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Abstract
A heightened vulnerability to experience anxiety is associated with a number of
negative outcomes, including the development of clinical anxiety disorders, and increased
suicide risk. For this reason, a number of researchers have sought to examine the mechanisms
that underpin individual differences in the vulnerability to experience anxiety. Some of this
research has distinguished two independent domains of anxiety vulnerability, consisting of
the vulnerability to experience anxiety in the period prior to a stressful event (anticipatory
anxiety), and the vulnerability to experience persistent anxiety following a stressful event
(anxiety perseveration). Existing research has extensively examined the role and
underpinnings of anticipatory anxiety vulnerability in anxiety vulnerability. However, there is
a scarcity of research examining the mechanisms underlying anxiety perseveration
vulnerability, despite findings that this is an important, independent contributor to individual
differences in anxiety vulnerability.
Candidate underlying mechanisms can be found in a separate line of research which
has found consistent evidence that individuals displaying deficits in executive function show
greater anxiety vulnerability, both in general and under conditions of heightened state
anxiety. Together, this indicates that anticipatory and perseverative anxiety vulnerability, and
the processes involved in executive function deficits may both play a role in the vulnerability
to experience anxiety. Thus, the aim of this programme was to test the hypothesis that deficits
in executive function processes, such as attentional control or working memory, may
compromise the ability to downregulate state anxiety following a stressful event, leading to
elevated anxiety perseveration, without necessarily elevating anticipatory anxiety. The
identification of cognitive processes driving anxiety perseveration is important, as this allows
those cognitive processes to be targeted to prevent and treat elevated anxiety vulnerability. In
addition, the development of more comprehensive theoretical explanations of anxiety

vulnerability can add specificity to key models of executive function and anxiety
vulnerability.
The research programme comprised a series of experiments intended to observe
deficits in executive function, and individual differences in the vulnerability to experience
anticipatory and perseverative anxiety. It was divided into four phases designed to address
different aims. The first phase aimed to test the overarching hypothesis described above.
Established methodologies utilized in this phase did not demonstrate the capability to test this
hypothesis, as results showed they did not successfully measure attentional control or anxiety
perseveration vulnerability. The next two phases deconstructed the methodological
requirements to test the overarching hypothesis and focused on separately establishing
methodologies to assess individual differences in anxiety perseveration vulnerability, and
state anxiety-linked executive function deficits. Specifically, the second phase aimed to
develop a task capable of eliciting and measuring individual differences in anxiety
perseveration vulnerability, and the relationship between anxiety perseveration and anxiety
vulnerability. The third phase aimed to develop a protocol capable of assessing executive
function deficits under conditions of stress, utilizing established methodologies to assess
working memory performance and induce stress. The successful completion of these two
intermediate phases allowed combining these refined methodologies in the final phase,
enabling a rigorous test of the hypothesis that executive function deficits would compromise
the ability to downregulate state anxiety following a stressful event, leading to elevated
anxiety perseveration, but not necessarily elevated anticipatory anxiety.
The findings of the research programme corroborated across several methodologies
that anxiety perseveration vulnerability is an important, independent contributor to anxiety
vulnerability. Thus, future research must continue to enhance understanding of this individual
difference dimension, to optimize the capacity to develop successful prevention and treatment

interventions. Critical to the hypothesis under test, evidence from this research programme
did not support the notion that deficits in executive function are associated with an elevated
anxiety perseveration. Hence, the results of the research programme did not support the
proposed hypothesis. In the final chapter of this thesis, methodological, theoretical and
applied implications arising from the findings of the research programme are described.
Given the impact of elevated anxiety vulnerability on individuals and societies, this research
served as an important step in increasing our knowledge of the mechanisms that underpin
individual differences in anxiety vulnerability. This thesis concludes by identifying a number
of future research directions to further enhance our knowledge of this critical psychological
phenomenon.
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Chapter 1: Introduction

Individuals differ in the degree to which they are vulnerable to experiencing state
anxiety in response to a stressful situation. This individual difference dimension is known as
anxiety vulnerability. Heightened levels of anxiety vulnerability predict a range of
dysfunctional outcomes such as impaired academic performance (Seipp, 1991), the
development of a clinical anxiety disorder (Indovina, Robbins, Núñez-Elizalde, Dunn, &
Bishop, 2011), increased rates of suicide (Hoffman, Dukes, & Wittchen, 2008), higher risk of
substance abuse (Himle & Hill, 1991), and lower life satisfaction (Lepp, Barkley, &
Karpinski, 2014). Given these negative outcomes, a large body of research has focused on
enhancing our understanding of this vulnerability.
Individuals with heightened levels of anxiety vulnerability demonstrate the tendency
to experience elevations in anxiety more frequently and intensely than those individuals low
in anxiety vulnerability (Spielberger, Gorsuch, & Lushene, 1983). Indeed, increased anxiety
vulnerability is seen across a number of clinical anxiety disorders, including social phobia
(Boone et al., 1999), post-traumatic stress disorder (McNally, Litz, Prassas, Shin, &
Weathers, 1994), generalised anxiety disorder (Rapee, 1991), and panic disorder (Taylor,
Koch, & McNally, 1992). Anxiety disorders are estimated to have a lifetime prevalence of up
to 34% of the population, and are associated with significant personal and social costs
(Bandelow & Michaelis, 2015; Kessler, Petukhova, Sampson, Zaslavsky, & Wittchen, 2012).
Despite many approaches being developed to manage clinical anxiety disorders, even the best
available treatments are only effective for around half of sufferers (Hoffman et al., 2008).
