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CHAPTER I

INTRODUCTION

Cognitive models of social anxiety disorder (SAD; Clark & Wells, 1995; Rapee &
Heimberg, 1997) describe mental processes which socially anxious individuals (HSAs)
utilize in feared social situations. These processes broadly include three categories of
information-processing biases (see Amir & Foa, 2001; Heinrichs and Hofmann, 2001 for
areview): interpretation biases (see Hirsch & Clark, 2004 for a review), memory biases
(see Morgan, 2010 for a review), and attentional biases. Interpretation biases occur as
HSAs construe ambiguous social events to be more threatening. Memory biases in SAD
include a tendency to recall negative events more easily and positive events with more
difficulty. Attentional biases describe the preoccupation of mental resources by salient
processes or stimuli, which in the case of SAD are those that indicate a high likelihood of
negative evaluation. Attentional biases are of particular interest because they may
generate the other information processing biases and interfere with behaviors that enable
successful social interaction.

Because social fears are at the core of SAD, these individuals devote excessive
attentional resources to determine whether they are being evaluated. This results in
attentional biases including self-focused attention (Barlow, 2002; Clark & Wells, 1995;

Rapee & Heimberg, 1997) and vigilance for environmental cues indicating negative



evaluation (Barlow, 2002; Rapee & Heimberg, 1997; Schultz & Heimberg, 2008).
Cognitive models of social anxiety predict that self-focused attention and hypervigilance
should preoccupy attentional resources and potentially lead to impairment in behavioral
processes dependent on attention. These theories, however, currently lack evidence
supporting this prediction and specificity in describing how this might occur.
Consequently, models focusing on the relationship between trait anxiety and performance
may be useful to derive hypotheses to expand current knowledge of SAD. Specifically,
attentional control theory (Eysenck, Derakshan, Santos, & Calvo, 2007) proposes that
anxiety depletes the resources of the central executive subsystem of working memory.
Recently, predictions from this model have been tested in order to determine their
generalizability for SAD (Amir & Bomyea, 2011; Wieser, Pauli, & Miihlberger, 2009);
yet more extensive research is needed. Therefore, the purpose of this study was to test
the implications of attentional control theory for SAD and thereby increase our
understanding of the effects of social anxiety on the central executive and on processes
that rely on working memory. This may help explicate the attentional processes that
result from anxious symptomatology as well as their contribution to performance deficits.
More specifically, this study tested whether social anxiety was associated with impaired
executive control of attention.

Anxiety is postulated to impair performance across two levels (Eysenck & Calvo,
1992; Eysenck, et al, 2007): 1) processing efficiency, the quantity of cognitive resources
allocated to the execution of a task, and 2) effectiveness, the proportion of correct to
incorrect responses. These models propose that anxiety interferes ubiquitously with

efficiency, whereas interference with effectiveness occurs only in situations in which



anxiety consumes cognitive resources needed to perform optimally. Various
methodologies have been utilized in order to assess processing efficiency, especially
those measuring reaction time. Perhaps the most promising of these is the use of event-
related potentials (ERPs), which measure the electrical activity associated with cognitive
processes with high temporal resolution. Event-related potentials are
electrophysiological wave forms generated as a result of neural processes. ERPs have
been used to document attentional biases in trait anxiety (Carreti¢, Mercado, Hinojosa,
Martin-Loeches, & Sotillo, 2004; Bar-Haim, Lamy, & Glickman, 2005), resulting
impaired processing efficiency (Murray & Janelle, 2007; Dennis & Chen, 2008; Righi,
Mecacci, & Viggiano, 2009), and activation of compensatory strategies used to maintain
performance effectiveness (Dennis & Chen, 2008; Righi, et al., 2009). For example,
Righi and colleagues (2009) found that high trait-anxious individuals recruit
compensatory attentional effort, as indexed by larger N2 amplitudes, in order to maintain
performance.

