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Abstract

Attention bias for threatening information is an acknowledged factor that plays
a causal or maintaining role in childhood anxiety with small to medium effect
sizes. Both clinically anxious and trait anxious children and adolescents show
greater AB for threat compared to neutral information and compared to their
non-anxious counterparts. However, attention bias is a complex construct with
several components. This leads to heterogeneity in the way it is manifested as
vigilance towards threat, difficulty in disengaging attention away from threat,
or avoidance from threat, which in turn affects efficiency of the techniques that
aim to eliminate attention bias and reduce anxiety. So, emerging research
have started to explore developmental mechanisms that could modulate and
potentially contribute to the heterogeneity in attention bias for threat in children

and adolescent populations.

Following a systematic database search, three potential correlates of threat
related attention bias were identified to be examined further in this thesis based
on scarcity of the studies and disputes related to the measurement tools. So,
the aim of this thesis was to explore the role of parental transmission (Study
1), attentional control ability (Study 2), and emotion regulation strategy use
(Study 3) on childrenés attention

anxiety.
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Data informing each empirical study came from the same community sample
of 112 children and adolescents aged between 8 and 16, in addition to their
parents for Study 1, youth participants completed 2000 milliseconds dot-probe
task while their eye movements were recorded to measure attention bias,
Simon task to measure attentional control ability, and Emotion Regulation
Questionnaire-Children (ERQ 7 CA; Gullone & Taffe, 2011) to measure

emotion regulation strategy use.

The results suggest that parental attention bias is not a significant correlate of
their childrendéds attention bias in communi:t
children and adolescentsd | ow attentional C (
switching, predicted greater difficulty in disengaging attention from angry
faces. Finally, children and adolescents with low cognitive reappraising skills
showed greater vigilance and disengagement difficulty for angry faces

compared to their high reappraiser counterparts.

While the key limitation of the project is that neither parental nor youth sample
were representative of high trait anxious individuals, our set of studies provide
preliminary results regarding associates of threat related attention bias in youth
with low trait anxiety. Accordingly, our results highlight that individual
differences in attentional control and emotion regulation abilities could
increase vulnerability for threat related attention biases independent of anxiety
in normative developmental populations. This has potential implications for
psychoeducation programmes for community sample youth, such that aiming

to improve control over attention and reappraisal skills as an element of



emotion regulation could prevent them from developing or maintaining

cognitive biases and the associated emotional difficulties.



Lay Summary

Research shows that both clinically anxious youth and youth with high trait
anxiety (a tendency to have a high level of anxiety that is pervasive across a
wide range of situations) give priority to threat signalling information
(consciously or unconsciously) among other types of information to look at, to
interpret, to remember, to make decisions, and to react. Selectively looking at
threatening information such as angry faces is called attention bias for threat
and research also shows that anxious children look at threatening information
more than neutral information or more than their non anxious peers. So,
attention bias for threat is thought to be a maintaining or causal factor for

anxiety in children.

Attention bias is complex and can be displayed in various ways. It can be
shown as immediate detection of threat among other types of information
(vigilance), difficulties in disengaging attention away from threat
(disengagement difficulty) or avoiding looking at threat (avoidance). So, recent
theories of attention bias have focused on developmental factors that might
explain the variety in the way attention bias is manifested in children and

adolescents.

In order to understand developmental contributors of attention bias, hence, to
offer suggestions regarding how to handle attention bias in trait anxious
children and adolescents, this thesis explored three factors that might be
associated with attention bias for threat in children/adolescents and their

parents from community.
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Parental environment, which is a rich source of interaction through
conversation and observation, is one of the key risk factors that contribute to
development of anxiety in children. Therefore, the first factor explored was
parentsod own attention biases. We specifi
for threat was transferred from parents to children. Our results revealed no
association bet ween parent s6 o©hlinl datetnednst

attention biases. This suggests that parental attention bias on its own is not a

medi um that i mpacts childrends attention
The second factor was childrendés ability
we examined the association betwe e n chil drenos ability

attention and their attention biases. The results revealed that especially the
ability to switch back and forth between tasks is related to looking at
threatening faces longer. This suggests that poor ability in switching between
tasks also operates on attentional level and prevents attention to be flexibly

allocated on the stimuli other than threatening ones.

Third, we examined whether childrendés ha
emotions were associated with their attention biases. The results revealed that
children who practice reappraisal (rethinking about a situation and developing
a more constructive perspective) more often showed reduced vigilance for

threat faces and took less time to disengage from threatening faces.

Overall, our results on attentional control and emotion regulation suggest that
good attentional control ability and reappraisal ability are key factors that can

increase resilience against attention biases for threat in children and
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adolescents. This has important implications for practice. Accordingly,
psychoeducation programmes to improve attentional control and emotion
regulation skills can be useful as a preventative approach against cognitive
biases, associated with emotional difficulties, in children with varying levels of

trait anxiety.
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1. CHAPTER ONE: GENERAL LITERATURE REVIEW ON CHILDHOOD
ANXIETY AND ATTENTION BIAS FOR THREAT

1.1. Childhood Anxiety in a Nutshell

1.1.1. From Normal to Pathological Anxiety: Definition and Classification

From early childhood to late adolescence, human development witnesses
substantial changes in physical, cognitive, emotional, social, and behavioural
domains. This is an exquisite period of life where our brain becomes enriched
with billions of neurons (Harvard University, Center of Developing Child), we
start thinking, learn to keep track of our thoughts and may even notice that our
thoughts are strong enough to influence the way we feel and act (Birney &
Sternberg, 2011), we leave behind needing an external body and physical
sensation to be soothed and learn how to control and regulate our emotions
on our own (Thompson, 1991), and we transform into individuals capable of
having social relationships which have their own sophisticated dynamics
(Eccles & Roeser, 2011). These elements of expected developmental stages
contribute to the way we function in various areas of life such as acquisition of
new skills, discovery of novel things, and making and sustaining new

relationships.

But sometimes development of one or some of these areas can take a different
path than developmental expectations (Huberty, 2012c), which leads to poor
wellbeing and functioning in childhood. Unfortunately, childhood is not exempt

from psychological disorders and oftentimes it lays the foundations of our



wellbeing in adulthood. The most common and perhaps the earliest form of
psychological disorder during childhood and adolescence is anxiety disorders
(Beesdo, Knappe, & Pine, 2009; Polanczyk, Salum, Sugaya, Caye, & Rohde,
2015). It causes distress and functional impairments such as low educational
achievement, poor relationships with peers and teachers, low self-competence
(Essau, Conradt, & Petermann, 2000; Ezpeleta, Keeler, Erkanli, Costello, &
Angold, 2001), suicidal behaviour, substance abuse, and early parenthood
(Woodward & Fergusson, 2001). Henceforth, it creates significant economic
and social burden (Bandelow & Michaelis, 2015; Bodden, Dirksen, & Bogels,

2008).

In essence, anxiety is characterised as a defensive response to a perceived
threat underlined by concerns about anticipatory (imaginary) threats to self and
fear is characterised as a defensive response to real threats (to very specific
stimuli) (Castro-Fonseca & Perrin, 2014; Huberty, 2012a; Pine, Helfinstein,
Bar-Haim, Nelson, & Fox, 2009). Although most of the time anxiety is referred
to be something negative, it is actually an intriguing type of emotion with its
function to adapt ourselves against the demands of our environment, and
ultimately to alert us for dangers and keep us alive (Al-Biltagi & Sarhan, 2016;
Beesdo-Baum & Knappe, 2012). Each one of us stand at some point on a

continuum from the necessity to the psychopathology of anxiety experience.

As far as young people are concerned, manifestation of anxiety at certain ages
and in specific contexts is even considered to be a marker of typical
development (Al-Biltagi & Sarhan, 2016; Beesdo et al., 2009; Huberty, 2012a).

For example, stranger anxiety, separation anxiety, and night-time anxiety



during infancy and toddlerhood; fear of specific objects/situations, and school
anxiety during childhood; and anxiety regarding rejection from peers during
adolescence are thought to be age appropriate expressions of anxiety (Beesdo
et al., 2009). Therefore, identifying what constitutes normative, subclinical, or
pathological anxiety and whether a young person is standing on the
pathological side of the anxiety experience appears to be especially
challenging in childhood and requires a thorough assessment (Beesdo et al.,

2009).

Nevertheless, the consensus is that anxiety becomes pathological in children
when it is persistent and not transient, not developmentally appropriate for the
chil dés age, the reaction is dispro
and it interferes with and impairs everyday functioning as well as psychosocial
development of the child (Al-Biltagi & Sarhan, 2016; Beesdo et al., 2009;

Castro-Fonseca & Perrin, 2014; Huberty, 2012a; Nauta, 2005).