Clearly therefore, there is a need to better understand the dimensions that underpin individual
differences in anxiety vulnerability implicated in these dysfunctions to allow improved
efforts to develop and refine approaches to the treatment and management of clinically
dysfunctional levels of anxiety vulnerability.
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One of these research lines has focused on attempted to distinguish the dimensions
that underpin variation in anxiety vulnerability. Evidence suggests that individual differences
in anxiety vulnerability reflect variation on two distinct dimensions. One dimension, which
here will be termed anticipatory anxiety vulnerability, represents individual differences in the
vulnerability to experience elevated anxiety in the lead up to an anxiety-inducing event.
Another dimension, which here will be termed anxiety perseveration vulnerability, represents
individual differences in the vulnerability to experience continuing anxiety in the period
following an anxiety-inducing event. Heightened susceptibility to experience state anxiety
within either of these phases will lead to elevated scores on conventional measures of anxiety
vulnerability (Rudaizky & MacLeod, 2013a). A similar distinction has been made in the
context of worry, with well-established models, such as the Initiation-Termination two-phase
model of worry, drawing clear distinctions between the mechanisms underlying the initiation
and termination of worry and elevated state anxiety (Berenbaum, 2010; Berenbaum et al.,
2018).
A number of studies have demonstrated a heightened tendency for individuals high in
anxiety vulnerability to experience elevated state anxiety in anticipation of potentially
threatening events (Grupe & Nitschke, 2013; Turk, Heimberg, Luterek, Mennin, & Fresco,
2005). Importantly, research has also demonstrated that state anxiety can endure following a
negative event, impacting an individual’s willingness to attempt the experience again. This
may contribute to future situational avoidance behaviours which can, in turn, further
exacerbate state anxiety (Borkovec, Alcaine, & Behar, 2004; Brozovich & Heimberg, 2011;
Mennin, Heimberg, Turk, & Fresco, 2002).
Cognitive and behavioural models implicate anticipatory anxiety vulnerability as a
component of anxiety vulnerability that is characterised by clinical anxiety dysfunction
(Clark & Wells, 1995), and research has predominantly focused on the cognitive mechanisms
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underlying the anticipatory anxiety vulnerability (Strelau & Zawadzki, 1995; Turk et al.,
2005). However, to date, limited research has investigated the cognitive mechanisms that
underpin individual differences in the vulnerability to experience anxiety perseveration.
Given that prior research has demonstrated the individual contribution that anxiety
perseveration makes to variation in anxiety vulnerability (Rudaizky & MacLeod, 2013a,
2013b), it is important to understand the cognitive mechanisms that underpin variation in
such anxiety perseveration. Crucially, knowledge of such mechanisms would provide
researchers with greater understanding of the cognitive processes that potentially contribute
to elevated anxiety vulnerability, and so may identify potential targets for cognitive
interventions that seek to attenuate anxiety vulnerability through reduction in anxiety
perseveration.
Separate avenues of research have demonstrated that deficits in a number of executive
function processes, such as attentional control (see Derakshan & Eysenck, 2009; Eysenck et
al., 2007), and working memory (Moran, 2016), are implicated in heightened anxiety
vulnerability. As yet, however, no research has investigated the association between these
executive function deficits and each of the two dimensions of anxiety vulnerability:
anticipatory anxiety vulnerability and anxiety perseveration vulnerability. This is despite
some suggestion that executive function deficits are implicated in poor emotional
downregulation (Gross, 1998), a characteristic of anxiety perseveration vulnerability. Thus,
the present research programme was designed to experimentally investigate whether
executive function deficits may contribute distinctively to a heightened vulnerability to
experience elevated anxiety perseveration. The present chapter will first review research
findings demonstrating evidence that anticipatory anxiety vulnerability and anxiety
perseveration vulnerability represent distinct components of anxiety vulnerability. Next, the
chapter will describe the hypothesised theoretical account of the association between
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executive function and anxiety perseveration vulnerability that will serve as the focus of the
present research programme. Third, the chapter will review research findings demonstrating
evidence that attentional control deficits are associated with heightened tendency to
experience both state anxiety and anxiety vulnerability, to determine the suitability of
attentional control for the assessment of the experimental hypothesis. Finally, the chapter will
provide a description of the manner in which the research programme will aim to determine
the validity of the hypothesised theoretical account of the association between executive
function and anxiety perseveration vulnerability.
1.1 Evidence that both anticipatory anxiety and anxiety perseveration represent distinct
components of anxiety vulnerability.
Anxiety vulnerability is a stable disposition and is predictive of an individual’s
anxious state response to a stressful event (Spielberger, 1985). Also referred to as trait
anxiety, individual differences in anxiety vulnerability are typically assessed through the use
of questionnaire measures such as the Spielberger State-Trait Anxiety Inventory (STAI-T;
Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). This widely used measure of anxiety
vulnerability requires participants to indicate how often they find themselves experiencing
specific symptoms of anxiety, with higher scores reflecting higher levels of anxiety
vulnerability.