Thus, it is timely that these approaches be applied to examining the attentional
processes of SAD. The hypothesis that attention biases may impair navigation of the
social environment has important implications for understanding and treating SAD.
Research has shown that social performance deficits can lead to rejection which in turn
may maintain social fears (Meleshko & Alden, 1993; Voncken, Alden, Bogels, &
Roelofs, 2008). Additionally, cognitive models (Clark & Wells, 1995; Rapee &
Heimberg, 1997) suggest that memories of social rejection are used to shape how HSAs

view themselves in social situations. Thus the interference of attentional biases with



effective social behaviors may serve to perpetuate anxious symptomatology, and hence,
may be an important area to target in treatment.

The current study utilized predictions from models of trait anxiety and attention to
hypothesize that attentional bias in SAD, namely self-focused attention, would result in
diminished processing efficiency. This was examined using a mixed antisaccade task in
which subjects were required to perform cued saccades (ballistic eye movements) toward
or away from stimuli appearing in their parafoveal vision. Self-focused attention was
manipulated in 20% of the trials via a circle which appeared around the cue. Prior to the
experiment, subjects were told that this indicated increased heart rate and that they should
ignore it. Two ERP components event-locked to cue onset were examined: the CNV, a
slow-wave fronto-central negativity peaking between 260 and 470 ms after cue onset
which is associated with the recruitment of processing resources in response preparation,
and the P3Db, a positive parietal potential occurring 450-600 ms post-stimulus which is
associated with stimulus probability and the attentional effort devoted to stimulus
categorization (Luck, 2005; Polich, 2007). Previous research has linked CNV amplitude
to the recruitment of effort to respond to an anticipated stimulus (see Rosler, Heil, &
Roder, 1997). Similarly, increases in task difficulty have been shown to reduce P3b
amplitude (Kok, 2001). Therefore, it was predicted that HSAs would have stronger CNV
amplitudes than LSAs on all trials and that the CNV would emerge later. Further, P3b
amplitude was expected to be diminished and to have a later onset for HSAs in the
presence of threat. It was also predicted that HSAs would have later onset times for

correct saccades.



CHAPTER 1II

REVIEW OF THE LITERATURE

Overview of Social Anxiety Disorder

Social anxiety disorder (SAD) is the most common of the anxiety disorders, and
research estimates a 3-13% lifetime prevalence (APA, 2000; Jefferys, 1997). This
disorder is characterized by excessive fear of being negatively evaluated in social and
performance situations (APA, 2000). SAD also involves a desire to achieve closeness to
others and the belief that one will be unable to do so (Alden, 2001; Clark & Wells, 1995).
Anxious symptomatology causes impairment and distress in interpersonal and/or
occupational functioning (APA, 2000). Broadly, social anxiety symptoms may be
generalized to most social situations or circumscribed to specific ones (APA, 2000;
Rapee & Heimberg, 1997). Symptoms also may manifest with a variety of idiographic
characteristics, such as blushing and specific safety behaviors.
Cognitive Models of Social Anxiety Disorder

Cognitive approaches to understanding SAD have contributed an important
framework for integrating empirical evidence. These models (Clark & Wells, 1995;
Rapee & Heimberg, 1997) propose that individuals high in social anxiety (HSAs) fear
being evaluated negatively by others and believe that this is likely to occur. As a result,

cues in the environment which indicate the likelihood of evaluation from



others are especially salient. HSAs focus attention on aspects of the self which they fear
may catalyze this process. More specifically, they adopt an observer perspective of
themselves, often exaggerating the conspicuousness of their negative features. Memories
of past social experiences, as well as proprioceptive and physiological awareness, are
used to inform this self-image and to make predictions about the likelihood of rejection.
Secondly, HSAs exercise vigilance for stimuli in the environment that indicate the social
evaluation which they fear (Rapee & Heimberg, 1997). Following the feared situation,
social phobics tend to engage in post-event processing, typified by recall of the social
situation and negative interpretations of the self’s role in that situation (Clark & Wells,
1995; Rapee & Heimberg, 1997).

Cognitive models of SAD suggest that socially anxious individuals believe others
to be fundamentally critical and evaluative of them (Clark, 2001; Clark & Wells, 1995;
Rapee & Heimberg, 1997). Because socially anxious individuals place a premium upon
being liked and accepted by others, beliefs that they will be negatively evaluated are
particularly threatening to them. Various processes emerging from these beliefs result in
anxious symptomatology. These may occur when feared social situations are
encountered, when they are expected to occur, or afterward (Rapee & Heimberg, 1997).