Pathological anxiety can take several different forms, and anxiety disorders is
an umbrella term that refers to a cluster of several different but interrelated
disorders, which are commonly underlined by extreme anxious apprehension
and behavioural disturbances. This structure of anxiety is reflected in
Diagnostic and Statistical Manual of Mental Disorders (DSM: American
Psychiatric Association [APA], 1952, 1968, 1980, 1987, 1994, 2000, 2013) and
the International Classification of Diseases (ICD: World Health Organization

[WHO], 1992).
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In DSM-4-TR, seven main anxiety disorders are classified: (1) Separation
Anxiety Disorder (i.e., excessive anxiety about separation from home or
attachment figures, the only anxiety disorder that is considered to be specific
to childhood in the manual); (2) Generalized Anxiety Disorder (i.e., excessive
and uncontrollable worry in various and not specific contexts); (3) Specific
Phobias (i.e., persistent and marked fear evoked by anticipation or presence
of certain objects or situations); (4) Social Phobia or Social Anxiety Disorder
(i.e., the fear of performing or being embarrassed/humiliated in unfamiliar
social situations); (5) Panic Disorder with or without agoraphobia (i.e., having
panic attacks and also having persistent worry regarding the possibility of
having panic attacks, can be accompanied by agoraphobia, which is the fear
of open or crowded places); (6) Post Traumatic Stress Disorder (i.e.,
reexperiencing and avoidance of certain events with heightened arousal after
being exposed to a certain traumatic event); (7) Obsessive Compulsive
Disorder (i.e., presence of obsessions, recurrent intrusive thoughts marked by
anxiety and presence of compulsions, repetitive behavioural rituals or mental
acts to reduce of stress caused by obsessions) (APA, 2000 as cited in Arnold

et al., 2003).

The organization and grouping of anxiety disorders have changed
considerably in the latest DSM (DSM-5; APA, 2013). Distinctive than its
predecessor DSM-4-TR, two anxiety disorder subcategories are now separate
categories in DSM-5. Obsessive Compulsive Disorders is a separate chapter
on its own called Obsessive Compulsive and Related Disorders, Post

Traumatic Stress Disorder has also become a separate category called



Trauma- and Stressor-Related Disorders (APA, 2013 cited in Kupfer, 2015);
and agoraphobia is a diagnosis of its own independent from the presence of

panic disorder (Creswell, Waite, & Cooper, 2014).

Release of DSM-5 (APA, 2013) has been relatively recent and substantial
amount of childhood anxiety research is published based on the classification,
assessments, and diagnosis criteria led by DSM-4-TR (APA, 2004). Therefore,
it is imperative to establish links between current research and DSM-4-TR for
meaningful literature continuity. So, the broad term of anxiety disorders refers
to all the disorders organized under anxiety disorders in DSM-4-TR including

OCD and PTSD within the boundaries of this thesis.

1.1.2. Distribution of Childhood Anxiety: Prevalence Rates

According to British National Mental Health Survey of 5 to 15-year-olds
(Meltzer, Gatward, Goodman, & Ford, 2003), the proportion of community
children having any type of anxiety disorder at any point in their lives is 3.8%.
Given that the same survey noted that the lifetime prevalence of children
having any type of emotional disorder is 4.3% (Meltzer et al., 2003), the anxiety
prevalence rate appears to be quite high in British developmental population.
Similarly, the data from The Great Smoky Mountains Study of Youth in the US
suggests that the most prevalent disorder among children is anxiety disorder

with a prevalence rate of 5.7% (Costello et al., 1996).

However, there are ups and downs with large ranges in the estimates of
anxiety prevalence across studies due to varieties in the sample populations,

countries, informants, anxiety measurements, definition of anxiety disorders,



the diagnostic systems used, and the length of retrospective prevalence rate
period (Al-Biltagi & Sarhan, 2016; Beesdo et al., 2009; Costello, Mustillo,
Erkanli, Keeler, & Angold, 2003; Pine, 1997, Kessler, Petukhova, Sampson,
Zaslavsky, & Wittchen, 2012). Especially more recent reviews have reported
higher lifetime prevalence rates in children and adolescents that vary between
4.7 - 9. 1% (Polanczyk et al., 2015), 15 - 20% (Beesdo et al., 2009), 2 - 24%

(Merikangas, Nakamura, & Kessler, 2009), and 9 - 32% (Creswell et al., 2014).

In addition, interestingly, not only the prevalence of diagnosis but also
subclinical anxiety symptoms in community sample of non-referred children
(i.e., trait anxiety) seems to be considerably high with a range of 9.8 - 30.6%
(Bernstein, Borchart, & Perwien, 1996) and 70% of school children indicate

that fAthey worry e-Bikagig Satharw2086npdl9)t heno ( Al

The prevalence distribution of anxiety is affected by sex. According to the study
by McLean and colleagues (McLean, Asnaani, Litz, & Hofmann, 2011), the
lifetime male: female prevalence ratio of having any anxiety disorder is 1: 1.7
in adults. Although this ratio in developmental populations is yet to be clarified
due to limited reports on this issue (Costello et al., 2011), researchers agree
that, similar to women, girls have a greater preponderance to have an anxiety
disorder than boys for almost all the anxiety disorder types (Beesdo et al.,
2009; Bernstein et al., 1996; Costello et al., 1996; Costello et al., 2003;
Huberty, 2012a; Lewinsohn et al., 1998). The prevalence shows a consistent
and sharper increase in girls starting from the age of five with a peak in

adolescence in comparison to boys (Merikangas et al., 2009) and the ratio gets



more divergent with development, reaching to 1: 21 3 in adolescence (Beesdo-

Baum & Knappe, 2012; Wehry et al., 2015).

Anxiety disorders appear to be prevalent in all age groups. Although the mean
age of onset for any anxiety disorder by the age of 21 is reported to be eight
(Costello et al., 2011), it is possible to spot both qualitative and quantitative
trends in the prevalence rates of subcategories across different age groups.
Accordingly, the prevalence of having any anxiety disorder in youth aged
between (a) 2 to 8 ranges between 6.1 17 14.8% (specific phobia and SAD are
the most prevalent ones), (b) 6 to 12 is 12.3% (specific phobia and SAD are at
the top), and (c) 13 to 18 is 11% (specific phobia and social phobia are the

most common ones) (Costello et al., 2011).

1.1.3. Anxiety Prognosis from Childhood Onward

How anxiety manifests during childhood and adolescence vary according to
subtypes of anxiety disorders, age of onset, and the criteria that differentiate
psychopathological anxiety from age appropriate anxiety expressions. Hence,
the following section outlines age of onset of anxiety subtypes within stages of
childhood and adolescence including behavioural manifestations. Also, the
developmental trajectory of anxiety disorders such as stability or change in

diagnosis, comorbidity, and response to treatment are addressed.

During early childhood (age between 2 to 8), temperamental characteristics
such as behavioural inhibition is an acknowledged risk factor in developing an
anxiety disorder. Development of separation anxiety and specific phobias are

common in this age group (Costello et al., 2011). Some primary symptoms of



separation anxiety are refusal to leave home or go to school, reluctance to
develop friendships, and somatic complaints (Huberty, 2012a). Age of onset
for specific phobias, on the other hand, are dependent on the type of
stimulus/situation. Behavioural manifestations of them involve increased
physiological symptoms, attempts to escape or avoid the situation

accompanied by crying, tantrums, hiding, and flight (Huberty, 2012a).

Middle childhood (age between 8 to 12) is the age period in which most types
of the anxiety disorders start to develop (Huberty, 2012a). Nevertheless, the
most prevalent types of anxiety disorders in this age group are specific phobia,
separation anxiety, social phobia, and generalized anxiety disorder (Costello
et al., 2011). While social phobia during mid childhood is usually predicted by
shyness and behavioural inhibition early on and the diagnosis first made in
early adolescence, the primary symptoms involve extreme social discomfort
and self-consciousness, preferring to spend time with adults rather than peers,
and physiological reactions in social settings (Huberty, 2012a). Generalized
anxiety disorder, on the other hand, is not limited to social situations and is
manifested as uncontrollable worry about daily functioning and future, doubts
in efficacy, and competence in various social situations including school, and

perfectionism (Huberty, 2012a).

Although not common, the age of onset of obsessive-compulsive disorder as
a subtype of anxiety disorder is also reported to be in middle childhood,
between the ages of 10 to 12 (Huberty 2012a). The primary symptoms should
be differentiated from non-symptomatic childhood rituals that involve repetition

of the same behaviour in specific contexts, which dissipates at the age of



around 9 (Huberty, 2012a). Behavioural manifestations of it in children are
similar to the ones that occur in adults and involve intrusive thoughts about
specific objects/situations such as germs and illness, time consuming
repetition of behaviour such as hand washing, and the degree of distress if the

ritual is prevented or interrupted (Huberty 2012a).

Post traumatic stress disorder can occur at any age in children and
adolescents based on idiosyncratic life experiences; and can develop either
soon after the traumatic event or later due to chronic exposure and gradual
stress (Huberty, 2012a) and cognitive maturity, which determines formation of
meaning around the traumatic event (Nader, 2011). The behavioural
manifestations during childhood are similar to that of adults and include
concentration problems, trouble in sleeping, hypervigilance, numbing of
responsiveness, and cognitive re-enactment of the traumatic event (Huberty,

2012a).

During adolescence (age between 12 and 18), the formerly developed anxiety
disorders, especially generalized anxiety disorder, social phobia, and specific
phobia, appear to persist (Costello et al. 2011; Huberty, 2012a). In addition,
age of onset of panic disorder is specific to adolescence period; reported to be
during late adolescence years and occurs less frequently during childhood
(Huberty, 2012a). The behavioural manifestations include heart palpitations,
sweating, shaking, fears of dying, loss of control, and the fear of having panic

attack (Huberty, 2012a).



Even though anxiety symptoms are known to wax and wane, researchers point
out that anxiety is carried over from childhood to adolescence (Costello,
Copeland, & Angold, 2011) and especially from adolescence to adulthood by
getting stronger (Craske & Waters, 2005; Gregory et al., 2007; Costello et al.,

2011).