Many researchers treat anxiety vulnerability as a unidimensional construct, reflecting
simply the tendency to experience state anxiety across a variety of contexts and situations
(Barnes, Harp, & Jung, 2002). However, it is conceptually plausible to distinguish between
two dimensions of the anxiety experience that could contribute independently to variation in
anxiety vulnerability: the vulnerability to experiencing state anxiety in anticipation of a
stressful event, and the vulnerability to experiencing persistence of state anxiety following a
stressful event. The distinction between the anticipation and persistence of state anxiety is
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consistent with influential models of anxiety vulnerability, which distinguishes between
primary threat appraisal and secondary elaboration in response to an anxiety-evoking stressor
(Beck & Clark, 1997; Berenbaum, 2010; Clark & Wells, 1995). The Beck and Clark model
proposes that the cognitive and behavioural pattern observed upon anticipation of, and
exposure to, an anxiety-evoking stressor is due to a primary threat appraisal system that is
rapid, involuntary, and stimulus-driven. This model readily describes cognitive mechanisms
contributing to the vulnerability to experiencing anticipatory anxiety. The model also
proposes a secondary appraisal process that occurs following the stressor and involves
subsequent cognitive appraisal and consideration of the stressor. This model also describes
processes contributing to the vulnerability to experiencing anxiety perseveration, often
referred to in the social anxiety literature as post-event rumination (Dannahy & Stopa, 2007;
Makkar & Grisham, 2011).
The Initiation-Termination two-phase model of worry also distinguishes between the
anticipation of a negative or worry-provoking event and the persistence of these negative
emotional states (Berenbaum, 2010). In this model the first phase indicates that a threatening
event must be identified by the individual and processes eliciting elevated state anxiety will
commence, such as judgements about the valence and cost of such a negative event. The
second phase occurs when an individual accepts the possibility of a negative outcome and reevaluates the cost as being less negative than the initial evaluation, hence terminating their
elevated state anxiety. As seen in the two models described, existing models of anxiety
vulnerability propose mechanisms consistent with the separation of anxiety vulnerability into
distinct phases of anticipation and perseveration that occur in temporal sequence during an
experience of elevated state anxiety.
In line with these models, it is plausible that an individual’s heightened anxiety
vulnerability could reflect an elevated tendency to experience elevated state anxiety in the
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lead-up to a stressful event. Take for instance a musician who frequently feels anxious in the
period leading up to a performance onstage, or a student who frequently feels anxious in the
period leading up to a class. In each case, these individuals will more frequently experience
elevated state anxiety and so will score highly on measures of anxiety vulnerability like the
STAI-T described above. In contrast, another individual’s heightened anxiety vulnerability
could instead reflect an elevated tendency to experience states of anxiety that continue to
persist after the conclusion of an anxiety-evoking event. Take, for instance, another musician,
who may frequently experience persistent elevated state anxiety following the conclusion of a
performance despite no longer being required to play, or a student who frequently continues
to experience elevated state anxiety well after the class has ended. Once again, these
examples illustrate the distinction between two potentially dissociable dimensions of
individual difference that may underpin variation in anxiety vulnerability, anticipatory
anxiety vulnerability and anxiety perseveration vulnerability respectively.
Research examining the role of vulnerability to experience anxiety perseveration is
critically important for understanding anxiety vulnerability. Unlike anticipatory anxiety
vulnerability, in which individuals may utilise their anxiety to motivate their preparatory
behaviours (Brown & Stopa, 2007), anxiety perseveration vulnerability is more likely to be
dysfunctional. As anxiety perseveration only occurs following the conclusion of a stressful
event, when no further actions can be taken to mitigate the potential danger, it cannot serve to
motivate adaptive action. Hence, enhancing understanding of anxiety perseveration
vulnerability represents an opportunity to gain insight into the mechanisms that sustain a type
of anxiety vulnerability that may be particularly maladaptive.
Research examining dysfunctional levels of social anxiety and the impact of negative
post-event processing on emotional wellbeing has clearly indicated the value of considering
anxiety perseveration vulnerability. Post-event processing shares several of the hallmark
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features with anxiety perseveration vulnerability, and is a key component of the Clark and
Wells’ model of social phobia (Clark & Wells, 1995). Post-event processing involves
individuals continuing to appraise their performance on a task well after the event has passed,
usually a social stress test. Researchers have consistently found that post-event processing is
associated with predictions of a poorer performance on a subsequent task (Dannahy & Stopa,
2007), worse feelings about their recent task performance (Brozovich & Heimberg, 2011), as
well as evidence of poorer emotional downregulation in the form of ongoing rumination
(Kocovski, Endler, Rector, & Flett, 2005). This indicates that the cognitive processes
occurring in the period immediately following a stressful event will have ramifications for
emotional wellbeing long after the stressful event has finished, and suggests that anxiety
perseveration vulnerability will likely be driven by a number of cognitive processes.
There is now empirical evidence that vulnerability to experience heightened
anticipatory anxiety and anxiety perseveration are both implicated in heightened anxiety
vulnerability. For example, Turk et al. (2005) found that individuals high in anxiety
vulnerability showed increased likelihood of experiencing the commencement of a state
anxiety reaction in response to a stressor that would not necessarily elicit that same response
in low trait anxious individuals. Other research has demonstrated that heightened anxiety
vulnerability is associated with the increased persistence of state anxiety following
termination of a stressor (Mennin et al., 2002). This provides evidence that these two
dimensions of anxiety vulnerability both exist. Until recently however researchers had not
sought to independently measure these two dimensions of individual difference
simultaneously.
One of the first researchers to investigate the distinct contribution of anticipatory
anxiety vulnerability and anxiety perseveration vulnerability to anxiety vulnerability was
Rudaizky et al. (2013a; 2012). Rudaizky et al. (2012) assessed anticipatory anxiety
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vulnerability and anxiety perseveration vulnerability through development of a novel
questionnaire instrument, named the Anxiety Reactivity Perseveration Scale (ARPS). This
questionnaire was specifically designed to measure variation in each anxiety dimension. The
ARPS questionnaire adapted the STAI-T by requiring respondents to report their tendency to
experience anxiety symptoms using two scales. The first scale requires respondents to report
the probability of experiencing each symptom in the lead up to an anxiety-eliciting event,
thereby revealing individual differences in anticipatory anxiety vulnerability. The second
scale requires respondents to report the degree to which each anxiety symptom persists once
it has been induced by an anxiety-eliciting event, thereby revealing individual differences in
the vulnerability to experience anxiety perseveration. Results indicated that individual
differences in anticipatory anxiety and anxiety perseveration represented independent facets
of variation in anxiety vulnerability, with scores on each scale accounting for unique variance
in scores on the STAI-T measure of anxiety vulnerability.