Socially anxious individuals often utilize strategies to prevent behaviors that
might lead to rejection by others. These strategies, known as safety behaviors, are
classically exemplified in individuals who try to cover or turn away their faces out of fear
that others will see them blushing. Safety behaviors may also include mental processes,
such as planning what one will say in certain situations (Clark, 2001). Anxiety is

maintained through safety behaviors because they are credited with the non-occurrence of



social rejection, which in turn, reinforces these behaviors (Clark, 2001; Clark & Wells,
1995; Salkovskis, 1996; Wells, Clark, Salkovskis, & Ludgate, 1995). Further, certain
safety behaviors may increase the likelihood of socially undesirable behaviors (Stevens et
al., 2010) thus leading to further negative ruminations about the outcome of social
experiences.

Attentional processes play a key role in cognitive models (Clark & Wells, 1995;
Rapee & Heimberg, 1997). They propose that socially anxious individuals form a third-
person mental image of their appearance and behavior as they believe it is perceived by
others. This mental representation is not merely a mental photograph nor does it reflect
how the individual views the self. Rather, it is an estimation of how they are perceived
and evaluated by others. This involves self-focused attention, the direction of attentional
resources toward the self. Additionally, socially anxious individuals monitor the
environment for cues that they are being negatively evaluated by others (Rapee &
Heimberg, 1997). This occurs via the allocation of attentional resources to sampling the
external environment for indicators of potential threat.

Self-focused attention as described by cognitive models (Clark & Wells, 1995;
Rapee & Heimberg, 1997) is particularly directed toward aspects of the self that are
salient to fear of negative evaluation (i.e., negative facets of the self which might elicit
negative judgments from others). The mental representation of the self is assumed to be
one likely to receive negative evaluation from others. It is based on knowledge about
one’s appearance and previous social experiences, awareness of one’s physiological
arousal, and information gleaned from the environment, such as cues from others.

Attention is focused on aspects of the self which may be judged negatively as these



features are particularly salient. It is therefore likely to be negatively distorted. Further,
external cues used to modify the mental image of the self, whether verbal or non-verbal,
are often ambiguous and therefore easily distorted.

Socially anxious individuals then evaluate their performance and compare it to
standards which they believe others expect of them. Based on the degree of discrepancy
between these, estimations of the probability of negative evaluation are formed.
Awareness of this perceived discrepancy increases anxiety about being negatively
evaluated, which in turn, influences physiological responses as well as one’s cognitions
and behavior. This may escalate the discrepancy between current and ideal states as the
estimation of one’s current performance is negatively adjusted (Rapee & Heimberg,
1997).

Studies examining whether HSAs actually experience impaired social
performance have achieved mixed results (Rapee & Heimberg, 1997). Although some
research has demonstrated impaired performance across many functions (Twentyman &
McFall, 1975), others have found impairment in some functions but not others (Arkowitz,
Lichtenstein, McGovern, & Hines, 1975; Borkovec, Stone, O’Brien, & Kaloupek, 1974);
whereas others have found no evidence of impairment (Burgio, Glass, & Merluzzi, 1981;
Clark & Arkowitz, 1975; Rapee & Lim, 1992). Rapee and Heimberg (1997) propose that
these disparate findings may occur because of the moderating role of the structure of the
situation. It is interesting to note that these findings are anticipated by theories describing
the relationship between anxiety and attention (e.g., Eysenck et al., 2007). These models

predict such mixed results due to variability in attentional capacity and task difficulty.



