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Abstract
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Abstract. The overall aim of this doctoral work is to understand attentional functions in typically
developing infants, and in children with two psychiatric conditions: autism spectrum disorder
(ASD) and social anxiety disorder (SAD). Previous research has shown that attention can
be subdivided into a number of interacting functions. Studies I and II examined interactions
between two of these, called orienting and phasic alerting. Orienting can be defined as selection
of some parts of the surroundings for further processing, and phasic alerting as a short term
increase in alertness and arousal that is typically caused by external sensory input. Phasic
alerting affects multiple aspects of visual orienting, but these effects are complex and dependent
on multiple factors such as age and the nature of the visual environment. In study I, we examined
how phasic alerting affects six month old infants’ tendency to orient their gaze to important
visual stimuli such as faces and eyes. Phasic alerting was manipulated with brief sounds, and
physiological arousal was measured with pupil dilation. Moderate levels of arousal, induced
by non-social sounds, facilitated orienting. Study II examined how phasic alerting affects a
special form of orienting called visual disengagement. We studied this question in a group of
school age children with autism spectrum disorder (ASD; mean age, 6.5 years). Previous studies
have suggested that ASD is associated with atypical visual disengagement, but the literature is
inconclusive. Our results suggest that that phasic alerting facilitates disengagement in children
with ASD as well as in typically developing children. However, ASD was associated with a
general delay in visual disengagement. Study III assessed the overlap between symptoms of
ASD and social anxiety disorder (SAD) in terms of visual social attention. Both conditions are
associated with atypical attention to other peoples’ eyes. Participants were adolescents with
a diagnosis of SAD. We measured the latency to orient to isolated eyes, and the latency to
orient away from the eyes once they were fixated. The first measure was related to the level of
ASD symptoms, whereas the second measure was related to SAD symptoms. This suggests a
double dissociation between symptom dimensions of ASD and ASD in terms of social attention.
Together, these studies contribute to our understanding of quick attention processes in typically
and atypically developing populations.
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Introduction 

Human action and interaction typically unfolds through a series of synchro-
nized shifts between different sensory and conceptual foci. Attention is 
therefore highly important when people attempt to understand and interact 
with their social and sensory environment. For example, a conversation can 
be conceptualized as a form of turn-taking where the talking parties shift 
their focus both between each other and the topics at hand.  
 
Given the importance of attention in everyday life, it is not surprising that 
many researchers and theorists have tried to understand both typical child 
development and atypical psychopathology with reference to attentional 
processes. In psychology and neuroscience, an important task has been to 
distinguish between different subcomponents of attention. Although the 
dominant theories of attention today differ in taxonomy and definition, they 
share a view of attention as a group of interacting brain functions. For exam-
ple, different processes are typically thought to be involved in selection of 
some stimuli or parts of the environment, and in preparation for motor re-
sponses or sensory processing (e.g. Hebb, 1955; Mesulam, 1990; Petersen & 
Posner, 2012). These models of attention are rooted in a line of thought that 
views complex behaviors and skills as dependent on more fundamental cog-
nitive functions, which can be thought of as “building blocks” for processes 
at a higher level of complexity. This line of thinking is ubiquitous in cogni-
tive science, and is for example reflected in studies of empathy (Preston & 
M de Waal, 2002) and social cognition (Frith & Frith, 2008, 2012). An im-
plication is that a more fine-grained distinction between cognitive functions 
at the lower level is important for understanding complex behaviors such as 
social attention and psychiatric symptoms. I take a similar approach in this 
thesis. The overall aim of the thesis is to increase our knowledge about atten-
tional functions in typically developing infants, and in children and adoles-
cents with two psychiatric conditions: autism spectrum disorder (ASD) and 
social anxiety disorder (SAD). More specifically, I use eye tracking and 
pupillometry to examine attentional processes at a relatively low level of 
complexity, and try to understand how these relate to relatively more com-
plex behaviors and cognitions such as psychiatric symptoms. The attentional 
phenomena that I study occur at a short time scale (typically less than a few 
seconds), and are therefore best viewed as primarily implicit (i.e. relatively 
independent of mental effort, and not accessible to verbal reasoning and 
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introspection; see Frith & Frith (2008) for a discussion). Previous research in 
cognitive neuroscience has demonstrated that implicit and explicit processes 
are often dissociable, and can have differential relations to psychiatric symp-
toms and complex behaviors. In the following sections, I introduce central 
concepts that are addressed in the empirical studies, and identify areas where 
more knowledge is needed.   
 
The studies in the thesis focus on non-social visual attention, as well as at-
tention to social sources of information, such as faces and eyes. Participants 
in the three empirical studies were from developing populations across a 
wide age range – from infancy to adolescence. Cross-sectional studies of this 
kind enable indirect comparisons between different age groups and popula-
tions. However, since the studies are not longitudinal, they are less informa-
tive about developmental trajectories. 

What is Attention? 
Beginning in the second half of the 1900s, research in cognitive science has 
outlined a model of attention as a consisting of interacting sub-functions. A 
number of models of attention have been proposed (Bundesen, Habekost, & 
Kyllingsbaek, 2005; Cohen, 2014; Corbetta & Shulman, 2002; Hebb, 1955; 
Mesulam, 1990; Petersen & Posner, 2012). These models differ in detail, but 
share common features. One of these is a distinction between attentional 
functions involved in selection of parts of the sensory environment on the 
one hand, and on the other hand attentional functions involved in increasing 
and maintaining wakefulness, which in turn affects perception and further 
processing. In line with Petersen and Posner (2012), I refer to these atten-
tional functions as orienting and alerting respectively. The Posner and Pe-
tersen model is perhaps the most influential contemporary model of atten-
tion, and I will base my review on orienting and alerting on it. 
 
In addition to orienting and alerting, the Posner model includes a third atten-
tion function called executive control. Executive control is a higher order 
mechanism involved in resolving conflict between competing responses, and 
in maintaining current goals (Petersen & Posner, 2012; Raz & Buhle, 2006). 
In behavioral tasks, executive control is conceptualized as the ability to 
withstand interference from irrelevant cues. Executive control is beyond the 
scope of this thesis, and is not covered. For recent reviews and theoretical 
formulations, see (Petersen & Posner, 2012).  
 
Posner and colleagues developed their model based on results from manual-
response time tasks (e.g. Fan et al., 2009; Fernandez-Duque & Posner, 
1997), and later extended these studies to incorporate eye-tracking and neu-
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roimaging methodology (Fan, Mccandliss, Fossella, Flombaum, & Posner, 
2005). In a typical behavioral task, participants are instructed to localize a 
visual target as quickly as possible. Anticipatory cues are presented on a 
subset of the trials. Comparisons between reaction times after different types 
of cues, and between cued and un-cued trials are used to estimate the effi-
ciency of different attentional functions. This kind of task is a measure of 
voluntary performance – i.e. participants are trying to respond as quickly as 
possible under different stimulus conditions. Despite this, the Posner model 
aims at explaining both exogenous (bottom-up or stimulus driven) and en-
dogenous (top-down) attention. Models of attention formulated on the basis 
of other types of evidence, including neuropsychological studies of patients 
with brain lesions (e.g. Maurizio Corbetta & Shulman, 2002; Mesulam, 
1990), are largely consistent with the Posner model regarding basic features 
of the orienting and alerting network (despite differences in terminology).  

Defining Alerting and Orienting 

The alerting network is implicated in increasing and maintaining wakeful-
ness, which in turn affects perception and further processing. In behavioral 
response time tasks, alerting can be manipulated by presenting a spatially 
non-predictive cue such as a sound or a brief change in luminance either 
shortly before, or simultaneously with the target. This type of cue (hence-
forth alerting cue) provides temporal information, but does not convey in-
formation about the location of the upcoming target. Alerting cues typically 
facilitate processing by shortening reaction times. When an external cue has 
a short term effect on alerting, this effect is referred to as a phasic alerting 
effect. The term alerting can also refer to slowly changing state (e.g. on a 
time scale of several minutes or hours). In this case, the term tonic alerting 
or vigilance is used (Robertson & Garavan, 2004) 
 
The orienting network is involved in selection of parts of the sensory envi-
ronment for further processing, and is therefore spatially focused. In purely 
behavioral tasks, orienting is measured indirectly as an effect of spatially 
directive cues such as pointing arrows on response time. For example, if a 
person responds faster to a target that is preceded by a correct cue (an arrow 
that points in the direction of the upcoming target) than to a target preceded 
by an incorrect cue (an arrow that points in another direction), this is as-
sumed to reflect differences in focused visual attention (e.g. Fan et al., 2009; 
Rueda et al., 2004). In eye tracking studies, visual fixations are taken as a 
direct or indirect index of orienting of attention. Orienting in the sense of 
spatial attention should not be confused with the orienting response, a phys-
iological response linked to detection of novel and salient targets (e.g. Nieu-
wenhuis, de Geus & Aston-Cohen, 2011).  
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Neuroimaging studies have linked alerting effects to a brain network with 
important nodes in the thalamus, the brainstem locus coeruleus (LC), and a 
fronto-parietal cortical network (Fan et al., 2005; Murphy, O’Connell, 
Sullivan, Robertson, & Balsters, 2014; Sturm & Willmes, 2001; Weinbach 
& Henik, 2012). Orienting effects are consistently linked to brain regions 
involved in control of eye movements, including the frontal eye fields, supe-
rior colliculus and parietal cortex (Corbetta, Akbudak, Conturo, & Snyder, 
1998; Nobre, Gitelman, Dias, & Mesulam, 2000; Pourtois, Grandjean, 
Sander, & Vuilleumier, 2004), Psychopharmacological studies have also 
shown that alerting and orienting are linked to different monoaminergic neu-
rotransmitter systems. Noradrenergic projections from the LC support alert-
ing, whereas acetylcholine is more strongly linked to orienting.  (Murphy, 
Robertson, Balsters, & O’Connell, 2011; Sara, 2009; Wiegand et al., 2017).  

A Finer Look at the Orienting and Alerting Networks 
A rich literature has emerged about the cognitive and neural characteristics 
attention functions. In the following sections, I will introduce a more de-
tailed view of the alerting and orienting network, as well as some of the out-
standing research questions about their effects and interactions, that are ad-
dressed by the studies in this thesis.  

Orienting of Attention and Eye Movements 
Covert shifts of visual attention (i.e. in the absence of eye movements) are 
possible. However, shifts of visual attention are typically accompanied by 
eye movements (Peterson, Kramer, & Irwin, 2004; Sheliga, Riggio, & 
Rizzolatti, 1994). There is an ongoing debate about how the overlap between 
orienting of attention and eye movements is best understood. Some theories 
propose that all orienting of attention is based on oculomotor processes (e.g. 
Findlay & Gilchrist, 2003). Other theorists treat covert and overt visual at-
tention as separable process (e.g. Hunt & Kingstone, 2003; Posner, 1980). 
Both positions implicate that studies of eye movements are important, either 
as a direct measure or as a proxy for visual attention. The studies included in 
this thesis are not directly addressing the distinction between covert and 
overt attention but are based on an understanding of these processes as high-
ly interrelated. 

Disengagement as a Special Case of Orienting 
A distinction can be made between functions involved in moving attention to 
a new location (shifting), and functions involved in disengagement from the 
current focus. In other words, the orienting function can be divided into at 
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least two subcomponents. Although disengagement and shifting are clearly 
closely coordinated in typical behavior, the distinction may be highly im-
portant in certain clinical conditions, such as parietal lobe damage. Patients 
with disengagement impairments after parietal lesions are typically unable to 
report stimuli in the contralesional visual hemifield. However, when they are 
guided to move their attention from their current focus by external sensory 
cues, they are able to do so. This suggests that the shifting operation per se is 
not impaired, but rather the ability to disengage attention (Corbetta & 
Shulman, 2002; Posner, Walker, Friedrich, & Rafal, 1984). Further evidence 
for supporting the dissociation between disengagement and shifting comes 
from  developmental studies which have shown that the two attentional func-
tions have different developmental courses (Johnson, Posner, & Rothbart, 
1991; Rueda et al., 2004; van der Stigchel, Hessels, van Elst, & Kemner, 
2017). For example, the ability to shift attention to a new location develops 
earlier during infancy than the ability to disengage attention. As a conse-
quence, infants younger than four months may have difficulties reorienting 
from visual stimuli that capture their interest, which may eventually lead to 
overarousal and distress (Johnson et al., 1991). 
  