In a second study by Rudaizky and MacLeod (2013a), the researchers conceptually
replicated their previous finding, by assessing individual variation in anticipatory anxiety and
anxiety perseveration during an in vivo procedure. To do this, they exposed participants to
the possibility of being required to deliver a speech, a procedure designed to evoke elevation
in state anxiety. Participants were required to provide ratings of their current level of state
anxiety across three phases designed to separately assess baseline levels of state anxiety,
anticipatory anxiety, and anxiety perseveration. The baseline state anxiety assessment phase
required participants to report their state anxiety at every minute across a five minute
assessment window prior to their knowledge of the speech. The anticipatory anxiety
assessment phase informed participants they may be required to deliver a speech after a short
waiting period, and then assessed state anxiety at one minute intervals across a five minute
period leading up to the potential speech. Thus, this assessment phase revealed the degree to
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which state anxiety became elevated in response to the anticipation of the speech-event,
thereby demonstrating vulnerability to experience anticipatory anxiety. In the anxiety
perseveration assessment phase participants were informed that they would not be required to
deliver a speech, and to report their state anxiety at one minute intervals across a final five
minute period. Thus, this assessment phase revealed the degree to which anxiety persisted
following termination of the speech event, thereby demonstrating the vulnerability to
experience anxiety perseveration. Results of this study indicated that individual differences in
the vulnerability to experience anticipatory anxiety and anxiety perseveration represented
independent facets of individual differences in anxiety vulnerability, with both dimensions
predicting independent variance in anxiety vulnerability scores, providing further evidence of
the independence between these two dimensions of anxiety vulnerability.
Thus, across two studies Rudaizky et al. (2012; 2013a) demonstrated that variation in
anticipatory anxiety and anxiety perseveration each account for independent variance in a
unitary measure of anxiety vulnerability. This provides direct empirical evidence consistent
with theoretical models proposing that anxiety perseveration vulnerability represents a
distinctive dimension of anxiety vulnerability.
1.1.1 Candidate mechanisms underpinning elevated anxiety perseveration
vulnerability
Although the perseveration of anxiety reflects a potentially more dysfunctional
expression of anxiety vulnerability, cognitive research has focused primarily upon factors that
contribute to the manner in which individuals experience anticipatory anxiety, and has not
examined factors that contribute to the perseveration of anxiety following a stressful event.
This dearth of research places research into the cognitive underpinning of anxiety
perseveration vulnerability as a necessary area of interest in the development of more
comprehensive theories of anxiety vulnerability. One cognitive process that may plausibly
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underpin individual differences in the vulnerability to experience anxiety perseveration is the
ability for individuals to effectively direct attention, and organize and plan responses,
commonly termed executive function. Executive function is a broad classification
incorporating a number of domains, such as goal-directed behaviour, attentional control, and
the organization and planning processes of working memory (Eysenck et al., 2007; Lehto,
Juujärvi, Kooistra, & Pulkkinen, 2003; Miyake et al., 2000). Of these three components,
attentional control has been repeatedly implicated in the generation and persistence of
negative emotion including anxiety. For example, attentional control processes are widely
found to characterise elevated anxiety vulnerability (Derryberry & Reed, 2002; Eysenck &
Calvo, 1992; Eysenck et al., 2007). An influential theory, Attentional Control Theory,
specifically proposes that deficits in attentional control is implicated in heightened anxiety
vulnerability (Eysenck et al., 2007). Furthermore, variation in attentional control has been
associated with variation in the capacity for individuals to regulate ongoing negative emotion,
a term labelled emotion regulation. Emotion regulation reflects processes by which
individuals influence which emotions they experience (Gross, 1998). Hence, research on the
cognitive mechanisms associated with variation in emotion regulation can provides guidance
as to candidate facet executive functions that may underlie anxiety perseveration.
In this line of research, it has been theorised that the adaptive use of emotion
regulation strategies are influenced by attentional control processes (Gross & Thompson,
2006). Specifically, greater capacity to control the allocation of attentional resources may
allow individuals to direct their attention away from a stimulus that is causing emotional
distress. In contrast, deficits in attentional control processes may lead to ineffective emotion
regulation capabilities leading to the persistence of negative emotional states after they have
ceased to be adaptive. Thus, as emotional regulation is theorised to recruit attentional control
resources, and anxiety perseveration vulnerability is likely to be associated with the
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ineffective use of emotion regulation strategies, it is plausible that deficits in attentional
control may be associated with the heightened vulnerability to experience anxiety
perseveration.
1.2 Aim of the present literature review
In light of the literature reviewed above, one candidate cognitive mechanism
underpinning individual differences in anxiety perseveration vulnerability is the process of
attentional control: the ability for individuals to effectively control the allocation of
attentional resources. Thus, the aim of this literature review is to assess the suitability of
attentional control as a candidate cognitive process that would allow for the investigation of
the association between individual differences in executive function and anxiety
perseveration vulnerability. Given this aim, the literature review sought to examine evidence
that attentional control may be a plausible facet of executive function capable of
demonstrating an association with anxiety perseveration vulnerability. To identify whether it
is indeed an appropriate candidate facet of executive function, the literature examining the
association between attentional control deficits and anxiety vulnerability was reviewed
against three criteria. Firstly, a candidate facet must be able to be assessed in the laboratory.