This temporal persistence could be in the form of stability in diagnosis or
symptoms. For example, social phobia was found to have the strongest
persistent continuity from late childhood to early adolescence (Ferdinand,
Dieleman, Ormel, & Verhulst, 2007). This is in accordance with Pine and
col | e aRjne,&shén, & Brook, 2001) results on social anxiety continuity

from adolescence to adulthood.

Also, the presence of clinical anxiety during childhood is deemed as a
precursor of forthcoming disorders later in life (Wehry, Beesdo-Baum,
Hennelly, Connolly, & Strawn, 2015). Consequently, it becomes a predicting
factor for the occurrence of other disorders and problems such as depression
and substance abuse (Beesdo et al., 2009; Woodward & Fergusson, 2001).
Former anxiety diagnosis leading to another diagnosis was supported by a
longitudinal study (Last, Perrin, Hersen, & Kazdin, 1996) such that children in
the anxiety group had gained new anxiety or other disorders during the two-
year follow up. The same study also showed that prior anxiety linked disorder
persisted in the anxious children since one in third of them still had a disorder
at the end of the follow up (Last et al., 1996). Likewise, a more recent study

also supported that anxiety predicts prospective occurrence of other disorders
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by showing longitudinal links between anxiety and consecutive depression

(Copeland, Shanahan, Costello, & Angold, 2009).

Comorbidities are also very common in paediatric anxiety. Oftentimes other
anxiety subtypes accompany a principal anxiety disorder (Kendall et al., 2010).
But anxiety has the highest comorbidity rate with depression in youth (Brady &
Kendall, 1992; Cummings, Caporino, & Kendall, 2014), which ranges from 28
I 53.7% (O6 N egRodlell, Benjamin, & Kendall, 2010) and results in greater

impairment than primary anxiety diagnosis (Cummings et al., 2014).

How anxious youth respond to treatment is also a marker of anxiety prognosis.
Remission rates appear to fluctuate among studies. However, low remission
rates in the long term are not uncommon. For example, 73% of childhood and
adolescents had an anxiety disorder or depression after 10-year follow up
despite their initial improved anxiety (Beesdo-Baum & Knappe, 2012), which

suggests that anxiety is recurrent over time.

1.2. Anxious Childrendéds Cognition: I nf or mat

Given that anxiety is one of the most prevalent and debilitating disorders in
childhood, qualifying anxious cdgnitivelr ends
profiles, how they cope with anxiogenic emotions, and how all these are
manifested in their behaviour have been a longstanding interest for
developmental psychopathology researchers. With the rise of cognitive-
behavioural approaches, childhood models of anxiety have shown great

acknowl edgement of how anxious childrenbo:
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1.21. AnXxi ous Childrenos Mi nds: Thr eat

Reasoning Patterns, and Biased Threat Processing
According to Beck and Cl arkods (-baB&I8 ;
cognitive theory of anxiety and depression, cognitive processes are necessary
for emotion generation as well as generation and maintenance of maladaptive
emotions, which lead to emotional disorders. The theory states that the
representations of our prior knowledge and experiences are called schemas.
We process information by screening, encoding, organizing, storing, and
retrieving in the light of our preexisting schemas (Beck & Clark, 1988; 1997).
These schemas are activated in the presence of appropriate environmental
stimuli. Correspondingly, Beck and Clark (1988) characterize anxiety with
heightened appreciation of environmental cues, selectivity in detecting danger,

and underestimation of personal capability in dealing with them.

Schemas are assumed to have a role in

Schem
1997;
chil dr

Building upon Beckds wo ringram &kenddllall987) and c ol

have proposed a general cognitive theory of childhood anxiety. Accordingly,
cognitive distortions are underlined by over-active danger related schemas,
which consistently lead the individual to detect threat and finally result in
dysfunctional behavioural circuits (Kendall, 1985; Kendall & Chansky, 1991).
In line with this, empirical studies have shown that cognitive profiles of anxious
children can be broadly characterised with abnormal threat perception
(Dalgleish et al., 2003) underlined by sensitivity to threat (Ehrenreich & Gross,

2002).
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Maladaptive thoughts and beliefs that result from dysfunctional thinking

processes (Kendall, 1985) ex empl i fy the frequency of

extraction of threat cues I n t he

Negative Error Cognitive Questionnaire (CNECQ, Leitenberg, Yost, & Carroll-
Wilson, 1986) have reported that both trait anxious (Maric, Heyne, van
Widenfelt, & Westenberg, 2011; Schwartz & Maric, 2015; Watts & Weems,
2006; Weems, Costa, Watts, Taylor, & Cannon, 2007) and clinically anxious
(Weems, Berman, Silverman, & Saavedra, 2001) children typically have
reasoning distortions in favour of danger exaggeration such as
catastrophising, overgeneralizing the results of one single negative event, take
responsibility for negative events and indulge in self accusation, and focus on

only a negative aspect of a situation.

The literature remains inconclusive as to whether this distorted thinking is
specific to anxiety or some of them are also shared by children with depression
(Schwartz & Maric, 2015). However, working on and modifying these
dysfunctional thinking patterns (i.e., cognitive restructuring) are an important
part of the cognitive T behavioural treatments of anxiety (Alfano, Beidel, &

Turner, 2002; Kendall, 1985, Clark & Beck, 2010; Manassis, 2013).

122. Crick and Dodgebdés (1994) Soci al

In addition to the reasoning distortions above, extensive empirical research
also highlight the role of prioritized processing of threatening information in the

aetiology or maintenance of anxiety in youth (Field & Lester, 2010; Hadwin,

13
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Garner, & Perez-Olivas, 2006; de Jong, 2014; Manassis, 2013; Mathews,

1990; Muris & Field, 2008; Weems & Watts, 2005).

What underlies production or maintenance of threat-related dysfunctional
belief systems and biases in threat processing require co-operation of several
different cognitive processes such as attention, learning, memory, and
decision making (Beck & Clark, 1997, Crick & Dodge, 1994; Dodge, 1991).
Therefore, information processing models are valuable as they offer
description of how cognitive processes with emotional input are associated
with each other and how they shape behaviour. Correspondingly, cognitive
theories of anxiety consistently highlights the role of information processing in
explaining the aetiology of both childhood and adult anxiety (Alfano et al.,

2002; Muris & Field, 2008).

Characterizing and describing how information processing unfolds in children
and which processing biases nest in the corresponding information processing
stages is crucial for developing appropriate assessment methods and targeting
these distortions during treatment (Bijttebier, 2003; Ehrenreich & Gross, 2002;
Daleiden & Vasey, 1997; Muris & Field, 2008). Also, examining age related
changes and the factors related to the emergence of information processing
biases during development are important to get a better grasp of child

psychopathology (Hadwin et al., 2006).

Inthatregar d, Crick and Dodged6s (1991,
Theory outlines a step-wise prescription of how cognition operates during

information processing. It has been recognized by many (Bijttebier, 2003)
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since the likely distortions in the processing stages provide explanations of
what underpins occurrence of disruptive behaviour in children such as
externalizing behaviours, (Lansford et al., 2006); depression, (Luebbe, Bell,
Allwood, Swenson, & Early, 2010); autism spectrum disorders, (Mazza et al.,

2017); and social competence and school readiness (Ziv, 2013).

According to the model, children process information through 6 steps: (1)

encoding; (2) interpretation; (3) goal construction; (4) response access; (5)

response decision; and (6) enactment. In the encoding stage, children select

the information to focus on and start the processing. The interpretation stage

involves attaching a meaning to the information by referring to the previous

schema database in the long-term memory. In the goal clarification stage, the

tendency to behave in a certain way based on arousal occurs. During the

response access, children examine their previous experiences to find the most

approprite reaction to the situation. Finally, they decide on a response and the

enactment based on the choice occurs (Crick & Dodge, 1994).

123. Formul ati on of Anxious Childrends | nf ¢

for Threat

Al t hough Crick and Dodgebs (1994) mo d
recognition, a framework specific to how threatening information is processed

by children with anxiety was much needed. By extending their work, Daleiden

and Vasey (1997) proposed a model to explain how threat-related schemas

and biases may manifest itself through information processing stages by

combi ni ng Kerdald&£Lhahskys1991) cognitive theory of childhood

anxiety with Crick and Dodgeds (1t8e94) mo
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converging empirical research with anxious children, they outlined how anxiety

typically occurs on different stages of the process.

In the original model (Crick & Dodge,1994; Dodge, 1991); the processing starts
with encoding, which involves reception of internal or external stimuli and entry
of the most relevant/salient stimuli to the processing system. Accordingly,
Daleiden and Vasey (1997) postulated that the encoding stage entails
selective attention to threat cues. This bias that takes place on the attentional
level and attention bias for threat occurs (Bar-Haim, Lamy, Pergamin,
Bakermans-Kranenburg, & I1Jzendoorn, 2007). Numerous research have
shown that anxious children process threatening information differentially,
either compared to their non anxious counterparts (Dalgleish, Moradi, Taghavi,
Neshat-Doost, & Yule, 2001; Reid, Salmon, & Lovibond, 2006; Roy et al.,
2008) or compared to neutral information (Hunt, Keogh, & French, 2007;
Waters & Lipp, 2008a; Waters & Lipp, 2008b). Literature also confirms that
anxious children are vigilant to threat (Hadwin et al., 2003) and spend relatively
little time to decide that something is threatening (Waters, Wharton, Zimmer-

Gembeck, & Craske, 2008).

