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Compared to other children, children with Autism Spectrum Disorder (ASD) are known to
engage less in joint attention - the sharing of attention between two individuals toward a common
object or event. Joint attention behaviors - for example gaze following, alternating gaze, and
pointing - play an important role in early development, as they provide a foundation for learning
and social interaction. Study I and Study II focused on infant siblings of children with ASD.
These infants, often termed high risk (HR) infants, have an increased probability of receiving
a later ASD diagnosis. Studying them therefore allows for the detection of early signs of ASD.
Live eye tracking was used to investigate different joint attention behaviors at 10 months of
age. Study I showed that omitting the head movement that usually accompany experimenters’
eye gaze shifts in similar designs reduced gaze following performance in the HR group, but not
in a group of infants at low risk (LR) for ASD. HR infants may thus be less sensitive to eye
information, or may need more salient cues in order to follow gaze optimally. Study II focused
on the infants’ tendency to initiate joint attention by alternating their gaze between a person
and an event. LR infants engaged more in alternating gaze than HR infants, and less alternating
gaze in infancy was associated with more ASD symptoms at 18 months. This relation remained
when controlling for visual disengagement and general social interest in infancy. Study III
explored the role of joint attention later in development, by investigating the microstructure
of the looking behaviors of autistic and typically developing children (~6 years old). The
results indicated that seeing somebody look at an object influenced the processing of that object
less in autistic children than in the typically developing controls. Both groups followed gaze
effectively, suggesting that differences in joint attention at this age may be subtle, but detectable
with eye tracking technology. Together, the studies contribute to our understanding of the role
that joint attention atypicalities play both in the early development of infants at risk for ASD,
and later in the development of children with a confirmed diagnosis.
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Introduction

In infancy and early childhood, interaction with parents and other caregivers
plays an important role in a child’s development. In dyadic interaction, the
infant learns and develops from direct communication and interplay with a
parent. In triadic attention sharing, the infant and parent mutually direct their
attention toward a common object or event. Such triadic attention sharing is
typically referred to as joint attention and infants begin to engage in joint
attention related behaviors as early as their first year of life (e.g. Beuker,
Rommelse, Donders, & Buitelaar, 2013; Gredebäck, Fikke, & Melinder,
2010). Joint attention is considered an important foundation for learning, interaction, and development in several areas (e.g. Baldwin, 1991; Charman et
al., 2000; Mundy, Sullivan, & Mastergeorge, 2009; Tomasello, Carpenter,
Call, Behne, & Moll, 2005). For example, by following other people’s gaze,
infants get guidance as to what elements in the environment are currently beneficial to attend to. They may also eventually learn that what others are looking
at may be a cue to what they are thinking about. In addition, hearing others
name the objects they are looking at provides opportunities to learn words
(Baldwin, 1991).
Importantly, not only do infants take advantage of the learning opportunities
that are initiated by others, they also actively create such opportunities by directing others’ attention. An infant may look back and forth between a parent
and an interesting object, or, slightly later in development, point toward the
object. The parent may respond by naming the object, or even by handing it
to the infant who then gets to explore it and learn about its functions. The
infant and parent may also get an opportunity to share each other’s affective
states regarding the object. The fact that joint attention plays an important role
in development also entails that if a child does not engage in it to the same
extent as others, development may be negatively affected.
As a group, children with Autism Spectrum Disorder (ASD) differ from other
children in terms of social interaction with others, and this includes engagement in joint attention. Although it is well-known that autistic children both
initiate and respond to joint attention less than other children (e.g. Chiang,
Soong, Lin, & Rogers, 2008; Dawson et al., 2004), many aspects of the relation between joint attention and ASD warrant further investigation. Gaze fol9

lowing is an example of an area where some studies report impairment in children with ASD (e.g. Falck-Ytter, Fernell, Hedvall, von Hofsten, & Gillberg,
2012) whereas others find typical performance (e.g. Leekam, Hunnisett, &
Moore, 1998). The circumstances under which children with ASD do and do
not follow gaze therefore need to be further explored. There is also a need to
learn more about the role that joint attention may play in the early development of children who are later diagnosed with ASD. Since diagnosis before
the ages of 2-3 years is highly uncommon, focusing on infant siblings of children with ASD (who themselves have an increased probability of a later diagnosis) has proven to be a successful means of studying early development
(Zwaigenbaum et al., 2007). Over the past 10-15 years, the infant sibling paradigm has increased our knowledge about the early development of children
with ASD, but significant knowledge gaps still need to be filled.
The overarching aim of this thesis is to increase our knowledge about the relation between various joint attention behaviors and ASD, both before and
after diagnosis. By including studies of infant siblings of children with ASD
as well as a study of older children with a confirmed diagnosis, it is my hope
that this thesis will contribute to our understanding of the role that joint attention may play in the life and development of children with or at risk for ASD.
This thesis will start by a general overview of ASD. Among other things, some
of what we know about causes, neurobiology and cognitive functioning will
be accounted for. Thereafter, the concept of joint attention will be discussed
in more detail, both in the context of typical development and ASD. The individual studies will then be presented. Finally, I will end with providing an
integrated discussion of the results and my thoughts on how the findings may
contribute to the field.

Autism Spectrum Disorder
A Brief Historical Note
In 1943, a paper titled “Autistic disturbances of affective contact” (Kanner,
1943) was published. The author, child psychiatrist Leo Kanner, described 11
children who shared certain characteristics that markedly set them apart from
other children. The most outstanding feature, according to Kanner, was the
children’s “inability to relate themselves in the ordinary way to people and
situations”. Kanner emphasized that these children had shown atypical development from the very beginning of their lives. As infants, they had not made
anticipatory motor adjustments when being picked up. Some of the children
had displayed delayed language development, and once they started speaking,
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they seemed to use language in a different manner than most children; language was not primarily used for communication, but for repeating previously
heard words and phrases, or for reciting impressive amounts of facts learnt by
heart. Some of the children enjoyed jumping up and down or watching spinning objects. They were easily frightened by loud noises and upset by changes
in routines. Only a year after Kanner’s seminal paper, pediatrician Hans
Asperger (1944) published a report describing four highly intelligent boys
who displayed difficulties with social interaction and engaged in specific obsessive interests.
Many years have passed since Kanner (1943) and Asperger (1944) first described what is now known as Autism Spectrum Disorder (ASD). Although
many of their observations are still accurate, the concept of autism has gone
through many changes over the years, and has suffered from multiple misconceptions. Previously categorized as ‘childhood schizophrenia’, it was not until
1980 that ‘infantile autism’, as it was then termed, was listed as a separate
disorder in the Diagnostic and Statistical Manual of Mental Disorders (DSM).
Although Kanner himself postulated a biological origin for the phenomenon
he described, a view of ASD as being the consequence of cold and unresponsive parenting, so-called “refrigerator mothers” (Bettelheim, 1967) gained
much popularity in the sixties and seventies. In the late nineties, ASD became
the target of a different controversy, as a study (Wakefield et al., 1998) claiming it to be caused by the measles-mumps-rubella vaccine received widespread
attention. The results were later shown to have been fabricated, and the paper
was withdrawn from the journal. As will be accounted for in the following
sections, we today know that ASD is neither caused by parental styles nor
vaccines. Rather, ASD is highly heritable, with certain environmental factors
and gene by environment interactions playing a role as well (Lai, Lombardo,
& Baron-Cohen, 2014).

Prevalence and Comorbidities
The first study to investigate the prevalence of ASD reported that the condition
affected less than .5% of the population (Lotter 1966). Since then, prevalence
estimates have increased, and ASD is today typically reported to occur in
about 1–1.5% of the population (e.g. Baird et al., 2006; Baron-Cohen et al.,
2009b; Idring et al., 2012; Saemundsen, Magnusson, Georgsdottir, Egilsson,
& Rafnsson, 2013; Wingate et al., 2014). However, prevalence estimates of
up to 2.5% (Kim et al., 2011) have been reported. The pattern of increasing
estimates is likely explained by changes in how ASD has been defined over
time, as well as by an increased awareness and enhanced diagnostic methods
(Elsabbagh et al., 2012a). Whether the higher reports also reflect an increase
in environmental risk factors is unknown (Lai et al., 2014). ASD is 2-3 times
more common in males than in females (Baird et al., 2006; Idring et al., 2012;
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Kim et al., 2011; Saemundsen et al., 2013), which may in part be due to underdiagnosing of females, but also to biological female-specific protective effects and/or male-specific risk factors (Baron-Cohen et al., 2011; Lai et al.,
2014). About 45% of all individuals with ASD have intellectual disability
(Idring et al., 2012; Saemundsen et al., 2013). Other psychiatric, medical and
developmental comorbidities affect more than 70% of all individuals with
ASD, with depression, anxiety disorders and ADHD being the most common
co-occurring conditions (Lugnegard, Hallerback, & Gillberg, 2011; Mattila et
al., 2010; Simonoff et al., 2008).

Defining and Assessing ASD
According to the Diagnostic and Statistical Manual of Mental Disorders–Fifth
Edition (DSM-5), ASD is characterized by persistent deficits in social communication and social interaction, as well as by the presence of restricted and
repetitive patterns of behaviors, interests or activities. The symptoms must
have been present in the early developmental period, they must cause clinically significant impairment in functioning, and they must not be better explained by intellectual disability or global developmental delay. The recent
transition from the Diagnostic and Statistical Manual of Mental Disorders–
Fourth Edition–Text Revision (DSM-IV-TR) entailed substantial changes in
terms of ASD criteria, with the most prominent being the merge of Autistic
disorder, Asperger’s disorder, and Pervasive Developmental Disorder-Not
Otherwise Specified (PDD-NOS) into one diagnostic category - Autism Spectrum Disorder. The merge was grounded on the empirical finding that the classification of subtypes varied substantially across clinical sites, thus rendering
the categorical division non-meaningful (Lord et al., 2012b). The transition
from the DSM-IV-TR also meant merging deficits in social interaction and
social communication (previously two separate criteria) into one criterion; removing atypical language from the criteria; and introducing the impairment
criterion. The transition from DSM-IV to DSM-5 may be viewed as representing a move from a more categorical conception of ASD to a more dimensional
view (Lord & Jones, 2012).
Research suggests that it is possible to reliably diagnose ASD already at the
age of 2 years (Chawarska, Klin, Paul, & Volkmar, 2007; Lord, 1995; Stone
et al., 1999), but diagnosis before the age of 3 is still relatively uncommon
(Boyd, Odom, Humphreys, & Sam, 2010). A review of studies published between 1990 and 2012 report that the mean age of diagnosis varies between 3
and 10 years, and reveals a trend toward earlier diagnosis (Daniels & Mandell,
2014). Factors that are associated with earlier diagnosis are higher symptom
severity and parental concern, and lower language ability (Daniels & Mandell,
2014; Salomone, Charman, McConachie, & Warreyn, 2016).
12

The core components of an ASD assessment are an in-depth interview with
the parent, focusing on early development and specific symptoms, as well as
a behavioral observation of the child (Ozonoff, Goodlin-Jones, & Solomon,
2005). Both should preferably be conducted using standardized methods, and
the instruments that are generally considered “gold standard” and recommended as first choice by several international clinical guidelines (e.g.,
NICE.org.uk) are the Autism Diagnostic Observation Schedule – second edition (ADOS-2; Lord et al., 2012c) and the Autism Diagnostic Interview-revised (ADI-R; Lord, Rutter, & LeCouteur, 1994). Assessments of intellectual
functioning as well as adaptive functioning should also be included, and provide an important foundation for intervention (Ozonoff et al., 2005). The
Wechsler Intelligence Scales (e.g. WISC-V; Wechsler, 2014) are the most
widely used instruments of cognitive functioning in verbal children, and adaptive functioning is typically assessed by the use of parental report measures
such as the Vineland Adaptive Behavior Scales (VABS; Sparrow, Balla, &
Cicchetti, 1984). Tests of related domains such as attention and executive
functioning, as well as assessments of any suspected comorbidities, should be
included if necessary. Genetic testing, particularly chromosomal microarray
analysis, can be used to identify certain rare forms of ASD (Geschwind &
State, 2015) but is not always performed. ASD assessments should be interdisciplinary, and are ideally conducted by a team including psychologists,
physicians, speech and language pathologists, and other professionals if
needed (Ozonoff et al., 2005).

Outcomes and Intervention
Having ASD is associated with several negative outcomes, such as increased
risk of being bullied in childhood (Schroeder, Cappadocia, Bebko, Pepler, &
Weiss, 2014); loneliness and lower levels of social support in adolescence
(Lasgaard, Nielsen, Eriksen, & Goossens, 2010); and lower perceived quality
of life (Barneveld, Swaab, Fagel, van Engeland, & de Sonneville, 2014) and
higher levels of stress (Hirvikoski & Blomqvist, 2015) in adulthood. ASD, in
both high- and low-functioning individuals, is associated with an increased
risk of premature mortality (Hirvikoski et al., 2016). Causes of premature
death are highly variable and include somatic diseases as well as suicide.
Apart from the medical conditions associated with low-functioning ASD, lack
of social support, insufficient coping skills and a lower tendency to seek medical attention may be factors underlying the increased mortality (Hirvikoski et
al., 2016). Being a parent of a child with ASD is associated with higher levels
of stress (Hayes & Watson, 2013), higher work absence, and lower income
(McEvilly, Wicks, & Dalman, 2015).
ASD is generally considered a lifelong condition, but it has been suggested
that a minority of autistic individuals may reach a stage where they no longer
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fulfill diagnostic criteria (Fein et al., 2013). As of today, no pharmaceutical
cure exists for the core ASD symptoms, although psychopharmacological
agents are often used to treat comorbid symptoms (Mohiuddin & Ghaziuddin,
2013). Available behavioral interventions include early intensive behavioral
intervention, social skills training, parent-mediated intervention, educational
approaches toward parents and teachers, as well as targeted approaches aimed
at specific areas of low functioning - for example, language, joint attention,
emotion recognition, imitation, etc. Many behavioral intervention techniques
share the overarching goals of promoting communication, independence, and
quality of life (Lai et al., 2014). Most behavioral interventions have low to
moderate effects (Lai et al., 2014). It is believed however, that earlier intervention may be associated with more positive outcome (Boyd et al., 2010),
and specifically that offering intervention before the full autistic phenotype is
in place may alter development and result in lower symptoms expression
(Dawson, 2008). Indeed, a few attempts to engage infants at risk for ASD in
early intervention have been made lately, with promising results (Green et al.,
2017; Rogers et al., 2014). When discussing intervention, it is important to
acknowledge the neurodiversity perspective, and to note that many high-functioning autistic adults consider their ASD an integral part of their personality,
rather than a deficit in need of treatment (Jaarsma & Welin, 2012; Kapp,
Gillespie-Lynch, Sherman, & Hutman, 2013; Ortega, 2009).

Causes
A multitude of studies have shown that genes play an important role in the
development of ASD. Twin studies have reported heritability estimates ranging from 38% to over 90% (e.g. Bailey et al., 1995; Colvert et al., 2015;
Hallmayer et al., 2011; Lichtenstein, Carlstrom, Rastam, Gillberg, &
Anckarsater, 2010). Up to 25% of all cases of ASD are estimated to be caused
by rare monogenic conditions, such as Fragile X syndrome and tuberous sclerosis, and rare copy number variants affecting genes involved in brain development (Geschwind & State, 2015). The majority of the remaining cases is
most likely explained by a complex genetic model where a combination of
specific common genetic variants, with small individual effect sizes, may underlie the autistic phenotype (Geschwind & State, 2015). De novo mutations,
which are not inherited from the parents, but occur in the gamete or fertilized
egg, are more common in simplex families (with only one affected individual)
than in multiplex families (Iossifov et al., 2014; Levy et al., 2011; Sebat et al.,
2007). No study has reported 100% concordance rates in monozygotic twins,
entailing that environmental factors play a role as well. It has been consistently
shown that non-shared environment, i.e., factors that differ between siblings,
play a bigger part than shared environment (Ronald & Hoekstra, 2011). Environmental factors most likely act as triggers, with the autistic phenotype being
the result of a gene by environment interaction. Known environmental risk
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factors include advanced maternal (Sandin et al., 2012) and paternal age
(Hultman, Sandin, Levine, Lichtenstein, & Reichenberg, 2011); maternal infection or medication use during pregnancy (Gardener, Spiegelman, & Buka,
2009); prenatal exposure to environmental toxins such as traffic-related air
pollution (Volk, Lurmann, Penfold, Hertz-Picciotto, & McConnell, 2013) and
pesticides (Roberts et al., 2007); as well as perinatal complications (Kolevzon,
Gross, & Reichenberg, 2007; Willfors et al., 2017).