Secondly, as anxiety perseveration vulnerability is a known dimension of anxiety
vulnerability, a candidate facet of executive function must be capable of distinguishing
between participants’ performance on the basis of either clinical anxiety or anxiety
vulnerability. Finally, as state anxiety must be elevated for anxiety perseveration to occur, it
is important to locate a facet of executive function capable of revealing state-anxiety linked
differences in performance.
The next section of this introduction will review the suitability of attentional control
as a candidate executive function process in relation to these criteria.
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1.3 Evaluation of the suitability of attentional control as a candidate process for
investigation in the research programme
In the attentional control literature, two facets of attentional control have dominated
the research. The primary, overarching attentional control process functions to direct
attentional deployment towards goal-relevant stimuli within a competing stimulus set
(Hopfinger, Buonocore, & Mangun, 2000; Lavie, Hirst, De Fockert, & Viding, 2004; Smith
& Jonides, 1999). This is here referred to as general attentional control. In addition, a widely
recognised domain of general attentional control is inhibitory attentional control, defined as
the ability exert control over the inhibition of attention to visual stimuli.
Research on these two facets of attentional control will now be reviewed against the
three criteria described above; that attentional control must be able to be assessed in the
laboratory, that attentional control must be capable of distinguishing between participants’
attentional control ability on the basis of either clinical anxiety or anxiety vulnerability and
finally, it is important to locate a facet of attentional control capable of revealing stateanxiety linked differences in attentional control performance.
1.3.1 Evidence of an association between deficits in general attentional control
and heightened anxiety vulnerability. Researchers have demonstrated that individuals with
heightened anxiety vulnerability display a wider distribution of attentional resources across
information in a manner that reduces the capacity to allocate attention effectively. This
pattern of attention has been demonstrated in several laboratory based experiments (Shapiro
& Johnson, 1987; Shapiro & Lim, 1989), as well as using questionnaire measures of
attentional control (Armstrong, Zald, & Olatunji, 2011). This suggests that poorer general
attentional control is associated with anxiety vulnerability.
This effect has been demonstrated in clinical populations, with one study examining
attentional control deficits in individuals with a diagnosis of Generalised Anxiety Disorder
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(GAD). Stefanopoulou et al. (2014) recruited 17 individuals with a GAD diagnosis, and 17
without a GAD diagnosis. The measure of general attentional control used by these
researchers, was a random key-pressing task, in which participants were required to press a
random key on the keyboard every time they heard an auditory cue, with attentional control
required to produce a random series. The randomness of this key press was assessed using a
Random Number Generation index. Results indicated that participants with GAD diagnosis
performed significantly more poorly on this key-pressing task than the control participants,
demonstrating that deficits in general attentional control are associated with elevated levels of
anxiety vulnerability congruent with clinical anxiety disorders.
Another study, in which 29 individuals with GAD individuals completed a series of
questionnaire measures (Armstrong et al., 2011), also demonstrated an association between
attentional control and anxiety vulnerability. General attentional control was examined with
the Attentional Control Scale (ACS; Derryberry & Reed, 2002), a measure of control over
attentional focus and flexibility. Participants’ worry tendencies were examined with the Penn
State Worry Questionnaire. The researchers found that the individuals diagnosed with GAD
showed a negative correlation between their scores on the ACS and their perseverative worry.
This indicates that those individuals with GAD with deficits in their general attentional
control demonstrated more perseverative worry, indicating that this attentional control
deficits impaired their ability to regulate their emotional states and terminate their worry
following a stressful event.
Researchers have also considered the association between general attentional control
and anxiety vulnerability in non-clinical participant samples. For example, Reinholdt-Dunne
et al. (2012) recruited 165 participants to complete two questionnaires, the Spielberger Trait
Anxiety Inventory and the Attentional Control Scale. It was observed that greater anxiety
vulnerability was associated with poorer attentional control. This supports both the first and
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second criteria for this research project; that it is possible to assess attentional control in the
laboratory, and that general attentional control deficits have been demonstrated to be
associated with heightened anxiety vulnerability.
1.3.2 Evidence of an association between general attentional control and state
anxiety.
General attentional control processes have also been shown to be impacted by state anxiety.
For example, Derakshan, Smyth, and Eysenck (2009) examined general attentional control
ability in individuals high and low in state anxiety. The task they utilised required
participants to complete simple mathematical operations under conditions that frequently
switched the presented mathematical operators, requiring relatively greater recruitment of
attentional control, or under conditions that kept the operators constant, requiring relatively
lower recruitment of attentional control. Latencies to complete operations under each
condition were examined as an index of the capacity to control attention. Analyses revealed
that participants low in state anxiety performed equivalently under each condition, however
those participants high in state anxiety displayed significant delay in completing those
operations in the condition requiring greater general attentional control relative to the
comparison condition.