Interpretation stage involves assessment of the situation and making
inferences about it based on prior experiences stored in the long-term memory
(Crick & Dodge, 1994; Dodge, 1991). At this stage (Daleiden & Vasey, 1997),
anxiety manifest itself by interpreting ambiguous situations as threatening and
so interpretation bias takes place (Bogels, Snieder, & Kindt, 2003; Creswell &
O6Connor , 2 Rirtt6et al.,N2000; iMsiris, Merckelbach, & Damsma,

2000). Accordingly, empirical research revealed that anxious children prefer to
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use threatening meaning of homograph words (e.g., arms) rather than neutral
meaning in sentences (Taghavi, Moradi, Neshat-Doost, Yule, & Dalgleish,
2000); and they better match physical symptoms of anxiety with anxious

emotion (Muris, Mayer, Freher, Duncan, & van den Hout, 2010).

Because prior experience is an important factor that shapes the way we
interpret a situation, danger interpretation is intrinsically linked with pre-existing
danger schemas. Therefore, memory is inevitably at play at the interpretation
stage (Muris & Field, 2008; Weems & Watts, 2005). The propensity of
remembering more negative information rather than positive information in
congruence with negative emotional state is called memory bias (Muris &
Field, 2008). In support of this, literature has shown that anxious children recall
more negative words or fewer positive words after being presented a mixture
of words (Dalgleish et al., 2003; Moradi, Taghavi, Neshat-Doost, Yule, &
Dalgleish, 2000; Vassilopoulos, 2012; Watts & Weems, 2006; Reid et al.,
2006), and interestingly show superior recognition of faces with negative

expressions (Foa, Gilboa-Schechtman, Amir, & Freshman, 2000).

Goal clarification involves psycho-physiological arousal that the meaning of
the situation brings and requires determination of what to do within the
corresponding situation (Crick & Dodge, 1994). As for anxiety, it is typically
motivated by escape from danger and behavioural avoidance to reduce
anxious arousal (Daleiden & Vasey, 1997). During response construction,
anxious children refer to their previous experiences regarding how they had
coped with similar stimuli/situations before, which usually consist of avoidant

behaviours (Daleiden & Vasey, 1997). Following these, response selection
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and enactment comprising of avoidant strategies take place. There is no bias
type that is thought to occur specifically within these final three stages.
However, considering that danger schemas need to be accessed to determine
what to do and how to do in threatening situations, long term memory should
be at play (Crick & Dodge, 1994). Therefore, it is safe to assume that memory

bias for threat is in operation also during these stages.

The processing stages and different biases observed within these stages allow
examining the potential contingency between these biases. Weems and Watts
(2005) have posited that there may be a temporal mediational association
between these biases. A similar integration approach was also embraced by
Muris and Field (2008). Accordingly, cognitive distortions leading to anxiety
starts with attention bias with selective encoding of threat into the system. This
in turn awakens memories related to danger and results in increased stream
of negative memories. Information recalled from these memories lead biases
in interpretation. The interaction between memory bias and interpretation bias

can also result in newly created danger schemas.

So, as part of a bigger system, attention bias appears to have a pivotal role
among other cognitive biases as it determines what information will be entered
to the system for further processing. Furthermore, if indeed there is a
contingency between the biases, attention bias has the potential to modulate
the following processing stages, which would ultimately impact the efficiency
of response style to the threatening information. Therefore, among all cognitive
biases in childhood anxiety, the focus of this thesis is on attention bias for

threat.
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1.3. Significance of Attention Bias for Threat in Anxious Children

1.3.1. The Association Between Attention Bias and Anxiety

Attention by nature is selection of some information over other information
(Weierich, Treat, & Hollingworth, 2008) that is relevant to the goal of the
individual (Chica, Bartolomeo, Lupiéfiez, 2013) since limited cognitive capacity
requires selection of information for further processing (Desimone & Duncan,
1995). Therefore, the stimuli in the environment are in competition to draw
attention to be taken into the processing system. Yet, according to the biased
competition model (Desimone & Duncan, 1995), ultimate stimulus selection is
biased in favour of the stimulus that 1is
contrast, attention bias (AB) occurs as persistent and prioritized processing of

aspecificstimulus,t hat may not necessargoalayhafde al i g

It has been observed for disorder-related types of stimuli in various problematic
behaviours (e.g., substance addiction, Wetherill et al., 2014; Noél et al., 2006;
obesity, Castellanos et al., 2009; sexual violence, Smith & Waterman, 2004;

smoking, Hogarth, Mogg, Bradley, Duka, & Dickinson, 2003).

Within the context of anxiety, the most salient stimulus type is
threatening/danger signalling stimulus for anxious people, and anxious people
have long been known with their hypervigilance and selective attention
towards threat. Three decades of empirical research have shown that AB for
threat is a robust phenomenon in both anxious adults (Bar-Haim et al., 2007,
Cisler, Bacon, & Williams, 2009; Cisler & Koster, 2010; Richards, Benson,

Donnelly, & Hadwin, 2014) and youth populations (Bar-Haim et al., 2007,
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Dudeney, Sharpe, & Hunt, 2015; Ehrenreich & Gross, 2002; Puliafico &

Kendall, 2006).

For example, AB for threat has been evidenced in children with various anxiety
disorders such as spider phobia (Kindt & Brosschot, 1998; Kindt, van den Hout,
de Jong, & Hoekzema, 2000; Klein, Becker, & Rinck, 2011), social anxiety
(Pergamin-Hight, Bitton, Pine, Fox, & Bar-Haim, 2016; Fitzgerald, Rawdon, &
Dooley, 2016; Seefeldt, Kramer, Tuschen-Caffier, & Heinrichs, 2014; Stirling,
Eley, & Clark, 2006), post-traumatic stress disorder (Bert6 et al., 2017;
Dalgleish et al., 2001; Ribchester, Yule, & Duncan, 2010), generalized anxiety
disorder (Monk et al., 2006, Monk et al., 2008; Taghavi, Dalgleish, Moradi,
Neshat-Doost, & Yule, 2003), and separation anxiety (Perez-Olivas,

Stevenson & Hadwin, 2008; Price et al., 2014).

In addition, it is well documented that not only children with anxiety disorders
but also high trait anxious children manifest AB for threat (Broeren, Muris,
Bouwmeester, Field, & Voermann, 2011; Hadwin et al., 2003; Hadwin,
Donnelly, Richards, French, & Patel, 2009; Helzer, Connor-Smith, & Reed,
2009; Reinholdt-Dunne, Mogg, Esbjarn, & Bradley, 2012; Richards, Richards,

& McGeeney, 2000; Waters, Kokkoris, Mogg, Bradley, & Pine, 2010).

Meta-analytic examinations with respect to the discussions around whether AB
for threat is a real phenomenon in anxiety reported significant medium to large
effectsizes.Bar-Hai m and col | eagues@analysksOeportgd semi nal r
that effect size of AB for threat in anxious adults is d = 0.45 and in anxious

youthisd= 0. 50. I n addition, Dudeney and coll ea

20



analysis also supported significance of AB in anxious children and adolescents

with similar effect size rate (d = 0.54).

AB can be defined in two di f fdéferentmlt cont
processing of neutral information compared to threatening information
(Dagleish et al., 2003; Hankin, Gibb, Abela, & Flory, 2010; Legerstee et al.,
2009; Reinholdt-Dunne et al., 2012; Susa, P i t, i&Benga, 2008, Waters,
Bradley, & Mogg, 2014) as well as differential threat processing of anxious
individuals compared to non-anxious individuals (Hankin et al., 2010; Martin &
Jones, 1995; Monk et al., 2006; Richards et al., 2000; Richards, French, Nash,
Hadwin, & Donnelly, 2007). Bar-Hai m and c ol |-amaygisustudyd met a
(2007) reported that the effect sizes of both within-subjects bias and between-
groups bias are significant with medium strength (d = .45 and d = 41

respectively), which suggests that both can be markers of anxiety.

In alignment with the reported medium to large strength, AB for threat has been
seen as a key concept in understanding anxiety. It is assumed to play a role in
at least maintenance and enhancement of anxiety (Van Bockstaele et al.,
2014). Interestingly, there are also studies which reported that inducing AB for
threat increases anxiety vulnerability, in which case AB may also have a causal
role on anxiety (Cret, 2013; Eldar, Ricon, & Bar-Haim, 2008; MaclLeod,

Rutherford, Campbell, Ebsworthy, & Lin, 2002; Van Bockstaele et al., 2014).
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1.3.2. Targeting Attention Bias in Anxiety Treatment

Since AB is recognized as a maintaining or a causal factor in anxiety
development, altering biased attentional processing or eliminating it have been
implicated in anxiety treatment (Mogg & Bradley, 1998, Mobini & Grant, 2007).
But the treatment approaches towards AB depend on understanding how

attention captures threatening information.

I f threat capture is effortful and

distorted threat appraisals during verbal therapy is suggested to work (Beck &
Clark, 1997; McNally, 1995; Mobini & Grant, 2007). However, if the threat
capture is automatic, unconscious, and effortless, then the effectivity in
eliminating this pattern in verbally mediated therapies appears to be
questionable since their controllability is limited (McNally, 1995; Mogg &

Bradley, 1998).