Neurobiology
On the neurological level, a view of ASD as a disorder characterized by early
overgrowth and altered connectivity has emerged over the years (Courchesne
et al., 2007; Rane et al., 2015). Multiple studies have presented evidence of
increased neuronal growth in the first years of life (Hazlett et al., 2011; Redcay
& Courchesne, 2005). A recent study of infants at risk for ASD demonstrated
that a pattern of increased cortical surface growth between 6 and 12 months,
followed by an increased growth rate of the total brain volume between 12 and
24 months, was associated with a subsequent diagnosis of ASD (Hazlett et al.,
2017). Evidence suggests that the increased growth rate slows down later in
childhood (Redcay & Courchesne, 2005) and that it may even be followed by
a period of decline in some individuals (Courchesne, Campbell, & Solso,
2011). These later stages may be the consequence of extensive pruning, particularly in pre-frontal areas, which in turn may lead to the consistently reported pattern of decreased connectivity in the pre-frontal-cortex, as well as
decreased long-range connectivity involving several brain areas (Rane et al.,
2015). Increased short-distance connections, possibly compensatory, have
been suggested to occur in some brain areas (Belmonte et al., 2004), and increased cortical-subcortical connectivity has also been reported (Di Martino
et al., 2014). Some evidence of correlations between hypoconnectivity and
autistic traits on a behavioral level have been presented (Gotts et al., 2012;
von dem Hagen, Stoyanova, Baron-Cohen, & Calder, 2013). Whether the patterns of aberrant connectivity are widespread across the brain or whether they
predominate in the so-called ‘social brain’ network – a set of neuroanatomical
structures argued to underpin social perception and functioning (Brothers,
1990) – is currently discussed (Elsabbagh & Johnson, 2016; Gotts et al.,
2012).

Cognitive Models
Multiple models have tried to describe autistic behavior from a cognitive perspective. Whereas some accounts place an emphasis on the social domain,
others argue for the need to investigate more general differences across domains. The earliest social theories focused on differences in terms of social
cognition. The Theory of Mind (ToM) account (Baron-Cohen, 1995; Baron15

Cohen, Leslie, & Frith, 1985), proposing a difficulty with metalizing (representing the mental states of self and others) as a core deficiency in ASD, is
perhaps the most well-known cognitive theory of ASD. From a social motivation perspective on the other hand, it has been argued that differences in terms
of social cognition may be second to an early diminished social interest. The
general idea behind this line of reasoning is that infants who later receive an
ASD diagnosis are less motivated by social stimuli than other infants, which
in turn leads to fewer social learning opportunities, and thus impacts development in multiple areas (Chevallier, Kohls, Troiani, Brodkin, & Schultz, 2012;
Dawson, Bernier, & Ring, 2012). Proponents of the non-social accounts argue
that a focus on the social domain will fail to explain important non-social aspects of ASD. Individuals with ASD have been shown to display a preference
for local over global features, and to display superior performance on tasks
where such a bias is advantageous (Frith, 1970; Shah & Frith, 1983). Several
accounts have emphasized that enhanced low-level perceptual processing, and
a tendency toward bottom-up rather than top-down control, can explain features such as hyper-sensitivity, savant skills, generalization difficulties, and
attention to detail (Happe & Frith, 2006; Mottron et al., 2013; Mottron,
Dawson, Soulieres, Hubert, & Burack, 2006; Van Boxtel & Lu, 2013).

An Increased Focus on Dimensionality and Heterogeneity
Advances in the fields of both genetics and behavioral sciences have led to
changes in how we conceptualize ASD. As mentioned earlier, a shift toward
a dimensional perspective has occurred over the years. That is, rather than
considering ASD a discrete entity, many agree that it should be viewed as
representing the extreme end of a normal variation (e.g. Constantino & Todd,
2003). This shift is partially driven by the realization that autistic-like traits
are present to various degrees in many more than those with an ASD diagnosis. The term Broader Autism Phenotype (BAP) is commonly used to describe
this type of sub-clinical traits and personality features in individuals who do
not meet full diagnostic criteria. Such traits are more common in relatives of
autistic individuals than in the population at large, and evidence suggest them
to be etiologically linked to ASD (e.g. Constantino et al., 2006; Lundström et
al., 2012; Sucksmith, Roth, & Hoekstra, 2011). Over the years, there has also
come to be a greater emphasis on heterogeneity. ASD is characterized by a
great degree of diversity in terms of interactional styles, language level, cognitive functioning, etc. This, in combination with the notion of divergent genetic pathways, has led many to prefer a view of ASD as representing not one
but many disorders (e.g. Geschwind & Levitt, 2007; Happé, Ronald, &
Plomin, 2006).
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The Infant Sibling Paradigm and Early Development
The fact that ASD is rarely diagnosed before the age of 2-3 years (Boyd et al.,
2010) entails that knowledge about early signs and development has been
scarce. Previous research had to rely on retrospective methods such as parental
report or analyses of home videos - methods that suffer from limitations and
are prone to bias. The last decades’ emerging view of ASD as a predominantly
genetic disorder has however given rise to a novel means of studying early
development by focusing on younger siblings of diagnosed children. In a family where at least one child has an ASD, the probability of a younger sibling
receiving a diagnosis is 7-20% (Gronborg, Schendel, & Parner, 2013;
Messinger et al., 2015; Ozonoff et al., 2011), and thus much higher than the
general prevalence of ~1.0-1.5% (e.g. Baird et al., 2006; Wingate et al., 2014).
Over the past 10-15 years, a large number of infant sibling studies have
emerged. These studies typically include a so-called high risk (HR) group,
made up of infants with at least one older sibling with an ASD, as well as a
low risk (LR) group of control infants with at least one typically developing
(TD) older sibling and no family history of ASD (Zwaigenbaum et al., 2007).
The infants are followed regularly from early on and until they are old enough
to go through diagnostic assessment, typically at 24 or 36 months. The study
design allows for different types of analyses to be made at different stages of
the research project. Cross-sectional comparisons between HR and LR infants
can be made at any age, and may provide useful information concerning how
infants with a family history of ASD differ from those without it. When the
infants are old enough to go through diagnostic assessment, longitudinal comparisons can be made between different outcome groups, including those who
receive an ASD diagnosis. By including multiple measurement points, it is
also possible to map early trajectories.
Studies of younger siblings of children with ASD have contributed substantially to our knowledge about early development. In a review of the field,
Jones, Gliga, Bedford, Charman, and Johnson (2014) conclude that most
symptoms of ASD become apparent between 12 and 18 months. These involve
multiple domains, and include atypical eye contact (Zwaigenbaum et al.,
2005); fewer gestures (Landa, Holman, & Garrett-Mayer, 2007;
Zwaigenbaum et al., 2005); fewer directed vocalizations (Ozonoff et al.,
2010); less social smiling (Ozonoff et al., 2010; Zwaigenbaum et al., 2005);
lower response to name (Nadig et al., 2007; Zwaigenbaum et al., 2005); less
imitation (Macari et al., 2012; Young et al., 2011); less engagement in joint
attention (Landa, Gross, Stuart, & Faherty, 2013; Rozga et al., 2011); more
non-functional repetitive play (Christensen et al., 2010); and more atypical
exploratory behaviors (Ozonoff et al., 2008). At this age, infants with later
ASD also score lower on tests of both motor development (Christensen et al.,
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2010; Landa & Garrett-Mayer, 2006) and impressive as well as expressive
language (Landa & Garrett-Mayer, 2006; Zwaigenbaum et al., 2005).
Apart from a few studies that have reported deviances during the first year lower attention to faces at 6 months (Chawarska, Macari, & Shic, 2013) and a
pattern of declining attention to eyes between 2 and 6 months (Jones & Klin,
2013) – the majority of the conducted studies indicate that 6-month-olds with
later ASD do not differ from other infants in terms of social-communicative
behaviors (Ozonoff et al., 2010; Rozga et al., 2011; Zwaigenbaum et al.,
2005). Outside the social domain however, a few more early deviances have
been detected during the first year, including slower attention disengagement
(Elison et al., 2013); poor postural control (Flanagan, Landa, Bhat, & Bauman,
2012); increased perceptual sensitivity (Clifford, Hudry, Elsabbagh, Charman,
& Johnson, 2013); lower activity level (Zwaigenbaum et al., 2005); and differences in terms of early consonant production (Paul, Fuerst, Ramsay,
Chawarska, & Klin, 2011). Neuroimaging has also revealed early differences
not detectable in behavior, such as aberrant neurological responses to direct
gaze at 6-10 months (Elsabbagh et al., 2012b) and, as noted previously, increased cortical surface growth rates between 6 and 12 months (Hazlett et al.,
2017). Finally, studies investigating developmental trajectories have suggested that different subgroups of children with later ASD may display different patterns of early development (Chawarska et al., 2014; Landa, Gross,
Stuart, & Bauman, 2012; Macari et al., 2012), lending support to the view that
ASD represents a heterogeneous condition.

Joint Attention
The term joint attention refers to the sharing of attention between two individuals toward a common object or event (Bruner, 1975; Scaife & Bruner, 1975).
Imagine two friends admiring a painting at an arts exhibition. While viewing
the painting, they may occasionally avert their gaze from it and look at each
other. They may also talk about their common focus of attention – one may
ask the other about his opinion of the painting, or perhaps express her own
thoughts. She might point toward a part of the painting that she finds particularly interesting, and her friend will immediately look in the direction of her
pointing. They may then both laugh at the sight of the same clever detail. The
ability to engage in joint attention thus provides a foundation that allows the
two friends to both share their visual attention, and to share each other’s
thoughts and feelings regarding the common focus of interest.
When joint attention is studied, researchers usually focus on overt behaviors
such as gaze (and point) following, or the use of gaze and gestures to initiate
a common focus of attention. Definitions of the concept vary however, and
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assume different levels of mental awareness. As an example of a lean definition, Butterworth (1998) suggests that joint attention may be defined “simply
as looking where someone else is looking”. In contrast, Tomasello et al.
(2005) argue that joint attention is not achieved until the child has reached a
developmental stage where s/he is able to represent others’ attention as goal
directed and affected by choices. Regardless of what level of mentalistic abilities one assumes, behaviors such as gaze following, alternating gaze (i.e.,
looking back and forth between another person and an event of interest), and
pointing, are pivotal in that they serve the function of aligning the attention of
individuals in time and space, which provides an important foundation for development and interaction. In this thesis, I adhere to the view that joint attention, when it is fully developed, extends beyond the directly observable behavior that individuals engaging in it perform (e.g., gaze following), and that
it also involves a mental awareness of other’s attention. However, overt behaviors such as alternating gaze and gaze following start to develop before the
infant can be expected to have such an awareness. In this thesis, I will be referring to early occurring behaviors such as gaze following and alternating
gaze as joint attention behaviors, as they represent important components of
the construct joint attention. The fact that, for example, gaze following may
or may not involve an understanding of the other’s looking behavior as referential will however be discussed in more detail later on.
Infants start to engage in joint attention behaviors as early as the first half of
their first year of life (D'Entremont, 2000; D'Entremont, Hains, & Muir, 1997;
Gredebäck et al., 2010; Perra & Gattis, 2010), and the ability to do so plays
an important role for their development in several areas. Infants learn that following another’s gaze is likely to result in an interesting sight, and that directing another’s gaze may result in the other providing useful information about
the common focus of attention. Both gaze following and initiation of joint
attention play important roles for language development. Following the
adult’s gaze enables the child to map a novel word, spoken by the adult, to the
correct referent (Baldwin, 1991). Furthermore, adults respond to children’s
joint attention bids by providing labels for objects attended to by the children
(Tomasello & Farrar, 1986, but see Akhtar & Gernsbacher, 2007, for a critical
comment on the importance of joint attention for word learning). Not surprisingly, joint attention in infancy/toddlerhood has been shown to correlate both
concurrently and longitudinally with language ability (Beuker et al., 2013;
Cochet & Byrne, 2016; Morales et al., 2000; Morales, Mundy, & Rojas, 1998;
Mundy et al., 2007; Mundy & Gomes, 1998). But the role of joint attention in
learning and development extends the language domain. Early joint attention
behaviors have been shown to correlate with a later understanding of other’s
mental states and intentions (Brooks & Meltzoff, 2015; Camaioni, Perucchini,
Bellagamba, & Colonnesi, 2004; Charman et al., 2000), and has thus been
argued to be a foundation for ToM (Sodian & Kristen-Antonow, 2015). Joint
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attention skills have also been shown to contribute to cooperation success in
early childhood (Wu, Pan, Su, & Gros-Louis, 2013), and to be associated with
aspects of executive function, such as self-regulation (Morales, Mundy,
Crowson, Neal, & Delgado, 2005; Van Hecke et al., 2012) and response inhibition in reward-based learning (Nichols, Fox, & Mundy, 2005). It has been
shown that joint attention facilitates learning and is associated with a deeper
level of processing in infancy (Kopp & Lindenberger, 2011) and toddlerhood
(Hirotani, Stets, Striano, & Friederici, 2009). Joint attention has also been
shown to affect information processing in adults (Bockler, Knoblich, &
Sebanz, 2011; Frischen & Tipper, 2004), thus demonstrating that it does not
only play an important role in early development, but continues to do so
throughout life (e.g. Mundy et al., 2009). The ability to engage in joint attention has even been suggested as an evolutionary foundation for human communication and culture (Tomasello et al., 2005).
When studying joint attention, researchers often differentiate between response to joint attention (RJA) and initiation of joint attention (IJA). Gaze
following is typically measured as an indicator of RJA, and studies of IJA may
include behaviors such as pointing, showing, and alternating gaze. Evidence
suggests that RJA and IJA reflect partially different processes. They differ in
terms of developmental trajectories, with RJA having an earlier onset than IJA
(Beuker et al., 2013; Gredebäck et al., 2010); and longitudinal correlations
within each type of joint attention are stronger than correlations between the
two types at a given time point (Mundy et al., 2007). RJA and IJA have also
been shown to be partially dissociated in terms of underlying neurological
processes (Mundy et al., 2009; Redcay, Kleiner, & Saxe, 2012; Schilbach et
al., 2010); and they have been shown to contribute differently to language development in childhood (Mundy & Jarrold, 2010); as well as to cognition and
information processing in adulthood (Kim & Mundy, 2012).