A study by Pacheco-Unguetti et al. (2010) tested the association between state anxiety
and general attentional control across two experiments, one in which self-reported state
anxiety was examined, and in the other when state anxiety was manipulated. In Experiment 1,
participants were required to complete a go-no-go task, in which negative, positive, or
neutrally valanced faces overlaid with a string of five letters was presented. Participants were
required to respond as quickly as possible if the string contained one of two target letters (a
“go” trial), or to refrain from responding if the string did not contain one of the target letters
(a “no-go” trial). Perceptual load was either high or low through the use of different letters
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throughout the string (high perceptual load) or the same letters throughout the string (low
perceptual load). The low perceptual load condition with the negatively valanced faces was
believed to be the trial combination most likely to result in group differences, as poorer
general attentional control under low load conditions would lead to distraction by the
negative stimulus. Their results indicated that individuals high in state anxiety had greater
impairment in the ability to ignore distractors under conditions of low perceptual load relative
to those individuals low in state anxiety. In Experiment 2 participants completed the same
cognitive task under conditions wherein state anxiety was manipulated in the form of
exposure to either emotionally positive images (e.g. families or landscapes) or emotionally
negative images (e.g. mutilations or violent scenes), to induce low or high state anxiety
respectively. The results indicated that individuals in the high state anxiety condition
responded more slowly than those in the low state anxiety condition, indicating that state
anxiety was associated with poorer capacity to execute attentional control processes required
to ignore interference and attend relevant targets during the cognitive task.
Together, this research has indicated that elevation in state anxiety is associated with
reduction in general attentional control, and thus meets the third criterion for this research
programme. As the first and second criteria have also been met, it appears that general
attentional control is a promising candidate mechanism to examine in relation to anxiety
perseveration vulnerability.
1.3.3 Evidence of an association between inhibitory attentional control and
anxiety vulnerability.
Specific studies examining the effect of inhibitory attentional control have
demonstrated that individuals with elevated anxiety vulnerability exhibit greater distraction
by task-irrelevant information, whether such information be external such as visual
distractors (Ansari & Derakshan, 2010) or internal such as worry (Stefanopoulou et al.,
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2014). This indicates that poorer inhibitory attentional control is associated with heightened
anxiety vulnerability. Thus, inhibitory attentional control will also be examined as a potential
mechanism that may explain anxiety perseveration vulnerability. Inhibitory attentional
control is a commonly assessed domain of general attentional control. Typically, this domain
is assessed with the use of the antisaccade task, which has been demonstrated to be effective
at revealing anxiety-linked differences in inhibitory attentional control (Ansari & Derakshan,
2010). This task is widely recognised as a task sensitive differences in the capacity of
individuals to exert control over the inhibition of attention to visual stimuli (Roberts et al.,
1994). In the task there are two conditions, one in which participants are required to shift
their attention toward an abrupt stimulus requiring relatively little recruitment of inhibitory
attentional control, and the other in which they are required to make an attentional shift away
from an abrupt stimulus, requiring relatively greater recruitment of inhibitory attentional
control. Typically, the speed at which participants execute an attentional shift away from the
abrupt stimulus as compared to an attentional shift towards the abrupt stimulus is computed
into a cost index. The extent to which individuals demonstrate a greater temporal cost when
executing an attentional shift away from the abrupt stimulus, relative to towards the stimulus,
reflects a more greatly impaired capacity to control the allocation of attention by inhibiting
attentional deployment to the abrupt, but goal-irrelevant, stimulus.
Using the antisaccade task, researchers have demonstrated inhibitory attentional
control performance deficits amongst individuals high in anxiety vulnerability as compared to
individuals low in anxiety vulnerability. For example, Derakshan, Ansari, Hansard, Shoker,
and Eysenck, (2009) recruited high and low anxious individuals to complete an antisaccade
task and demonstrated that participants who reported elevated anxiety vulnerability exhibited
greater antisaccade cost indices as compared to those low in anxiety vulnerability. This result
has seen a series of replications across studies (Ansari & Derakshan, 2010; Berggren &
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Derakshan, 2013; Chen, Clarke, Watson, MacLeod, & Guastella, 2014). This indicates that
inhibitory attentional control meets two of the criteria outlined above, as it can be tested in
the laboratory and is associated with heightened anxiety vulnerability. However, this domain
of general attentional control has not been closely tied to elevated state anxiety, and so the
body of research does not support inhibitory attentional control to the same extent as general
attentional control as a candidate mechanism for the examination of anxiety perseveration.
Fortunately, a recent study developed a modified antisaccade task capable of assessing both
inhibitory and general attentional control, providing the possibility of assessing the role of
both of these components in anxiety perseveration vulnerability.
1.4 Adopted method for the measurement of attentional control in the research
programme.
As a result of the literature reviewed above, it was determined that general attentional
control processes, and inhibitory attentional control processes, each represent dimensions of
attentional control that satisfied the three criteria outlined at the beginning of this chapter
Thus, it was determined that a task capable of assessing both general and inhibitory
attentional control would be most suited to meeting the aims of the present research
programme.
Basanovic et al., (2017) developed a task capable of assessing individual differences
in both general attentional control and inhibitory attentional control under similar stimulus
conditions. To assess general attentional control, the task presented stimuli either under
conditions requiring relatively greater recruitment of general attentional control, or relatively
little recruitment of general attentional controls. Under the former condition, two stimuli are
presented simultaneously, and the task assesses the speed at which participants can
discriminate a probe presented in the same location as a target member in the stimulus pair.
Under the latter condition, only a single stimulus is presented onscreen, and the task assesses
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the speed which participants can discriminate a probe presented in the same location as the
stimulus. By comparing the speed at which participants discriminated probes in the location
of target stimuli in the condition requiring greater recruitment of general attentional control,
as compared to the condition requiring relatively little attentional control, researchers
computed an index reflecting the degree to which participants’ attentional responding was
slowed when required to recruit greater attentional control. Greater slowing on this index
reflects relatively poorer capacity to recruit general attentional control to effectively allocate
attention in line with task goals.