Studies in vision science have demonstrated that multiple factors are in-
volved in disengagement. Disengagement is slower from visual objects that 
occupy a larger part of the visual field than from smaller objects, suggesting 
that a determinant of disengagement efficacy is the degree of retinal space 
that is occupied by the visual object (Fendrich, Demirel, & Danziger, 1999; 
Pratt, Bekkering, & Leung, 2000). On a neural level, this effect has been 
linked to activation of fixation cells in the superior colliculus (Johnson et al., 
1991; Ngan et al., 2015). In addition to this basic oculomotor mechanism, it 
is also clear that disengagement is modulated by higher order processes such 
as the learned reward association of the stimuli (Müller, Rothermund, & 
Wentura, 2015), the emotional valence of the stimuli (Peltola, Leppänen, 
Palokangas, & Hietanen, 2008), and even conceptual representations such as 
the nutrition value of food for people with eating disorders (Lyu, Zheng, & 
Jackson, 2016). Taken together, this shows that disengagement efficiency 
has multiple influences. As will be shown below (see Alerting and Arousal), 
disengagement is also modulated by phasic alerting. 

Social and Non-Social Stimulus Characteristics Influence 
Orienting 
When more than one potential visual target is present, an important aspect of 
orienting is selection. A large body of research has examined the factors that 
determine whether an object or location is the target of quick, exogenous 
orienting of attention. Information about low-level stimulus dimensions such 



 16 

as color opponency and intensity contrast are encoded during the earliest 
stages of visual processing. Computational models of visual attention sug-
gest that this type of information is combined into a representation of the 
relative salience of all parts of the visual field. This representation is called a 
saliency map (Itti & Koch, 2001). Models based on low-level visual saliency 
(e.g. saliency maps) can predict exogenous orienting in both adults, children, 
and infants (Itti & Koch, 2001; Kaldy, Blaser, & Leslie, 2006; Kwon, 
Setoodehnia, Baek, Luck, & Oakes, 2016). Typically, this means the more 
visually complex a stimulus is in terms of simple visual features and con-
trasts, the more likely it is to be the target of a first fixation.  
 
Across development, humans are highly biased to quickly and reflexively 
orient their attention to faces in complex displays (Dawson et al., 2004; 
Farroni et al., 2005; Gliga, Elsabbagh, Andravizou, & Johnson, 2009; 
Gluckman & Johnson, 2013; Kwon et al., 2016). However, it has been diffi-
cult to explain orienting to  faces exclusively in terms of low-level visual 
salience (Gluckman & Johnson, 2013; Kwon et al., 2016). This suggests that 
other factors are influential. These factors may be related to the special so-
cial character of faces. In addition to faces, it has also been suggested that a 
broader range of social stimuli such as speech (Dawson et al., 2004), non-
facial body parts such as hands (Gluckman & Johnson, 2013), and emotional 
body language (Tamietto, Geminiani, Genero, & De Gelder, 2007) can trig-
ger orienting. 
 
The tendency to preferably orient to socially meaningful stimuli can be re-
ferred to as social orienting. A number of theories have been proposed to 
explain the phenomenon. Motivational theories center on the idea that at-
tending to socially meaningful stimuli is intrinsically rewarding, as a result 
of evolutionary selection (Chevallier, Kohls, Troiani, Brodkin, & Schultz, 
2012). In the domain of face perception, Morton & Johnson (1991) proposed 
that the human brain has a specialized mechanism for detecting and orienting 
to faces based on low-level configural visual properties (see also Johnson, 
Senju, & Tomalski, 2015; Viola Macchi, Turati, & Simion, 2004). Note that 
these explanations are not necessarily mutually exclusive. 
 
It is important to note that while many studies have found evidence for pref-
erential orienting to faces and other forms of social information, a number of 
studies have failed to find preferential orienting to social stimuli such as 
faces (Di Giorgio, Turati, Altoè, & Simion, 2012; Nothdurft, 1993; 
Vanrullen, 2006). Therefore, more knowledge about the necessary and suffi-
cient conditions for social orienting is needed. Previous research has identi-
fied a number of unique visual characteristics associated with facial stimuli 
that seem important for triggering social orienting, including low spatial 
frequency information from faces (Johnson et al., 2015), contrast polarity 
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(Farroni et al., 2005), and the “top-heaviness” of face –like stimuli (i.e. that 
more visual information is available at the top of stimuli; Viola Macchi et 
al., 2004). Many of these properties are found in the so called “proto-face”, a 
visual stimulus consisting of two dark areas at the top (resembling the eyes) 
and one dark area at the bottom (resembling a mouth). Note that, although 
the visual properties associated with face processing can in principle be 
found in other forms visual objects, they seem particularly important for 
identifying faces. One aim of this thesis was to examine whether eyes alone 
can trigger social orienting. The background to this question is summarized 
below. 

Are Eyes “Special”? 
Human eyes convey information about emotion, intention, and identity, and 
may be the most informative part of human faces (e.g. Baron-Cohen et al, 
2001). Humans are highly attentive to the eyes of conspecifics from birth 
and throughout development (e.g. Fox & Damjanovic, 2006; Hunnius, de 
Wit, Vrins, & von Hofsten, 2011; Oakes & Ellis, 2013). For example, Farro-
ni et al (2009) showed that infants could discriminate between eyes with 
direct and averted gaze already from birth. Behavioral, and neuroimaging 
studies have shown that information about emotional valence and intentional 
states can in many cases be extracted from eyes, even when shown in isola-
tion (Baron-Cohen, Wheelwright, Hill, Raste, & Plumb, 2001; Whalen et al., 
2004). On a neural level, several studies have suggested that perceptual pro-
cessing of eyes and gaze direction is supported by brain mechanisms that 
may be partly dissociable from those involved in processing of whole faces 
(Itier & Batty, 2009; McCarthy, Puce, Belger, & Allison, 1999; Perrett, 
Hietanen, Oram, & Benson, 1992; Taylor, Edmonds, McCarthy, & Allison, 
2001). Taken together, this suggests that eyes alone may be sufficient to 
trigger exogenous orienting. This question was addressed in study I. 

Alerting and Arousal 
Arousal can be defined as one’s general state of wakefulness and alertness to 
sensory stimuli. (Hebb, 1955). The concept of alerting is therefore closely 
linked to the arousal, although the exact nature of this relation has not been 
consistently defined. Alerting is sometimes defined as the ability to uphold 
an optimal level of arousal for the tasks at hand (Fernandez-Duque & 
Posner, 1997). The term vigilance is also commonly used for this ability, but 
is more typically used to refer to refer to the ability to uphold alertness dur-
ing prolonged time periods (e.g. Petersen & Posner, 2012). Early theories 
conceptualized arousal as a unitary phenomenon, linked to ascending neural 
projections from the brainstem to the cortex. This early unitary view was 
later rejected, and the concept of arousal was subdivided into several sys-
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tems. On a biological level, arousal is linked to several interacting neuro-
transmitters, as well as to the autonomic nervous system and to endocrine 
functioning (Aston-Jones & Cohen, 2005; Pfaff, Ribeiro, Matthews, & Kow, 
2008) These biological systems have different functional characteristics. 
Recent research has suggested that the noradrenergic (NE) system is most 
consistently linked to alerting. In an influential model, Aston-Jones and Co-
hen (2005) hypothesized that the LC-NE system has two principal modes 
that are differentially related to cognitive state and performance. The phasic 
mode is characterized by temporary increases in the firing rate of LC-NE 
neurons in response to sensory stimuli. The phasic mode is hypothesized to 
facilitate continuing utilization of current cognitive strategies by enhancing 
sensitivity to stimuli related to the current task (exploitation). The tonic 
mode is characterized by an elevated baseline (i.e. tonic) firing rate in the 
LC-NE system, but attenuated phasic responses (Aston-Jones & Cohen, 
2005). Subsequent studies have supported many of Aston-Jones and Cohens 
central claims about the role of the LC-NE system in attention in both ani-
mals (Reimer et al., 2014, 2016) and humans (Bouret & Sara, 2004; Jepma 
& Nieuwenhuis, 2011; Willem de Gee, Knapen, & Donner, 2014).  
 
Pupil dilation is highly influenced by LC-NE activity (Murphy et al., 2014; 
Reimer et al., 2016). If the theory that phasic alerting effects are linked to the 
LC-NE system is correct, it should be possible to link phasic pupil dilation to 
the behavioral effects of phasic alerting. Two recent studies in adults have 
reported that phasic alerting effects on visual perception are accompanied by 
increased pupil dilation (A. Petersen, Hilkjaer Petersen, Bundesen, 
Vangkilde, & Habekost, 2017; Tona, Murphy, Brown, & Nieuwenhuis, 
2016). To my knowledge, this effect has not previously been examined in 
infants. In study I, we examined behavioral alerting effects and pupil dilation 
simultaneously to examine the relation between the two, and particularly to 
understand the physiological correlates of the phasic alerting effects. 

Developmental Aspects of Alerting and Orienting 
Both alerting and orienting functions undergo profound development during 
infancy and childhood. During the first months of life, periods of attentive 
wakefulness increase dramatically, resulting in an increased time period 
during which infants can actively attend to their surroundings and explore 
the environment. In infants, periods of increased wakefulness and explora-
tion are often accompanied by physiological arousal (de Barbaro, Clackson, 
& Wass, 2017). With increasing age, infants and toddlers become more able 
to uphold their level of alertness (Danis, Peheux, Lefè Vre, Bourdais, & 
Serres-Ruel, 2008).  
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The development of  the alerting network may continue well into adoles-
cence (Posner, Rothbart, Sheese, & Voelker, 2014). Effects of phasic alert-
ing cues are typically larger in infants and young children than in adults and 
adolescents. This is likely to reflect that the ability to maintain an active state 
in the absence of exogenous cues improves with age (Mullane, Lawrence, 
Corkum, Klein, & McLaughlin, 2016; Pozuelos, Paz-Alonso, Castillo, 
Fuentes, & Rueda, 2014; Rueda et al., 2004).  
 
In contrast to the protracted development of tonic and phasic alerting, shift-
ing of spatial attention may be mature already at mid childhood (Rueda et 
al., 2004). Disengagement may follow a more protracted developmental 
course than shifting of attention, with continuing development through ado-
lescence (Van Der Stigchel et al., 2017). There is also evidence for a para-
doxical change in the way that alerting modulates conflict resolution and 
higher cognitive control. In adults, increased arousal and alertness typically 
leads to quicker responses, but also to a reduced ability to withstand distrac-
tion and select accurate responses (“faster but less accurate”) (Fernandez-
Duque & Posner, 1997; Petersen & Posner, 2012). This means that alerting 
facilitates dominant or well-learned responses, but can impair performance 
in situations where executive control is needed. In contrast, alerting seems to 
have a mainly beneficial effect also on cognitive processes that require exec-
utive control in school-age children (Pozuelos et al., 2014). 
 
As already noted, social orienting is seen already shortly after birth. For ex-
ample, newborn infants orient preferentially to face-like visual configura-
tions (Cassia, Simion, Umilta, & Macchi Cassia, 2001; Farroni et al., 2005) 
and throughout development. Similarly, infants orient to socially salient 
signals such as biological motion (Fox & McDaniel, 1982; Simion, Regolin, 
Bulf, & Regolint, 2008) and speech (Vouloumanos & Werker, 2007). To-
gether, this suggests that a bias to orient to social information is seen already 
in early infancy. 