Joint Attention and ASD
Over the years, a multitude of studies with diverse methodologies have
demonstrated that children with ASD show deficits in joint attention (e.g.
Charman, 2003; Chiang et al., 2008; Dawson et al., 2004; Falck-Ytter et al.,
2012; Leekam, López, & Moore, 2000; Maljaars, Noens, Jansen, Scholte, &
van Berckelaer-Onnes, 2011; Mundy, Sigman, & Kasari, 1994; Mundy,
Sigman, Ungerer, & Sherman, 1986; Naber et al., 2008; Sigman & Ruskin,
1999; Warreyn, Roeyers, & De Groote, 2005). Assessing joint attention is an
important part of diagnostic assessment, and measures of both RJA and IJA
are included in the ADOS-2 and the ADI-R, the gold standard instruments for
diagnosing ASD. Studies of infant siblings have identified lower engagement
in joint attention as one of the earliest signs of ASD, emerging as early as
around the first birthday (Landa et al., 2007; Rozga et al., 2011). Considering
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the important role that joint attention has in early development, less engagement in it can be expected to lead to missed learning opportunities and to have
cascading effects on several developmental areas (e.g. Charman, 2003; Mundy
et al., 2009).
The previously accounted for relation between joint attention and language is
well established in ASD as well as in typical development, and in a recent
meta-analysis, Bottema-Beutel (2016) concluded that this relation is in fact
stronger in ASD than in TD. The author suggested that there may be a threshold of joint attention abilities above which language develops sufficiently, and
that the stronger association in ASD may be due to more children in this group
falling below that threshold. The meta-analysis also confirmed that although
both RJA and IJA are related to language, the association is stronger for RJA.
The association between joint attention and aspects of executive functioning
has also been confirmed in ASD (Dawson et al., 2002), and it has been shown
that joint attention impairments contribute to cooperation-related difficulties
in children with ASD (Colombi et al., 2009). Finally, and as will be more
thoroughly discussed later, some intriguing evidence has suggested that engaging in joint attention may not have the same beneficial effects on information processing in ASD as in typical development (Falck-Ytter, Thorup, &
Bölte, 2015b; Mundy, Kim, McIntyre, Lerro, & Jarrold, 2016).
Although there is evidence of impairment both in terms of RJA and IJA in
children with ASD, deficits in IJA have been shown to persist longer in development than RJA-related deficits (Gotham, Risi, Pickles, & Lord, 2007; Lord
et al., 2000; Mundy et al., 1994; Sigman & Ruskin, 1999). However, most
RJA studies focus on gaze following accuracy – that is, they measure whether
or not the child responds to another person’s gaze cue by making a gaze shift
from the person’s face to a target object. As will be discussed later, one of the
papers in this thesis will explore the hypothesis that autistic children who do
follow gaze may still differ from other children in terms of how they process
the gazed at objects. It may thus be premature to conclude that older children
with ASD are unimpaired in terms of RJA.
Considering the partial dissociation between the two aspects of joint attention
(e.g. Mundy et al., 2009), the following sections will discuss our current
knowledge of gaze following and initiation of joint attention separately. Findings regarding typical development will be presented first, before findings regarding children with ASD and findings from studies of infant siblings will be
accounted for. Each section will end with a paragraph in which I highlight
what I think are the key findings and knowledge gaps that have led up to the
studies in this thesis.
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Gaze Following and Response to Joint Attention in Typical
Development
From birth on, TD infants show a visual preference for human faces (Johnson,
Dziurawiec, Ellis, & Morton, 1991). They prefer faces with open eyes over
faces with closed eyes (Batki, Baron-Cohen, Wheelwright, Connellan, &
Ahluwalia, 2000), and faces with direct gaze over those with averted gaze
(Farroni, Csibra, Simion, & Johnson, 2002). These early preferences are believed to facilitate social-cognitive development by allowing the infant to focus on social stimuli (Johnson, Senju, & Tomalski, 2015). Newborns have also
been shown to display a rudimentary sensitivity to gaze direction; they are
faster to allocate a visual target if the target location is cued by the gaze direction of a schematic face (Farroni, Massaccesi, Pividori, & Johnson, 2004).
This tendency is often referred to as gaze cueing, or reactive gaze following,
and indicates a very early reliance on other people’s gaze cues as a means of
processing the world. Fast and involuntary, gaze cueing differs from the more
volitional, spontaneous gaze following that infants start to engage in later in
development, and that will be the primary focus of this section.
Studies of spontaneous gaze following typically entail a person, live or on
video, who initiates eye contact and then looks in the direction of one of several objects. The looking toward the target is almost always accompanied by
a head turn, and sometimes with pointing gestures and/or vocalizations such
as calling the child’s name. TD infants start to spontaneously follow the gaze
of others around 3-4 months of age, and the ability becomes increasingly stable during the subsequent months (D'Entremont, 2000; D'Entremont et al.,
1997; Gredebäck et al., 2010; Perra & Gattis, 2010). Early gaze following is
relatively rudimentary with young infants following the general direction of
gaze and only being able to detect objects within their immediate visual field
(Butterworth & Jarrett, 1991). The ability however gradually becomes more
precise, and by 9 months infants are able to ignore a closer object in order to
follow gaze to a more peripheral target (Flom, Deak, Phill, & Pick, 2004).
During their second year of life, children even start to follow gaze to objects
located behind them (Beuker et al., 2013; Deak, Flom, & Pick, 2000). The
speed by which infants respond to others’ gaze shifts also becomes increasingly faster during the first and second year of life (Gredebäck et al., 2010;
Van Hecke et al., 2012).
As noted above, early gaze following does not require any mentalistic abilities, but could be a consequence of basic learning processes. That is, the infant
may learn through experience to expect an interesting sight in the location of
another’s gaze direction, and thus becomes more likely to respond to gaze cues
by looking in the same direction (Deak, Krasno, Triesch, Lewis, & Sepeta,
2014; Moore & Corkum, 1994; Triesch, Teuscher, Deak, & Carlson, 2006;
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although, the above discussed cueing effect in newborns could be argued to
indicate some kind of innate bias). Toward the end of the first year, gaze following becomes more fine tuned to specific aspects of the stimulus, and others’ eyes in particular. For example, it has been shown that 9-month-olds are
equally likely to follow the head movement of a person with closed as with
open eyes. At 10 months however, infants are more likely to follow the gaze
of a person with open rather than closed eyes, suggesting, perhaps, that they
now appreciate the link between eyes and seeing (Brooks & Meltzoff, 2005,
but see Moore & Corkum, 1998, suggesting that infants do not follow eye
direction without an accompanying head movement until the age of 18
months). Studies using looking times (Senju, Csibra, & Johnson, 2008) and
event-related potentials (Senju, Johnson, & Csibra, 2006) have provided some
evidence suggesting that 9-month-olds can encode the relation between gaze
direction and targets. It has also been shown that 8-month-olds look longer at
an empty location when someone else has previously looked in that direction,
indicating that they expect the other’s gaze to be directed at a target (Csibra &
Volein, 2008). Further, 9-month-olds look longer at faces gazing in the direction of a target compared to faces gazing to the opposite side of the target,
even if the face is moving in the opposite direction. This suggests that infants
at this age prioritize gaze direction over facial movement (Senju et al., 2008),
whereas 4-5-month-olds have been shown to rely on movement over gaze
direction (Farroni, Johnson, Brockbank, & Simion, 2000).
I would like to end this section by acknowledging the fact that although gaze
following is by far the most common measure of RJA, it is not its only manifestation. The majority of the research has focused on visual joint attention,
but joint attention is possible, although probably understudied, in other modalities as well (see Botero, 2016, for a suggestion of how joint attention
through touch can be studied, and Bigelow, 2003, for a study of joint attention
development in blind infants). Even in the visual mode, it has been demonstrated that parents and infants also obtain joint attention by following each
other’s hand movements (Yu & Smith, 2013).

Gaze Following and Response to Joint Attention in ASD
A majority of studies suggest the area of reflexive gaze cueing to be intact in
children with ASD (e.g. Chawarska, Klin, & Volkmar, 2003; Kylliäinen &
Hietanen, 2004; Okada, Sato, Murai, Kubota, & Toichi, 2004; Swettenham,
Condie, Campbell, Milne, & Coleman, 2003), whereas a substantial minority
of studies suggest otherwise (e.g. Goldberg et al., 2008; Johnson et al., 2005;
Ristic et al., 2005). For a review of the area, see Nation & Penny, 2008. When
it comes to spontaneous gaze following, a large number of studies have shown
that children with ASD engage less in it than both TD and developmentally
delayed children (e.g. Chawarska et al., 2003; Chiang et al., 2008; Dawson et
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al., 2004; Falck-Ytter et al., 2012; Leekam, Baron-Cohen, Perrett, Milders, &
Brown, 1997; Leekam et al., 2000; Mundy et al., 1994; Mundy et al., 1986;
Sigman & Ruskin, 1999). In this area as well however, there are quite a few
studies that have reported similar performance between children with ASD
and other children (Akechi et al., 2011; Falck-Ytter et al., 2015b; Freeth,
Chapman, Ropar, & Mitchell, 2010; Leekam et al., 1998). Some of the studies
(Leekam et al., 2000; Mundy et al., 1994) showed that deficits were most evident in autistic children with lower mental age, thus suggesting that the ability
to follow gaze may be predominantly impaired early in development.
It is not clear what the mechanisms behind the often reported early lower gaze
following accuracy of autistic children are. Some early studies (Baron-Cohen,
1989; Leekam et al., 1997) showed that children with ASD were equally good
as control children at determining at which object a model was looking when
specifically asked to do so. The authors argued that this ruled out difficulties
with detecting eye gaze direction as a possible cause behind the lower spontaneous gaze following of the autistic children. However, using different methods, some more recent studies have reported evidence of impaired eye gaze
direction detection in children and adults with ASD (d'Arc et al., 2017;
Howard et al., 2000; Webster & Potter, 2008). It is important to note that none
of these studies investigated children younger than 10 years, and that it is
therefore not possible to determine whether decreased gaze direction detection
is a cause or a consequence of less gaze following engagement (or other aspects of having an ASD diagnosis over several years).
Apart from measuring gaze following accuracy, a few studies have included
measures of looking times. Falck-Ytter et al. (2015b) found that 3-year-olds
with ASD were equally likely as TD and developmentally delayed children to
follow gaze, but that the control children displayed a longer first fixation toward the attended object as compared to the unattended object than did the
autistic children. This was suggested to reflect that the control children show
a processing bias for objects being the focus of another person’s attention, but
that this may not be the case for children with ASD. That is, seeing someone
else look at an object would not affect the status of the object for autistic children as it may for other children. Measuring total looking durations rather than
first fixation durations, and using static pictures rather than videos, Freeth et
al. (2010) made a similar finding when showing that following gaze was associated with an increase in fixation time to the target object in a group of TD
adolescents, but not in adolescents with high-functioning ASD. Relatedly, two
studies (Akechi et al., 2011; Gliga et al., 2012) have demonstrated that children with or at risk for ASD spend less time looking at attended objects in a
word learning context, despite following gaze to the same extent as other children. Interestingly, the ASD/risk groups in these studies also learned fewer
words than the control children, suggesting that the reduced processing time
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may be a disadvantage for learning. This is a hypothesis that warrants further
investigation. Nevertheless, if the looking patterns of autistic children really
entails reduced learning opportunities, it would be of utmost importance to
investigate whether these patterns can be altered (Mundy, 2016).

Studies of Gaze Following and RJA in Infant Siblings
Whether newborns with later ASD display the same preference for eyes and
direct gaze as TD infants (Batki et al., 2000; Farroni et al., 2002) is currently
not known, since this has not been investigated in at-risk populations. Few
studies of infant siblings have included measurement points prior to 6 months.
Jones and Klin (2013) however, measured infants’ looking times to eyes repeatedly between 2 and 24 months. They discovered that infants who were
later diagnosed with ASD displayed a decline in attention to eyes between 2
and 6 months that was not present in TD infants. Importantly though, the infants with later ASD did not look less at eyes than TD infants at the initial
measurement. The results should be interpreted with some caution, considering that the ASD sample was very small and included only boys. Nevertheless,
if valid, the findings do not support the presence of an innate insensitivity to
eye gaze. Rather, they seem to indicate that infants with later ASD become
gradually less interested in eyes during their first half year of life. Using electroencephalogram (EEG), another study has demonstrated that 6-10 montholds with later ASD do not differentiate in terms of their neurological responses between faces with gaze moving toward vs. away from them, as TD
infants do (Elsabbagh et al., 2012a). This finding may indicate that infants
with later ASD are less sensitive to gaze direction.
A number of infant sibling studies have investigated spontaneous gaze following, thus providing more insight on very early development. Two studies have
reported lower levels of gaze following accuracy in HR infants than in LR
controls (Cassel et al., 2007; Ibanez, Grantz, & Messinger, 2013), but two
others did not detect any group differences (Goldberg et al., 2005; Yirmiya et
al., 2006). However, none of these studies reported on the children’s later diagnostic outcome. Of the studies that have followed infants until they were
old enough to go through diagnostic assessment, the majority report some association between early gaze following and later ASD symptomatology
(Bedford et al., 2012; Brian et al., 2008; Landa et al., 2007; Rozga et al., 2011;
Sullivan et al., 2007; Yoder, Stone, Walden, & Malesa, 2009) but a number of
studies do not find such an association (Chawarska et al., 2014; Ibanez et al.,
2013; Macari et al., 2012). Not all reported group differences are related to
gaze following accuracy. Bedford et al. (2012) did not detect any group differences in terms of this metric, but made a finding similar to the previously
discussed looking time findings - namely that 13-month-olds with later sociocommunicative problems, including ASD, spent less time looking at the object
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attended to by the model. The finding was suggested to reflect a lower sensitivity to the referential meaning of the gaze cue.
The conducted infant sibling studies differ greatly in terms of methodology.
The study by Bedford et al. (2012), for example, used eye tracking in response
to pre-recorded stimuli, whereas most studies used standardized instruments
administered during interaction. The studies also differ in terms of what types
of gaze cues that were used. Whereas some used a silent head/gaze turn, others
included pointing and/or vocalization. In a study of 15-month-old infant siblings, Presmanes, Walden, Stone, and Yoder (2007) specifically addressed the
issue of cue redundancy. They discovered that it was only at an intermediate
level (in that case vocalization and head/gaze shift) that a group difference lower accuracy in the HR group - arose. When more cues were used in combination, both groups were equally successful, and when fewer cues were
used, none of the groups managed to follow gaze. A later follow-up study
revealed that this early pattern of gaze following accuracy was predictive of
later social impairment (Yoder et al., 2009). The results of another study of
14-month-olds (Sullivan et al., 2007) also suggested that infants at risk for
ASD may benefit more from increased cue saliency. It is interesting to note
that in all of the different cue variations that were used in the two studies, the
model turned her entire head toward the target object. Considering that infants
with later ASD have previously been shown to be less sensitive to eye information than other infants (Elsabbagh et al., 2012b), an interesting extension
would be to remove the head turn and present the infants with a model who
used only her eyes to gaze in the direction of the target.

Key Findings and Knowledge Gaps (I)
As has been recently accounted for, several studies have indicated that typically developing 9-10-month-olds appreciate the link between eyes and gazedat objects (Brooks & Meltzoff, 2005; Senju et al., 2008; Senju et al., 2006)
and that they thus understand that another person is looking at something when
his/her eyes are focused in the direction of that object. Younger infants, on the
other hand, have been shown to rely on motion over eye gaze (Farroni et al.,
2000) and to even follow the head movement of a person with closed eyes
(Brooks & Meltzoff, 2005). Infants at risk for ASD have been shown to be
less sensitive to eye information compared to other infants (Elsabbagh et al.,
2012b), which could potentially imply that these infants would be less responsive to eye gaze cues in a gaze following context. However, the extent to
which infants at high and low risk for ASD rely on information from the eyes
vs. the head when following gaze has not been studied previously. This issue
is addressed in Study I of this thesis.
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Another question that is currently without a definite answer is the extent to
which older children with ASD are impaired in terms of gaze following. Some
studies have reported lower gaze following accuracy in this group (e.g. FalckYtter et al., 2012), whereas others have not found any group differences (e.g.
Leekam et al., 1998). A number of recent studies have indicated that applying
other metrics than gaze following accuracy may be useful, and focusing on
looking time measures has proved to be an alternative means of investigating
how children with ASD may differ from others. In particular, in our previous
study described above (Falck-Ytter et al., 2015b), we found that children with
ASD, despite following gaze, did not differentiate between attended and unattended objects in terms of first fixation durations to the same extent as other
children. This was interpreted as reflecting that object processing may be less
influenced by other people’s looking behavior in autistic children compared
to TD children, which could affect learning opportunities negatively. However, as this was a small sample study, replication of the initial finding is
needed. Moreover, from a clinical point of view it would be valuable to know
if the pattern of less differentiating between attended and unattended objects
in ASD could be altered through the use of more interesting objects. To address these issues was the aim of Study II.

Initiation of Joint Attention in Typical Development
Around 8-9 months of age, infants begin alternating their gaze between an
interaction partner and an object or event (Beuker et al., 2013). Between 8 and
10 months, the alternating of gaze is increasingly paired with anticipatory
smiling; suggesting an attempt at communicating positive affect about the object gazed upon (Parlade et al., 2009; Venezia, Messinger, Thorp, & Mundy,
2004). Around 10-14 months, infants also start engaging in gestural IJA behaviors such as pointing and showing (Beuker et al., 2013; Carpenter, Nagell,
& Tomasello, 1998). In contrast to gaze following, research suggests that the
early development of IJA may not be linear, but rather characterized by an
early increase followed by a u-shaped pattern of decline and rebound between
12 and 18 months (Mundy et al., 2007).
IJA behaviors vary in terms of both function and form. With regard to function, they can be either declarative – aimed at attention sharing - or imperative
– aimed at obtaining a desired object or activity (Bates, Camaioni, & Volterra,
1975). A child pointing at an airplane in the sky in order to show it to a parent
is an example of declarative IJA, whereas a child pointing to a cookie jar because she wants a cookie is an imperative behavior. The two behaviors may
share the same topography, and they may both comprise joint attention, but
their function is significantly different, with attention sharing being a goal of
the declarative behavior, but rather a means of the imperative behavior. As
accounted for in the previous section, the form of IJA behaviors spans from
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earlier occurring, more subtle behaviors such as alternating gaze and childinitiated eye contact, to later occurring gestural behaviors, such as pointing
and showing. Some (e.g. Stone, Coonrod, & Ousley, 2000; Wetherby &
Prizant, 2002) include vocal behavior as well.
As should be evident from the text above, studies of IJA measure a variety of
different behaviors. One of the papers in this thesis will focus on one particular
IJA behavior – namely alternating gaze. This behavior may serve the function
of declarative joint attention; by looking back and forth between an object and
a person, the child aims to draw the person’s attention to the object with the
goal of sharing an experience. Alternatively, the child may look from an object
to an adult in order to obtain social information about the object; the child will
then use the adult’s reaction to regulate his or her own behavior toward the
object (i.e., approach or withdrawal). This is referred to as social referencing
and is something that infants encountering new or ambiguous objects start to
engage in toward the end of the first year (Sorce, Emde, Campos, & Klinnert,
1985; Stenberg & Hagekull, 1997; Striano & Rochat, 2000). As a measure of
IJA, alternating gaze has the advantage of occurring early in development, and
it has been shown to display high individual stability between 9 and 18 months
(Mundy et al., 2007). Nevertheless, it evidently represents a less explicit form
of IJA than, for example, pointing, which has led some to question its suitability as an IJA measure (Pickard & Ingersoll, 2015; Tomasello, Moore, &
Dunham, 1995).
IJA in typical development is not as well studied as gaze following, and many
studies on the area come from the ASD field. Focusing on a typical population
though, Van Hecke et al. (2007) showed that higher levels of IJA at 12 months
is associated with more optimal social functioning at 30 months, thus demonstrating that the relation between IJA and social behavior is not restricted to
ASD. Considering that IJA reflects a more active attempt at sharing attention
than gaze following, it has been suggested to be more related to social motivation and reward. Indeed, imaging of neurotypical adults have confirmed that
IJA is associated with increased activity in reward-related brain areas, such as
the ventral striatum (Gordon, Eilbott, Feldman, Pelphrey, & Vander Wyk,
2013; Schilbach et al., 2010).