In a similar vein, to assess inhibitory attentional control the task presented stimuli
either under conditions requiring relatively greater recruitment of inhibitory attentional
control, or relatively no recruitment of inhibitory attentional control. Under the former
condition, an abrupt stimulus is presented lateral to attentional fixation and the task assesses
the speed at which participants can discriminate a probe presented in the opposite screen
location to the stimulus. Under the latter condition the task assesses the speed which
participants can discriminate a probe presented in the same location as the abrupt lateral
stimulus. By comparing the speed at which participants discriminated probes in the location
of the abrupt stimulus in the condition requiring greater recruitment of inhibitory attentional
control, as compared to the condition requiring relatively little attentional control, researchers
computed an index reflecting the degree to which participants’ attentional responding was
slowed when required to recruit greater attentional control. Once again, greater slowing on
this index reflected relatively poorer capacity to recruit inhibitory attentional control to
effectively allocate attention in line with task goals.
1.5 Rationale, aims, and proposed hypotheses of the present research programme.
Heightened levels of anxiety vulnerability predict a range of dysfunctional outcomes,
and thus research must examine the mechanisms underlying this individual difference domain
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to enhance our capacity to reduce the negative outcomes associated with it. Anxiety
perseveration is an important and under-researched dimension of anxiety vulnerability. It
represents state anxiety that is maintained following the conclusion of a stressful event and
thus plays primarily a maladaptive function (Clark & Wells, 1995; Gianferante et al., 2014).
Given the independent contribution that anxiety perseveration makes to anxiety vulnerability
(Rudaizky & MacLeod, 2013a; Rudaizky et al., 2012), it is important that research seeks to
understand the cognitive processes that underpin individual differences in this dimension of
anxiety vulnerability.
Deficits in executive functions appear to be a clear candidate underlying process, as
there is evidence suggesting that poorer executive function is associated with elevation in
anxiety vulnerability generally (Eysenck & Calvo, 1992; Eysenck et al., 2007), and with
ruminative emotional regulation styles that may underpin anxiety perseveration vulnerability
(Tortella-Feliu et al., 2014).The demonstrated association between impaired executive
function and elevated anxiety vulnerability indicates that executive function is a compelling
mechanism that may underpin the development and maintenance of state anxiety during a
stressful event.
Greater understanding of the association between executive function deficits and
anxiety perseveration vulnerability can inform procedures that seek to reduce and thus
ameliorate anxiety vulnerability, as well as inform theoretical models of anxiety
vulnerability. There is evidence that executive function ability can be enhanced through
training (Kramer, Larish, & Strayer, 1995; Melby-Lervåg & Hulme, 2013; Shipstead, Redick,
& Engle, 2012), endorsing the potential utility of understanding the contribution of executive
function to anxiety perseveration. For example, if variation in executive function ability was
found to causally impact the tendency to experience anxiety perseveration, this would imply
that paradigms capable of modifying executive function ability may usefully contribute to the
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amelioration of anxiety perseveration vulnerability alongside attempts to modify anxiety
perseveration vulnerability directly. Additionally, if variation in executive function ability
was found to causally impact the tendency to experience anxiety perseveration vulnerability,
then it would be plausible that individuals with relatively poor executive function ability may
be more resistant to the benefits of procedures that target perseverative anxiety directly,
relative to individuals with greater executive function ability. Critically however, no research
has sought to investigate the association between individual differences in executive function
ability and anxiety perseveration vulnerability.
Hence, the aim of the present research programme was to examine the cognitive
mechanisms underlying anxiety perseveration, focusing on executive functions. The literature
reviewed throughout this introduction resulted in the formulation of specific hypotheses
concerning the manner in which individual differences in executive function and anxiety
perseveration vulnerability may be related. Specifically, the present research programme
hypothesised that deficits in executive functions, such as attentional control, would
compromise the ability to downregulate state anxiety following a stressful event, leading to
increased anxiety perseveration vulnerability, but not necessarily increased anticipatory
anxiety vulnerability.
1.6 Description of the present research programme
To assess the validity of the hypothesis adopted by the research programme, several
conditions needed to be met. Firstly, a task capable of assessing both anticipatory anxiety
vulnerability and anxiety perseveration vulnerability is required. This task must be capable of
elevating state anxiety sufficiently to allow state anxiety perseveration to occur. In addition,
as general and inhibitory attentional control will be tested as candidate underlying
mechanisms, a task capable of assessing both these facets is required. This task must be
capable of distinguishing these domains of attentional control and should be sensitive to
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individual differences in general and inhibitory attentional control. Should either of these
conditions not be met, the literature will be further examined to determine how to modify the
procedures to allow those conditions to be met, and thus to test the hypothesis.
The first experiment in this research programme utilised two established tasks
designed to measure individual differences in anticipatory and perseverative anxiety
vulnerability, and individual differences in general and inhibitory facets of attentional
control. Individual differences in anticipatory and perseverative anxiety vulnerability were
assessed via a procedure designed to elevate anxiety by informing participants of the possible
requirement of conducting an impromptu speech, a procedure previously shown to be
effective (Rudaizky et al., 2012). Anxiety perseveration vulnerability was assessed by
requiring participants to report their state anxiety at regular intervals following removal of the
speech threat. General attentional control and inhibitory attentional control were assessed
using a paradigm previously demonstrated to be capable of revealing variation in these
processes (Basanovic et al., 2017). This first study in the research programme is described in
Chapter 2.