Cognitive models suggest that social phobics process information dysfunctionally.
These information-processing biases are thought to be maintained by the ambiguity of
many social environments (Clark & Wells, 1995; Rapee & Heimberg, 1997). Because
socially anxious individuals have a stronger motivation to know what others are thinking
about them, they engage in self-evaluative thoughts informed by biased information-
processing. These thoughts are further relied on as socially anxious individuals avoid
behaviors typically used by normal individuals to disambiguate feedback from others
(e.g., eye contact). Three main categories of biased information-processing occur in
SAD. These are interpretation biases, memory biases, and attention biases (see Amir &
Foa, 2001; Heinrichs & Hofmann, 2001 for a review). Attentional biases are of particular
interest in understanding how anxiety may impair behavioral functioning because they
influence the other two categories of biased cognition. Further, attentional biases are
hypothesized to preoccupy attentional resources needed for effective behavior in anxious
individuals (Eysneck et al, 2007).
Attentional Biases in SAD

Attentional biases in SAD include increased attention to the self and
hypervigilance for threatening stimuli in the environment (Rapee & Heimberg, 1997).
Although evidence uniformly supports self-focused attention in SAD, support for
hypervigilance in SAD has met with mixed results (see Heinrichs & Hofmann, 2001).
Evidence for hypervigilance has been challenged by evidence suggesting avoidance of
threat (e.g., Foa & Kozak, 1986). This has resulted in the vigilance-avoidance

hypothesis, which posits that HSAs are initially vigilant and engage in avoidance when



threatening stimuli are detected (Mogg, Bradley, De Bono, & Painter, 1997). Research
concerning attentional biases in SAD is discussed in detail below.
Self-focused Attention.

Extant research supports the hypothesis that social phobics typically engage in
self-focused attention in threatening situations. Hackmann, Surawy, and Clark (1998)
found that 77% of those in a social phobic sample reported third-person negative images
of themselves, whereas only 10% of healthy controls reported such images. Self-focused
attention has been examined mainly through correlational studies focusing of self-
consciousness (e.g., Fenigstein, Scheier, & Buss, 1975) and through experimentally
controlled social situations (e.g., Mellings & Alden, 2000). Correlational studies have
found that social anxiety is correlated with high levels of public self-consciousness,
attending to facets of the self that others might observe (Fenigstein, et al., 1975; Bruch &
Heimberg, 1994) but not more private self-consciousness (Hope & Heimberg, 1988).
Further, low self-ratings of physical attractiveness have been associated with shyness
(Montgomery, Haimmerlie, & Edwards, 1991), although the ratings of others do not
support actual lower physical attractiveness (Jones, Briggs, & Smith, 1986). Taken
together, these findings suggest that shyness, which is currently thought to be mild social
anxiety (Crome, Baillie, Slade, & Ruscio, 2010; Rapee & Heimberg, 1997), is associated
with more negative feelings about one’s own appearance than objectivity warrants.

Other studies have used experimental approaches to examine the association
between social anxiety and negative images of the self. One commonly used approach is
the dyadic interaction paradigm, also known as the getting acquainted paradigm. These

studies have supported descriptions from cognitive models (Clark & Wells, 1995; Rapee
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& Heimberg, 1997) that social phobics monitor their own physiology and use this
information to construct negative images of the self which they visualize from an
observer perspective (Mansell, Clark, & Ehlers, 2003; Papageorgiou & Wells, 2002;
Wells, Clark, & Ahmad, 1998; Wells & Papageorgiou, 1999). Alden and Wallace (1995)
examined performance self-ratings of men with SAD following a getting acquainted
paradigm. They found that men with social phobia believed their anxiety was more
visible to the interaction partner than it actually was. Social phobics also rated their own
performance lower than did normal controls whether the interaction partner’s approach
was manipulated to be interpersonally warm or aloof. Other studies using this
methodology have found that severity of social anxiety is positively correlated with self-
reported self-focus (Hope, Heimberg, & Klein, 1990; Melchior & Cheek, 1990). Various
studies have shown that awareness of internal somatic sensations is associated with
feelings of being negatively evaluated (Mansell & Clark, 1999; McEwan & Devins,
1983; Mellings & Alden, 2000; Woody, 1996).

Additionally, psychophysiological approaches have been used to examine self-
focused attention in SAD. Socially anxious individuals have been found to have higher
levels of interoceptive awareness as indicated by awareness of heart rate when
anticipating a speech compared to healthy controls (Stevens et al., 2010). Research also
suggests that physiological sensations can increase self-focused attention. Experiments
have demonstrated that increasing attention to physiological activity through exercise or
false heart rate feedback increases self-focused attention (Fenigstein & Carver, 1978;
Mansell et al., 2003; Papageorgiou & Wells, 2002; Wegner & Giuliano, 1980).