Initiation of Joint Attention in ASD
A number of studies have shown that children with ASD do not initiate joint
attention to the same extent as TD children and children with developmental
delay (e.g. Chiang et al., 2008; Dawson et al., 2004; Goldberg et al., 2005;
Mundy et al., 1994; Mundy et al., 1986; Sigman & Ruskin, 1999; Warreyn et
al., 2005). In comparison to gaze following, problems with IJA seem to persist
longer in development (Mundy et al., 1994; Sigman & Ruskin, 1999). It has
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been shown that autistic children are relatively more impaired at declarative
joint attention initiations than at imperative joint attention bids (Curcio, 1978;
Mundy et al., 1986), suggesting that these children may direct another’s attention as a means of obtaining a desired object, but that they are less likely to
initiate joint attention for the sake of attention sharing. Children with ASD are
also less likely than other children to combine IJA with the expression of positive affect, suggesting that they are less motivated to share affective states
with others (Kasari, Sigman, Mundy, & Yirmiya, 1990). In terms of the different types of IJA behaviors, it has been suggested that the performance of
autistic children differs more from that of typically developing children in
terms of gestures than in terms of eye contact behaviors such as alternating
gaze (Chiang et al., 2008; Mundy et al., 1994). Also, and somewhat surprisingly, a study of 3-year-olds with ASD failed to find a correlation between eye
contact-based and gestural IJA (Pickard & Ingersoll, 2015).

Studies of IJA in Infant Siblings
Infant sibling studies have investigated IJA behaviors early in development,
and found them to be less frequent in HR than LR infants (Gangi, Messinger,
Martin, & Cuccaro, 2016; Goldberg et al., 2005). Other interesting results include the finding that the presence of certain genotypes associated with less
optimal dopaminergic function is related to lower levels of IJA in an HR, but
not an LR sample (Gangi et al., 2016); and the finding that HR infants engage
in fewer IJA bids accompanied with social smiling than LR infants (Gangi,
Ibanez, & Messinger, 2014). Whereas the studies mentioned so forth used
combined measures of IJA, a few other studies have investigated eye contactbased IJA separately. Two studies with outcome data reported lower performance at 12–14 months in those infants who later received an ASD diagnosis
(Landa et al., 2007; Macari et al., 2012), whereas a third study did not detect
such a group difference (Rozga et al., 2011). In addition, one study without
outcome data (Cassel et al., 2007) reported lower levels of eye contact IJA in
HR than LR infants at 15 months (but not at any other time point between 8
and 18 months), whereas another study (Yirmiya et al., 2006) did not find such
a difference at 14 months. Targeting alternating gaze in the function of social
referencing, Cornew, Dobkins, Akshoomoff, McCleery, and Carver (2012)
showed that 18-month-olds with later ASD were both less likely and slower
to engage in this behavior.
To the best of my knowledge, only one study has prospectively investigated
IJA before the first birthday, and its relation to later diagnostic outcome.
Ibanez et al. (2013) showed that the frequency by which infants engaged in
IJA at 8 months could predict diagnostic outcome at 30 months. This study
also demonstrated that IJA development in infants with a later ASD diagnosis
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show the same u-shaped pattern as detected in a typical sample (Mundy et al.,
2007).

Key Findings and Knowledge Gaps (II)
Although alternating gaze can be viewed as a rather subtle behavior, the frequency by which an infant engages in it may play an important role for development. By looking back and forth between a parent and a ball sitting on a
shelf, the infant is able to communicate his interest in the ball to the parent.
The response this evokes may involve both opportunities for social interaction
(the parent acknowledging the infant’s behavior by attending to him), word
learning (the parent commenting on the ball and naming it) and motoric exploration (the parent handing the ball to the infant). Despite this powerful role
that alternating gaze may play in terms of infant-initiated learning opportunities, little is known regarding how infants at risk for ASD may differ from
other infants in terms of this behavior. As recently mentioned, only one study
(Ibanez et al., 2013) has prospectively investigated the relation between IJA
before the first birthday and later ASD symptoms. This study did not target
alternating gaze specifically, but measured IJA in a broader sense. Also, previous studies have not carefully ruled out potential confounding factors that
could explain the observed relation between IJA in infancy and later outcomes. In particular, it is important to study general attentional factors such
as visual disengagement as well as general reductions in engagement with the
social environment. Infants later diagnosed with ASD have previously been
shown to be slower to disengage their attention from one object to another,
compared to TD infants (Elison et al., 2013; Elsabbagh et al., 2013;
Zwaigenbaum et al., 2005). They have also been shown to spend less time
looking at social stimuli (Chawarska et al., 2013), thus reflecting a potentially
lower social interest. Both slower disengagement and a lower social interest
could be expected to affect the frequency by which infants engage in alternating gaze. Indeed, a study of 3-year-olds with ASD (Schietecatte, Roeyers, &
Warreyn, 2012) reported a concurrent relation between disengagement latencies and alternating gaze, and a trend toward a relation between social interest
and alternating gaze. As this study did not include a control group, it is unknown whether these relations are specific to ASD or not. No previous study
has investigated how differences in terms of attentional measures may influence the longitudinal relation between alternating gaze and ASD symptoms,
and doing so was one of the aims of Study II.

Aims of the Thesis
The overarching aim of the studies in this thesis was to study various joint
attention behaviors and their role in the development of children with or at
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risk for ASD. Study I and Study II focused on early development, thus investigating behaviors of interest as early as at 10 months in a sample of infants at
high vs. low risk for ASD. Previous research has shown that typically developing 10-month-olds rely on information from the eyes when following gaze
(Brooks & Meltzoff, 2005), whereas another study has indicated that infants
who later receive an ASD diagnosis may be less sensitive to eye information
compared to TD infants (Elsabbagh et al., 2012b). The main goal of Study I
was therefore to investigate whether infant siblings of children with ASD
would differ from other infants in terms on their reliance on eye vs. head information in a gaze following context. In Study II, the focus was on alternating
gaze as a measure of initiation of joint attention. First, we wanted to examine
whether the frequency by which 10-month-olds alternated gaze between an
interaction partner and an interesting event would be related to autistic symptoms at 18 months. Considering that it has been questioned to what degree
alternating gaze really captures IJA (Pickard & Ingersoll, 2015), we also
wanted to explore the validity of the measurement by investigating its relation
with later occurring gestural IJA behaviors. Finally, Study II also aimed to
investigate whether other attentional behaviors – disengagement latencies and
social interest – may influence the potential relation between alternating gaze
and ASD symptoms. Joint attention behaviors are typically measured either
using naturalistic measures of interaction, or pre-recorded eye tracking stimuli. A common aim of Study I and Study II was to combine the benefits of
both approaches by using eye tracking during live interaction.
In Study III, the focus was shifted from early development and infants at risk
to older children with a confirmed ASD diagnosis. The main goal of this study
was to investigate gaze following from a different angle, and to further explore
the hypothesis that children with ASD may differ from TD children in terms
of how they process objects they see others look at. The first aim was to replicate the finding that autistic individuals differentiate less between attended
and unattended objects in terms of first fixation durations (Falck-Ytter et al.,
2015b) in a new sample. Since a lower processing bias for attended objects
may have negative consequences - for example reduced learning (Akechi et
al., 2011; Gliga et al., 2012) - the second aim was to test whether it would be
possible to alter the pattern of less differentiation between attended and unattended objects by varying the interest level of the target objects.
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Methods

Participants
Study I and Study II
All participants in Study I and Study II were part of a longitudinal project
(Early Autism Sweden; EASE), following infant siblings of children with
ASD and control infants from the age of 5 months, with multiple assessments
up to age 6 years. For a general overview of the main assessments and
measures in the study, see www.eurosibs.eu/research, (but note that the table
only includes measures that are shared within the EUROSIBS network and
not site-specific measures). Infants in the HR group were recruited through
advertisements, the project’s website (www.smasyskon.se) and clinical units.
Infants in this group were required to have at least one older sibling with diagnosed ASD. LR infants were recruited from a database of families who had
expressed interest in participating in research. These infants were required to
have at least one older sibling with typical development and no first-hand relatives with known or suspected ASD. Exclusion criteria for both groups were
pre-term birth (< 36 weeks) and confirmed or suspected medical problems.
Both the HR and the LR group comprised primarily of middle-class families
from the greater Stockholm, Sweden, area, and the socio-economic status did
not differ between groups. The samples of Study I and II were largely overlapping. The HR and LR samples did not differ in terms of either age or developmental level, assessed by the Mullen Scales of Early Learning (MSEL;
Mullen, 1995) at any visit. For participant characteristics, see Table 1 and Table 2.
Table 1. Participant characteristics by group, Study I, final sample. M/SD.
Measure

HR Group
N = 47 (21 boys)

LR Group
N = 17 (11 boys)

Age (months)

10.25/0.45

10.27/0.58

MSEL Total Score

98.45/13.96

96.35/11.70

SES1

-0.06/0.85

0.14/0.84

1

Socioeconomic status calculated on the basis of parental education and income (equal weighing), expressed as a z-score (for this measure N in the HR group = 45, as two families did not
disclose this information).
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Table 2. Participant characteristics by group, Study II, final sample. M/SD.
Measure

HR group
N = 51 (22 boys)

LR group
N = 16 (10 boys)

Assessment at 10 months of age

10.45/0.43

10.37/0.55

Assessment at 18 months of age

18.51/0.76

18.51/0.94

MSEL Total Score
10 months

99.92/13.50

101.44/11.64

MSEL Total Score 18 months

97.29/15.67

97.75/13.54

SES1

-0.02/0.84

0.08/0.84

1

Socioeconomic status calculated on the basis of parental education and income (equal weighing), expressed as a z-score (for this measure, N in the HR group = 50, as two families did not
disclose this information).

Study III
The participants in the ASD group in Study III were recruited from the Autism
Center for Young Children in Stockholm, Sweden. All children in this group
had a confirmed diagnosis of ASD, including Autistic disorder, Asperger’s
disorder, and PDD-NOS. Diagnosis was corroborated using the ADOS-2. The
children of the control-group were age- and gender-matched to the ASD group
and recruited from the same database as the LR children in Study I and Study
II. These children were typically developing according to parental report and
did not have any medical or developmental diagnoses. As in Study I and II,
most families were middle-class families from the greater Stockholm, Sweden, area. The two groups did not differ statistically in terms of age or nonverbal IQ (NVIQ), but there was a trend toward higher NVIQ in the TD group.
For participant characteristics, see Table 3.
Table 3. Participant characteristics, Study III, final sample. M/SD.
Measure

ASD
N = 16 (12 boys)

TD
N = 17 (12 boys)

Age (months)

81.56/15.42

74.12/15.51

NVIQ1

105.23/19.20

115.76/11.01

ADOS-2 Total Score

14.31/5.77

N/A

1

NVIQ was assessed using the standard non-verbal subtests of WPPSI-III or WISC-IV (based
on 13 children in the ASD group, as it was not possible to determine NVIQ in three children).
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Apparatus and Procedures
Study I and Study II
Study I and Study II were conducted using a live eye tracking procedure (e.g.
Nyström, Bölte, & Falck-Ytter, in press), where the gaze behavior of the infants was recorded during interaction using a Tobii TX300 eye tracker. The
experiments in Study I and II were part of the same eye tracking session, which
comprised a number of tasks and lasted approximately 10-15 minutes in total.
The infant was seated on the lap of the parent, 200 cm from a scene area,
where the experimenter was seated at a low table. At each side of the table
was an oblong transparent lamp (that was only activated during the Study II
experiment). The eye tracker was placed at a table between the scene area and
the infant, and recorded the gaze of the infant with a sample rate of 120 Hz.
Two video cameras recorded the child’s behavior and the scene area. The session started with a calibration procedure in which the experimenter moved a
squeaky toy across pre-defined calibration points to attract the attention of the
infant. Calibration was validated via online inspection of gaze replay on a
monitor in the background of the room, and repeated if necessary.
For the experiment of Study I, which measured gaze following, two wooden
screens were placed on top of the table, one on each side of the experimenter.
Each screen had a hole at approximately the same height as the experimenter’s
face. The experiment included four trials, during which the experimenter made
pairs of puppets appear through the holes. Each trial started by the experimenter calling the child’s name in order to elicit eye contact. In the Eyes and
Head condition, the experimenter then turned his/her head toward one of the
puppets while saying “Oj!” (a Swedish interjection expressing surprise or excitement). The experimenter kept looking at the puppet for 4 seconds before
turning back to look at the infant. The Eyes Only condition mimicked the Eyes
and Head condition, except for the fact that the experimenter kept his/her head
still in a forward position, moving only the eyes in the direction of one of the
puppets. Each block contained four trials, two in each condition, and the order
of the conditions was counterbalanced between blocks. For a sketch of the
experimental setting, see Figure 1.
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Figure 1. Experimental setting, Study I. Infant and parent were seated 200 cm from
the experimenter. A Tobii TX300 eye tracker, placed on the table in front of the infant, recorded the infant’s gaze. Two cameras, not visible in the sketch, recorded the
infant’s behavior and the stimulus area.

The Study II experiment, that measured alternating gaze, took place at the end
of the live eye tracking session, and the wooden screens were then removed
from the table. The experiment included four trials. The experimenter started
by attracting the infant’s attention. S/he then turned on the lamp on his/her
right side, by the use of a remote control hidden under the table. Once the lamp
was turned on, lights began to flash, changing color approximately every second. The lights were flashing for 10 seconds, during which the experimenter
remained still facing the infant, intermittently speaking softly, and thus
providing the infant with an opportunity to initiate joint attention. If the infant
made an explicit attempt at directing the experimenter’s attention toward the
lights, for example, by pointing or saying “lamp” or “there”, the experimenter
responded by turning toward the lights and commenting on them. The rationale behind this was to avoid extinguishing joint attention behaviors by being unresponsive. The four trials were identical, except for the fact that the
lights on the experimenter’s left side were activated on the first and third trials,
and the lights on the right side were activated on the second and fourth trials.
See Figure 2.

35

Figure 2. Sketch of experimental setting, IJA-task, Study II.