A novel treatment technique called attention bias modification technique
(ABMT) have the potential to fill this gap, such that it can target automatic
threat related ABs in a cost-effective manner in developmental cohorts (Bar-
Haim, Morag, & Glickman, 2011; Eldar et al., 2012; Waters, Pittaway, Mogg,
Bradley, & Pine, 2013) as well as adults (Amir, Beard, Burns, & Bomyea, 2009;
Brosan, Hoppitt, Shelfer, Sillence, & Mackintosh, 2011; Koster, Baert,
Bockstaele, & De Raedt, 2010). Since anxious people are typically
characterised as being sensitive to threatening information and vigilant to
threat cues in the environment, the ABMT technique is typically based on the

expectation that training individuals to shift their attention away from threat
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would reduce anxiety symptoms since the first chain of maladaptive threat

appraisal gets broken.

Meta-analyses of ABMT randomized controlled trials suggest that application
of this technique is a fruitful endeavour to reduce pre-treatment anxiety
symptoms (0.36 < d < 1.00) as well as pre-treatment AB for threat (0.85 < d <
1.16) (Hakamata et al., 2010; Linetzky, Pergamin-Hight, Pine, & Bar-Haim,

2015).

However, extant body of ABMT research is not far from inconsistencies as
there are studies which suggest that ABMT is not significantly effective on
reduction of anxiety symptoms (De Voogd, Wiers, Prins, & Salemink, 2014;

Fitzgerald et al., 2016; Pergamin-Hight, Pine, Fox, & Bar-Haim, 2016).

The reason behind this inconsistency could be the heterogenous structure of
AB. As will be discussed in detail in the previous sections, AB is not a simple
construct and the directionality of AB (i.e., towards, away from, persistent
maintenance on threat) is highly influenced by the way its formulated and
measured. Therefore, AB as a generic concept will be referred as AB for threat
or only AB within the scope of this thesis, unless the directionality of AB is

addressed specifically.

1.4. Theories of Attention Bias

Plenty of theories have been postulated regarding how evaluation of
threatening stimuli in anxious individuals lead to differential attentional
allocation compared to non-anxious individuals by proposing various cognitive

mechanisms. The most influential ones that have guided empirical research
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were selected for review below and the diagrams in Figure 1.1. display other

theories as well.

1.4.1. Early Models of Attention Bias

Williams and colleaques (1988, 1997)

I'n Wil liams and idiams eMatgsyuMaslLéod, &avihtbaws, (
1988, 1997 as cited in Yiend, 2010), two structures underlie attentional
processing of emotional information. Affective decision mechanism
determines the emotional value of stimulus while resource allocation
mechanism determines how attentional resources would be allocated on
stimuli. The model predicts that automatic vigilance for threatening stimuli is
characteristic to trait anxiety while elongated elaboration for emotional value
of stimuli is related to depression. Accordingly, the model predicts that
increased threat value of a stimulus or increased anxiety levels is related to
greater vigilance for threat; however, low trait anxious individuals can suppress
their AB for threat through increased effort for processing task relevant stimuli
and display avoidance away from threat (Williams et al., 1998, 1997 as cited

in Mogg & Bradley, 2016).

Cognitive T Motivational Model (Mogg & Bradley, 1998)

Similarly, Mogg and B riamotivatipn@alsmodellaB® 8 ) cognit
postulates two structures responsible for stimuli evaluation and consequent
responding. Accordingly, the valence evaluation system, which is underlined
by neurological structures involved in anxiety, is responsible from the initial

threat appraisal. If the information is determined to be highly threatening, goal
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engagement system allocates resources on threat for further processing
(Mogg & Bradl ey, 1998) . The difference
model is the detailed emphasis on the reappraisal process. As such, Mogg and
Bradley (1998) argue that even mildly threatening stimulus may be found
subjectively more threatening by high anxious individuals and they may be
more vigilant towards them as a sign of anxiety vulnerability. On the other
hand, in the presence of high threat, low trait anxious individuals can also show

vigilance because of adaptive processing.

Critically, the model also offers explanation on the role of directionality of AB
i n experiencing and sustaining anxious
vigilance may be followed by avoidance away from threat to reduce discomfort
caused by anxiety with repeated shifts towards and away from threat. In the
long term, this pattern may increase anxiety sensitivity since thorough
appraisal of threat value during the vigilance stage is interrupted by the
following avoidance (Mogg & Bradley, 1998). In contrast, when low anxious
individuals evaluate the threat value of the stimuli as minor during the initial
appraisal stage, they may show avoidance away from threat to allocate their

attentional resources on more relevant stimuli.

Future Detection Model (Ohman & Wiens, 2004)

On the other hand, Ohman a n d  Wifeatnre detection model (Ohman &
Wiens, 2004) views automatic selective attention to threat as an adaptive
outcome of evolution process. Selective attention to biological threats (e.g.,

snakes, spiders, angry faces) serves to keep individuals alive, therefore
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everyone shows AB to these types of danger signalling stimuli (Ohman, 1996,
cited in Cisler & Koster, 2010; Mogg & Bradley, 2016). However, anxious
i ndividual 6s irrational threat appraisal unec
module (i.e., a fear evaluation system formulated to have neurological, mental,
behavioural elements in the model) lead to greater AB towards threat

compared to non-anxious individuals.

Matthews and Mackintosh (1998)

Matthewsand Macki ntoshoés model (1998) have post
is a distractor against target stimulus and they both compete for attention.
Ultimately, oned6s anxiety | evel determines w
agrees with the other accounts above on the grounds that it is anxiety that
magnifies threat value of stimulus and vigilance towards threat occurs.
Notabl vy, l' i ke Williams and coll eaguesd (1988

the role of effort to suppress AB.

As such, the model predicts that anxious people can exert voluntary control
over threat through activation of target representation when task is highly
demanding. Therefore, they may inhibit threat interference and put voluntary
effort on the direction of attention to increase attention on the stimulus related
to task demand (Field & Lester, 2010; Matthews & Mackintosh, 1998; Mogg &

Bradley, 2016).

Wells and Matthews (1994)

In contrast to the views that argue that anxiety magnifies threat value of

stimulus and anxious individuals display vigilance towards threat, Wells and
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Matthews (1994) suggested that AB may be an outcome of strategic
processing rather than automatic processing. In their Self-Regulatory
Executive Function (S-REF) Model, S-REF mechanism stands in the core; and
the initial automatic processing and the beliefs around threat activates S-REF.
S-REF, which is guided by self-beliefs in relation to features of the encountered
stimulus, determines direction of attention as a form of coping strategy
(Matthews & Wells, 2000). Accordingly, this is reflected as conscious and
voluntary monitoring of environment against threat in anxious people as a

maladaptive attentional control strategy (Cisler & Koster, 2010).

Although the model acknowledges the role of automatic processing; this initial
system only serves to feed information into S-REF. Therefore, it stands out
from the other models such that AB for threat is formulated as impaired
strategic processing underlined by attentional control rather than automatic

threat capture (Cisler & Koster, 2010).
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(a) Schema-driven processing in anxiety disorders (Beck et al., 1985)

Hyperactive danger schema —> Cognitive biases for threatin —>  Automatic negative thoughts
(representations of threat) attention, appraisal, reasoning (maintain anxiety)

(b) Three-stage schema-based model of information processing in anxiety (Beck & Clark, 1997)

Automatic —>  Primal threat mode <> Secondary elaboration
threat (automatic and strategic (secondary appraisal opposes primal
registration schema-driven processes: primary threat mode and reduces anxiety)

appraisal; vigilance for threat)

(c) Direction of attention bias towards versus away from threat depends on trait anxiety (Williams et
al., 1988, 1997). Task-related effort can sometimes suppress anxiety-related bias to threat

Affective decision mechanism: Resource allocation mechanism:
High threat —> — High trait anxiety: Attend to threat (sometimes suppressed

(automatic threat |:

evaluation, increased

by state anxiety)

by task-related effort)
Low trait anxiety: Avoid threat

(d) Evolutionary function of nonconscious threat evaluation processes (Ohman, 1993, 1994)

Feature —> Significance & Expectancy system &{ Conscious perception

detectors evaluation of threat
&> Arousal system /

(e) Anxiety relates to negative beliefs and poor self-regulatory executive function (S-REF; Wells &
Matthews, 1994). Controlled processes account for attention bias of threat monitoring

Self-beliefs €—y [S REE: Appraisal €> Control
- : Output

includin of action
Low-level automatic processing /7 (worry) 9

(f) Four-factor theory: Anxiety depends on four sources of information, which are influenced by
cognitive biases (Eysenck, 1997)

Environmental stimuli & their appraisal —> Schema-driven Tf—xs .
Physiological activity — attention and —>  Experience
Behaviour action tendencies e interpretative =~ —>  of anxiety
Cognitions (e.g. worries) e biases _""?