Alerting-Orienting Interactions 
Auditory and visual alerting cues can modulate both the time course and the 
location of orienting. Typically, alerting cues shorten response times and 
result in more effective visual detection in tasks requiring responses to sim-
ple stimuli, even when the auditory cues do not provide valid temporal and 
spatial information about the upcoming stimuli (Shams & Kim, 2010; Van 
der Stoep, Nijboer, & Van der Stigchel, 2012). Alerting cues also typically 
lead to faster eye movements  (Zou, Müller, & Shi, 2012), and visual disen-
gagement is typically facilitated by phasic alerting cues (Kingstone & Klein, 
1993; Pratt et al., 2000). However, alerting cues can also interfere with visu-
al detection in situations with complex stimuli or competition between dif-
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ferent responses (Fernandez-Duque & Posner, 1997).  The effects of alerting 
cues are also dependent on tonic arousal. Individuals with attenuated tonic 
arousal tend to benefit more from phasic alerting cues (Brown et al., 2015; 
O’Connell, Bellgrove, Dockree, & Robertson, 2006; Robertson, Mattingley, 
Rorden, & Driver, 1998). To sum up, although alerting-orienting interactions 
are likely to be important in many contexts, they are complex and not always 
linear. There is also a lack of knowledge about how alerting relates to im-
portant forms of visual attention, particularly in developing populations. 
Previous studies have demonstrated that fluctuations in arousal is related to 
infants visual exploration of their environment (de Barbaro, Chiba, & Deák, 
2011; de Barbaro et al., 2017). However, there is a lack of experimental 
studies of phasic alerting effects on important visual orienting processes in 
infants, including social orienting. 

The Role of Attentional Problems in Childhood Onset 
Psychiatric Conditions 
In study II and III, we examined aspects of attention in children and adoles-
cents with two common childhood onset psychiatric conditions – autism 
spectrum disorder (ASD) and social anxiety disorder (SAD). The back-
ground to these studies is introduced in the following sections. 

Autism, Social Anxiety Disorder, and their Overlap 
ASD is a neurodevelopmental disorder which is diagnosed based on two 
core symptom categories – reduced social communication, and the presence 
of restricted interests and repetitive behaviors (American Psychiatric Associ-
ation, 2013). Global prevalence numbers of ASD are variable, with most 
estimates ranging between 1 – 2% (Elsabbagh et al., 2012; Idring et al., 
2014). In addition, subclinical autistic symptoms (henceforth autistic traits) 
appear to be normally distributed in the general population (Lundström et al., 
2012), and are often elevated in first-degree relatives of individuals with 
ASD (Constantino & Todd, 2005). This suggests that the autistic sympto-
matology may form a heritable trait-like continuum, where ASD is the ex-
treme end (Lundström et al., 2012). Autistic traits are often elevated in other 
psychiatric conditions than ASD, including SAD (Towbin, Pradella, 
Gorrindo, Pine, & Leibenluft, 2005) 
 
SAD is characterized by intense fear of being negatively evaluated. This fear 
drives the affected individuals to avoid social interaction, and engage in oth-
er behaviors that aim at avoiding feared situations (Hofmann, 2007; Rapee & 
Spence, 2004; M. B. Stein & Stein, 2008). The lifetime prevalence of SAD 
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in adults is estimated to be 4% globally, and 5.5% in high income countries 
(D. J. Stein et al., 2017). A prevalence estimate of 9% in adolescents was 
reported in a large US sample (Burstein et al., 2011). Like symptoms ASD, 
social anxiety is believed to exist along a continuum, with SAD at the ex-
treme end (Rapee & Spence, 2004). 
 
Across age levels, individuals with ASD are at high risk for anxiety disor-
ders, with SAD being one of the most prevalent comorbid conditions 
(Simonoff et al., 2008; South & Rodgers, 2017; White, Oswald, Ollendick, 
& Scahill, 2009). The risk for social anxiety may be particularly high in 
high-functioning individuals from adolescence to adulthood, and a differen-
tial diagnosis may be challenging (White et al., 2009). Autistic traits are 
commonly elevated in individuals with SAD (Cath, Ran, Smit, Van Balkom, 
& Comijs, 2007; Towbin et al., 2005). Although the symptom overlap be-
tween ASD and SAD is well established, there is a concern that common 
clinical measures are not well suited for differential diagnosis (Cholemkery, 
Mojica, Rohrmann, Gensthaler, & Freitag, 2014).  

Atypical Attention in ASD 
Atypical attention features already in the earliest descriptions of ASD (e.g. 
Asperger, 1944). Research on attention in ASD has been conducted in order 
to identify potential cognitive mechanisms that underlie ASD symptoms. 
Another aim has been to search for genetically determined cognitive markers 
of ASD. Studies II and III in this thesis were designed to examine currently 
unanswered questions related to visual disengagement, social orienting, and 
gaze avoidance in individuals with ASD and autistic traits. These topics are 
introduced in the following sections. 

Atypical Alerting and Arousal in ASD? 
Individuals with ASD often show highly variable autonomic responses to 
sensory stimuli (Hirstein, Iversen, & Ramachandran, 2001; Kleberg, 2015; 
Schoen, Miller, Brett-Green, & Hepburn, 2008). Theoretical articles have 
suggested a link between arousal regulation and atypical attention in ASD 
(Orekhova & Stroganova, 2014; see also Kleberg, 2015), but the empirical 
evidence remains inconclusive. For example, in simple reaction time studies, 
children and adults with ASD have often been found to benefit from alerting 
cues in a typical manner (Keehn, Lincoln, Müller, & Townsend, 2010; 
Keehn, Müller, & Townsend, 2013). Particularly, there is a lack of infor-
mation about how arousal is related to visual search, and to visual disen-
gagement. A recent extensive review about attention in ASD (Keehn et al., 
2013) identified these questions as two of the most important topics for fu-
ture research. Study II directly addresses the second of these questions (alert-
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ing effects on visual disengagement in ASD). Study III examines alerting 
effects on visual selection in relation to autistic traits. Study I is not directly 
related to ASD, but introduces an experimental paradigm that may be suita-
ble to study alerting-orienting interactions in young children with ASD or 
infants at risk for ASD. 

Atypical Visual Disengagement and ASD 
In an early study, Landry and Bryson (2004) used the gap-overlap paradigm 
to study visual disengagement in a small group of young children with ASD 
(mean age, 5.6 years), a control group matched for cognitive development, 
and an age-matched group with Down syndrome. Children with ASD had 
striking difficulties disengaging from fixated stimuli compared to both con-
trol groups (Landry & Bryson, 2004). In contrast, no atypicalities were seen 
on gap trials (i.e. on trials requiring a gaze shift without a need for disen-
gagement. This striking group difference was interpreted as an impairment 
of the disengagement function of the orienting network. Evidence of im-
paired disengagement has been reported in subsequent studies (Kawakubo, 
Maekawa, Itoh, Hashimoto, & Iwanami, 2004; Landry & Bryson, 2004; 
Sabatos-Devito, Schipul, Bulluck, Belger, & Baranek, 2016). Other studies 
have not found evidence for delayed disengagement in children with ASD 
(Fischer, Koldewyn, Jiang, & Kanwisher, 2013; Fischer et al., 2016), and 
some have even found faster disengagement in children with ASD (van der 
Geest, Kemner, Camfferman, Verbaten, & van Engeland, 2001).  
 
Longitudinal studies of infants with an older sibling diagnosed with ASD are 
often used as a means of studying the earliest signs of autism. Around 25% 
of male infants and 10% of female infants in this group are later diagnosed 
with ASD as compared to around 1-2% in the general population (Idring et 
al., 2015; Messinger et al., 2015; Ozonoff et al., 2011). A number of studies 
have reported evidence for delayed disengagement in infant siblings who are 
later diagnosed with autism (Elison et al., 2013; Elsabbagh, Fernandes, 
Webb, et al., 2013; Zwaigenbaum et al., 2005). This suggests that disen-
gagement difficulties may be an early marker, or even a contributing causal 
factor in the development of ASD. 
 
Impaired disengagement has been proposed as an underlying endophenotype 
for a wide range of symptoms in people with ASD, including reduced social 
communication, and enhanced attention to detail (Keehn et al., 2013; Sacrey, 
Armstrong, Bryson, & Zwaigenbaum, 2014). To fully evaluate this theory, it 
is important to understand the nature of visual disengagement atypicalities in 
ASD. The inconsistent findings in previous studies suggest that differences 
in methods or samples (for example age range) may relate to the results. The 
choice of stimuli could also be important. For example, Chawarska, Volkmar 



 23

and Klin (2010) found no evidence for atypical disengagement in toddlers 
with ASD when the central stimulus was a nonsocial object, but quicker 
disengagement when it was a face (Chawarska, Volkmar, & Klin, 2010). 
Another study reported that children with ASD had pronounced difficulties 
with disengagement when the central stimulus was dynamic and multimodal 
(Sabatos-Devito et al., 2016). In contrast, Fischer and colleagues (2013) 
reported highly typical disengagement from both social and nonsocial stimu-
li in children with ASD. 
 
As noted previously, visual disengagement is dependent on a number of 
interacting processes, including fixation release, covert and overt attention 
mechanisms as well as conceptual processing, and phasic alerting. An out-
standing question is how these mechanisms relate to the proposed disen-
gagement atypicalities in ASD. The aim of study II is was to compare alert-
ing modulation on disengagement in children with and without ASD. To my 
knowledge, this question had not been studied previously. 

Atypical Social Attention and ASD 
Reduced social communication is a core symptom of ASD. It is therefore not 
surprising that a large number of studies have examined aspects of visual 
social attention in individuals with ASD. Many studies have reported evi-
dence for reduced or atypical visual attention to social information in people 
with ASD, particularly during childhood (Chawarska et al., 2010; Falck-
Ytter, Rehnberg, & Bölte, 2013; Franchini et al., 2017; Kleberg, Thorup, & 
Falck‐Ytter, 2017b; Moriuchi, Klin, & Jones, 2017). However, the literature 
also point to a high level of hetereogeneity, and areas of typical social atten-
tion (for reviews, see Falck-Ytter & von Hofsten, 2011; Guillon, Hadjikhani, 
Baduel, & Rogé, 2014; Tanaka & Sung, 2016). For example, recent studies 
have demonstrated that infants later diagnosed with ASD attend in a highly 
typical way to some social stimuli such as biological motion (Falck-Ytter, 
Nyström, Gredebäck, Gliga, & Bölte, 2018).   
 
As noted previously, social orienting refers to a preference to orient atten-
tion towards socially meaningful stimuli. Social orienting has been studied 
extensively in ASD research, and features in important theories about the 
causes of the condition. The social motivation theory of autism states that a 
reduced reward value of social stimuli causes individuals with ASD to orient 
less to such stimuli (Chevallier et al., 2012). This theory predicts reduced 
orienting to social stimuli across sensory modalities and perceptual catego-
ries.  
 
In the domain of face processing, Senju and Johnson (2009) initially hypoth-
esized that ASD would be associated with atypicial functioning of a subcor-



 24 

tical brain network involved in orienting to faces. Senju and Johnson (2009) 
predicted that atypical orienting to faces would be an early predictive marker 
of ASD during infancy. In line with the face perception theory of Morton 
and Johnson (1991), they also predicted delayed orienting in individuals with 
ASD to stimuli with the basic visual configuration of a face (i.e. a “proto-
face”). 
 
Several studies have reported that individuals with ASD are less likely to 
orient to both faces and other types of social information (Dawson et al., 
2004; Dawson, Meltzoff, Osterling, Rinaldi, & Brown, 1998; Franchini et 
al., 2017; Sasson & Touchstone, 2014). This has most consistently been 
found in studies where social stimuli were presented among interesting visu-
al distractors (Chawarska et al., 2010; Dawson et al., 1998; Falck-Ytter et 
al., 2013; Franchini et al., 2017; Sasson & Touchstone, 2014). However, 
other studies have not found evidence for atypical social orienting in adults 
(Shah, Gaule, Bird, & Cook, 2013) and children (J. Fischer et al., 2013) with 
ASD. For example, Shah et al (2013) reported that adults with ASD were as 
likely as typically developing adults to orient towards a face-like stimulus 
created from low-level visual features only (i.e. a “proto-face”, see previous 
definition), when the distractor was a non-facial figure of similar contrast 
and visual complexity. Importantly, the prediction that reduced orienting to 
faces would be an early sign of ASD has also not been supported 
(Elsabbagh, Gliga, et al., 2013; W. Jones & Klin, 2013). To sum, most stud-
ies are in line with the view that there is reduced social orienting in individu-
als with ASD, although some of the strongest theoretical claims have not 
been supported.  