Study II also included a disengagement task that took place in the middle of
the eye tracking session. During this task, that was a modified version of the
disengagement task from the Autism Observation Scale for Infants (AOSI;
Bryson, Zwaigenbaum, McDermott, Rombough, & Brian, 2008), the experimenter presented the infant with two rattles. The experimenter started by shaking one rattle at approximately 20 cm to the right of his/her face, while keeping
the second rattle hidden behind the table. Once the infant fixated on the active
rattle, the experimenter began shaking the second rattle on the left side of
his/her face. Six disengagement trials were presented, alternating between the
left and right sides.
The live eye tracking experiment was performed by six individual experimenters (2 males, 4 females), who had all been trained according to a written protocol and a video template.
Study II included data from a follow-up visit when the children were 18
months old, during which they were assessed with the ADOS. The Toddler
Module (ADOS-T; Lord, Luyster, Gotham, & Guthrie, 2012a), developed for
children below 30 months of age, was used. The ADOS is a semi-structured
play-observation, designed to elicit certain behaviors of interest. The administration results in a total measure, reflecting the degree of autistic symptoms,
as well as individual scorings of the frequency and quality of various behaviors. The ADOS-T was administered by three experienced clinical psychologists (2 males, 1 female).
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Study III
Study III was conducted using traditional eye tracking with pre-recorded video
stimuli. The gaze behavior of the children was recorded with a Tobii T120 eye
tracker and the stimuli were displayed on a 17-inch monitor. After a five-point
calibration was conducted, 16 video clips, lasting 10 seconds each, were presented intermixed with other stimuli and attention grabbers, and divided into
three blocks with breaks in between. Each video showed a female model
seated at a table, on which four objects were placed. See Figure 3. In the beginning of the video, the face of the model was covered by an attention grabber
and a voice greeted the child by saying “hello”. The attention grabber was then
removed, and the model turned her head (and eyes) toward one of the objects.
The model kept looking at the object for 5 seconds, before turning her head
back to a forward position. The videos comprised two conditions with eight
videos in each. The high interest condition included two sets of objects - one
with toy vehicles and one with model trains. Vehicles and trains were chosen
because they are documented common interest areas in ASD, and have previously been used in studies measuring attention to objects related to circumscribed interests (Sasson, Elison, Turner-Brown, Dichter, & Bodfish, 2011;
Sasson & Touchstone, 2013; Sasson, Turner-Brown, Holtzclaw, Lam, &
Bodfish, 2008). The baseline condition also comprised two sets of objects one with house plants with green leafs and one with flowering house plants.
The objects in the two conditions were roughly equivalent in terms of size and
perceptual detail. Each of the four objects comprising a stimulus set was attended to once by the model and the order of the videos was pseudorandomized so that no more than two videos from the same condition occurred in a
row.
The parents of the children in Study III filled out the Repetitive Behavior
Scale-Revised (RBS-R), and the five-factor solution (Lam & Aman, 2007)
was used to assess the presence of repetitive behaviors and restricted interests.
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Figure 3. Screenshots of the stimulus video, Study III, showing the attention grabber
covering the model’s face, the model engaging in direct gaze, the model attending to
one of the objects, and then engaging in direct gaze again. Areas of interest (AOIs)
are highlighted. The upper row depicts one of two stimuli sets in the high interest
condition; the lower row depicts one of two stimuli sets in the baseline condition.

Measures and Analyses
Study I
The recordings from the eye tracking were manually coded by a lab member
who was blind to infant risk status as well as to the study hypotheses. Coding
was conducted with the Tobii Studio 3.2.3. software, and based on gaze replays (video of the stimulus area with infants’ gaze superimposed). A time
window was defined that started with the experimenter engaging in direct gaze
just before s/he initiated the gaze shift toward the puppet, and ended with the
experimenter shifting gaze from the puppet back to the infant. Only trials
where the infant first fixated on the experimenter’s face and then one of the
puppets within this time window were included. Trials where the infant looked
at the attended object after fixating on the experimenter were coded as congruent. Trials where the infant looked at the unattended object after fixating
on the experimenter were coded as incongruent. Trials where the infant fixated
on the experimenter, but did not look at any of the puppets were coded as
other, and were not included in the primary analysis, but compared across
groups. Fixations had to be at least 200 milliseconds long to be included, and
each infant had to contribute at least two valid trials per condition. As the
primary measure, we computed a difference score (DS); the number of incongruent gaze shifts was subtracted from the number of congruent gaze shifts
made by each infant. A positive DS would thus indicate that the infant made
more congruent than incongruent gaze shifts. Due to the DS’s being negatively
skewed, non-parametric tests were used. In order to test the hypothesis that
the two groups were differently affected by the experimental manipulation,
we subtracted the performance (DS) in the Eyes Only condition from that in
the Eyes and Head condition. The obtained measure reflects performance reduction in the Eyes Only condition relative to the Eyes and Head condition,
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and comparing this measure between groups is analogous to testing for a group
by condition interaction effect in a 2 x 2 ANOVA. Statistical analyses were
performed in SPSS (SPSS Inc., Chicago, IL) and two-tailed probabilities were
used.

Study II
Data text files were exported from the Tobii Studio Software and analyzed in
MATLAB (MathWorks Inc., Natick, MA), using the TimeStudio project
framework (version 3.15; timestudioproject.com; Nyström, Falck-Ytter, &
Gredebäck, 2016), and SPSS. For each recording of the IJA task, gaze data
was extracted from four individually defined AOIs, covering the face of the
experimenter, the two lamps, and the entire scene area. As manual inspections
revealed that the lights sometimes were flashing for slightly shorter than 10
seconds, only the first 9 seconds were analyzed for all trials.
Trials with less than 50% gaze data during the time the lights were flashing
were excluded from the analysis. We further required at least two valid trials
from each infant. As the primary measure of alternating gaze, we used the
number of gaze alternations between the face of the experimenter and the
flashing lights. In order to assess for general differences in terms of looking
patterns and durations, we also compared the total number of fixations on the
scene area and the total looking times in the different AOIs across groups.
For the disengagement task, data was extracted from two AOIs covering the
rattles. As the dependent measure, we used the time it took the infant’s gaze
to enter the AOI covering the second rattle once it became visible to the infant.
Each infant had to contribute at least two valid disengagement trials in order
to be included in the analysis, and all trials where the infants made predictive
gaze shifts (disengaged from the first rattle before the second was presented)
were excluded.
In order to assess for differences in terms of attention to the experimenter, a
social preference quotient was calculated during all parts of the live eye tracking session except the IJA task and the disengagement task. The session includes a variety of components during which the experimenter interacts with
the infant. For example, the experimenter presents and plays with different
toys and makes small talk. The present objects are never near the experimenter’s face, which allowed us to calculate a ratio of relative looking time
toward the face. The total amount of time that the infants spent looking at the
experimenter’s face was divided by the total amount of time they spent looking anywhere in the scene area, including the experimenter and various ob-
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jects. Higher values would thus indicate a higher preference for the experimenter over the non-social elements. In order to be included in this analysis,
the infants had to contribute at least 25% valid data.
As a general measure of ASD symptomatology, the Total Social Affect and
Restricted Repetitive Behavior Score from the ADOS-T was used. As recommended by Esler et al. (2015), the calibrated severity score of this measure
was used. Calibrated severity scores range from 1–10, with higher values indicating more symptoms and a higher degree of concern. To investigate the
relation between early alternating gaze and later gestural IJA, we used the
ADOS-T items showing and pointing. Both are scored on a four-point scale
where lower values indicate higher incidence and quality of the behaviors.
Since all three ADOS-T variables were positively skewed, non-parametric
tests were used for the correlations and group comparisons involving these
variables.

Study III
Data was analyzed using Tobii Studio 3.2.3. software. A fixation filter (Tobii
Fixation Filter) with a velocity threshold of 35 pixels/window and a distance
threshold of 35 pixels was applied, and fixations shorter than 60 milliseconds
were discarded. Seven rectangular AOIs were defined. One covered the attention grabber in the beginning of the video, and the other six covered the
model’s face, the four objects and the entire screen. First fixation durations
within each of the six later AOIs were extracted from when the model’s face
was revealed until the end of the clip. Gaze shifts were coded manually, using
gaze replays (recordings of the stimuli with the participant’s gaze and AOIs
superimposed). For a trial to be included in the analysis, the child had to first
fixate on the model’s face, and then on one of the objects. Trials where the
gaze moved from the face to the attended object were coded as congruent, and
trials where the gaze moved from the face to one of the two objects at the
unattended side were coded as incongruent. Trials where the gaze moved from
the face to the unattended object at the same side of the table as the attended
object were removed from the analysis, since visual inspection had revealed
that the children relatively often looked toward the objects immediately after
seeing the model start her gaze shift, relying on the general direction of her
gaze rather than paying attention to which specific object she would look at.
It was therefore not possible to assure whether such responses reflected “accurate” gaze following based on the general direction of gaze or an “inaccurate” response. The groups did not differ in terms of the number of such trials.
Three dependent measures were defined. 1) Accuracy was calculated as a proportion where the number of congruent gaze shifts was divided by the total
number of (congruent and incongruent) gaze shifts. An accuracy score of .33
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would indicate chance performance (due to the above described removal of
trials where the child looked at the object next to the attended), and we expected the performance of each group to exceed this value in both conditions.
2) For the analysis of first fixation durations, we first calculated the mean first
fixation durations at attended and unattended objects in each condition. The
averages were then used to calculate a proportional measure where the first
fixation duration at attended objects was the numerator and the sum of the first
fixation durations at attended and unattended objects was the denominator.
We termed this measure the Attended–Unattended Fixation Index (AUF-index). Values above .5 would indicate longer first fixations at attended than
unattended objects, whereas values below .5 would indicate longer first fixations at unattended objects. Only data from trials with congruent gaze shifts
was included in this analysis. 3) Total looking time at objects was defined as
the total duration of fixations on objects divided by the total duration of fixations on the screen, thus resulting in a measure indicating the proportion of
time that was spent looking at objects. All trials, regardless of whether the
children followed gaze or not, were included in this analysis, as were looks at
attended as well as unattended objects. Looking time is a measure known to
indicate interest (Holmqvist et al., 2011), and the purpose of this measure was
thus to assess object type preferences. We expected the autistic children to
spend more time looking at the objects in the high interest condition as compared to the baseline condition, but did not have any specific hypotheses regarding this measure in the TD group. Each child had to contribute at least
two valid trials per condition in the accuracy analysis, and at least one valid
trial per condition in the first fixation duration analysis in order to be included.
Statistical analyses were performed in SPSS. All variables were normally distributed, and parametric tests were therefore used. Two-tailed probabilities
were used throughout.
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Study I

Background
Typically developing infants start to appreciate the critical role of the other’s
eyes in a gaze following context around 9-10 months of age (Brooks &
Meltzoff, 2005; Senju et al., 2008). Some evidence suggests that infants with
later ASD may be less sensitive to eye information than other infants
(Elsabbagh et al., 2012b). Gaze following studies typically measure responses
to a model who turns her head toward the object she is looking at, and by the
use of such a paradigm, infants with later ASD have been shown to follow
gaze to the same extent as TD infants (Bedford et al., 2012). However, this
design entails that we cannot know whether the infants rely predominantly on
information from the eyes or from the head movement. The aim of the study
was therefore to investigate whether this would differ between infants at high
vs. low familial risk for ASD. We hypothesized that excluding the head movement that typically accompanies the eye gaze shift would affect gaze following accuracy more in the HR group than in the LR group.

Primary Results
Preliminary analyses confirmed that the groups did not differ in terms of the
amount of data produced in either condition; the number of trials coded as
other; the duration of trials; or the time that had to be allocated to engaging
the infants in eye contact (all p-values > .25). There was no indication that
individual differences between experimenters affected the results, and no effects of infant gender (all p-values > .25).
In line with the hypothesis, the performance reduction when omitting head
information was significantly larger in the HR group than in the LR group
(HR: M = 2.02, SD = 2.68; LR: M = 0.47, SD = 1.66), U = 240.00, p = .01, r
= −0.31 (Mann–Whitney U test; Figure 4). Bonferroni-corrected follow-up
tests revealed that the HR infants were less likely to follow gaze in the Eyes
Only as compared to the Eyes and Head condition, p < .001, r = −0.65,
whereas the performance of the LR group did not differ between conditions,
p > .25, r = −0.25 (related samples Wilcoxon signed rank tests). The accuracy
difference scores did not differ between groups in either the Eyes and Head
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condition, U = 316.50, p > .25, r = −0.16, or the Eyes Only condition, U =
307.00, p >.25, r = −0.18.
The gaze following performance of both groups was significantly above
chance level (i.e., an accuracy difference score of zero) in both the Eyes and
Head condition (HR p < .001; LR p = 0.003) and the Eyes Only condition (HR
p = 0.008; LR p = .005; one-sample Wilcoxon signed rank tests).

Figure 4. The gaze following accuracy of the HR group was significantly higher in
the Eyes and Head condition than in the Eyes Only condition, whereas the performance of the LR group did not differ between conditions. Error bars represent standard errors.

Conclusions
The experiment showed that both HR and LR infants were able to follow gaze
above chance level both in response to a model who used only the eyes as a
gaze cue, and to a model who used eyes and head cues in combination. However, omitting the head movement led to a significant decline in gaze following in the HR group, but not in the LR group. This suggests that the former
group relies more on the head movement when following gaze. At least two
possible explanations may account for this finding. First, HR infants may be
less sensitive to eye information than LR infants. This would be in line with a
previous ERP finding indicating a lower sensitivity to gaze direction in infants
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with later ASD (Elsabbagh et al., 2012b). Alternatively, the pattern of results
may not be specific to eye information, but may reflect that the HR infants
generally need more salient cues in order to follow gaze optimally. That is,
their attention may be better captured by the large head turns compared to the
subtler eye gaze shifts. This interpretation is in line with a previous finding
showing that HR infants perform worse than LR infants at an intermediate
level of cue redundancy, but not when excessive cues are used in combination
(Presmanes et al., 2007). Regardless of which explanation is correct, the findings of the current study highlight the importance of separating information
from the eyes from information from the head when studying gaze following
and ASD.
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Study II

Background
A number of studies have demonstrated that there is a relation between less
initiation of joint attention early in life and later ASD (Ibanez et al., 2013;
Landa et al., 2007; Rozga et al., 2011; Yoder et al., 2009). The studies included
a variety of behaviors, ranging from eye contact to explicit gestures. Only two
(Landa et al., 2007; Macari et al., 2012) focused on alternating gaze specifically and the only study that was conducted before the first birthday (Ibanez
et al., 2013) measured IJA in a broader sense. None of the prospective studies
controlled for the potential influence of other attentional measures on which
infants with later ASD have been shown to differ from other infants, such as
attention disengagement (Elison et al., 2013; Elsabbagh et al., 2013;
Zwaigenbaum et al., 2005) and general social interest (Chawarska et al.,
2013).
The fact that alternating gaze emerges earlier in development than gestural
IJA suggests that the former is a better target for early detection. However,
some uncertainty exists regarding the validity and usefulness of alternating
gaze as a measure of IJA in relation to ASD. On the one hand, alternating gaze
has been shown to display a high level of individual consistency between 9
and 18 months, thus suggesting that it can be reliably measured early in life
(Mundy et al., 2007). On the other hand, a study of autistic preschoolers found
eye-contact based and gestural IJA to be unrelated to each other, and that only
the gestural behaviors were associated with other joint attention-relevant metrics such as gaze following and language (Pickard & Ingersoll, 2015). Further,
some studies have indicated that it may be predominantly in terms of the gestural IJA behaviors that the performance of autistic children differs from that
of TD children (Chiang et al., 2008; Mundy et al., 1994).
Against this background, the main aims of Study II were to 1) investigate
whether a measure of alternating gaze at 10 months could be used to discriminate between infants based on risk status as well as to predict later symptom
level; and 2) to investigate the validity of the alternating gaze measure by focusing on its relation with later gestural IJA behaviors. In addition, we wanted
to explore the effects of some aspects of looking behavior that have previously
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been suggested to account for some of the variation in IJA – namely attention
disengagement and social preference (Schietecatte et al., 2012).

Primary Results
Alternating Gaze, Disengagement and Social Preference at 10
Months
At 10 months, the LR group made more gaze alternations between the experimenter and the lights than the HR group, t(65) = 2.66, p = .012, r = .31 (independent samples t-test). See Figure 5. The performance on the disengagement task did not differ between groups, t(55) = 0.62, p > .25, r = .08. For
descriptive statistics for this and other metrics, see Table 4. A significant negative correlation between disengagement and alternating gaze was discovered
in the LR group, r(10) = - .77, p = .004, suggesting that longer latencies to
disengage were associated with less alternating gaze. In the HR group, a marginally significant trend in the same direction was detected, r(43) = - .28, p =
.062. The groups did not differ in terms of social preference, t(63) = 0.69, p >
.25, r =.09; and social preference and alternating gaze did not correlate in either the HR group, r(48) = .23, p = .109, or the LR group, r(13) = -.23, p >
.25.
Table 4. Descriptive statistics by group for 10-month attentional measures and 18month ADOS-T scores. M/SD.
Measure

HR group

LR group

Disengagement latency (s)
10 months1

0.74/0.25

0.79/0.20

Social Preference
10 months2,3

0.44/0.12

0.47/0.10

ADOS-T Total score4
18 months

3.18/1.74

2.06/1.53

ADOS-T Showing
18 months

0.92/0.91

0.44/0.81

ADOS-T Pointing
0.71/0.81
0.38/0.50
18 months
1 Based on 45 HR and 12 LR infants; 2 Based on 50 HR and 15 LR infants; 3 Looking time at
model divided by total looking time at stage area; 4Calibrated severity score
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Figure 5. Number of gaze alternations between the face of the experimenter and the
flashing lights. Error bars represent standard errors. * p < .05.

