.26 — 19.46 1.11 1.59 0.81 — 22.62 1.00 0.04
Mouth 0.00 —9.73 1.58 4.04 0.16 — 4.01 0.66 0.12
Non-Core Features 0.00 — 1.69 2.53 7.65 0.07—-0.72 -0.29 -1.60
Area-Normalized Fixation Count
Incidental Task Intentional Task
Range Skewness Kurtosis Range Skewness Kurtosis
Left Eye 0.19 — 14.95 0.12 -0.95 0.00 — 15.61 0.45 -0.68
Right Eye 1.60 — 14.79 0.60 -1.01 2.68 — 14.26 0.64 -0.63
Nasion 1.03 — 25.52 -0.30 -1.18 4.06 — 28.32 0.45 -0.33
Nose 0.38 — 20.28 0.59 0.43 1.19-22.19 0.64 -1.17
Mouth 0.00 — 11.52 1.55 3.83 0.22 —6.24 0.78 0.04
Non-Core Features 0.00 — 1.87 2.64 8.28 0.09-1.34 0.71 1.26
Face Recognition Accuracy
Incidental Task Intentional Task
Range Skewness Kurtosis Range Skewness Kurtosis
d’ -0.49 —1.48 -0.16 -0.75 0.00 - 1.69 0.28 -1.00
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Table E2. Pearson correlations (with bootstrapped 95% confidence intervals) examining the
association between area-normalized fixation patterns and face recognition accuracy for autistic (n =
24) and neurotypical (n = 21) adults.

Incidental d'’
Autistic Adults Neurotypical Adults
r p 95% CI r p 95% CI
Normalized Looking Time
Left Eye .33 .12 -.12 —-.65 .06 .79 -.38-.51
Right Eye .02 .93 -.39 — .40 =17 47 -.54 - .25
Nasion .07 .76 -.38 — .43 22 .33 -.12-.59
Nose -07 .74 -.43 - .29 .004 .99 -.35 — .42
Mouth -22 .31 -.64 - .20 -.02 .94 -.33 —-.37
Non-Core Features -.16 .45 -.66 — .26 -.07 17 -.36 — .47
Normalized Fixation Count
Left Eye .28 .19 -.23 — .63 .07 .76 -.33 — .47
Right Eye -.02 .93 -.45 — .43 =17 .46 -.53-.21
Nasion .03 .90 -.39 — 41 .18 .45 -.21 -.60
Nose -07 .73 -.43 - .30 .01 97 -.35 — .42
Mouth - 17 .42 -.61—-.25 -.01 .98 -.32 — .40
Non-Core Features -06 .79 -.59 — .32 -.02 .93 -.32 - .52

Intentional d’

Autistic Adults Neurotypical Adults
r p 95% CI r p 95% CI
Normalized Looking Time
Left Eye .01 .95 -.34 - .37 .36 11 -.01 —.68
Right Eye .14 .53 -.37 — .56 -.05 .83 -.44 — 37
Nasion .03 .90 -.37-.39 -.24 .31 -.b6 —.14
Nose .22 .31 -.25 — .62 -.25 .28 -.b9—.14
Mouth 11 .62 -.27 — .46 12 .62 -.29 — .54
Non-Core Features -.14 .51 -.46 — .33 -.08 74 -.52 - .34
Normalized Fixation Count
Left Eye -.10 .64 -.43 — .24 41 .06 .04 -71
Right Eye .12 .59 -.34 — .57 -.02 .92 -.42 — .37
Nasion .02 .94 -.44 — .35 -.07 .78 -.44 — .35
Nose 17 44 -.32 — .58 -.25 27 -.61 —.52
Mouth -.04 .86 -.43 - .37 .07 ST -.34 — .52
Non-Core Features -17 .44 -.48 — .21 -.01 .96 -.49 — .34
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