Visual Attention to Eyes in Individuals with ASD and SAD 
A common clinical observation is that individuals with ASD tend to attend 
less to other people’s eyes than typically developing individuals. It is possi-
ble that individuals with ASD tend to not look at other people’s eyes because 
they do not experience eye contact as rewarding (Chevallier et al., 2012), or 
because they find it difficult to use information from the eye region to inter-
pret mental states (Baron-Cohen et al., 2001). Together, I refer to these ex-
planations as seeking theories. Another influential theory (henceforth re-
ferred to as the avoidance theory) suggests that people with ASD do not look 
at other people’s eyes, because eye contact is perceived as aversive (e.g. 
Tanaka & Sung, 2016). On a behavioral level, both the avoidance theory and 
the social motivation theory predict reduced attention to eyes. However, the 
suggested mechanisms are different. In support of the avoidance theory, 
Dalton and colleagues reported heightened amygdala activity in adults with 
ASD as compared to a typically developing control group during a face per-
ception task. Furthermore, the time spent looking at the eyes was positively 
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related to amygdala activity in the ASD group, but not in controls (Dalton et 
al., 2005). Similarly, Kylliäinen and colleagues (2006) reported that children 
with ASD showed evidence of autonomic hyperarousal during perception of 
faces with direct gaze. Further evidence for the avoidance theory comes 
from two studies of quick eye movements to and away from eyes within 
whole faces. Kliemann and colleagues primed adults with ASD to look at the 
eyes of a face, and reported that the ASD individuals were quicker than con-
trols to orient away from the eyes, but did not differ from controls in the 
time it took to orient towards the eyes (Kliemann, Dziobek, Hatri, Baudewig, 
& Heekeren, 2012; Kliemann, Dziobek, Hatri, Steimke, & Heekeren, 2010).  
 
It is possible that comorbid anxiety, rather than core ASD symptoms, is re-
lated to some types of gaze avoidance in ASD. Social anxiety is particularly 
relevant in this context, since SAD is associated with avoidance of eye con-
tact (e.g. Schulze, Renneberg, & Lobmaier, 2013). A possible implication is 
therefore that avoidance of eye contact is only seen in individuals with ASD 
and comorbid social anxiety. In contrast, reduced seeking of eye contact may 
be related to the core autistic symptoms, and stem from reduced social moti-
vation (e.g. Moriuchi et al., 2017). The question is complicated, since ASD 
and SAD are not only overlapping in terms of social attention, but also in 
terms of other symptoms. More studies are needed to understand how the 
symptomatic overlap is related to social visual attention. 

Social Anxiety Disorder and Social Attention 
Current theories about social attention in children with SAD have centered 
on a few suggested atypical mechanisms. According to the vigilance-
avoidance hypothesis, SAD is characterized by initial quick attention to 
threat-related stimuli (hyper-vigilance), followed by avoidance at later stages 
(Mogg, Millar, & Bradley, 2000a). Another hypothesis states that SAD is 
associated with difficulties with disengagement of attention from threat-
related stimuli (Moriya & Tanno, 2011). Like ASD, SAD is associated with 
atypical processing of human eyes, particularly with direct gaze. Individuals 
with SAD commonly perceive direct gaze as threatening, (Schneier, 
Rodebaugh, Blanco, Lewin, & Liebowitz, 2011), which can lead to avoid-
ance (Weeks, Howell, & Goldin, 2013). SAD is a highly heterogeneous con-
dition, and it is likely that inter-individual variation in symptomatology is 
also related to social attention (e.g. Waters, Bradley & Mogg, 2014). More 
studies are needed to understand these relations. In study III, we examined 
how the overlap between SAD and autistic traits relates to visual attention to 
human eyes. To my knowledge, this question has not been addressed previ-
ously. 
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There is a paucity of eye tracking studies of social attention in children with 
SAD (e.g. Armstrong & Olatunji, 2012). Instead, the vast majority of studies 
have been conducted with manual response time tasks. In the following, I 
will discuss potential assets of eye tracking paradigms compared to a well-
used manual response paradigm, the so called facial dot probe task (e.g. 
Bantin, Stevens, Gerlach, & Hermann, 2016; A M Waters, Bradley, & 
Mogg, 2014). The questions that are raised are not unique to this particular 
experimental paradigm, but it serves as a useful point of discussion because 
it is widely used in SAD research (Armstrong & Olatunji, 2012). In the faci-
al dot probe task, participants are asked to locate a visual probe on a screen 
as quickly as possible. The probe can appear on two possible locations. In a 
typical example, one of these locations is occupied by a threat-related stimu-
lus (e.g. an angry face) before the visual probe appears, whereas a neutral 
stimulus is presented at the other location. If the participant is faster to re-
spond to a probe preceded by a threat-related stimulus than to a probe pre-
ceded by a neutral or positive stimulus, this is assumed to reflect that atten-
tion was already oriented to the threat related stimulus when the probe ap-
peared. Consequently, the opposite pattern is assumed to reflect that atten-
tion was located at the other location. Studies using the dot probe task in 
adult samples have been highly informative about attentional processes in 
both SAD and anxiety in general (Bantin et al., 2016; Mogg & Bradley, 
2005; Mogg, Millar, & Bradley, 2000b; Waters et al., 2014). A number of 
studies have also used the dot probe task to study attention to threat in chil-
dren. These studies have generally supported the idea of preferential atten-
tion to threat-related stimuli in SAD and other anxiety disorders. However, 
the effects are much smaller than in adult samples (Bar-Haim, Lamy, 
Bakermans-Kranenburg, & van Ijzendorn, 2007). As several authors have 
noted, the dot probe paradigm is limited by a lack of temporal and spatial 
precision. One important limitation is that performance during a single trial 
has to be categorized as either vigilant or avoidant. Another problem with 
the facial dot probe task is that the role of disengagement problems is hard to 
disentangle from that of avoidance (Salemink, Van Den Hout, & Kindt, 
2007). Manual motor response accuracy is also a confounding variable. Tak-
en together, this suggests that more knowledge is needed about social atten-
tion in SAD, particularly regarding the temporal and spatial dynamics of 
quick and implicit attentional processes that are difficult to measure with 
manual response time tasks. There is also a need for a better understanding 
of how  
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Aims 

The general aim of the studies included in this thesis was increase our under-
standing of alerting, orienting and their interaction in typically developing 
infants, young children with ASD, and adolescents with SAD. The studies 
were inspired by a line of thought that views complex behaviors such as 
psychiatric symptoms or social interaction skills as either dependent on or 
predated in ontogeny, by more fundamental cognitive functions. As outlined 
in the introduction, alerting and orienting functions interact in complex ways 
when people are engaged in important cognitive tasks, such as searching for 
important targets. Even a seemingly basic operation such as re-orienting 
gaze from one target to another, can be jointly influenced by both alerting 
and orienting functions. The specific aims were to address the following 
questions: 
 
1. How does phasic alerting influence orienting to social and non-social 

targets in young infants? (study I) 
2. Are phasic alerting effects on visual orienting related to pupil dilation? 

(study I) 
3. Can isolated eyes trigger visual orienting in infants? (study I) 
4. Is visual disengagement delayed in ASD? (study II) 
5. Is the effect of phasic alerting atypical in children with ASD? (study II) 
6. Can visual attention to human eyes distinguish between symptom di-

mensions of ASD and SAD in adolescents with SAD? (study III) 
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Methods 

Materials 

Experimental Tasks 

Study I 
Stimuli consisted of four images in a circular display (see examples in figure 
1), of which one was the target. Targets were either a full face (full face con-
dition), a pair of isolated eyes (eye condition), or a colored geometrical 
shape in red, yellow or green (color deviant condition). Sixteen trials of each 
condition were presented. In the eyes and whole face conditions, two of the 
three distractor images were nonsocial objects sharing a common configura-
tion (cell phones, trees, cars or houses). We also included one distractor re-
sembling the target in terms of low-level visual features. In the eye condi-
tion, this distractor was a pair of black dots on a white background (see also 
study III). In the full face condition, this distractor was a blurred face turned 
180 degrees (in the whole face trials). In the color deviant condition, the 
target had a different color than the three distractors, but the stimuli were 
otherwise identical. Auditory alerting cues were presented on 50% of the 
trials. These cues were either vocal (single vowels; 25%) or nonsocial (brief 
beeps; 25%). Auditory cues had a sound level of approximately 70-75 deci-
bel, and were presented at a variable interval between 400 and 80 millisec-
onds before the visual stimuli. No difference in sound pressure level was 
found between social and nonsocial sounds (p >.25). 
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Figure 1. Example of the visual stimuli used in study I from the whole face condi-
tion (A) and eye condition (B). Rectangular areas of interest (AOIs) used in the 
analysis are shown around each object. 

Study II 
A modified gap/overlap task was used in study II. The gap-overlap paradigm 
has been used extensively as a measure of visual disengagement (Csibra, 
Johnson, & Tucker, 1997; Pratt et al., 2000; Pratt, Lajonchere, & Abrams, 
2006; Reuter-Lorenz, Hughes, & Fendrich, 1991; Reuter-Lorenz, Oonk, 
Barnes, & Hughes, 1995). In this task, a visual stimulus is initially presented 
at the center of the visual field. Subsequently, a peripheral target appears. In 
the overlap condition, the central target remains visible when the peripheral 
target appears. The overlap condition can be contrasted with either the gap 
condition, in which the central stimulus disappears before the peripheral 
target appears, thus creating a temporal “gap” between the two stimuli, or 
the step or baseline condition, in which the central stimulus disappears at the 
same time as the peripheral stimulus appears.  
 
Overlap trials typically lead to longer latencies to fixate the peripheral tar-
gets compared to baseline or gap trials, a difference that is likely reflecting a 
processing cost associated with disengagement from the central stimulus. 
This effect is dependent on oculomotor mechanisms, disengagement of at-
tention, and a warning effect (i.e. an alerting cue) associated with the offset 
of the peripheral stimulus in the gap condition (Csibra et al., 1997; 
Kingstone & Klein, 1993; Pratt et al., 2000, 2006; Reuter-Lorenz et al., 
1995).  
 
Baseline and overlap conditions were used in study II. As a manipulation of 
phasic alerting, auditory cues were presented on 50% of the trials, at a varia-
ble interval between 200 and 400 ms before the offset of the central target. 
Alerting cues had a sound pressure level of approximately 70-75 decibel. 
Our main interest was the contrast between overlap trials with and without 
alerting cues. In line with previous empirical studies and theoretical concep-
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tualizations of visual disengagement and the gap/overlap task (Kingstone & 
Klein, 1993; Pratt et al., 2000), we expected alerting cues to facilitate disen-
gagement (i.e. decrease the latency to a first gaze shift at the peripheral tar-
get). Silent baseline trials were used to control for intra-individual differ-
ences in oculomotor speed. For this purpose, baseline trials may be prefera-
ble to the more commonly used gap condition. The reason for this is that 
baseline trials do not elicit a phasic alerting effect, and are less influenced by 
non-oculomotor attentional mechanisms than gap trials (Fendrich et al., 
1999). 

Study III 
To study attention to isolated eyes, we adapted an experimental paradigm 
from a previous study (Kleberg et al., 2017). During a baseline interval, par-
ticipants gaze was drawn to an animation at the center of the screen. After a 
short visual gap (note that no disengagement) was required, an array of visu-
al targets of equal size appeared. One of these objects was always a pair of 
eyes, one consisted of two black dots on a white background (i.e. containing 
the low-level visual properties of human pupils surrounded by the sclerae), 
and the other two were nonsocial everyday objects. The position of the ob-
jects was counterbalanced across trials. In total, 12 trials were presented. 
Auditory alerting cues were presented during the baseline interval on 50% of 
the trials. Alerting cues were presented within a variable time interval of 
500–700 milliseconds (ms) before the onset of the visual stimuli. The alert-
ing cue was a single phoneme or a brief beep. Auditory stimuli had an ap-
proximate sound volume of 75 decibels and a duration of 300–450 ms.  