Papageorgiou and Wells (2002) provided false feedback that the subject’s heart rate had

11



increased prior to a social interaction task. HSAs compared to LSAs were more sensitive
to physiological feedback and showed increases in reported anxiety, negative
interpersonal performance, and imagining themselves from an observer perspective. The
increase of heart rate in the feedback, however, did not result in actual increased heart
rate. Similarly, Mansell and colleagues (2003) misled participants to believe that a
device applying a pulse to the fingertip indicated increased physiological response. They
found that HSAs, but not LSAs, showed an internal attentional focus specific to social-
evaluative threat. Other studies have demonstrated that increasing physiological arousal
increases self-focused attention (Wegner & Giuliano, 1980; Fenigstein & Carver, 1978)
and vice versa (Carver & Scheier, 1981; Scheier & Carver, 1983). This supports the
prediction of cognitive models that physiological markers of anxiety are detected by
socially anxious individuals and increase their level of self-focused attention, which in
turn increases physiological arousal in a spiral toward more intense levels of self-focus
and anxious physiology. This bi-directional effect may occur in social anxiety causing a
self-perpetuating spiral that increases self-focused attention.
Hypervigilance

Extensive research supports Rapee and Heimberg’s (1997) predictions about the
role of externally oriented attention, also known as vigilance or hypervigilance, in SAD
(see Cisler & Koster, 2010 for a brief review). However, the stimuli which elicit
vigilance from HSAs vary between studies. Some studies suggest that HSAs are vigilant
for emotional stimuli in general, whether emotional words (Asmundsen & Stein, 1994;
Mattia, Heimberg, & Hope, 1993) or emotional faces (Garner, Mogg, & Bradley, 2006;

Kolassa, Kolassa, Musial, & Miltner, 2007; Wieser, Pauli, & Miihlberger, 2009), whereas
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other research supports a bias exclusively for threatening stimuli, whether words (Amir &
Bomyea, 2011; Grant & Beck, 2006; Hope, Rapee, Heimberg, & Dombeck, 1990;
Maidenberg, Chen, Craske, Bohn, & Bystritsky, 1996; Mattia, et al., 1993; McNeil, et al.,
1995; Pishyar, Harris, & Menzies, 2004; Vassilopoulos, 2005) or faces (Juth, Lundqvist,
Karlsson, & Ohman, 2005, study 4; Kolassa et al., 2007; Kolassa & Miltner, 2006; Mogg
& Bradley, 2002; Mogg, Philippot, & Bradley, 2004; Miihlberger, Wieser, Herrmann,
Weyers, Troger, & Pauli, 2009; Pishyar et al, 2004). Further, research suggests that these
effects are significantly reduced following treatment of SAD (e.g., Mattia et al., 1993).

One of the most commonly used paradigms for examining attentional biases is the
Emotional Stroop Task (see Williams, Mathews, & MacLeod, 1996 for a review). In this
task, participants are asked to name the color of words which appear individually on a
display. Biases in attention are measured via longer response latencies to color-naming
emotionally threatening words compared to neutral or positive words. Several studies
using this methodology have shown that socially anxious individuals take longer to name
the color of words indicating social threat compared to other stimuli (Amir et al., 1996;
Grant & Beck, 2006; Hope, et al., 1990; Maidenberg et al, 1996; Mattia et al., 1993;
McNeil, et al., 1995).