(g) Bias in automatic evaluation of threat cues underlies trait anxiety and initial attention bias to
threat (Mogg & Bradley, 1998). Initial orienting to threat may be opposed by strategic avoidance

Valence evaluation system: Goal engagement system:

(automatic threat High threat =>{ Interrupt current goals (‘danger’ mode); automatic orienting to
evaluation, increased threat. (Possible strategic avoidance, e.g., to reduce distress)

in anxiety-prone Low threat—s| pyrsue current goals (default ‘safety’ mode);
individuals) prioritise positive stimuli; ignore minor negative stimuli

(h) Attention bias to threat and risk of anxiety disorders relate to high trait negative affectivity and
poor trait effortful control (Derryberry & Rothbart, 1997; Lonigan et al., 2004)

Negative > Anxiety

affectivity \—\ Automatic preattentive bias Attention bias to threat "
/Neuroticism

> Effortful control (opposes bias and supports coping)

(i) Anxiety increases automatic threat evaluation. Attention bias for threat reflects competition for
processing resources and can be opposed by task-related effort (Mathews & Mackintosh, 1998)

Distractor (threat) -
Anxiety => Threat evaluation system —> Distractorvrepresentation —> Attention to threat

Effortful task demand —> Target representation —> Attention to target
Target rd
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(j) Anxiety delays disengagement of attention from threat (Fox et al., 2001)

Attentional components:
Initial shift of attention (may be unbiased in anxiety)
Anxiety—> Delayed disengagement of attention from threat (may facilitate further threat processing)

(k) Attention control theory: Anxiety impairs goal-directed attention and increases stimulus-driven
attention (Eysenck et al., 2007)

Anxiety —> Impairs goal-directed attention —> Increases distractibility, impairs task switching

4

Increases stimulus-driven attention —> Increases attention to threat

(I) Anxiety may stem from dysfunction at several stages: automatic threat evaluation, initial resource
allocation, strategic threat evaluation, and/or strategic override (Bar-Haim et al., 2007)

Automatic => Resource allocation system —> Guided threat evaluation —> Goal engagement

preattentive  (If high threat: interrupt; (assess context, coping etc.) (If high threat: Interrupt
threat orient to threat; alerting) % goals; orient to threat
evaluation N If low threat: Override If low threat: pursue

automatic threat evaluation current goals)

(m) Attention bias for threat in anxiety has three components with different mediating mechanisms
(Cisler & Koster, 2010)

Mediating mechanisms: Attentional components:
Amygdala —> Threat detection mechanism —> Facilitated attention to threat (automatic)
PFC and _—> Attention control —> Difficulty in disengagment
related structures ™ gpotion regulation goal —> Attentional avoidance (strategic)

(n) Integrative Model (Weierich et al., 2008)

Vigil / Early in viewing, Overt Vigil. for
igillance; threat. High probability that threatening threat. Low probability that threatening

Avoidance stimuli will be fixated. stimuli will be fixated.

Late in viewing, Overt Avoid of ‘

Sequence of Objects Selected and Fixated

@@@@@@....@@@G)@@

Covert Orienting ' Overt Shift ! Covert Disengagement
. to object i (saccade) | from object
Att_ent'on (efficiency of shift i toobject | (disengagement delayed
Maintenance not influenced by . H for threatening stimuli)
threat status) i H

Figure 1.1. Models of Attention Bias in Anxiety (adapted from Mogg & Bradley, 2016 and Weierich et
al., 2008).
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Attentional Maintenance Model (Fox, Russo, Bowles, & Dutton, 2001)

According to Fox and coll eaguesd Attent.

differentiates anxious individuals from non-anxious individuals is not rapid
detection of threat, but their difficulty in disengaging attention from threat (Fox
et al., 2001). In support of this, they argue that initial detection of threat
depends on threat value of stimulus; however, personal anxiety levels
determine the length of attentional maintenance on threat stimulus (Fox,
2004). The way Fox and colleagues (2001) view AB poses a strong contrast
to the other models. However, they have provided an effective perspective to

understand the diversity in AB with respect to components of attention.

1.4.2. New Age Models

Attentional Control Theory (Eysenck, Derakshan, Santos, & Calvo,

2007)

The fundamental assumption of Eysenck and colleagueséAttentional Control
Theory (2007) is that anxiety impairs cognitive performance through attentional
processes. The model embraces the difference between goal-driven,
controlled attentional system and stimulus-driven, automatic attentional
system (Corbetta & Shulman, 2002). It states that anxiety impairs attentional
control and thus stimulus-driven attentional system overrides goal-driven
attentional system, resulting in allocation of attentional resources on threat

stimulus rather than the task related stimuli at hand (Eysenck et al., 2007).

Remar kabl vy, based on Mi yakeds (&h@® 0 0)

colleagues (2007) have also proposed that inhibition and shifting executive
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functions are involved in attentional control operations. Accordingly, impaired
inhibition cannot interfere with overactive stimulus-driven system and anxious
people become more distracted by threat (Eysenck et al., 2007). In addition,
impaired shifting does not allow attention to be allocated on the most relevant
stimulus flexibly and effectively; and this may result in difficulty in disengaging

attention from threat.

Bar-Haim and Colleagues (2007)

Bar-Haim and colleagues (2007) formulated a model which integrates the
proposals of the previous theories to close the gap between empirical research
and existing theories of AB based on the results of their seminal meta-analysis.
Their model consists of mechanisms that operate during the timeline of

automatic to strategic attentional processing stages.

Critically, Bar-Haim and colleagues (2007) postulated that AB can be result of
a deficit in any of these mechanisms, which is distinct from especially the early
automatic attentional threat capture models. Accordingly, initial capture of
even mildly threat could be one form of AB, but allocating resources on threat
for further evaluation, and perseverance of heightened threat value even at the
conscious level of processing can lead to biased attention (Bar-Haim et al.,

2007).

Weierich and colleagues (2008)

As discussed in the previous section, there is discrepancy between Mogg and
Bradl eyds ( 1l-ea&idadonachyppthesis and lEox and collea g u e s 6

(2001) attentional maintenance model. Indeed, some empirical evidence
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showed that anxious individuals, especially anxious adults, show vigilance
towards threat followed by later avoidance (Cooper & Langton, 2006; Mogg &
Bradley, Miles, & Dixon, 2004; Koster, Crombez, Verschuere, Van Damme, &
Viersema, 2006). On the other hand, some other studies evidenced
disengagement difficulty (e.g., Amir, Elias, Klumpp, & Przeworski, 2003;
Compton, 2000; Koster, Crombez, Verschuere, & De Houwer, 2004; Salemink,

van den Hout, & Kindt, 2007).

With respect to this discrepancy, Weierich and colleagues (2008) have argued
that this divergence stems from methodological differences across studies
such that they capture a different component of attention. Consequently, they
have synthesized two competitive hypotheses as each theory represents a
different component of attention. Therefore, the theories can be reconciled
within one single episode of threat stimulus viewing on a voluntary vigilance-
attentional maintenance-attentional avoidance continuum. According to the
model (Weierich et al., 2008), initial threat detection is a result of
voluntary/conscious scanning of the environment. Once threat is detected,
anxious people would have longer dwell times on threat which means difficulty
in disengaging from threat. Attentional avoidance follows successful

disengagement from threat.

Cisler and Koster (2010)

Cisler and Koster (2010) argue that the heterogeneity in the components of AB
for threat may stem from the underlying mediating mechanisms. According to

their model, attentional processes operate in parallel to the suggested
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mediating mechanisms. The result is three types of AB mentioned above over
the course of automatic and strategic processes. Facilitated attention for threat
Is mediated by amygdala activation and considered to take place during
automatic processing. Disengagement difficulty, on the other hand, is thought
to be linked with attentional control, yet whether it is underlined by automatic
or strategic processing or both is not clearly known. Finally, attentional
avoidance is formulated to be a strategic process which is linked with emotion

regulation strategy use (Cisler & Koster, 2010).

1.4.3. Discussion

Attempts to obtain a thorough explanation of AB have been highly influenced
by the mainstream attention literature. Consequently, the knowledge on
mechanisms of attention orientation and what controls attention orienting have

been translated into the field of AB for threat.

According to Posner and colleague s 6 h i g h | yAttentionallSyseemsg i a |

Theory (Posner, Inhoff, Friedrich, & Cohen,1987), attention orienting has three
components: a) shifting (i.e., spatial relocation of the attention); b) engaging
with new target (i.e., selection and processing of a stimulus); ¢) disengagement
from the target attended (i.e., selection or processing of the stimulus has

finished or inhibited) (Posner et al., 1987; Yiend, 2010).

By this standard, anxious people should show AB during one or more of these
attentional components while they are in operation. However, what constitutes
anxious peopleds attentional focus,

they shift their attention to in the presence of threatening information has been
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a longstanding debate for AB researchers. Notably, especially theories framed
before 2000 do not account for all the components of attention. Given that
attention is a dynamic process spanning from automatic selective attention to
more effortful and controlled focuses or shifts, early models of AB appear to
have a restricted perspective for mapping the dynamicity in the direction and

focus of attention into AB for emotional stimuli.

Each model highlighted a different attentional component in a piece meal
fashion such as automatic vigilance (Ohman & Wiens, 2004; Matthews &
Mackintosh, 1998; Mogg & Bradley 1998; Williams et al., 1988), strategic
vigilance for monitoring (Wells and Matthews, 1994), greater attentional
maintenance on threat underlined by disengagement difficulty (Fox et al.,
2001), or avoidance away from threat in anxious individuals following vigilance

(Mogg & Bradley,1998).