Questionnaires 
The Social Responsiveness Scale (SRS; Constantino & Gruber, 2007) was 
used as a dimensional measure of autistic traits in studies II and III. The SRS 
has good psychometric properties, and captures autistic traits in the general 
population, as well as in individuals with ASD, and other clinical conditions 
(Bölte, Poustka, & Constantino, 2008). The Social Phobia and Anxiety In-
ventory for Children (SPAI-C; Beidel, Turner, Hamlin, & Morris, 2000) was 
used as a dimensional measure of social anxiety level in study III. This scale 
has good psychometric properties, and can discriminate between SAD and 
other anxiety disorders (Beidel et al., 2000).  
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Clinical Assessment 
In study II, a diagnosis of ASD was confirmed by a clinical psychologist 
using the ADOS-2 (Lord et al., 2012). In one case, it was not possible to 
administer the ADOS-2, and the diagnosis was instead confirmed from med-
ical records. Non-verbal IQ was assessed in study II using either the 
Wechsler Preschool and Primary Scale of Intelligence, third edition (WPPSI-
III), or the Wechsler Intelligence Scale for Children, fourth edition (WISC-
IV), depending on the child’s age. In study III, a diagnosis of SAD was con-
firmed by a clinical psychologist using a semi-structured diagnostic inter-
view (MINI -KID; Sheehan et al., 2010). The MINI-KID was also used to 
confirm that participants in study III did not have a diagnosis of ASD. 

Recording of Gaze and Pupil Data 
Corneal reflection eye tracking was used in all three studies included in the 
thesis. In all studies, eye movements and pupil size was recorded on a Tobii 
T120 eye tracker (Tobii Inc, Danderyd, Sweden). A sample rate of 120 hz 
was used in study III, and a sample rate of 60 hz in studies I and II. The 
choice of sample rate was based on the studied group. In general, higher 
sample rates yield more precise measurements. However, a lower sample 
rate may give more robust data if participants are moving or looking away 
during parts of the recording session. A lower sample rate was therefore used 
in study I, and II, where excessive movement or temporary loss of attention 
could be a risk (see for example Kylliäinen, Jones, Gomot, Warreyn, & 
Falck-Ytter, 2014). 

Processing of Gaze Data 
Fixations were identified with an I-VT Filter (Tobii fixation filter) that was 
implemented in the Tobii Studio software in studies II and III. In study I, we 
did not filter the raw eye tracking data, since standard fixation parsing algo-
rithms may not be reliable in infants (Wass, Smith, & Johnson, 2013). In-
stead, we implemented an algorithm that identified a gaze shift to a visual 
target if three out of four subsequent samples were within the area of interest 
(AOI) defined around that target. A linear interpolation was used to compen-
sate for gaps in the data shorter than 150 ms. 
 
The latency to complete a gaze shift towards the target was a dependent var-
iable in all three studies. Latency was calculated from the time point where 
the point of gaze was detected inside the target AOI. In this type of analysis, 
it is important to define minimum latency for accepted gaze shifts. Very 
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quick gaze shifts are likely to be either predictive (i.e. initiated before the 
onset of the visual stimuli) or artefacts in the data. In studies II and III, the 
minimum latency was set to 100 ms, based on previous studies of typical 
saccadic latencies (B. Fischer et al., 1993). In study I, the minimum latency 
was set to 150 milliseconds, based on data from a recently published study 
about saccadic latencies in infants (Kenward et al., 2017). In study III, a 
measure of sustained looking time before reorienting away from the target 
AOI was also used. This measure was defined as the latency in milliseconds 
from the first sample when a fixation was detected inside the AOI, to the 
first sample where a fixation was detected outside the same AOI. In studies 
II and III, trials were rejected if the participant 1) did not look at the center 
of the screen (corresponding to the central target in study II) for at least 50% 
of the baseline interval, and 2) if the point of gaze could not be detected by 
the eye tracker during 33% or more of the samples. In study I, trials were 
also rejected if the point of gaze could not be detected during the baseline 
interval, but no lower limit to the proportion of lost samples was set. This 
more liberal criterion was used to account for the fact that calibration accu-
racy and data quality are often less robust in infants than in children and 
adults. 

Processing of Pupil Data 
Pupil diameter was averaged for the left and right eye, and the signal was 
filtered using a moving average filter with a window size corresponding to 5 
samples (~80 ms). Samples with physiologically unlikely pupil diameters (< 
2 mm or > 7 mm) were removed from analysis. A linear interpolation was 
used over gaps in the data shorter than 150 ms. Pupil response amplitude 
was defined as the average pupil diameter during a 0-2000 ms time window 
after the onset of the visual stimulus, subtracted from the average pupil di-
ameter during a 500 ms baseline period preceding stimulus onset, expressed 
as percentage of the baseline value.  During the baseline period, an attention 
grabber was presented on a white background, followed by an empty (white) 
background for 120 ms.  Trials were removed from further analysis if the 
pupil response amplitude was larger than 25% or smaller than -25%. 
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Study I – Phasic Alerting, Pupil Dilation, and 
Orienting to Social and Nonsocial Targets 

Aim 
The aim of study I was to gain a better understanding of the factors that in-
fluence orienting in young infants. In a first set of analyses, we compared 
orienting to faces, isolated eyes, and color deviants. In a second set of anal-
yses, we analyzed the effect of auditory alerting cues on orienting to social 
(faces or whole eyes) and nonsocial (color deviants) stimuli. Alerting cues 
were either vocal or non-social. We also examined the link between phasic 
alerting and pupil dilation.  

Participants - Study I 
An initial group of 44 infants was recruited from a database of families who 
had expressed interest in participating in developmental research. Study I 
included two main analyses: 1) a comparison of orienting to faces, eyes, and 
color deviants based on visual characteristics), and: 2) analyses of the effect 
of alerting cues on visual orienting. Infants were excluded from analyses of 
conditions where they contributed less than three valid trials. Trials were 
rejected if a predictive gaze shift (latency <150 ms) was detected, or if the 
infant did not fixate at the center of the screen before the visual stimuli ap-
peared. In total, 42 infants (15 male, Mean age 6.64 months, SD = 0.68) 
provided valid data in the first set of analyses, and two infants were exclud-
ed. For the second set of analyses, 13 infants had to be excluded because 
they contributed to little valid data. Therefore, 31 infants were included in 
the second set of analyses (12 male, Mean age 6.74 months, SD = 0.67). 

Data Analysis and Dependent Variables– Study I 
Data were analyzed in MATLAB (Mathworks, USA). The following values 
were calculated for each participant: 1) The proportion of trials on which the 
first entered AOI was the target (relative to the total number of valid trials 
per condition), henceforth target proportion; 2) The mean latency to first 
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entry in the target AOI; henceforth target latency; and 3) The average pupil 
dilation amplitude during trials. These values were used as dependent varia-
bles in the analyses. We also used data at the level of individual trials as 
dependent variables in generalized linear regression models with the aim of 
understanding the relation between pupil dilation and eye movements. 
 
In the analyses related to the effects of alerting cues on social and nonsocial 
orienting , whole faces and isolated eyes were combined to a single condi-
tion (henceforth, the visual social condition), to maximize the number of 
included participants, given that we did not expect different effects of phasic 
alerting for eyes and whole faces. To analyze the effect of visual stimulus 
type and phasic alerting on target proportion and target latency, we fitted 
generalized linear mixed effects models with random intercepts for partici-
pants (equivalent to treating multiple observations from one participant as 
repeated measures). The models were fitted with a Gaussian distribution and 
identity link function. 
 
In analyses of the relation between pupil dilation amplitude and the likeli-
hood of a first fixation at target, data from individual trials was analyzed 
using generalized linear mixed effects regression models with pupil dilation 
amplitude as predictor and a binary dependent variable (coded as a ‘hit’ if 
the first fixation was at the visual target, and as ‘miss’ if the first fixation 
was at a distractor). Random intercepts for participant and trial were includ-
ed in the model. The model was fitted with a binominal distribution and a 
logit link function. In analyses of the relation between pupil dilation ampli-
tude and target latency, the same model was used, but the response (latency) 
was continuous, and the model was therefore fitted with a Gaussian distribu-
tion and an identity link function. We tested the significance of main and 
interaction effects by comparing models with the effects of interest to mod-
els without the effect, using likelihood ratio tests (LRT). Outlier observa-
tions, defined as standardized residuals outside the +/ 3 SD range were re-
moved from analysis.  
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Results – Study I 

Effects of visual stimulus type 
A main effect of condition was found, χ2 (2) = 34.99, p <.001 for target pro-
portion. Follow-up comparisons showed higher target proportion in the 
whole face condition than in the eye condition, χ2 (1) = 9.41, p =.002, b = 
0.11, SE =0.03, z = 3.24, and in turn higher in the eye condition than in the 
color deviant condition, χ2 (1) = 9.44, p =.002, b = 0.09, SE =0.03, z = 3.25. 
One-sample t-tests were used to compare target proportion target against 
chance level, i.e. a proportion of 0.25. These analyses demonstrated signifi-
cant effects for full faces, t (41) = 7.36, p <.0001, and whole eyes, t (41) = 
3.18, p =.001, but not for color deviants, t (41) = 0.58, p >.57.  

Effects of phasic alerting cues  
We analyzed target proportion as a function of auditory alerting cues using a 
mixed effects model with alerting cue (silent, nonsocial, vocal) as predictor. 
Thirty-one infants contributed valid data to this analysis. A significant main 
effect of alerting cue was found, χ2 (2) = 6.45, p =.036, b = 0.078; SE = 
0.036. Planned follow-up comparisons demonstrated that target proportion 
increased after nonsocial alerting cues compared to silent trials, χ2 (1) = 
5.28, p =.022, b = 0.08, SE = 0.03, z = 2.32. A higher target proportion was 
also seen in the nonsocial condition compared to the vocal condition, χ2 (1) 
= 4.29, p =.038, b = 0.09; SE = 0.04, z = 2.09. The vocal condition and the 
silent condition did not differ, χ2 (1) = .05, p =.822, b = 0.01; SE = 0.03, z = 
0.22. To sum up, these results suggest that the nonsocial alerting cues in-
creased the likelihood of a first fixation at the target with 8 percentage points 
compared to the silent trials, and nine percentage points compared to the 
vocal condition.  
 
Alerting cues did not influence the latency to orient to targets. However, we 
found a main effect of alerting cue on the latency to a first fixation at any 
AOI (target or distractor), χ2 (2) = 11.01, p =.004. Follow-up comparisons 
demonstrated that the latency to a first fixation was shorter after vocal alert-
ing cues compared to silent trials, χ2 (1) =.6.65, p =.001, b =- 27.64, SE = 
10.30, z = 2.68, and compared to nonsocial alerting cues, χ2 (1) =.11.55, p 
=.001, b = -35.97, SE = 9.35, z = 3.62. In contrast, nonsocial alerting cues 
did not affect overall oculomotor speed compared to silent trials, χ2 (1) =.64, 
p =.43, b = 9.86, SE = 12.32, z = -.80. 

Pupil Dilation 
Average pupil response differed between the three alerting conditions, re-
flected in a strong main effect of condition, χ2 (1) = 50.79; p <.0001. Vocal 
sounds resulted in larger pupil response amplitude than nonsocial sounds, χ2 
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(1) = 13.983; p <.001, z = 2.32, and nonsocial sounds in turn resulted in 
larger pupil response amplitude than silent trials, χ2 (1) = 17.77; p <.001, z = 
4.43. The above findings show that pupil response differs between condi-
tions. In order to study the relation between pupil response and likelihood of 
target selection on a trial level, we fitted a logistic generalized regression 
model with hit (first fixation at the target) or loss (first fixation at a distrac-
tor) as binary response variable and pupil response as a continuous predictor. 
In this analysis, we included data from the non-social sound condition be-
cause this was the one in which we saw clear facilitation at the group level. 
Pupil dilation amplitude was positively related to the likelihood of a first 
fixation at the target, χ2 (1) = 7.01, p = .008, b =.03, SE = .01, OR = 1.03).   