Longitudinal Relations Between 10-month Alternating Gaze and
18-month Symptom Level
Significant negative correlations between alternating gaze at 10 months and
total ADOS-T score at 18 months were found in both the HR group, rs(49) =
-.28, p = .048, and the LR group, rs(14) = -.56, p =.024. See figure 6. Making
fewer gaze alternations at 10 months was thus associated with more ASD
symptoms at 18 months. The correlational analyses suggest that this relation
was similar in both groups, which indicates that the group factor may not contribute explained variance in the outcome variables when alternating gaze is
included in the model. To address this statistically, we analyzed the data using
a multiple regression analysis with ADOS-T score as the dependent variable.
First, in order to test whether the relation between alternating gaze and the
total ADOS-T score was different in the two groups, an unrestricted model
(separate beta weights allowed for group, alternating gaze and group*alternating gaze interaction) was compared with a restricted model where the beta
weight for the interaction term was set to zero (i.e., no interaction term allowed). There was no indication that the unrestricted model fit the data significantly better than the restricted model, F(1,64) = 0.05, p > .25; and the restricted model was thus retained in subsequent analyses. This model was significant, R2 = 0.16, F(2, 64) = 6.29, p = .003, showing that only alternating
gaze was a significant predictor of symptom level, β = -.31, t = -2.61, p = .011
(group status: β = .18, t = 1.46, p = .15). With no other factors included in the
model, alternating gaze explained 14% of the variance in ADOS-T scores, p
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= .002. Due to the skewness of the ADOS-T variable, the procedure was repeated using a log-transformed version of the same variable. All patterns of
significant results remained the same.
No correlations between disengagement at 10 months and total ADOS-T score
(HR group: rs(43) = -.10, p > .25 LR group: rs(10) = .32, p > .25) or social
preference at 10 months and total ADOS-T score (HR group: rs(48) = .18, p =
.202; LR group: rs(13) = .14, p > .25) were found.

Figure 6. Alternating gaze plotted against total ADOS-T scores. Figure shows individual data points and separate regression lines for each group.

Longitudinal Relations Between 10-month Alternating Gaze and
18-month Gestural IJA
Making fewer gaze alternations at 10 months was associated with less showing at 18 months, as measured by ADOS-T in both the HR group, rs(49) = .33, p = .018, and the LR group, rs(14) = -.50, p = .047. A trend toward a
negative correlation between alternating gaze and the ADOS-T item pointing
was found in the HR-group, rs(49) = -.25, p = .082, indicating that fewer gaze
alternations at 10 months was associated with less pointing at 18 months. In
the LR group, the relation was similar in magnitude and direction, but did not
reach statistical significance, rs(14) = - 0.32, p = .223.
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Conclusions
The study showed that LR infants made more gaze alternations between an
interaction partner and an interesting event (flashing lights) than HR infants
at 10 months. In addition, making fewer gaze alternations at 10 months was
associated with more ASD symptoms at 18 months, and this relation was similar in both groups. Importantly, we were also able to show that infants who
used more alternating gaze early in life tended to engage more in pointing and
showing in toddlerhood. This strengthens the validity of the alternating gaze
measure by demonstrating that it is related to later occurring gestural IJA behaviors. By showing that the relation between alternating gaze in infancy and
later ASD symptomatology was unrelated to differences in terms of disengagement latencies and general social preference, the study provides an important addition to existing work in the area (Ibanez et al., 2013; Landa et al.,
2007; Rozga et al., 2011; Yoder et al., 2009).
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Study III

Background
Although some studies have demonstrated lower degrees of gaze following in
children with ASD than in TD and developmentally delayed children (e.g.
Chawarska et al., 2003; Falck-Ytter et al., 2012; Leekam et al., 1997), other
studies have reported comparable performance between groups (e.g. Akechi
et al., 2011; Freeth et al., 2010; Leekam et al., 1998). This shows that the
relation between RJA and ASD is complex, and not necessarily characterized
by lower gaze following accuracy. A number of recent studies have suggested
that children with or at risk for ASD who do follow gaze may still display
subtle but important deviances in comparison to other children. One study
(Bedford et al., 2012) revealed that infants with later ASD spent less total time
looking at the object attended to by the model, and two other studies (FalckYtter et al., 2015b; Swanson & Siller, 2013) reported differences in terms of
the micro-structure of the looking behavior of autistic children. Specifically,
Falck-Ytter et al. (2015b) discovered that TD and developmentally delayed
3-year-olds differentiated more between attended and unattended objects in
terms of the length of the first fixation than autistic children of the same age.
This was interpreted as reflecting a weaker processing bias for attended objects in the ASD group. The first aim of Study III was to replicate the pattern
discovered by Falck-Ytter et al. (2015b) in an older and more high functioning
sample. Our hypothesis was that even high-functioning 6-year-olds, who are
expected to follow gaze accurately, would display a lower processing bias for
attended objects as compared to TD children.
The second aim of the study was to investigate whether it would be possible
to alter the pattern of less differentiating between attended and unattended objects in ASD by manipulating the interest level of the target objects. Circumscribed interests are present in 75-95% of all children with high-functioning
ASD (Klin, Danovitch, Merz, & Volkmar, 2007; Turner-Brown, Lam,
Holtzclaw, Dichter, & Bodfish, 2011). They are intense interest areas that usually represent a great source of joy for the individual, but may also be very
time-consuming and interfere with other areas of life (Mercier, Mottron, &
Belleville, 2000). It has previously been shown that autistic children show
more visual attention toward objects associated with circumscribed interests
(Sasson et al., 2011; Sasson et al., 2008), and that such objects can be used to
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increase social interaction (Baker, 2000; Boyd, Conroy, Mancil, Nakao, &
Alter, 2007) and joint attention (Kryzak, Bauer, Jones, & Sturmey, 2013;
Kryzak & Jones, 2014). We therefore wanted to investigate whether using objects that are commonly related to circumscribed interests as gaze targets
would lead to an increased processing bias for attended objects in ASD.

Primary Results
No group differences were found in terms of the number of valid trials in either
condition or analysis (all p-values ≥ .092). No general differences in first fixation durations between groups or object types were found, and no effect of
NVIQ was detected (all p-values > .25).

Gaze Following Accuracy
As expected, both groups followed gaze above chance level in both the high
interest condition (ASD: t(15) = 8.24, p < .001; TD: t(16) = 6.05, p < .001)
and the baseline condition (ASD: t(15) = 6.08, p < .001; TD: t(16) = 5.11, p <
.001; one sample t-tests comparing the means to .33). For descriptive statistics
for this and other measures, see Table 5. A repeated measures ANOVA on the
accuracy scores revealed no main effect of condition, F(1, 31) = 0.10, p > .25,
partial η2 = .003, or group, F(1, 31) = 2.49, p = .125, partial η2 = .07, and no
interaction effect between group and condition, F(1, 31) = 0.02, p > .25, partial
η2 = .001.

First Fixation Durations
A repeated measures ANOVA with condition as within subjects variable and
group as between subjects variable revealed a group by condition interaction
effect, F(1, 31) = 11.31, p = .002, partial η2 = .27, but no main effect of condition, F(1, 31) = 0.13, p > .25, partial η2 = .004, or group, F(1, 31) = 0.86, p
> .25, partial η2 = .03. See Figure 7. In order to understand the interaction
effect, a series of Bonferroni-corrected follow-up tests were performed. A
higher AUF-index in the TD as compared to ASD group was found in the
baseline condition, t(31) = 2.95, p = .024, d = 1.06, whereas no group difference was found in the high interest condition, t(31) = 1.47, p > .25, d = 0.53
(independent samples t-tests). Furthermore, no difference between conditions
was found in the ASD group, t(15) = 1.65, p > .25, d = 0.85, but in the TD
group a significantly higher AUF-index was found in the baseline as compared
to the high interest condition, t(16) = 4.06, p = .004, d = 2.03 (paired-samples
t-tests).
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Table 5. Descriptive statistics by group for accuracy measures, first fixation duration raw scores and RBS-R scores. M/SD.
Measure type

ASD

TD

Accuracy1 high interest condition

0.75/0.20

0.64/0.21

Accuracy1 baseline
condition

0.73/0.26

0.63/0.24

Attended object high
interest
condition

0.38/0.27

0.36/0.31

Unattended object
high interest
condition

0.32/0.13

0.41/0.15

Attended object
baseline condition

0.30/0.13

0.54/0.39

Unattended object
baseline condition

0.44/0.30

0.39/0.23

First fixation duration raw scores (s)

Specific measure

RBS-R Restricted
2.85/2.152
0.35/0.61
Interest score
1N congruent gaze shifts divided by total N (congruent and incongruent) gaze shifts; 2Based on
13 children

Total Looking Time at Objects
A repeated measures ANOVA with total looking time as the dependent measure, condition as within subjects factor and group as between subjects factor
revealed a main effect of condition, F(1, 31) = 11.77 p = .002, partial η2 = .28,
with more looking time at high interest compared to baseline objects. No main
effect of group, F(1, 31) = 0.64, p > .25, partial η2 = .02, and no interaction
effect between group and condition, F(1, 31) = 0.38, p > .25, partial η2 = .01,
was found. See Figure 8. The analysis thus showed that the children, regardless of group status, looked more at the objects in the high interest condition
than in the baseline condition.

Parental Ratings of Circumscribed Interests
The ASD group received a higher score than the TD group on the Restricted
Interests subscale of the RBS-R, t(28) = 4.56, p = .001, confirming the expected higher rate of circumscribed interests in the former group.
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Figure 7. AUF-index (first fixation duration at attended object divided by sum of
first fixation durations at attended and unattended objects, averaged across trials) for
the two groups across conditions. Error bars represent standard errors. **p < .01.

Figure 8. Total looking time at objects divided by total looking time at screen for the
two groups across conditions. Error bars represent standard errors.

53

Conclusions
In line with our hypothesis, the groups did not differ in terms of gaze following
accuracy, and they both followed gaze above chance level. Children of both
groups spent more total time looking at trains and vehicles than at plants, suggesting that our manipulation of the interest level was successful. As expected,
the pattern of results from the previous study (Falck-Ytter et. al., 2015b) was
replicated in the baseline, but not in the high interest condition. That is, when
ordinary objects were used as gaze targets, children with ASD differentiated
less between attended and unattended objects than control children. This may
reflect that another’s gaze changes the status of an object for TD children, but
not for children with ASD. The second aim of the study was to explore
whether including highly interesting objects as gaze targets would result in
increased differentiation between attended and unattended objects in the autistic children. This was not the case; no difference between conditions was
found in the ASD group. Surprisingly, a difference between conditions was
instead found in the TD group, with more differentiating between attended
and unattended objects in the baseline than in the high interest condition. This
finding may suggest that in typical development, another’s gaze may influence
object processing more when the objects themselves are less interesting.
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General Discussion

The overarching aim of this thesis was to investigate the relation between joint
attention and ASD, both before and after diagnosis. Study I and Study II focused on early development, and at an age (10 months) where the full autistic
phenotype is not yet observable. By investigating gaze following - an important component of visual RJA - and alternating gaze - an early means by
which infants direct others’ attention - the aim was to assess both initiation of
and response to joint attention in infants at high familial risk for ASD. In Study
III, the focus was shifted from early development to a time point later in childhood (~ 6 years). Whereas impairment in terms of IJA are known to persist at
this age, several studies have indicated that RJA problems tend to become less
pronounced with increasing age and verbal ability (Gotham et al., 2007;
Leekam et al., 1998; Mundy et al., 1994). Study III aimed to clarify what role
RJA may play in the life and development of older children with ASD by
moving beyond gaze following accuracy, and focusing on the subsequent processing of the target objects.
In the following sections, I will first discuss some theoretical implications of
the findings regarding joint attention and ASD or ASD risk. This discussion
is organized in two parts: early and later development. After that, some findings with relevance for our understanding of joint attention in typical development will be accounted for. The following sections will then highlight some
methodological as well as clinical implications, before limitations and future
directions are discussed.

Early Development
Gaze Following
In Study I, we showed that omitting the head movement that typically accompanies the eye gaze shift when a person looks at an object had a greater impact
on the gaze following accuracy of HR than LR infants. Since the distinction
between eye- and head movement is typically not made in gaze following
studies, this is an important contribution to the field. When previous studies
have concluded that children with ASD or infants at risk for ASD follow gaze
(e.g. Bedford et al., 2012; Falck-Ytter et al., 2015b), it is possible that these
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children have followed the model’s head movement, rather than relying on her
eye direction. We have offered two potential explanations for the pattern of
results in Study I. First, it is possible that the lower performance in the Eyes
Only condition was due to an ASD-specific lower sensitivity to eye gaze. Second, the lower performance in the Eyes Only condition may reflect that the
HR infants generally need more salient cues than LR infants in order to follow
gaze optimally. That is, whereas the subtle eye gaze cue was enough to evoke
optimal gaze following in the LR group, this was not the case for all infants in
the HR group, where the addition of the more salient head cue thus resulted in
improved performance. Although it is beyond the scope of Study I to answer
the question of which explanation applies, both have some empirical support
in previous research. In favor of the hypothesis of a lower sensitivity to eye
information, Elsabbagh et al. (2012b) have shown that infants with later ASD
differentiate less between faces with gaze shifting toward vs. away from them
than TD infants. Diagnosed individuals are known to display difficulties interpreting information from the eyes (Baron-Cohen, Jolliffe, Mortimore, &
Robertson, 1997; Baron-Cohen, Wheelwright, & Jolliffe, 1997) and to look
less at eyes in general (Dalton et al., 2005; Klin, Jones, Schultz, Volkmar, &
Cohen, 2002; Spezio, Adolphs, Hurley, & Piven, 2007). In favor of the second
hypothesis (a generally higher need for more salient directional cues),
Presmanes et al. (2007) have demonstrated that HR infants display lower gaze
following accuracy than LR infants in response to a model who vocalizes and
turns her head, but that the group difference disappears when more cues (e.g.,
pointing) are added. The results of the study by Presmanes et al. (2007) and
Study I are not directly comparable, since the studies differ in terms of the
type of cue combinations that were used. However, the common finding is
that both studies suggest that increasing cue saliency has a greater effect on
HR than LR infants, and this has also been indicated in a study by Sullivan et
al. (2007). Finally, a third possible explanation for the difference in performance between the two conditions in the HR group should perhaps be considered. Younger infants have been shown to rely on movement over gaze direction (Farroni et al., 2000). It is thus possible that the infants in the HR group
would experience a developmental delay that entails that movement is still a
more powerful cue for this group. However, considering that the two groups
did not differ from each other in terms of general developmental level, such a
higher sensitivity to motion would have to represent a rather specific delay.
Also, this explanation does not contradict any of the other two, since a high
reliance on motion early in life is likely to be replaced by an increased sensitivity to other types of cues.

Alternating Gaze
The first aim of Study II was to test whether 10-month-olds’ tendency to alternate their gaze between an interaction partner and an unusual event could
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be used to differentiate between infants based on risk status, as well as to predict later ASD symptomatology. The answer to both of these questions proved
to be in the affirmative. The infants in the HR group made fewer gaze alternations between the experimenter and the flashing lights than the infants in the
LR group. Moreover, less gaze alternation at 10 months was associated with
more ASD symptoms at 18 months. This supports the hypothesis that the
measure may have potential for predicting later emerging ASD symptoms
(Ibanez et al., 2013). The second aim was to investigate the relation between
early alternating gaze and later gestural IJA. We were able to show that alternating gaze at 10 months was significantly associated with showing at 18
months, and marginally associated with pointing at 18 months. This demonstrates that alternating gaze and gestural IJA are indeed related, and strengthens the validity of the alternating gaze measure. The fact that only three infants
pointed during our experiment also confirms that alternating gaze has the advantage of being measurable earlier than gestural IJA.
Finally, taking advantage of eye tracking technology, Study II aimed to investigate the role of disengagement ability and general social preference on alternating gaze, both concurrently and in relation to later ASD symptoms. Disengagement latencies have previously been shown to contribute variance to IJA
in autistic children (Schietecatte et al., 2012) and, not surprisingly, we also
found that longer disengagement latencies were associated with less alternating gaze in both groups (albeit just marginally in the HR group). Latency to
disengage was however not associated with either group status or ASD symptomatology in this study, suggesting that the relation between IJA and disengagement is unrelated to ASD. It is notable that previous studies have reported
atypically long disengagement latencies in children with later ASD (Elison et
al., 2013; Elsabbagh et al., 2013; Zwaigenbaum et al., 2005). None of these
studies included measurements at 10 months, and Elsabbagh et al. (2013)
found a group difference at 14 months, but not 7, suggesting that disengagement difficulties may emerge later. Considering that Elison et al. (2013) however did report an effect at 7 months, the subject of disengagement latencies
in early development clearly needs further investigation. In none of the infant
groups in Study II was relative looking time at the experimenter related to
alternating gaze, suggesting that the results could not be explained by a difference in general preference for social stimuli. Combined with the main results,
this finding suggests that infants with later ASD do not differ from TD infants
in terms of more passive social orienting, but that they do not actively seek to
share experiences with others to the same extent as other infants.