Abundance of empirical work indeed evidenced vigilance towards threat in
both anxious youth and adults (Calamaras, Tone, & Anderson, 2012; Eldar et
al., 2012; Hommer et al., 2014; Lindstrom et al., 2011; Montagner et al., 2016;
Reinholdt-Dunne et al., 2012; Zvielli, Bernstein, & Koster, 2014). However, a
similar voluminous body of work evidenced that they may have difficulties in
disengaging attention away from threat (Amir et al., 2003; Fox et al., 2001;
Fulcher, Mathews, & Hammerl, 2008; Pollak & Tolley-Schell, 2003; Zhang, Ni,
Xie, Xu, & Liu, 2017) or they may avoid from threat (Carmona et al., 2015;
Cooper & Langton, 2006; Pine et al., 2005; Salum et al.,, 2013; Schoorl,
Putman, Van Der Verff, & Van Der Does, 2014; Waters et al., 2014; Zvielli et

al., 2014). Therefore, the main shortcoming of the early models is not
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recognizing that AB for threat has components reflecting elements of
attentional flow and that there might be heterogeneity among anxious

individuals in the way it is manifested.

Exploring what controls attention orientation has the potential to explain how
dynamic AB unfolds. According to attention literature, orienting attention to a
stimulus can be realized through two different, but interlinked processes called
stimulus-driven control of attention (i.e., selection of a stimulus based on its
perceptual features such as emotionality, uniqueness, spatial location, or
sudden appearance) and goal-driven control of attention (i.e., selection of
stimulus which is relevant to our current behaviour and based on prior
knowledge and expectations) (Corbetta & Shulman, 2002). Goal-driven/top-
down attention is postulated to be effortful and conscious (Chica et al., 2013)
since it involves operation of higher control systems (Yiend, 2010). Stimulus-
driven attention, on the other hand, is postulated to be rather involuntary (Chica
et al., 2013) since it operates as a reaction to salient features of stimuli. The
interaction between these two systems is postulated to be responsible from
where attention will be oriented to since top-down control of attentional
selection it is not necessarily efficient on its own without attending to the salient
features of stimuli (Desimone & Duncan, 1995; Yiend, 2010). Chica and
colleagues (2013) have stated that these two attention systems may differ in
the timeline of their operation, in that stimuli-driven attention is relatively rapid
and does not sustain over time while goal-driven attention can be in operation

for longer periods of time.
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Consequently, more recent AB models guided by growing empirical research
are more flexible in the way they conceptualize threat processing in relation to
the course of automatic and strategic processing. While majority of the
previous models somewhat rigidly limit biased attention to initial automatic
threat detection and evaluation, new models encompass all the attentional

components by linking how they might be related to the span of attention.

Especially, Bar-rHai m and coll eaguesé (2007)

models show recognition of the continuity between AB components based on
the processing timeline from automaticity and strategy. Consequently,
vigilance towards threat is tentatively believed to be underlined by stimuli-
driven attention since what captures attention is the threatening property of
stimulus. Therefore, vigilance is assumed to occur automatically (Armstrong &
Olatuniji, 2012; Cisler & Koster, 2010). On the other hand, maintained attention
on and avoidance away from threat stimulus is hypothesised to be underlined
by goal-driven attention since they require appraisal of threat after detection.
Therefore, disengagement difficulty and avoidance are cautiously concluded
to occur strategically during later stages of processing (Armstrong & Olatuniji,

2012; Derryberry & Reed, 2002).

More importantly, the focus of new models is not restricted to the directionality
of AB. To offer an understanding of the divergent AB patterns, their emphasis
is on what modulates AB for threat in anxious individuals beyond anxiety
(Cisler & Koster, 2010; Eysenck et al., 2007). Individuals can be grouped
based on their different AB patterns within the same sample (e.g., Calamaras

et al., 2012; Ho, Yeung, & Mak, 2017; Salum et al., 2013), which provides a
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generic support to the new AB models regarding the person-specific structure
of AB. Accordingly, there could indeed be individual differences that lead to
specific AB components to become more dominant. If this is the case,
identifying modulating mechanisms has the potential to explain those
individual differences and how they impact AB, which may ultimately lead to
development of better anxiety treatment techniques including AB modification

techniques.

1.4.4. AB Models Formulated for Youth Population

In addition to the anxiety related AB models formulated for adult populations
above, there has been a number of AB models produced specifically for
children and adolescent populations based on the calls (Ehrenreich & Gross,
2002; Puliafico & Kendall, 2006) for consideration of the impact of
developmental variables on anxiety related AB for threat such as variations in

cognitive abilities and temperament.

Hindered development of inhibition ability in anxious children: Kindt and

Coll eaquesd (1997)

Ki ndt and coll eaguesb6 set of Stroop tasltk

Kindt & Brosschot, 1999; Kindt, Brosschot, & Everaerd, 1997; Kindt, Bogels, &
Morren, 2003; Kindt et al., 2000; Kindt, Bierman, & Brosschot, 1997) with
children reported quite interesting results by showing how cognitive
devel opment is involved in childrenoés
administered Stroop task with threatening and neutral stimuli, which requires

naming the print colour of the word as quickly as possible while ignoring the
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semantic meaning. They found that all children under the age of roughly 10
showed Stroop interference (i.e., longer time to name the print colour of threat
words) for threat regardless of anxiety levels (reading ability measured: Kindt,
Bierman, et al., 1997; Kindt, Brosschot, et al.,1997; no report on test of reading
ability: Kindt et al., 2000). However, this pattern diverged as children gets older
such that only high anxious children showed Stroop interference (Kindt,

Brosschot, et al.,1997; Kindt et al., 2000; Kindt, Bierman, et al., 1997).

The authors suggested that bias for threat is a common feature in early
childhood. From middle to late childhood all children acquire executive
inhibition ability and so they become better able to exert control over their
selective attention by inhibiting attention to threat. However, anxiety hinders
development of inhibition ability in anxious children. Therefore, the differences
in biases for threat between anxious and non-anxious children gets greater as

children gets older (Nightingale, Field, & Kindt, 2010).

Temperamental factors are involved in attention bias: Lonigan and

coll eaquesd Te mpkonigam¥asayaPhilliph] & Hazeén, 2004)

Lonigan and colleagues (2004) have highlighted the role of temperamental

factors in accounting for AB in children. They embraced Rothbart and

coll eaguesd (Rothbart, Ahadi , & Evans,

account and outlined interactions between reactive (i.e., negative and positive
affectivity) and regulatory (i.e., effortful control) temperamental traits in

producing AB for threat.
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According to the model, having the propensity to feel negative affect is not
enough to develop psychopathology on its own if effortful control ability is
efficient (Lonigan et al., 2004). So, low effortful control ability is the key to
develop anxiety. In line with this, the authors evidenced that high effortful
control functions to shift attention away from threat stimulus despite negative
affectivity; however, if both effortful control ability is poor and negative
affectivity is high, AB occurs because reactive control overrides effortful control

(Lonigan & Vasey, 2009).

A Cognitive 1 Learning Formulation of Youth Anxiety (Waters &

Craske, 2016)

Waters and Craske (2016) recently proposed a stage-wise account of
information processing model for youth anxiety by considering various factors
such as cognitive learning processes, underlying neurological mechanisms,
and their anxiogenic behavioural expressions. The model also accounts for
how attention regulative processes, especially biased attention for threatening

stimuli, are influenced by these mechanisms.

Accordingly, the Stimulus Complex stage involves exposure to numerous
types of stimuli with varying emotional loads within a given situation. The
following stage is the Acquisition Processes, where conditioning to highly
threatening stimuli and generalization of what is threatening to similar types of
stimuli are formed. These learning experiences have a reciprocal influence on
the initial evaluation of threat value of a stimulus and biased attention for that

stimulus during the initial stages of attentional processing. Initial attention bias
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at this stage involves activation of amygdala and ventral prefrontal cortex
(Waters & Craske, 2016). Acquisition Processes is followed by Internal
Representation of Generalized Threat Salience. At this stage, threatening
values of stimuli within varying ranges become mental representations. The
saliency strength of the threatening stimuli either activates spotlight of attention
(i.e., highly salient threat) or margin of attention (i.e., mildly salient threat). In
the following Maintenance Processes, the previously internalized knowledge
on threatening stimuli is maintained through elaborative evaluation biases (i.e.,
interpretation biases) and strategic attention biases, which underpin regulation
of attention either as threat avoidance (i.e., underlined by greater activation of
ventrolateral prefrontal cortex) or threat monitoring (i.e., characterized with
less activation of ventrolateral prefrontal cortex and greater activation of
anterior cingulate cortex and medial prefrontal cortex). Notably, both ways of
attention regulation are responsible for maintaining anxiety in anxious youth.
The next stage called Symptom Expression accounts for how threat avoidance
and monitoring is reflected on the symptoms of anxious youth. Accordingly,
threat avoidance is associated with fear related anxiety disorders such as
phobias, where behavioural avoidance and post-event cognitive distress and
rumination are observed. Threat monitoring, on the other hand, is associated
with sustained cognitive distress, rumination, and varied behavioural
responses such as hesitant approach towards or avoidance of situations. The
final stage called Intra-Individual and Environmental Risk Factors involves the

factors (e.g., temperamental characteristics or sustained exposure to abuse)
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that contribute to previous threat related cognitive-learning pathways become

persistent, which lead to pathological anxiety in turn (Waters & Craske, 2016).

1.4.5. Discussion

Ki ndt and «iodt Bresschat, etl§1997; Kindt et al., 2000; Kindt,
Bierman, et al., 1997) cognitive inhibition hypothesis has encouraged AB
researchers to consider age related effects underlined by ongoing cognitive
development in developmental populations. However, empirical evidence is far
from being conclusive as to whether all young children typically show AB for
threat or anxious ones show greater bias towards threat from middle childhood

onward.