Discussion – Study I 
In study I, it was found that nonsocial phasic alerting cues facilitated orient-
ing to visual targets in 7 month old infants. Vocal alerting cues did not affect 
the speed or likelihood of orienting to the visual targets, but led to a nonspe-
cific increase in oculomotor speed. These behavioral results were linked to 
pupil dilation. First, pupil dilation was enhanced after nonsocial alerting cues 
as compared to silent trials, and was even larger after vocal alerting cues. 
Secondly, pupil amplitude predicted the likelihood of orienting to the visual 
targets on silent trials and trials with nonsocial alerting cues. Together, this 
suggests that phasic alerting facilitates visual orienting to targets by increas-
ing LC-NE mediated physiological arousal. The results of study I also sug-
gest that the relation between pupil dilation and visual orienting is not linear. 
A possible interpretation is that social alerting cues failed to facilitate orient-
ing to targets because they resulted in higher than optimal arousal. An in-
verted U-shaped relation between LC-NE arousal and attention has previous-
ly been described in relation to tonic activity(Aston-Jones & Cohen, 2005; 
Bouret & Sara, 2004). However, it is also possible that the social sounds 
triggered a competing orienting response that interfered with the visual ori-
enting process. Study I is also contributing to the literature of infant attention 
by demonstrating that, similar to whole faces, isolated eyes trigger fast and 
automatic visual orienting. 
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Study II – Visual disengagement and phasic 
alerting in children with ASD 

Aim 
Study II was designed with the double aim to examine alerting influences on 
visual disengagement in young children with ASD, and to test the hypothesis 
of delayed visual disengagement in ASD. As outlined in the introduction, 
previous studies in typically developing populations have demonstrated that 
alerting cues in both the auditory and visual modalities facilitate disengage-
ment (Kingstone & Klein, 1993; Pratt et al., 2000; Spantekow, Krappmann, 
Everling, & Flohr, 1999). However, little is known about alerting effects on 
disengagement in ASD. It may be particularly important to examine alerting 
effects in the gap/overlap task, since this paradigm has been used in many 
previous studies with partly inconsistent results. 

Participants - Study II 
Participants with ASD were recruited from habilitation services in the 
Stockholm area. A clinical psychologist confirmed a diagnosis of ASD at the 
same visit as the experimental task (see Clinical assessment). Initially, 25 
children with ASD were recruited (Mean age 6.13 years; SD = 1.42; 20 
Male). An initial group of 24 typically developing children was recruited 
from a database of families who had expressed interest in participating in 
developmental research (Mean age 5.78 years, SD = 1.08, 18 Male). The 
vast majority of participants were male, which is consistent with the known 
gender distribution in ASD.  
 
 The main analysis was conducted in children with ASD who did not have an 
intellectual disability according to medical records of clinical assessment (N 
= 18, 14 Male, Mean age 6.5 years, SD = 1.75), and case matched controls. 
The ASD group had slightly lower NVIQ than the case matched controls, but 
the difference was not significant (p = .09). When the analysis was run with 
all children with ASD (i.e. including children with learning disability) who 
provided valid data (N = 20) and the full sample of typically developing 
children (N = 23), all results remained unchanged. 
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Data Analysis and Dependent Variables – Study II 
Data were analyzed in MATLAB, and SPSS (IBM, USA). For each partici-
pant, the median saccadic latency (SL) to the peripheral target (defined from 
the onset of the peripheral stimulus) was calculated in the silent overlap con-
dition, and the overlap + alerting cue condition. The median SL in the silent 
baseline condition was subtracted from these values, to correct for inter-
individual variability in overall oculomotor speed. Basline trials with alert-
ing cues were not analyzed, but were included in the experiment to reduce 
the risk of predictive learning (i.e. that alerting cues would only precede 
overlap trials). Data were analyzed using a repeated measures analysis of 
variance (ANOVA) with condition (silent, alerting cue) as within subjects 
factor, and group (autism, typically developing) as between subjects factor. 

Results – Study II 
A main effect of condition was found, driven by shorter SLs after auditory 
cues compared to silent trials, F (1, 33) = 5.958, p = .020, η2=.16 and a main 
effect of group, driven by overall longer SLs in the ASD group, F (1,33) = 
56.102, p = .021, η2 = .15, but no group x condition interaction effect, 
F(1,31) = 50.003, p = .958.  

Discussion – Study II 
In study II, evidence for delayed visual disengagement was found in the 
ASD group as compared to a control group matched for age, sex, and NVIQ. 
Importantly however, phasic alerting facilitated disengagement similarly in 
both groups. Taken together, this suggests that ASD is associated with de-
layed disengagement, despite a typically functioning alerting network.  
 
How do these findings relate to the previous literature about attentional pro-
cesses in ASD? As outlined in the introduction, previous studies of visual 
disengagement in ASD have reached inconsistent conclusions (see Keehn et 
al., 2013; Sacrey et al., 2014 for reviews). The results of study II support the 
theory of delayed disengagement in ASD, but more studies are needed be-
fore decisive conclusions can be reached. It should be noted that many stud-
ies in the field, including study II, have been conducted in small samples. 
Larger studies are needed in order to reach more conclusive results. The 
results of study II suggest that factors related to phasic alerting, and to 
arousal mechanisms more broadly, should be thoroughly considered in stud-
ies of visual disengagement in ASD.  
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Which are the practical conclusions of study II? Study II points to a dissocia-
tion between (atypical) visual disengagement and (typical) phasic alerting 
mechanisms in young children with ASD. Based on this, treatments for at-
tentional problems in children with ASD are predicted to be more successful 
it they utilize the alerting network, and are less demanding of efficient visual 
disengagement. In line with this, Kleberg, Falck-Ytter & Thorup (2017) 
recently reported that children with ASD were more likely to orient towards 
human eyes after phasic alerting cues.   
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Study III – Relations between Autistic Traits, 
Social Anxiety, and Social Attention in 
Adolescents with SAD 

Aim 
Both ASD and SAD have been linked to atypical social attention, and partic-
ularly to atypical attention to others’ eyes. Elevated autistic traits are often 
seen in adolescents and children with SAD (Cath et al., 2007; Pine, Guyer, 
Goldwin, Towbin, & Leibenluft, 2008), an overlap that is likely to have clin-
ical implications (Puleo & Kendall, 2011). Study III was the first eye track-
ing study to examine whether social anxiety and autistic traits have similar 
or dissociable relations to social attention in adolescents with SAD. We 
measured orienting to images of human eyes with direct gaze among distrac-
tors. Our variables of interest were 1) the latency to a first fixation at the 
eyes, and 2) the latency to orient from the eyes, once they were fixated. Au-
tistic traits were measured with the SRS and social anxiety with the Spai-C 
(see Methods). 

Participants - Study III 
Participants were recruited from an ongoing treatment study (Nordh et al., 
2017). From an initial sample of 30 adolescents, 27 agreed to take part in the 
study (Mean age = 15.2; SD = 1.2, 4 Male). Diagnosis of SAD was con-
firmed by a clinical psychologist. Due to the unexpected gender imbalance 
of the sample, the main analysis was run in female participants only (N = 21, 
Mean age = 15.2; SD = 1.2). However, the results held when male partici-
pants were included.  

Data Analysis and Dependent Variables – Study III 
Data were analyzed in MATLAB, and SPSS. Preliminary analyses demon-
strated no effect of alerting cue, and trials from all conditions were therefore 
combined. For each participant, the mean saccadic latency (SL) to the target 
(i.e. the eyes) was calculated. For each participant, we also calculated the 
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mean latency to look away from the target after first fixation. The relation 
between these variables, SRS raw score, and SPAI-C total score was ana-
lyzed using Pearson correlations (main analysis). These analyzes were fol-
lowed up with partial correlations to control for potential confounders. All 
correlations were scanned for outliers using visual inspection and the Cooks’ 
distance statistic.  

Results 
A positive relation between SRS and latency to first fixation at the eyes was 
found, r = .57; p = .011, indicating that participants with higher levels of 
autistic traits took longer time to orient towards the eyes. This relation re-
mained when we controlled for Spai-C in a partial correlation, r = .49; p = 
.04. In contrast, no significant relation was found between Spai-C and laten-
cy to first fixation at the eyes (r = .35; p = .12; p = .18 after controlling for 
SRS). Spai-C scores were negatively related to the time before participants 
first looked away from the eyes, r = −.58; p = .007, indicating that partici-
pants higher in social anxiety were quicker to reorient from the eyes once 
they were fixated. This relation held when we controlled for SRS, r = −0.56; 
p = .01. No relation was found between SRS and time to look away from the 
eyes (p = .65 after con- trolling for Spai-C). The previous analyses demon-
strated specific relations between autistic traits and latency to orient to the 
eyes on the one hand, and between social anxiety and latency to reorient 
from eyes on the other. However, this does not prove, for example, that the 
level of autistic traits is also more strongly related to the latency to orient to 
the eyes than social anxiety is related to the latency to orient to the eyes. In 
order to illuminate this issue, we compared the strength of the correlations 
between the symptom meas- ures and the eye tracking variables using Stei-
ger’s z-score comparison (Lee and Preacher 2013). The analysis showed that 
the association between Spai-C and the latency to look away from eyes was 
stronger than the association between SRS and the same eye tracking meas-
ure (Z = 3.097; p = .002). Using the same analysis, we did not find evidence 
that that the SRS was more strongly related to latency to orient towards the 
eyes than the Spai-C (Z = 0.86; p = .39).  

Discussion – Study III 
Study examined the relation between symptom dimensions of ASD and 
SAD, and visual attention to human eyes. The results suggest a double dis-
sociation between autistic traits, and social anxiety in terms of visual atten-
tion to human eyes. Whereas autistic traits were related to slower orienting 
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to eyes, social anxiety was related to quicker orienting away from eyes, once 
they were fixated.  

 
As noted previously, both ASD and social anxiety are associated with atypi-
cal social attention, and particularly to a tendency to avoid eye contact 
(Horley, Williams, Gonsalvez, & Gordon, 2003; Moukheiber et al., 2010; 
Tanaka & Sung, 2016). Despite this, little is known about how symptomatic 
overlap between the two conditions relate to social attention. Study III was 
the first eye tracking study to examine the relation between autistic traits and 
social attention in individuals with SAD. The results have a number of po-
tentially important implications.  
 
First, study III suggests that autistic traits are important to consider in future 
studies of social attention in SAD, and also suggests that it may be possible 
to develop objective measures that distinguish between symptoms of SAD 
and ASD in clinical groups. Evidence for a symptom overlap between SAD 
and ASD has often been found in studies using self- or parent report ques-
tionnaires (Bölte et al., 2008; Cath et al., 2007; Simonoff et al., 2008; 
Towbin et al., 2005), but concerns have also been raised about the validity of 
these measures for the purpose of assessing comorbidity. It is possible that 
superficial similarities between social anxiety and ASD (for example, a ten-
dency to avoid social situations) lead to inflated correlations between ques-
tionnaires (e.g. Cholemkery et al., 2014). If our findings can be replicated in 
larger samples, they are potentially useful for differential diagnosis in clini-
cal settings.  
 
Secondly, study III contributes to a long standing debate about the causes of 
atypical social attention in ASD. As noted previously, reduced social atten-
tion in ASD has been attributed to either reduced seeking due to low social 
motivation or social cognitive difficulties (see Chevallier et al., 2012; 
Moriuchi et al., 2017), or to avoidance due to fear or hyper-arousal 
(Kliemann et al., 2012; Kylliainen & Hietanen, 2006; Tanaka & Sung, 
2016). Our results are most consistent with the idea that reduced seeking is 
related to core ASD symptoms, whereas avoidance is related to comorbid 
anxiety (see Moriuchi et al., 2017 for a similar suggestion).  
 