Other experimental tasks (e.g., dot-probe tasks, visual search tasks, emotional
saccade tasks) have found support for attentional biases in HSAs. Dot-probe tasks
(MacLeod, Mathews, & Tata, 1986) present a series of paired stimuli that are adjacent to
each other on a display. Following each pair of stimuli, a dot appears in one of the
positions previously occupied by one of the two stimuli. Reaction time is measured as

participants press a button to indicate the position in which the dot appeared. Stimuli are
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manipulated so that one indicates threat and the other is either positive or neutral, with
attention biases being revealed by faster reaction times to dots appearing in the position
where the threatening stimulus had been. Some dot-probe studies suggest attentional bias
toward threat in clinical samples of SAD (e.g., Asmundson & Stein, 1994; Mogg et al.,
2004; Mueller et al., 2009; Musa et al., 2003; Sposari & Rapee, 2007), although others
have not (e.g., Horenstein & Segui, 1997). Studies using non-clinical samples also have
achieved mixed results, with some studies confirming vigilance (e.g., Klumpp & Amir,
2009; Mogg & Bradley, 2002; Vassilopoulos, 2005) and others failing to do so (e.g.,
Pineles & Mineka, 2005).

Various explanations for these discrepant findings have been proposed.
Schmulke (2005) reviewed the dot-probe paradigm and concluded that when used with
non-clinical samples it yields low internal consistency and test-retest reliability. One
reason for this may be that dot-probe tasks are confounded with post-perceptual
processes, such as decision-making (Handy, Green, Klein, & Mangun, 2001; Mueller et
al., 2009), a limitation which applies to studies using clinical samples as well. In order to
resolve this problem, some recent studies utilizing the dot-probe technique have used
event-related potentials (ERPs) in order to more accurately measure attentional processes
(e.g., Mueller et al., 2009). Another possibility is that comorbid depression reduces
hypervigilance in SAD, as a few studies suggest (Grant & Beck, 2006; Musa et al., 2003).

Perhaps the strongest explanation for the mixed dot-probe results of
hypervigilance in SAD is its inability to discern between vigilance and later attentional
confounds. Subjects that do not display speeded orientation toward a stimulus but have

difficulty disengaging attention from it once it is detected would appear to be
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hypervigilant. Similarly, subjects demonstrating enhanced orientation toward a stimulus
followed by avoidance would not still be attending to the stimulus location when the
probe appeared, and would hence appear to lack hypervigilance. In order to resolve this
problem, Koster and colleagues (2004) compared response times between congruent and
incongruent trials as is typically done but also included trials containing a pair of neutral
stimuli which were compared to the standard neutral-threat pairs. By comparing trials
containing a threat cue with those that did not, they were able to rule out difficulty in
disengaging attention as a potential cause for the observed effect. Future studies using
this approach may contribute toward disentangling previous findings.

Visual search tasks (see Frischen, Eastwood, & Smilek, 2008 for a review) form
another experimental category used to test for vigilance while controlling for the
confound of difficulty in disengaging attention. In this paradigm participants are
instructed to locate faces of a particular emotional valence that is unique in a field of
other emotional faces. Visual search tasks have found that socially anxious individuals
more quickly identify angry versus happy faces when scanning a field of neutral faces in
which they are embedded (Gilboa-Schechtman, Foa, & Amir, 1999).

The emotional saccade paradigm is another experimental approach for examining
hypervigilance. Emotional saccade tasks test the ability to control eye movements
toward a target in the presence of a distracter while anti-saccade tasks require subjects to
control eye gaze away from the emotional target. Reflexive shifts toward peripheral
stimuli in the visual field indicate stimulus-driven attention. One benefit of this approach
is that it can be used to investigate the effect of attentional biases on specific executive

functions, such as inhibition and shifting. However, only a single study using this
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approach has been conducted to examine hypervigilance in SAD. This study found that
socially anxious individuals preferentially attend to facial expressions in general
compared to healthy controls (Wieser, Pauli, & Miihlberger, 2009). This supports the
prediction of Rapee and Heimberg (1997) that socially anxious individuals are more
attentionally reactive toward social stimuli. Further use of saccade paradigms to
investigate attentional biases is discussed in a later section.