General Conclusions from Study I and Study II
One of the common goals of infant sibling studies is to shed light on the order
of emergence of various behavioral atypicalities, which will contribute to our
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understanding of which features of ASD are primary, and which may represent secondary effects. As mentioned in the introduction, the majority of the
studies that have been conducted with infant siblings suggest that the social
development of those infants who later receive an ASD diagnosis is relatively
typical during the first year of life, but that deviances become apparent during
the second year (Jones et al., 2014). The fact that we were able to detect group
differences as early as 10 months, both in terms of gaze following and alternating gaze, suggests that joint attention behaviors may represent one of the
earliest areas of social deviance. Study II assessed alternating gaze only 1-2
months after the behavior emerges at a group level in TD children (Beuker et
al., 2013), and the results therefore could indicate that infants with later autistic symptoms may be less likely to initiate joint attention from the beginning.
IJA has previously been related to motivation and reward (Gordon et al., 2013;
Schilbach, 2010), and our findings may reflect that HR infants find sharing
experiences with others less rewarding. Alternatively, the findings may indicate that HR infants are less likely to use social referencing, that is to look at
others in order to obtain information about an object or event. Considering
that infants and children learn many skills and behaviors in the context of interaction, a lower motivation to share experiences and a lower tendency to use
social referencing could both be expected to have extensive consequences on
development and learning. In conclusion, the two studies show that infants at
risk for ASD differ from other infants both in terms of their responses to other
people’s attentional cues, and in terms of their own tendency to direct others’
attention. These findings have in common that they are both likely to result in
limited social learning opportunities.

Later Development
Gaze Following Accuracy
Study III aimed to measure gaze following and RJA in older children with and
without an ASD diagnosis. The children in the ASD group were of average
intelligence and characterized as high-functioning. As expected, this study did
not reveal any group differences in terms of gaze following accuracy, and both
groups of children were able to follow gaze above chance level in both conditions. The results thus add to a growing body of evidence suggesting that older
children with ASD are able to follow gaze to the same extent as other children
(Akechi et al., 2011; Falck-Ytter et al., 2015b; e.g. Leekam et al., 1998;
Mundy et al., 1994). This is however not the same as to say that autistic children do not differ from TD children in terms of RJA. In Study III we wanted
to move beyond gaze following accuracy, and to further explore the possibility
that individuals with ASD display differences related to RJA that are better
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captured by other measures (e.g. Falck-Ytter et al., 2015b; Swanson & Siller,
2013).

Looking Time Measures, Object Processing, and Possible
Consequences for Learning
In a previous study (Falck-Ytter et al., 2015b), we discovered that children
with ASD did not differentiate as much as other children between attended
and unattended objects in terms of their first fixation durations at the objects.
In Study III, we replicated this finding in a condition where ordinary objects
(plants) were used as gaze targets. We argue that the combined results of Study
III and Falck-Ytter et al. (2015b) suggest that whereas seeing another person
look at an object gives that object a special status for TD children, this may
not be the case for children with ASD. The fact that the autistic groups displayed intact gaze following accuracy, but nevertheless differed from TD children in the subsequent processing of the target objects, opens up the possibility
that gaze following in ASD may be more reflexive rather than entailing a full
appreciation of the communicative nature of the gaze cue. This hypothesis fits
rather nicely with what has been concluded by some studies of gaze following
and word learning. Akechi et al. (2011) demonstrated that both autistic and
TD children followed gaze above chance level in a word learning context, but
that only the TD group spent more time looking at the object attended to by
the model than at the unattended object. The TD group also learned more
words than the group with ASD, thus suggesting a link between looking time
and word learning. Similarly, Gliga et al. (2012) found intact gaze following
but reduced word learning and looking time to attended objects in a group of
3-year-olds at familial risk for ASD. These studies suggest that accurate gaze
following may not be enough for word learning to take place in children with
or at risk for ASD. The reduced looking time to the attended objects may indicate a failure to understand the referential or communicative meaning of the
gaze cue, which in turn may result in lower word learning. Also in line with
this notion, intact gaze following but reduced looking time at attended objects
has been demonstrated both in HR infants (Bedford et al., 2012) and adolescents with ASD (Freeth et al., 2010). Although these studies used total looking
durations, whereas Study III and Falck-Ytter et al. (2015b) focused on first
fixation durations, the results of all studies can be interpreted as being in line
with the hypothesis that seeing someone look at something does not affect
children with or at risk for ASD in the same manner as it affects TD children.
It is possible that although autistic children follow gaze, they may not mentally
share the others’ attention to the same extent as other children. A lower degree
of attention sharing during gaze following may have consequences beyond
‘just’ word learning. Previous research has shown that engagement in joint
attention is associated with deeper information processing and enhanced
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memory in TD individuals (Bockler et al., 2011; Frischen & Tipper, 2004;
Hirotani et al., 2009; Kopp & Lindenberger, 2011). Interestingly, engagement
in joint attention has recently been shown to affect recognition memory less
in children with ASD than in other children (Mundy et al., 2016; however, the
effect in this study pertained to IJA and not RJA), suggesting that joint attention may not be associated with the same learning benefits in ASD as in TD.
Apart from replicating a previous finding, Study III also aimed to investigate
whether the pattern of less differentiation between attended and unattended
objects in ASD could be altered by varying the interest level of the target objects. The short answer to this question turned out to be ‘no’. Although the
total looking time metric indicated that we succeeded in our manipulation of
the interest level, including highly interesting objects did not result in more
differentiating between attended and unattended objects in the ASD group.
The fact that we actually detected an opposite pattern in the TD group (which
will be discussed later on) suggests that we were wrong in assuming that using
objects that are more interesting would result in more differentiating in terms
of first fixation durations. The fact that we were unsuccessful in our approach
to alter the pattern of first fixation lengths in autistic children therefore does
not rule out the possibility that this can be achieved using other methods.

Do the Findings of Study III Indicate Specifically Social
Atypicalities?
The finding that fixation durations of children with ASD are less affected by
contextual cues is not necessarily limited to the social domain. It has previously been shown that adults with ASD differentiate less between contextually
congruent and incongruent pictures in terms of first fixation durations than
neurotypical individuals (Benson, Castelhano, Au-Yeung, & Rayner, 2012).
It has also been demonstrated that whereas typically developing individuals
display a pattern of increasing fixation lengths during scene viewing (e.g.
Irwin & Zelinsky, 2002; Pannasch, Helmert, Herbold, Roth, & Walter, 2008),
fixation lengths of HR infants are less variable (Wass et al., 2015). This implies that the results of Study III and Falck-Ytter et al. (2015b) do not necessarily represent a specific RJA alteration. Rather, the results may reflect a
broader tendency of fixations being less susceptible to contextual factors in
ASD than in TD. This would be in line with the reasoning of some accounts
that focus on more general perceptual and cognitive differences between autistic and TD individuals. It has, for example, been argued that a favoring of
local over global processing may be a core characteristic of the autistic phenotype (e.g. Mottron et al., 2006; Van Boxtel & Lu, 2013). Similarly, individuals with ASD have been argued to be less influenced by previous experiences
when processing sensory information, which could be attributed to reduced
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top-down processing (Pellicano & Burr, 2012) or enhanced bottom-up processing (Brock, 2012). It should be noted however, that even if fixation
lengths are generally less affected by contextual factors in ASD than in TD,
this could still be expected to have specific consequences in the social domain.

A Final Remark on the Observed Looking Patterns of Children
with ASD
In the previous paragraphs, I have argued that the observed tendency of autistic children to be less influenced by other’s looking behavior may impact
learning negatively. I would like to end this section by acknowledging that
such a tendency may however not only be associated with disadvantages. The
sensory processing style of autistic individuals has been associated with beneficial features such as enhanced pattern detection, superior performance on
tasks requiring attention to detail, and with the presence of talent and savant
skills (Baron-Cohen, Ashwin, Ashwin, Tavassoli, & Chakrabarti, 2009a;
Happe & Frith, 2006; Mottron et al., 2013). Similarly, a lower influence of
others’ looking behavior could potentially represent an advantage in some circumstances. Although it is usually beneficial to focus on the same things as
others early in life, one can easily imagine situations later in development
when the opposite may be true. To be less affected by others’ looking patterns
may entail greater possibilities to see things ‘as they really are’ and to provide
new perspectives and insights.

Findings with Relevance for Typical Development
Although the focus of this thesis is on ASD, each of the three studies have
contributed to our knowledge concerning joint attention behaviors in typical
development as well. Study I showed that the infants of both groups were able
to follow gaze even when the model kept her head still and only used eye gaze
as a directional cue. In a previous study, Moore and Corkum (1998) demonstrated that typically developing 18-19-month-olds, but not 15-16-month-olds,
followed the gaze of a model who used only her eyes, suggesting that the ability to follow gaze based on eye direction only does not develop until the second year of life. Their task can however be argued to have been substantially
more demanding than ours. The objects in that task were placed outside the
child’s visual field, which has previously been demonstrated to be too difficult
for infants under 12 months (Butterworth & Jarrett, 1991), and the experimenter shifted gaze silently. In our study, the objects were within the infant’s
visual field, and the experimenter started each trial by calling the infant’s
name. Our study thus demonstrates that in response to an experimenter who
indicates her intent to communicate, even 10-month-olds are able to follow
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gaze to near objects in the absence of head cues. This is in line with previous
research suggesting that sensitivity for the role of others’ eyes develops between 8 and 10 months (Brooks & Meltzoff, 2005; Csibra & Volein, 2008;
Senju et al., 2008; Senju et al., 2006).
As mentioned in the introduction, relatively little research has focused on the
relation between IJA behaviors and social functioning in typical development.
Much of what we know about this relation comes from the ASD field. A previous infant sibling study (Ibanez et al., 2013) reported a stronger relation between IJA and ASD symptoms in an HR than in an LR sample, and found that
only the interaction between IJA and risk status was a significant predictor of
later symptom level, which could indicate that the relation between IJA and
social functioning is specific to ASD. The results of Study II do not support
this, as we found similar significant relations between IJA and ASD symptoms
in both groups. This is in line with a previous finding of an association between IJA frequency at 12 months and social functioning at 30 months in a
TD sample (Van Hecke et al., 2007). The combined findings from that study
and ours suggest that a higher tendency to engage in IJA early in life is related
to more optimal later social functioning in general. As such, the results of
Study II are also congruent with the view that ASD represents the extreme end
of a continuum, rather than a discrete entity (e.g. Lundström et al., 2012).
In Study III, we made an unexpected finding regarding the TD sample. As
previously discussed, one of the aims of the study was to assess whether including a highly interesting target object would increase the first fixation duration differentiation between attended and unattended objects in the ASD
group. This was not the case, as the AUF-index of this group did not differ
between conditions. Instead, we discovered that the TD group displayed a
higher AUF-index in response to the baseline objects than to the high interest
objects. We suggested that this might indicate that another’s gaze has a greater
influence on object processing when the target objects are less interesting than
when the objects themselves are highly interesting. In other words, the gaze
cue may have a stronger effect when it is directed toward an object that is not
perceived as particularly interesting, as compared to when the target object in
itself is highly interesting or salient. Although this post-hoc explanation warrants further investigation, Study III has contributed to our understanding of
how characteristics of the target objects influence RJA and processing in typical development.
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Methodological Implications
Studies of joint attention are often conducted during real time interaction, for
example, by the use of standardized instruments such as the Early Social Communication Scales (ESCS; Mundy, Hogan, & Doehring, 1996) or the Screening
Tool for Autism in Two-year-olds (STAT; Stone et al., 2000). Conducting
measurements during interaction has the advantage of providing a high degree
of ecological validity. Lately, an increasing number of studies have started to
instead use pre-recorded video stimuli in combination with eye tracking (e.g.
Akechi, Kikuchi, Tojo, Osanai, & Hasegawa, 2013; Akechi et al., 2011;
Bedford et al., 2012; Falck-Ytter et al., 2012; Falck-Ytter et al., 2015b; Gliga
et al., 2012). Eye tracking has the advantage of generating very exact measures
in terms of various looking time metrics such as latencies, total looking time,
and first fixation durations. Although these kind of metrics are useful for conducting fine-grained analyses of gaze behavior, eye tracking, in its traditional
application, is associated with one major drawback – namely the use of prerecorded stimuli. Although it is very common to use video stimuli in studies
of social cognition, evidence suggests that some caution should be taken when
doing so. It has been shown that humans look at other humans differently
when observing them in real life, as opposed to when watching them on video
(Foulsham, Walker, & Kingstone, 2011; Laidlaw, Foulsham, Kuhn, &
Kingstone, 2011). In addition, imaging studies have revealed that watching
stimuli live vs. on video results in differences in terms of neurological activation, both in adults (Redcay et al., 2010) and infants (Shimada & Hiraki,
2006). A common goal of Study I and Study II was to combine the advantages
of naturalistic and eye tracking-based methods. To do so, we developed a live
eye tracking paradigm, in which the gaze of the infant is recorded during interaction. Live eye tracking has previously been successfully used to measure
gaze following in TD infants (Gredebäck et al., 2010) and older children with
ASD (Falck-Ytter, 2015; Falck-Ytter, Carlström, & Johansson, 2015a). Although it is my hope that our use of live stimuli enhances the validity and generalizability of the results of both studies, the live application may be especially important for Study II. It could be argued that following the gaze of a
person on video will allow the viewer to see what the other person sees, which
may be useful even if the other person is not real. In contrast, trying to direct
the attention of a pre-recorded person on screen is pointless. As soon as infants
display some level of appreciation for the difference between a real person
and a person on screen, attempts to measure IJA in response to pre-recorded
stimuli will therefore be fruitless.
In addition to increasing the ecological validity, using eye tracking in a live
setting also has the advantage of allowing for greater flexibility than when
video stimuli are used. Eye tracking with young infants is typically associated
with substantial data loss, since infants tend to look away from the screen, get
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fussy, etc. While conducting experiments live, the experimenter has the possibility to attempt to re-engage the infants’ attention as needed, which likely
results in an increased number of valid trials. Study I and Study II are both
successful examples of how eye tracking technology can be used in a live setting in order to increase both data quality and validity. However, the point of
this paragraph is not to argue that live eye tracking is under all circumstances
superior to more naturalistic methods or to video-based eye tracking. It is my
conviction that all three approaches have their advantages as well as disadvantages, and that they complement each other. Whereas screen-based eye
tracking can contribute with a high degree of standardization, clinical instruments and more naturalistic paradigms have a higher potential for capturing
behaviors as they naturally occur. Thus, I believe that a variety of methods are
needed to better understand complex phenomena such as joint attention.
In contrast to Study I and II, Study III was conducted with video stimuli. The
reason for this was primarily practical, as the data preparation and analysis
associated with live eye tracking is considerably more time- and resource consuming. As mentioned in the previous section though, there is reason to believe that gaze following could be less sensitive to the live vs. video distinction
than IJA. In addition, a number of studies using pre-recorded stimuli to assess
gaze following in ASD have generated highly interesting and replicable results
(e.g. Akechi et al., 2011; Bedford et al., 2012; Falck-Ytter et al., 2015b; Gliga
et al., 2012). Nevertheless, replication of the findings of Study III in a live
setting would be preferable. The main methodological contribution of Study
III is, in my view, its use of the first fixation duration measure. Although not
as commonly used as total looking times, first fixation durations are believed
to indicate information acquisition and cognitive processing of visual elements (Holmqvist et al., 2011). It has been shown that first fixations are longer
in response to unexpected objects than to expected objects (De Graef,
Christiaens, & d'Ydewalle, 1990; Loftus & Mackworth, 1978), and longer first
fixation durations are typically considered an indication of deeper processing.
We have argued that an advantage of the first fixation duration measure is that
it has the potential to capture processing biases that occur on very short timescales, thus without confounding influence of factors such as sustained attention. To my knowledge, only two previous studies have used first fixation durations in a gaze following context (Falck-Ytter et al., 2015b; Swanson &
Siller, 2013). These two studies and Study III are all congruent in that they
report a pattern of less differentiation between attended and unattended objects
in ASD than in TD. Together, the studies therefore suggest that the first fixation duration metric can be used to generate replicable findings that contribute
to our understanding of information processing in an RJA context.
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Clinical Implications
All three studies in this this thesis are experimental studies aiming predominately at contributing to our understanding of the development of joint attention behaviors in infants and children with or at risk for ASD. The ambition
behind conducting the studies was not to contribute directly to either ASD
detection or intervention. Nevertheless, the results of the studies entail some
implications that may have clinical value. In Study II, we showed that the frequency of gaze alternations between an interaction partner and an event at 10
months could predict later ASD symptomatology. This early measure alone
explained 14% of the variance of later ADOS-T scores, thus contributing more
explained variance than the group factor. This demonstrates that early alternating gaze, which is quick and easy to measure, may show potential to be
used in early screening.
The fact that Study III demonstrated that children with ASD may differ from
other children in terms of the processing of the objects that are the common
focus of attention is also interesting from a clinical point of view. As already
accounted for, this may indicate that autistic children benefit less than TD
children from the learning opportunities associated with joint attention. If this
is the case, teaching children with ASD to follow gaze may not be enough. In
addition, interventions should aim to target the associated object processing,
for example by attempting to reinforce longer fixations at attended objects
(which can be achieved by the use of gaze-contingent eye tracking), or by
explicitly teaching that objects looked at by others may be particularly interesting.