It should be noted that, in contrast to study I and II, the experimental para-
digm used in study III does not give a “pure” measure of shifting of visual 
attention. The reason for this is that the stimuli were presented in horizontal 
arrays, meaning that, on some trials, it would be possible to orient attention 
to a distractor first, and then re-orient to the eyes. As a consequence, disen-
gagement would also be required. Latency to orient to the eyes, as measured 
in study III is therefore best interpreted as a composite measure of orienting 
functions.   
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General Discussion 

The three studies included in this thesis examine social and nonsocial orient-
ing and alerting processes in typical and atypical development. In study I, we 
found a facilitating effect of (non-social) alerting cues on orienting to social 
and non-social targets. This facilitation was related to enhanced pupil dila-
tion, suggesting that LC-NE arousal underlies the effect.  Vocal alerting cues 
led to even larger pupil dilation than non-social cues, but did not increase the 
likelihood of orienting to targets. Instead, a non-specific increase in oculo-
motor speed was seen. In study II, young children with ASD were found to 
be slower to disengage their visual attention than typically developing chil-
dren. This is consistent with the theory that children with ASD have a prob-
lem with disengagement of attention. However, both groups showed the 
expected facilitation of phasic alerting, suggesting that this attention function 
is not atypical. In study III, dissociable relations between autistic traits and 
symptoms of social anxiety were found on social attention in a group of ado-
lescents with SAD. Whereas autistic traits were related to delayed orienting 
to eyes, social anxiety symptoms were related to shorter fixation time at the 
eyes, once they were fixated. This suggests that, at least in individuals with 
SAD, the two symptom dimensions have different correlates. In the follow-
ing sections, I will discuss general questions related to the three studies, and 
some suggestions for future research.  

Phasic Alerting Modulates Orienting and 
Disengagement 
Studies I and II demonstrate phasic alerting effects on both nonsocial and 
social orienting and disengagement. Together, these studies suggest that 
phasic alerting effects are broad, and affect multiple aspects of visual atten-
tion. Effects on both disengagement and shifting (moving) of attention were 
found, and similar effects were found for non-social and social visual targets. 
Importantly, these effects were found in the younger samples (7 month old 
infants in study I, and children aged 6.5 years in study II) In contrast, no 
effect of phasic alerting was found in the adolescent sample in study III. A 
possible interpretation is that this represents an age effect, since the effects 
of phasic alerting cues typically decrease with increasing age (Pozuelos et 
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al., 2014). As noted in the introduction, there is a lack of knowledge about 
interactions between alerting and orienting in individuals with ASD or autis-
tic traits. In study II and III, this question was addressed in the context of 
visual disengagement and social orienting. Study I is not directly related to 
ASD, but the experimental paradigm may be useful as a tool for understand-
ing alerting effects on social and non-social orienting in infants at risk for 
ASD and young children with ASD. Previous studies of social attention and 
visual attention to faces more generally have yielded mixed results in these 
populations (for reviews, see Elsabbagh & Johnson, 2016; Falck-Ytter & 
von Hofsten, 2011b; Guillon et al., 2014). This is surprising, given the fact 
that difficulties with social interaction and communication are core symp-
toms of ASD. Studies of alerting influences on social attention may contrib-
ute to a better understanding of the earliest manifestations of these symp-
toms. Interesting in this context, a recent study (E. J. H. Jones, Dawson, & 
Webb, 2017) reported that sensory hyper-responsiveness during early infan-
cy in infants at risk for ASD predicted neural response to faces at 18 months, 
a pattern that was also seen in a control group without familial risk for ASD. 
This suggests that individual differences in arousal-related processes may be 
predictive of the development of the social brain. In light of the studies in-
cluded in this thesis, a potential explanation for these results is that children 
with sensory hyper-responsiveness are more sensitive to arousal-inducing 
stimuli in the environment, which in turn triggers orienting to social stimuli. 
In a previous study (Kleberg, Thorup & Falck-Ytter, 2017), we reported that 
phasic alerting cues also enhanced social orienting in school age children 
with ASD.  

Linking Physiological Measures of Arousal to Eye 
Movements 
Our results contribute to a growing literature relating arousal and visual ori-
enting in both infants (de Barbaro et al., 2011, 2017) and adults (Asutay & 
Västfjäll, 2017; Zou et al., 2012). These and similar studies contribute to our 
understanding of the mechanisms that determine visual attention in general, 
and phasic alerting effects in particular. Previous infant studies have sug-
gested that infants during the first six months of life are more dependent on 
tonic arousal for adaptive visual attention than older infants, but less is 
known about the effects of phasic alerting cues. Recently, de Barbaro et al 
(2017) reported that spontaneous short-term increases in arousal predicted a 
higher likelihood of visual re-orienting in infants. In this study, a composite 
measure of physiological and oculomotor indices of arousal was used, in-
cluding heart rate, skin conductance, and the rate of visual fixations, but not 
pupil dilation. The correlational nature of the study limits the conclusions 
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about causality that can be drawn. In study I, we manipulated alerting exper-
imentally, and found results that are generally consistent with the findings of 
de Barbaro et al (2017). Both studies are potentially relevant for computa-
tional models that try to predict the location of visual attention. In our study, 
phasic increases in pupil dilation predicted orienting to targets at the level of 
individual trials. de Barbaro et al (2017) reported that fluctuations in arousal 
at a longer time scale (20 seconds) predicted reorienting of attention better 
than fluctuations occurring at shorter time scales. An interesting question for 
future studies is to compare the predictive validity of different measures of 
arousal, as well as of changes occurring at different time scales. Our results 
suggest that pupil dilation is a valid and feasible measure for tracking short 
term fluctuations in infant arousal induced by alerting cues. Task-evoked 
pupil dilation is related to LC-NE functioning (Murphy et al., 2014, 2011; 
Reimer et al., 2016). As noted previously, this neurotransmitter system has 
previously been linked to alerting (e.g. Petersen & Posner, 2012). Pupil dila-
tion as an index of the physiological effects of phasic alerting is therefore 
theoretically motivated. It should also be noted that the relation between 
pupil dilation and visual attention that was found in study I seems to follow 
an inverted U-shaped pattern, that has previously been described in the liter-
ature of LC-NE functioning (Aston-Jones & Cohen, 2005). Importantly 
however, the alerting effects examined in study I are phasic, whereas an 
inverted U-shaped relation between LC-NE activity and attention has mainly 
been described in relation to tonic activity (Aston-Jones & Cohen, 2005). In 
contrast to study I, many studies of alerting or arousal effects on visual atten-
tion have relied solely on behavioral measures or self-reports as proxy for 
arousal (Asutay & Västfjäll, 2017; Fernandez-Duque & Posner, 1997; 
Gardner & Karmel, 1995). A better understanding of alerting effects on vis-
ual attention is likely to result from a combination of physiological and be-
havioral measures.  

Phasic Alerting and Arousal in the Gap/Overlap Task 
Although studies in typically developing samples have consistently demon-
strated a role of phasic alerting in the gap/overlap paradigm (e.g. Kingstone 
& Klein, 1993; Spantekow et al., 1999), phasic alerting has, to my 
knowledge, not been systematically manipulated in studies with ASD partic-
ipants prior to study II. Study II used auditory cues to manipulate phasic 
alerting, and the results support the idea that this attention function modu-
lates disengagement in children with ASD similarly as in typically develop-
ing children. As noted in the introduction, the literature about visual disen-
gagement in individuals with ASD is highly inconsistent, and a better under-
standing of the attentional functions involved is therefore important. Study II 
contributes to the literature about visual disengagement in children with 
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ASD, by examining both visual disengagement and its modulation by phasic 
alerting. Our results in study II replicate previous findings of delayed visual 
disengagement in ASD, and contribute to a better understanding of the atten-
tional functions involved.  
 
Phasic alerting effects may be important to consider in other versions of the 
gap/overlap task. In particular, it is likely that properties of the visual stimuli 
used in gap/overlap tasks can affect phasic alerting. Potential examples in-
clude sudden motion and color changes. Can such properties explain incon-
sistencies in previous studies of visual disengagement in ASD? In principle, 
it is possible that the relative differences in arousing properties of the central 
and peripheral stimulus could have an effect on visual disengagement. This 
idea can be illustrated with two examples from the ASD literature. Elsab-
bagh and colleagues (2013) used a dynamically moving central stimulus that 
froze when the stimulus appeared in their longitudinal study of infants later 
diagnosed with ASD. In contrast, the peripheral stimuli were always dynam-
ic. It is possible that this might have enhanced the arousing properties of the 
peripheral stimuli relative to the central. In contrast, Landry and Bryson 
(2004) used central stimuli that may have been highly arousing in their study 
of young school age children with ASD. In this study, the central stimulus 
was an entire computer monitor filled with colorful, dynamic geometric 
shapes. Since both Landry and Bryson (2004) and Elsabbagh et al (2013) 
reported evidence supporting the delayed disengagement hypothesis of ASD, 
it is clear that even if they are potentially important, arousal-related differ-
ences between central and peripheral stimuli are not the only explanation for 
inconsistencies in the previous literature. In another study, Sabatos-DeVito 
et al (2016) reported evidence for delayed disengagement in children with 
ASD in the gap/overlap task when both central and peripheral stimuli were 
dynamic and multimodal, but not when stimuli were static, or dynamic but 
silent. It is possible that these results are related to an overall increase of 
arousal with the multimodal stimuli, that is not specifically affecting the 
peripheral or central stimuli. To sum up, it is possible that systematic manip-
ulation of alerting effects in the gap/overlap paradigm can contribute to a 
better understanding of this task in both typical and atypical development.  

Gaze Avoidance, Social Motivation, and Eye Contact 
As noted in the introduction, previous studies have demonstrated that infants 
are highly attentive to faces, and are likely to orient first to face-like stimuli 
in complex visual displays. Motivational accounts suggest that humans have 
a hard-wired tendency to find social stimuli rewarding, which triggers social 
orienting (e.g. Chevallier et al., 2012). A related field of research has fo-
cused on identifying the necessary and sufficient visual characteristics of 
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stimuli that trigger social orienting (e.g. Johnson et al., 2015; Viola Macchi 
et al., 2004). Study I suggests that phasic alerting and arousal are important 
to consider in accounts of social orienting. Importantly, the results of study I 
do not challenge the motivational or visual accounts per se, but demonstrate 
that social orienting varies with arousal and alertness. This may be important 
for understanding the social difficulties faced by children with conditions 
associated with atypical arousal, such as ADHD (O’connell et al., 2006). 
Study I also demonstrated that typically developing infants have a tendency 
to orient not only to faces, but also to isolated eyes.  
 
As noted in the introduction, there is an ongoing debate about the underlying 
causes of gaze avoidance in ASD and SAD. Particularly, the tendency of 
individuals with ASD to avoid mutual gaze has been linked to either reduced 
social motivation, or to avoidance driven by aversive reactions. The results 
of this thesis suggest that the correct answer depends on comorbid symp-
toms. Whereas autistic symptoms are related to reduced seeking, social anxi-
ety may be more related to avoidance. 

Eye Tracking Measures as a Tool for Distinguishing 
Between Psychiatric Conditions 
Eye tracking has the potential asset of providing a non-invasive and relative-
ly brief measure of visual attention for clinical settings. Although many stud-
ies are needed before eye tracking can be used for assessment in routine 
clinical care, the studies in this thesis can potentially contribute to this de-
velopment. Eye tracking may be particularly relevant for distinguishing be-
tween overlapping psychiatric conditions such as ASD and SAD. In the fol-
lowing, I discuss some of the challenges associated with this project. 