Currently, empirical findings regarding hypervigilance in SAD are not accounted
for by cognitive models. Although many studies suggest that HSAs orient attention
toward threatening stimuli, others suggest that they direct attention away from threat, a
process known as avoidance (e.g., Mansell, Clark, Ehlers, & Chen, 1999). The vigilance-
avoidance hypothesis emerged as an attempt to integrate these disparate findings (e.g.,
Mogg et al., 2004; Vassilopoulos, 2005) and predicts that HSAs automatically orient
attention toward threat (vigilance) and subsequently direct attention away from threat
(avoidance). To test this, manipulations of the dot-probe task have used varying stimulus
onset asynchronies (SOAs), meaning that the elapsed presentation time of the stimuli is
varied (usually at 500 and 1,250 ms). Some of these studies have found evidence for the
hypothesized early, but not late, orientation toward threat, although no evidence was
found that HSAs are more avoidant of threat cues at either SOA (e.g., Mogg et al., 2004;
Pishyar et al., 2004; Vassilopoulos, 2005). Similarly, Wieser and colleagues (2009b)
found that individuals with high fear of negative evaluation showed orientation toward
emotional faces during the first second of exposure and avoidance from one to one and a
half seconds after presentation. Using ERPs, Mueller and colleagues (2009) found

enhanced early and dissipating late attentional processing of threat stimuli in social
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phobics. However, other evidence presents a major problem for the vigilance-avoidance
hypothesis. Numerous studies suggest that HSAs have difficulty disengaging attention
from threatening stimuli (Amir, Elias, Klumpp, & Przeworski, 2003; Buckner, Maner, &
Schmidt, 2010; Moriya & Tanno, 2010, 2011). The quantity of evidence suggesting both
avoidance of threat and difficulty in avoidance of threat has not yet been synthesized into
a validated hypothesis. One possibility based on attentional control theory (Eysenck et
al, 2007) is that working memory load moderates the relationship between early vigilance
and later attentional biases.

Although extensive research supports attentional biases in SAD as described by
cognitive models, research has not examined how these attention biases affect concurrent
cognitive processes. In other words, research testing cognitive models has not yet probed
whether self-focused attention and hypervigilance preoccupy limited cognitive resources
so that they are offline for other important processes. Interestingly, Rapee and Heimberg
(1997) describe concurrent self-focused attention and threat-detection in SAD as a
“multiple-task paradigm” in which these processes and any concurrent executive process
compete for limited attentional resources. Thus, individuals engaging in self-focused
attention or hypervigilance should experience impairment on complex tasks, especially
under high threat conditions. Nevertheless, cognitive models lack specificity in
describing how this multiple-task paradigm impairs task performance. Therefore,
research is needed to expand cognitive models to include specific predictions about how
attention biases affect cognition and behavior. In order to develop reasonable hypotheses
about mechanisms between attentional biases and performance, the current study draws

from models that describe attention and performance in trait anxious individuals.
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Theories of Trait Anxiety and Attention

Theories of trait anxiety and attention (e.g., Easterbrook, 1959; Eysenck & Calvo,
1992; Eysenck et al., 2007; Lavie, Hirst, De Fockert, & Viding, 2004; Sarason, 1988)
posit that anxiety prompts the allocation of limited attentional resources toward
processing threat-related information resulting in reduced cognitive resources for task-
relevant processing. Among recent models, cognitive interference theory (Sarason, 1988)
proposes that being preoccupied with the self is a core feature of anxiety and that this
may distract attention from performing other behaviors. As attention is split between the
performance of a given task and anxious thoughts, attentional resources devoted to the
task are depleted. Sarason divides cognitive processes affected by self-preoccupation
into three categories: attending to environmental cues, encoding and manipulating
information, and constructing a behavioral response. However, the usefulness of
Sarason’s theory is limited by its lack of specificity for anxiety (i.e., self-preoccupation
occurs in other cognitive-emotional states, such as anger). Further, cognitive interference
theory lacks specific predictions about the cognitive systems affected by anxiety
(Eysenck, 2010).