Limitations
The infants of Study I were at the time of analysis not old enough for diagnostic instruments to be used, and the comparisons were therefore only based on
group status. Around 20% of the infants in the HR group are expected to later
meet diagnostic criteria for ASD (Messinger et al., 2015; Ozonoff et al., 2011).
Of the rest, some are expected to display typical development and others to
display milder developmental concerns including language delays
(Zwaigenbaum et al., 2007). The fact that only a minority of the HR infants
are expected to receive an ASD diagnosis represents a common issue for all
studies conducting analyses based on risk status. If our sole interest were the
infants with a later diagnosis, the design could be argued to be underpowered.
However, adopting a dimensional view of ASD, and knowing that undiagnosed family members of autistic individuals share many characteristics with
those who are diagnosed (e.g. Constantino et al., 2006; Lundstrom et al., 2012;
Sucksmith et al., 2011), I would argue that comparing individuals based on
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group status has merit on its own. The fact that we discovered an effect involving group status in Study I suggests that the HR infants as a group differed
from the LR infants. Whether the observed effect was driven by those infants
who will receive a later diagnosis, or whether it reflects a more general difference between infants with and without a familial history of ASD – and thus
perhaps be more related to the BAP than to diagnosis specifically – remains
to be seen once the infants are old enough to go through diagnostic assessment.
Unlike Study I, Study II included follow-up data when the infants were 18
months old and assessed with the ADOS-T. Eighteen months is an interesting
age for follow-up, since signs of ASD are then detectable in several areas of
development (Jones et al., 2014). Nevertheless, ASD is typically not diagnosed until slightly later, and we therefore refrained from conducting categorical analyses based on the outcome data. Although Study II can inform us regarding the relation between alternating gaze and autistic symptoms, no conclusions regarding actual diagnostic status can be drawn.
In my view, the greatest limitations of Study III are related to the first fixation
duration metric. Although I have previously argued that the use of this measure is one of the greatest contributions of the study, the measure is also associated with a level of uncertainty. First fixation durations have not been extensively used in studies of information processing during scene viewing. Although evidence suggests that the measure likely indicates degree of information processing (Holmqvist et al., 2011; Loftus & Mackworth, 1978),
further studies of how first fixations are affected by various factors are needed.
As mentioned, the AUF-index is intended to reflect the degree to which attended objects are associated with a processing bias compared to unattended
objects. However, it is difficult to determine a limit for when such a processing
bias exists. Previous studies have shown that first fixations tend to become
increasingly longer over time during scene viewing (e.g. Antes, 1974; Galpin
& Underwood, 2005; Irwin & Zelinsky, 2002; Pannasch et al., 2008). This
entails that first fixations at unattended objects should be expected to be longer
due to the objects always being fixated later than the attended objects (in the
current analysis), and testing the values against .5 is therefore not applicable.
This is not a problem for the group comparisons, but it nevertheless renders
the interpretation of the results more complicated. It is also problematic that
fixation lengths may differ between groups in other aspects than the one being
the focus of Study III. One study (Wass et al., 2015) has indicated that HR
infants display generally shorter fixations, and that they do not display the
typical pattern of increasing fixation lengths during scene viewing. If the same
is true for older children with ASD, it would entail that the first fixations of
the ASD group should not be expected to be longer at unattended objects because of them being fixated later than attended objects. However, this would
66

bias the AUF-index upward in the ASD group relative to the TD group, and
could therefore not explain the finding of a higher AUF-index in TD compared
to ASD. Finally, by focusing on the relation between fixations at attended and
unattended objects, more general group differences are controlled for.
Another weakness of Study III is that we did not directly assess for object type
preference. Although the use of total looking time as an indication of interest
seems relatively straightforward, and the parents reported a higher incidence
of circumscribed interests in the ASD group than the TD group, it would have
been preferable to also ask the participants to disclose information about the
specific interest areas.
In addition to their individual limitations, all three studies suffer from some
problems related to sample size and amount of data. Both Study I and Study
II included substantially more HR than LR infants. This is relatively common
in infant sibling studies, partially because the HR children are expected to
form several subgroups after diagnostic assessment (Zwaigenbaum et al.,
2007). Nevertheless, the uneven group sizes imply different power to detect
within-group effects. Importantly though, the unequal sample sizes do not affect between-group or interaction effects. Although not sharing the problem
of unequal sample sizes, Study III suffered from substantial data loss. This
was partly due to our decision to include four target objects in the experiment.
During analysis, it was discovered that the children relatively often looked
toward one of the two objects that were placed in the general direction of the
model’s gaze, before she had finished her gaze shift. We were therefore not
able to determine whether a look to the object next to (and on the same side
as) the attended object reflected a “correct but too fast” response, or an “incorrect” response. Because of this, all such trials were excluded (note that their
number did not differ between groups). When analyzing first fixation durations, we were only interested in those trials where the children did follow
gaze, which inevitably resulted in the exclusion of those trials where the children did not follow gaze, thus reducing the number of trials included in this
analysis even more. In hindsight, it would have been preferable to only include
one object on each side of the table. Although the loss of trials with incorrect
responses is inevitable, this loss could have been compensated for to some
extent by including a higher total number of trials.

Future Directions
In the discussion of Study I, two possible interpretations of the pattern of results were presented. We suggested that the fact that the performance of the
HR infants was reduced when head information was absent could be due to
either a lower sensitivity to eye information or to a more general need for
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increased cue saliency. Further research should aim to tease apart these explanatory models. Brooks and Meltzoff (2005) have shown that whereas 10month-old infants follow gaze significantly more often when the model’s eyes
are open than when they are closed, the behavior of 9-month-olds do not differ
between conditions. To my knowledge, nobody has tested whether 10-montholds at risk for ASD follow the head movement of a model with closed eyes.
If less differentiation between conditions in such an experiment were to be
found in an HR sample, this could be interpreted as supporting the hypothesis
of a lower sensitivity specifically to eye information. If on the other hand HR
infants, like typically developing 10-month-olds, would display higher gaze
following accuracy in response to open eyes than to closed eyes, this hypothesis would not be supported. Thus, applying Brooks and Meltzoffs (2005) paradigm on an HR sample may cast some light on the mechanisms behind the
findings of Study I.
The fact that Study I and Study II focused on 10-month-olds is a strength since
it allows for the detection of early differences in behavior. However, it is not
possible to determine whether the differences represent impairment or delay.
We thus do not know whether omitting head movement will still affect the
gaze following performance of the HR infants negatively a few months later,
once they have gained more experience with gaze following in different contexts. Similarly, we cannot tell whether the HR infants of Study II will continue to display less alternating gaze than the LR infants. In order to determine
whether the obtained differences will remain during development or not, future studies should aim to include multiple measurement points between the
first and second birthday (data collected at 14 and 18 months will later be
analyzed in the EASE project). It would also be interesting to combine the
results of Study I and Study II and to investigate the relations between early
gaze following and early alternating gaze, as well as the relations between
these measurements and more general developmental measures.
The fact that we were unsuccessful in our attempt to change the fixation patterns of autistic children by increasing the interest level of the objects in Study
III does not necessarily entail that this cannot be achieved by other methods.
In the future, it may be interesting to investigate whether it is possible to obtain
the typical pattern of longer fixations at attended objects by the use of positive
reinforcement techniques. One could, for example, use stimuli in which the
target object changes contingent on the length of the child’s first fixation, so
that fixating on attended objects longer would result in a new interesting sight
(i.e., gaze contingent eye tracking methods). The finding that less interesting
target objects are associated with relatively longer first fixation durations after
gaze following in typical development also warrants further investigation. In
addition to replicating the current finding – where the focus was on interesting
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and neutral objects - it would be interesting to investigate the effect associated
with objects with other emotional valences as well.
All three studies included in this thesis focused on children with or at risk for
ASD, as well as on TD children. We are therefore not able to draw any conclusions regarding whether the discovered effects are associated specifically
with ASD, or whether they may also be associated with any of the commonly
co-occurring conditions. Future studies should therefore aim to include groups
of children with or at risk for conditions such as ADHD, specific language
impairment and intellectual disability.

Final Conclusions
The studies in this thesis have used different eye tracking approaches to investigate aspects of joint attention both early and later in development. We
have seen that infants at familial risk for ASD differ from other infants in
terms of both gaze following and alternating gaze, and even before their first
birthday. These joint attention behaviors thus represent some of the earliest
detectable alterations in the social domain. In the third study, we learned that
although older autistic children follow gaze, they may be less influenced by
others’ looking behavior during object processing. This shows that joint attention continues to be an area where children with ASD differ from other children in ways that may affect learning and social interaction.
Together, the studies contribute to our understanding of the role that joint attention may play in the early development of infants at risk for ASD, as well
as in the later development of diagnosed children. Eventually, such an increased understanding may contribute to the development of better diagnostics
and early intervention programs.
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Summary in Swedish

Denna avhandling undersöker hur små barn som antingen har Autismspektrumtillstånd (AST) eller har en ökad sannolikhet för att senare få AST
skiljer sig från andra barn avseende delad uppmärksamhet (eng. joint attention). Delad uppmärksamhet är ett begrepp som används för att beskriva hur
två personer tillsammans uppmärksammar ett objekt. Ett barn som pekar ut ett
flygplan på himlen för sin förälder kan exemplifiera delad uppmärksamhet.
Konceptet kan delas upp i två komponenter: initiering av delad uppmärksamhet – barnet som pekar ut flygplanet – och respons på delad uppmärksamhet –
föräldern som följer barnets pekning och blickriktning. Förmågan att dela uppmärksamhet börjar utvecklas under det första levnadsåret, och har betydelse
för barnets utveckling och inlärning.
AST är en neuropsykiatrisk funktionsnedsättning som karakteriseras av avvikelser i förmågan till socialt samspel och kommunikation, samt av förekomsten av repetitiva beteendemönster. AST diagnostiseras sällan före 2-3-årsåldern, vilket medför begränsningar i hur mycket vi kan lära oss om den tidigaste utvecklingen genom att studera barn med diagnos. Att AST i hög grad har
genetiska orsaker innebär dock att vi vet att i en familj där ett eller flera barn
har en AST-diagnos är sannolikheten att ett yngre syskon också ska få en sådan diagnos 7-20%, d.v.s. betydligt högre än den allmänna prevalensen på 1 1.5%. Dessutom brukar ytterligare en andel av de yngre syskonen uppvisa
autismlika drag. För att undersöka tidig utveckling väljer därför många forskare att studera yngre syskon till barn med AST. Två av studierna i denna
avhandling fokuserar på yngre syskon till barn med AST, medan den tredje
studien fokuserar på diagnostiserade barn. I samtliga studier använde vi oss
av ögonrörelsemätning, som är en metod för att med hjälp av infrarött ljus få
exakta mått på hur barn tittar. I två av studierna mätte vi barnens blick medan
de interagerade med en annan person (experimentledaren). I den tredje studien
användes istället förinspelat videomaterial som barnen fick titta på.
Man vet att barn med AST är mindre benägna att dela uppmärksamhet än
andra barn, och att detta sannolikt kan påverka deras utveckling negativt, men
många aspekter av hur delad uppmärksamhet och AST hänger ihop är fortfarande okända. Den första studien i denna avhandling undersökte hur 10 månader gamla barn med ökad sannolikhet för AST skiljer sig från andra barn
avseende förmåga att följa blick, vilket ofta används som ett mått på respons
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på delad uppmärksamhet. Barnen fick se en person titta på ett av två objekt.
Personen vred ibland hela huvudet mot objektet, och höll ibland huvudet stilla
och riktade bara ögonen mot objektet. Resultaten visade att medan de barn
som inte hade något äldre syskon med AST var lika benägna att följa blick i
båda betingelserna, så följde barnen med ett äldre syskon med AST blick i
större utsträckning då personen använde både ögon och huvud än när hen enbart använde sina ögon. Detta skulle kunna bero på att barn med förhöjd sannolikhet för AST är mindre känsliga för ögoninformation, eller på att de mer
generellt behöver tydligare signaler för att följa blick optimalt.
I den andra studien var fokus på barnets initiering av delad uppmärksamhet.
Ett av de tidigaste sätten på vilka barn initierar delad uppmärksamhet är genom att titta fram och tillbaka mellan en interaktionspartner och ett intressant
objekt eller en händelse. I studien visade vi att barn med förhöjd sannolikhet
för AST vid 10 månader gjorde färre sådana blickväxlingar mellan en person
och en ovanlig händelse (lampor som började blinka) än vad barn utan förhöjd
sannolikhet för AST gjorde. När barnen blev 18 månader mätte vi förekomsten av AST-symptom. Vi kunde då påvisa en relation mellan blickväxlingar
vid 10 månader och AST-symptom vid 18 månader, d.v.s. de barn som gjorde
färre blickväxlingar tidigt hade en högre förekomst av AST-symptom senare.
Denna relation kunde inte förklaras av skillnader i barnens förmåga att flytta
sin uppmärksamhet från ett objekt till ett annat, eller av deras generella preferens för människor över icke-sociala objekt. Slutligen kunde vi visa att de barn
som använde fler blickväxlingar tidigt var mer benägna att använda pekningar
och att visa saker för andra vid 18 månader. Att initiera delad uppmärksamhet
genom blickväxlingar eller genom att peka eller visa är beteenden som får
andra att kommunicera och interagera med barnet. Om ett barn använder färre
sådana beteenden tidigt i livet kan det därför ha negativa konsekvenser för den
senare utvecklingen.
I den tredje studien undersökte vi förmåga att följa blick hos lite äldre barn
med AST och en kontrollgrupp. Barnens ögonrörelser spelades denna gång in
medan de såg en video av en person som tittade på ett av fyra objekt. Resultaten av denna studie visade att barnen med AST inte var sämre på att följa blick
än barnen i kontrollgruppen, men att deras första fixering på det objekt den
andre tittade på var kortare än hos andra barn. Detta resultat, som är i linje
med resultatet från en annan nyligen publicerad studie, kan tyda på att barn
med AST skiljer sig från andra barn i hur de bearbetar information från objekt
som andra personer tillskriver betydelse genom sin blick. Det kan vara så att
andras blick har mindre påverkan på informationsbearbetningen hos barn med
autism jämfört med barn utan autism. I studien fann vi också att fixeringslängden hos typiska barn påverkades mer av den andres blick om objektet på skärmen uppfattades som relativt ointressant. Detta skulle kunna innebära att den
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andres blick har störst betydelse om hen tittar på något som i sig inte är intresseväckande. För barn med AST fanns ingen sådan skillnad mellan intressanta
och icke-intressanta objekt. Studien visar att det inte bara är viktigt att undersöka huruvida barn med AST följer blick eller inte, utan att man genom mätning av fixeringslängder kan lära sig mer om hur barnen använder andras blick
som ett stöd i bearbetningen av icke-social information i miljön.
Tillsammans bidrar studierna i denna avhandling till vår förståelse för den roll
förmågan till delad uppmärksamhet spelar både i den tidiga utvecklingen hos
barn med förhöjd sannolikhet för autism, och senare i livet för barn med ASTdiagnos. På sikt kan denna förståelse förhoppningsvis bidra till utvecklingen
av förbättrad diagnostik och tidiga interventionsmetoder.
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