 
As noted in the introduction, it is generally accepted that SAD and ASD are 
overlapping symptom dimensions. At the same time, there is a concern that 
questionnaire measures that are typically used to examine this overlap are 
not valid measures for differential diagnosis and detection of comorbidity 
(e.g. Cholemkery, 2011). For example, gaze avoidance can be driven by both 
fear of being negatively evaluated (which is common in SAD), or by prob-
lems with understanding gaze cues (which is common in ASD). Questions 
about gaze avoidance are likely to be answered positively in both cases, de-
spite the fact that the underlying mechanisms may be very different. Eye 
tracking measures such as the ones used in these studies provide objective 
measures of visual attention, and therefore avoid many of the shortcomings 
associated with symptom questionnaires. However, other problems arise. 
One of these relates to the generalizability between different types of stimuli. 
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For example, in study III, we examined visual attention to images of human 
eyes. More research is needed to test whether similar results are found for 
other types of stimuli.  
 
In all three studies in the thesis, we measured visual attention processes op-
erating at a short timescale, typically ranging between 300-2000 millisec-
onds. These processes can be labeled as to a large degree implicit. It is well 
known that many important social attention processes operate at this time 
scale (e.g. Frith & Frith, 2008). In autism research, several studies have iden-
tified a number of atypical social attention processes within this time win-
dow (e.g. Franchini et al., 2017; Kleinhans et al., 2009; Thorup, Kleberg, & 
Falck-Ytter, 2017). The idea of biased attention to threat in SAD and social 
anxiety during the earliest temporal stages of processing has also received 
wide support (Armstrong & Olatunji, 2012; Mogg & Bradley, 1998; Waters 
et al., 2014). To sum up, quick and implicit attention processes are likely to 
be highly important in both ASD and SAD. However, attentional processes 
can also include self-reflective or explicit processes that unfold during long-
er time periods and demand mental effort. Traditionally, research on social 
attention in ASD has placed less emphasis on this type of processes (but see 
for example Bergenmar, Rosqvist, & Lönngren, 2015; Trevisan, Roberts, 
Lin, & Birmingham, 2017). In contrast, psychological theories about the 
etiology and underlying mechanisms of SAD have relied heavily on research 
about explicit attentional processes occurring during a long time scale, and 
involving self-reflexion. For example, it has been suggested that individuals 
with SAD direct their attention towards themselves in order to monitor how 
they appear to others (Rapee & Spence, 2004). This process, called self-
focused attention, is assumed to take place during the whole time course of a 
social interaction, and beyond, and is dependent on verbal discourse. More 
research is needed to understand how implicit and explicit processes are 
related. 

Eye Tracking and Manual Response Time Tasks 
As described in the introduction, much of the research about social attention 
processes in SAD has been conducted with manual response time tasks that 
are limited in spatial and temporal resolution. In contrast, the eye tracking 
paradigm used in study III allows for both processes to be measured within 
the same trial, allowing for a more fine-grained understanding of vigilance 
and avoidance. A better understanding of visual attention in children and 
adolescents with SAD may also have important implications for treatment 
research. So far, a small number of manual response time tasks have been 
used to predict treatment outcome in children with mixed anxiety disorders. 
These studies have found that stronger initial bias to orient to threat-like 
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information predicts better treatment outcome (Waters et al., 2014; Waters, 
Mogg, & Bradley, 2012). The eye tracking paradigm used in study III may 
be suitable for examining the relation between social attention and treatment 
effects. 

Limitations  
There are a number of limitations to the studies in the thesis. Studies II and 
III are limited by small sample sizes, which means that replications are 
needed. Participants in these studies were recruited through contact with 
health care providers (study II) and from an ongoing treatment study (study 
III). Diagnoses were confirmed by experienced clinicians using validated 
diagnostic instruments, meaning that the diagnostic status of the participants 
is most likely correctly assigned. Nonetheless, questions can be raised about 
how generalizable the results are to the full population of children and ado-
lescents with ASD (study II) and SAD (study III). Both conditions are heter-
ogeneous, and larger studies are needed to understand how individual differ-
ences in symptomatology is related to attention. In study III, the vast majori-
ty of participants were female. Girls and women with autistic symptoms are 
an understudied population, and it is therefore important to gain more 
knowledge about this group. However, more research is needed to determine 
whether the results also generalize to males. In study II, a gender imbalance 
was also found. In this case, an uneven gender proportion was more ex-
pected, given the gender differences in prevalence of ASD. Despite this, it is 
highly important to include more female participants in future studies. In 
study III, autistic traits and social anxiety symptoms were measured with 
two well-established questionnaires. However, given the fact that the overlap 
between these symptom dimensions is difficult to measure, it would be use-
ful to include multiple questionnaires as well as behavioral observations in 
further studies.  
 
The sample in study I was recruited from a database of children whose fami-
lies had expressed interest to participate in developmental research. The vast 
majority of infants came from native Swedish families with an academic 
background. This means that questions about the generalizability to other 
contexts must be raised. Both direct experimental and correlational analyses 
were used in the thesis. In study III, the analysis was based on correlational 
analyses alone. Correlational analyses are always less certain than experi-
mental analyses, meaning that these results must be interpreted with greater 
caution. 
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Future Directions 
Future studies should include longitudinal study designs. In the context of 
SAD, an important venue is to develop marker tasks for treatment efficacy. 
Relatively brief eye tracking tasks, such as the one used in study III, could 
be feasible candidates in future studies. Future studies should also examine 
longitudinal relations between phasic alerting effects and subsequent social 
and cognitive development in infants.  
 
As noted in the introduction, phasic changes in arousal are also believed to 
be modulated by tonic arousal level (Aston-Jones & Cohen, 2005). An inter-
esting question is whether individual differences in baseline arousal, or slow-
ly changing tonic states, relate to the phasic alerting effects observed in the 
thesis. (Hofmann, 2007; Rapee & Heimberg, 1997; Wong & Rapee, 2016). 
An important venue for future studies is to examine the relation between 
social attention processes occurring at long and short timescales in both ASD 
and SAD. Similarly, it is important to understand how both short and long-
term fluctuations in arousal relate to social visual attention. It is likely that 
arousal related processes unfolding at both short and long time scales are 
important for visual attention.  
 
A final suggestion for future studies is to examine the longitudinal relation 
between phasic alerting effects on visual disengagement, and a subsequent 
diagnosis of ASD. As noted previously, a number of previous studies have 
found evidence for delayed visual disengagement in infant siblings of chil-
dren with ASD who are later diagnosed with the condition (Elison et al., 
2013; Elsabbagh, Fernandes, Webb, et al., 2013; Zwaigenbaum et al., 2005). 
In future studies, it would be meaningful to examine the combined influence 
of phasic alerting and visual disengagement. A hypothesis based on study II 
would be that a more typically functioning alerting network in early infancy 
would be a protective factor, which would counteract the hypothesized nega-
tive effects of impaired visual disengagement. 

Concluding Remarks 
Together, the three studies in the thesis contribute to our understanding of 
attention in both typically and atypically developing infants, children and 
adolescents. The results of study I and II demonstrate that alerting affects 
visual orienting in both infants and in school age children with and without 
ASD. Alerting seems to facilitate both visual disengagement, and orienting 
to both social and non-social stimuli. Together, this suggests a domain gen-
eral process. The results of study II and III suggest that a finer distinction 
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between attention functions occurring at a short time scale can enhance our 
understanding of both SAD and ASD.   
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Sammanfattning på svenska 

I de flesta kognitiva processer spelar uppmärksamhet en stor roll. Tidigare 
forskning har visat att det vi kallar uppmärksamhet kan delas in i flera 
samverkande kognitiva funktioner. Studierna I den här avhandlingen bygger 
på tanken att vi kan förstå både typisk och atypisk utveckling bättre genom 
att studera hur komplexa beteenden och kognitiva processer förhåller sig till 
olika uppmärksamhetsfunktioner.  

Studierna handlar om uppmärksamhet hos sju månader gamla barn med 
typisk utveckling (studie I), barn i skolåldern med autismspektrumtillstånd 
(studie II) och tonåringar med social ångest (studie III). I den här 
avhandlingen undersöker jag två av dem som kallas orienting och fasisk 
alerting (fritt översatt ungefär “orientering av uppmärksamheten” och 
“fasisk reglering av vakenhetsgraden”).  

När vi pratar om uppmärksamhet i vardagligt tal tänker vi ofta på att välja 
ut vissa delar av omgivningen snarare än andra för att uppfatta dem bättre. 
Det är den typ av uppmärksamhet som kallas orienting. Fasisk alerting kan 
definieras som kortvarigt ökad vakenhet. Ett typiskt exempel är när ett 
plötsligt ljud i omvärlden gör oss mer vakna på andra sinnesintryck.  

I studie I undersökte vi vad som får typiskt utvecklade sex månader 
gamla barn att rikta blicken mot nya stimuli. Vi visade bilder på olika typer 
av föremål. I några av fallen stack ett av dem ut genom att vara socialt 
(antingen ett par ögon eller ett ansikte), medan de omgivande föremålen var 
olika vardagliga icke-sociala föremål. I andra fall stack ett av föremålen ut 
genom att ha en annan färg än de andra, trots att de alla hade samma form. 
Vi visade att barnen var mer benägna att först titta på de avvikande objekten 
om de hade hört ett kort ljud (ett pip) innan bilderna presenterades. Detta 
tyder på att fasisk alerting påverkar vilken typ av visuella sinnesintryck 
spädbarn orienterar uppmärksamheten mot. Ljuden ledde också till en ökad 
pupillstorlek. Eftersom pupillstorleken påverkas av aktivitet i 
noradrenalinsystemet i ett område i hjärnstammen som heter locus coeruleus, 
talar det för att den neurotransmittorn är kopplad till effekten. Men våra 
resultat tyder inte på att en högre fasisk alertingaktivitet alltid ökar 
uppmärksamheten på utstickande objekt. När vi använde språkliga ljud, såg 
vi en ännu större ökning av pupillstorleken än efter de icke-sociala pipen, 
och en ökning av den okulomotoriska hastigheten. Däremot påverkade de 
sociala ljuden inte vilken typ av stimulus barnen först riktade 
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uppmärksamheten mot. Våra resultat stödjer tidigare teorier om hur olika 
uppmärksamhetssystem interagerar. 

I studie II testade vi en inflytelserik hypotes som säger att barn med 
autismspektrumtillstånd har svårigheter med att frigöra uppmärksamheten 
från stimuli som de har fixerat. Vi jämförde hur snabbt barn med 
autismspektrumtillstånd och typisk utveckling frigjorde sin visuella 
uppmärksamhet i en version av ett väl använt experiment som kallas gap-
overlapparadigmet. I vår studie undersökte vi också det fasiska 
alertingsystemet genom att vi i några fall presenterade korta ljud före de 
visuella stimuli som vi använde. Ljuden gjorde att både barn med och utan 
autismspektrumtillstånd kunde frigöra uppmärksamheten snabbare. Trots det 
gick det generellt långsammare för barnen med autismspektrumtillstånd att 
frigöra uppmärksamheten. Studien tyder på att hypotesen om att barn med 
autismspektrumtillstånd har svårigheter med att frigöra uppmärksamheten 
stämmer.  Våra resultat tyder också på att en annan typ av uppmärksamhet – 
fasisk alerting – fungerar på ett liknande sätt hos barn med och utan 
autismspektrumtillstånd. 

I studie III undersökte vi om symptom på autismspektrumtillstånd 
(autistiska drag) och social ångest är kopplade till olika typer av social 
uppmärksamhet. Deltagarna var en grupp tonåringar med social ångest 
(social fobi). Vi undersökte hur lång tid det tog för ungdomarna att flytta 
blicken till bilder av ögon med direkt blick. Vi undersökte också hur lång tid 
det tog för dem att flytta blicken från ögonen efter att de tittat på dem. Det 
första måttet hängde samman med graden av autistiska drag, så att personer 
med högre grad av autistiska drag tog längre tid på sig för att flytta blicken 
till ögonen. Det andra måttet hängde I stället samman med graden av social 
ångest, så att personer med mer ångest tittade bort snabbare. 
Sammanfattningsvis tyder det på att autistiska drag  och social ångest kan 
vara kopplade till olika tidsstadier av social uppmärksamhet. 
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