For example, Brown and colleagues have shown that anxious 8-year-olds
display avoidance from threat (Brown et al., 2013) while this pattern was also
found in anxious older children in another study (Carmona et al., 2015).
Interestingly, some other researchers could not find any age-related difference
(Broeren et al., 2011) or effect of age at all (Roy et al., 2008; White et al., 2017)

in their samples, which involved young children as well.

Likewise, given that temperament is one of the fundamental factors that impact
various aspects of child development and adolescence (Morales, Pérez-
Edgar, & Buss, 2015; Pérez-Edgar, Taber-Thomas, Auday, & Morales, 2014;
Wang, Eisenberg, Valiente, & Spinrad,2 01 6 ) , Loni gan 2a0d)d col |
temperamental model has also been highly influential. However, although the
model takes into consideration of negative affectivity in producing AB, it does

not provide a detailed account of the role of anxiety on AB or vice versa.
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Given that anxiety impacts executive functions involved in the actualization of
effortful control children (Affrunti & Woodroff-Borden, 2015; DePrince,
Weinzierl, & Combs, 2009; Ng & Lee, 2016; Micco et al., 2009; Visu-Petra,
Cheie, & Mocan, 2013), the model lacks sufficient detail in explaining why
some children with high negative affectivity have intact effortful control while
some others have impaired effortful control, which is the key mechanism in
modulating AB. Nevertheless, their valuable emphasis on effortful control has
|l ed researchers to further examine

ability and their AB for threat.

Overall, like childhood anxiety, childhood AB is also difficult to locate within
adult models. Formulation of childhood models require consideration of other

developmental factors that might explain varieties in childhood AB (Puliafico &

Kendal I, 2006) . I n a d dor tspeednaf infarmatidnd r e n 6 s

processing continue to enhance during development (Crick & Dodge, 1994;
Field & Lester, 2010) and this might change the way AB is manifested in

children.

Consequently, in parallel to the emphasis on the modulators of AB in recent
AB models for adults, childhood AB models also highlight the role of especially
cognitive factors in addition to anxiety, and have informed the researchers

examine other developmental variables in relation to AB.
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1.5. Measuring Attention Bias

The AB models outlined above have been partially supported by empirical
work; hence, none of them have been entirely rejected or fully accepted. In
addition to the challenges in theoretical operationalizations of AB, its empirical
operationalizations in experimental settings are also discrepant. The tasks
designed to measure AB, the length of time that participants are exposed to

stimuli, and the properties of the stimuli contribute to this discrepancy.

1.5.1. The Role of Task Type

AB is typically measured with reaction-time based tasks and the most
commonly used AB tasks are emotional Stroop task, dot-probe task, emotional
spatial cueing task, and visual search task (Bar-Haim et al., 2007; Dudeney et

al., 2015).

Bar-Hai m and col | e a ganaysifstudy2e0e@l@d)thatrihe effact
sizes of the AB tasks are significant to elicit AB for threat. They range from
small to medium; d = 0.49 for emotional Stroop; d = 0.37 for dot-probe; and d

= 0.43 for emotional spatial cueing. Similar effect sizes for emotional Stroop

anddot-pr obe were also reported by Dudeney

anal ysi s on chil drenbs dat a; wi t h
emotional spatial cueing task, and eye tracking studies that did not go into the

analysis.

Empirical attempts towards finding links between these tasks point out that the
AB scores obtained from the tasks do not show significant associations with

each other. In other words, although the tasks reveal some meaningful trend
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for differential attentional processing of threatening stimuli in anxious
individuals, weak associations between them indicate that their convergent
validity is poor in both developmental (Brown et al., 2014; Dalgleish et al.,
2003; De Voogd et al.,, 2016; Klein, de Voogd, Wiers, & Salemink, 2018;
Morales, Taber-Thomas, & Pérez-Edgar, 2017; Reinholdt-Dunne et al., 2012;
Sylvester, Hudziak, Gaffrey, Barch, & Luby, 2016) and adult populations

(Mogg et al., 2000; Van Bockstaele et al., 2014; Waechter & Stolz, 2015).

This suggests that they may tap into different aspects of attention (Cisler et al.,
2009; Van Bockstaele et al., 2014; Yiend, 2010). Therefore, each of these
tasks appear to have their own merits and limitations, which raised some
serious criticisms among researchers regarding their validity and reliability
(Clarke, MacLeod, & Guastella, 2013; Van Bockstaele et al, 2014; Weierich et

al., 2008; Yiend, 2010).

Emotional Stroop Task

Emotional Stroop paradigm is one of the earliest and seminal tasks utilized to
measure AB for threat (Williams, Mathews, MacLeod, 1996). It is developed
from the classic Stroop paradigm (Stroop, 1935). In the classic Stroop
paradigm, colour name words are printed in coloured ink. In some trials, the
ink colour matches with the colour name (e.g., colour name red is printed in
red colour) whereas it does not match in other trials (e.g., colour name red is
printed in blue col ourchatetheRalaunoiteprptaant 6 s t as Kk
quickly as possible either verbally or by key press. The relative difficulty in

naming the print colour of the words in non-matching trials compared to
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matching trials is called Stroop effect. The underlying process of Stroop effect
is response inhibition (Diamond, 2013) with longer response times to name the
print colour in non-matching trials indicate greater difficulty in inhibiting

predominant response.

Mathews and MaclLeod (1985) adapted Emotional Stroop Paradigm to
measure selective attention to threat words in anxious individuals. In Emotional
Stroop, the words are stildl printed in ¢
name the ink colour. However, the semantic aspect of the words is threat
related suchifeoa®l ishpumoyo,neutr al such as
(Mathews & MacLeod, 1985). Therefore, participants are required to ignore
the meaning of the words to name its colour as fast as possible. Stroop
interference occurs when participants take longer time to indicate the colour of
the threat words compared to neutral words. This is taken as indicator of
biased attention to threat, since threat meaning of the word draws attention
first by leaving little cognitive resource to inhibit this tendency (Van Bockstaele

et al., 2014).

Dot-probe Task

A typical dot-probe trial (Fig. 1.2) starts with a fixation cross in the centre of the
screen, to which participants are asked to fixate on for sometime to avoid
overlap of gaze location with the following stimuli. Then, a threatening and a
neutral stimulus are presented side by side for typically 500 milliseconds
(msec). After stimuli offset, an emotionally neutral target (i.e., the

probe/asterisk) occurs in the location of one of the previous stimuli. In threat
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congruent trials, the probe occurs in the location of threat cue whereas in threat
incongruent trials it occurs in the location of the neutral cue after stimulus
of fset. Participantodés task is to indicate th
accurately as possible by keypress. AB for threat score is obtained by
subtracting the average reaction times (RTs) on threat congruent trials from
the average RTs on threat incongruent trials. The sign of the outcome value is

believed to reflect different components of attention.

Correspondingly, positive scores stem from the idea that average RTs on
threat congruent trials are shorter than average RTs in threat incongruent
trials. This is thought to occur due to attention being drawn by particularly
threat stimulus compared to neutral stimulus during stimuli presentation phase
of the task. Thus, participants6é6 attention d
congruent trials since it has already been at the cued spatial position, which
results in faster reaction times. This pattern of AB is called vigilance towards

threat.

Negative scores, on the other hand, is believed to occur due to average RTs
on threat incongruent trials are shorter than threat congruent trials. The logic
behind this assumpt i ontomnwould tealtocatpdato t i ci pant 0
neutral stimulus rather than threat and therefore the time to indicate the
location of the probe that replaces neutral stimulus would be shorter. This type

of AB is called avoidance from threat stimulus.
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response

probe location

Threat Congruent Trial Duration Task Threat Incongruent Trial
Varies Fixating on the
Cross
Varies Stimuli
Usually Observation
500 msec
Varies Keypress to
Usually until indicate the

Figure 1.2. Example congruent and incongruent trials in dot-probe task

Emotional Spatial Cueing Task

It is adapted from classical Posner cueing task (Posner, 1980). In the classic

version, following the fixation cross, a cue stimulus appears in either left or

right. Foll owing

t he

of fset of the

is to indicate the location of the target stimulus as quickly and accurately as

possible by keypress. If the location of the target is aligned with the preceding

cue (e.g., cue is on the left, target is on the left), it is a congruent trial. If the

location of the target is on the opposite side of the target location (e.g., cue is

on the left, target is on the right), it is an incongruent trial. Because there is

only one cue before presentation of target stimulus, attention is assumed to be
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captured by the cue stimulus (MacNamara, Kappenman, Black, Bress, &
Hajcak, 2013). Thus, the relative ease in indicating target location in cued trials
(i.e., congruent) compared to non-cued trials (i.e., incongruent) qualifies this
assumption; such that attention that has previously been captured by the cue
do not need to be diverted to detect the target location in congruent trials,

which result in faster response times.

In the emotional version of the task (Fig. 1.3), either a threatening or neutral
stimulus is presented per trial instead of concurrently presented two stimuli.
Faster response times to threat congruent targets compared to neutral
congruent targets indicate attentional orienting to emotional content of the cue,
which means attentional vigilance towards threat. On the other hand, slower
response times to threat incongruent targets compared to neutral incongruent
targets evidence that threat cue holds attention away from the location of target

stimuli, which indicates disengagement difficulty.
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