More recent models have borrowed from cognitive interference theory and other
models to form more specific hypotheses. Pre-eminent among these models in terms of
empirical support are the processing efficiency theory (Eysenck & Calvo, 1992) and the
attentional control theory (Eysenck et al., 2007). Processing efficiency theory (PET;
Eysenck & Calvo, 1992) was proposed in order to address the limitations of cognitive
interference theory and is the first to suggest that anxiety impairs working memory

specifically. It also defines specific ways in which this occurs by drawing a distinction
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between processing efficiency and effectiveness. Efficiency is defined as the quantity of
cognitive resources devoted to achieve a certain level of performance and is usually
measured as reaction time, whereas effectiveness is the quality of performance as
measured by correct versus incorrect responses. PET predicts that worry associated with
anxiety preoccupies, and thus interferes, with the phonological loop, the subsystem of
working memory responsible for verbal rehearsal. This results in two processes. In the
first, worry utilizes cognitive resources that would otherwise be used for the task at hand.
Thus, the efficiency of working memory is diminished. Secondly, worry prompts the
recruitment of additional cognitive resources to maintain effectiveness. If additional
resources are not available because of high cognitive load, impaired efficiency gives way
to reduced effectiveness (Eysenck & Calvo, 1992; Eysenck, Derakshan, Santos, & Calvo,
2007). Thus, anxious individuals often utilize compensatory strategies in order to
maintain performance at the cost of efficiency. Under sufficient cognitive load, however,
these strategies are thought to be unable to prevent deficits in performance.

Attentional control theory (Eysenck et al, 2007) represents a revision of PET and
maintains most of its predictions concerning processing efficiency and performance.
However, the hypothesis that worry interferes with the phonological loop is replaced by
the more empirically probable prediction that anxiety interferes with the central executive
subsystem of working memory. The central executive manages attentional control, as
illustrated by the restraint of a prevailing response in order to execute a subdominant
response (Barrett, Tugade, & Engle, 2004; Ladouceur, Conway, & Dahl, 2010). ACT
incorporates two basic attentional domains described by Corbetta and Shullman (2002),

the goal-oriented attention system, which describes volitional top-down processes by
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which attention is dedicated to the achievement of a desired outcome, and stimulus-
driven attention, an automatic bottom-up process which is characterized by monitoring of
the self and/or the environment for salient stimuli. The stimulus-driven attention system
is of particular interest to social anxiety research, because it includes both self-focused
attention and hypervigilance. According to attentional control theory, anxious
individuals allocate fewer attentional resources to goal-directed activity (i.e., successful
social interaction for social phobics) while devoting more attention to stimulus-driven
processes (i.e., self-focus and hypervigilance).

PET and ACT draw from Baddeley’s (1974, 2001, 2003, 2010) model of working
memory to describe how anxiety impairs attentional control. Working memory differs
from short-term memory and long-term memory in that it relies on conscious effort in
order to hold an object in memory (Engle, Tuholski, Laughlin, & Conway, 1999).
Baddeley describes four subsystems, three of which involve temporal storage of
information, and one which is associated with conscious control of the other systems.
These subsystems are the phonological loop, which holds verbal-linguistic information,
the visuospatial sketchpad, which holds mental images and orients them spatially, and the
episodic buffer, which holds integrated information with both visual and verbal
components and retrieves information from long term memory. The central executive
manages the other three subsystems and controls attentional processes (Barrett et al.,
2004).

The central executive has been subdivided by various researchers (e.g., Smith &
Jonides, 1999; Miyake et al., 2000; Nigg, 2000). These models greatly overlap in their

descriptions of central executive subfunctions; however, those proposed by Miyake and
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colleagues (2000; Friedman & Miyake, 2004) are preferred by attentional control theory
because of their empirical basis. Miyake and colleagues (2000) used latent variable
analysis to subdivide the control processes of the central executive into three basic
functions: inhibition, characterized by the ability to intentionally restrain pre-potent
stimulus-driven responses; shifting, which describes reallocation of attentional resources
between tasks or mental representations; and updating, the refreshing of representations
in working memory. ACT predicts that anxiety diminishes the aspects of the central
executive most closely associated with attention, namely, inhibition and shifting
(Eysenck et al., 2007). ACT hypothesizes a weaker relationship between anxiety and
updating than between anxiety and the other control processes of the central executive
(Eysenck et al., 2007).
Support for PET and ACT

Experiments testing the predictions of PET and ACT typically utilize a dual-task
methodology wherein the efficiency (usually measured as reaction time) and
effective