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Chapter 2: Experiment 1

As reviewed in the previous chapter, there is a clear need for greater understanding of
the processes which contribute to the dimension of anxiety vulnerability that is the
vulnerability to experience perseveration of anxiety following exposure to a stressor
(Rudaizky & MacLeod, 2013a). Anxiety vulnerability has been shown to be composed of two
components, anticipatory anxiety vulnerability and anxiety perseveration vulnerability
(Rudaizky et al., 2012). Research has primarily focused on the mechanisms underlying
anticipatory anxiety vulnerability (Clark & Wells, 1995), leaving anxiety perseveration
vulnerability relatively unexamined. Anxiety perseveration vulnerability is likely a critical
component of the anxious experience, as it may have a lasting, maladaptive and disruptive
influence on an individuals’ quality of life long after the conclusion of a stressful event
(Brozovich & Heimberg, 2011).
Attentional control is one candidate cognitive process that may underlie elevated
anxiety perseveration vulnerability. Attentional control falls under the broader umbrella of
executive function composed of several domains, such as goal-directed behaviour, attentional
control, organisation and planning (Eysenck et al., 2007; Lehto et al., 2003). Two dimensions
of attentional control have been examined in the literature: general attentional control and
inhibitory attentional control. General attentional control is a critical component, and is
defined as the ability of individuals to direct the allocation of attention in line with intended
goals. There is considerable evidence to show that deficits in executive function across a
number of domains are associated with heightened anxiety vulnerability (Moran, 2016;
Schmid, Kleiman, & Amodio, 2015; Shi, Sharpe, & Abbott, 2019). In particular, deficits in
general attentional control (Armstrong et al., 2011; Reinholdt-Dunne et al., 2013; Shapiro &
Johnson, 1987; Shapiro & Lim, 1989; Stefanopoulou et al., 2014) and, to a lesser extent,
inhibitory attentional control (Ansari & Derakshan, 2010; Derakshan, Ansari, et al., 2009).
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Most importantly, however, general attentional control deficits are also associated with
heightened state anxiety (Derakshan, Smyth, et al., 2009; Pacheco-Unguetti et al., 2010),
making it the most compelling component of executive function to examine in relation to
anxiety perseveration vulnerability.
As described previously the aim of the present research programme is to test the
hypothesis that deficits in executive functions, such as attentional control, would compromise
the ability to downregulate state anxiety following a stressful event, leading to increased
anxiety perseveration vulnerability, but not necessarily increased anticipatory anxiety
vulnerability. This hypothesis will be tested in both general and inhibitory attentional control.
As such, Experiment 1 involved the development of a procedure designed to test the validity
of this hypothesis, comprising tasks designed to measure general and inhibitory attentional
control, anxiety vulnerability, and anticipatory and perseverative anxiety vulnerability. The
rationale underlying the development of these tasks will now be described.
The present experiment was designed to include a task capable of assessing the
vulnerability to experience anticipatory anxiety and anxiety perseveration in-vivo. The design
of this task was modelled closely after an earlier task demonstrated to distinguish individual
differences in anticipatory anxiety vulnerability from individual differences in anxiety
perseveration vulnerability (Rudaizky & MacLeod, 2013a). In this task participants are told
they are required to give a speech, a procedure designed to evoke state anxiety. During this
task a series of mood assessment phases are completed by the participant. In each five-minute
phase participants are required to report their state anxiety at regular intervals. A baseline
anxiety phase is conducted before participants are made aware that they will be required to
give a speech, and provides a baseline measure of state anxiety. An anticipatory anxiety
assessment phase begins after participants are informed they may be required to deliver a
speech and finishes before the speech-event, thus revealing the degree to which anticipatory
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anxiety was experienced. An anxiety perseveration assessment phase is conducted at the
conclusion of the lead-up period, beginning after participants are informed they will not be
required to deliver the speech, thereby revealing the degree to which state anxiety persists
following the removal of the anticipated speech-event, known as anxiety perseveration
vulnerability. Rudaizky and MacLeod (2013a) revealed that this paradigm was capable of
inducing elevated state anxiety in anticipation of the speech stressor, and subsequently
maintaining state anxiety after the stressor was removed. The researchers report finding that
the task was sensitive to individual differences in anticipatory anxiety and anxiety
perseveration, and that each of the individual difference dimensions contributed
independently to variance in anxiety vulnerability.
In addition to the assessment of anticipatory and perseverative anxiety vulnerability
described above, the present experiment also included a task capable of assessing individual
differences in attentional control processes. Inhibitory attentional control is a key component
process of attentional control (Eysenck et al., 2007; Friedman & Miyake, 2004). Inhibitory
attentional control reflects individuals’ capacity to control the inhibition of attention to
attention-drawing stimuli (Friedman & Miyake, 2004). Given that research suggests that
impairment of inhibitory attentional control may share an association with anxiety
vulnerability, the present experiment sought to also measure this facet of attention control
specifically. However, general attentional control has been demonstrated to be associated
with both anxiety vulnerability and state anxiety, making it a compelling potential
mechanism that may underlie the vulnerability to experience anxiety perseveration. Thus,
both general attentional control and inhibitory attentional control were assessed in this
programme. General attentional control represents the general capacity of individuals to
direct the allocation of attention in line with task goals. To measure individual differences in
general attention control and inhibitory attentional control, the present experiment adopted a
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paradigm initially described by Basanovic et al., (2017), which was designed to measure both
facets of attentional control.
To measure general attentional control, the primary goal was to assess the ability of
individuals to control their attentional movements when provided top-down instruction
relating to their task goals. Thus, the time taken to direct attention toward a target stimulus
when two stimuli were presented was compared to the time taken to identify a stimulus
without an attentional shift. To do this, two types of trials were needed. Some trials, known as
general attentional control assessment trials, presented participants with a central visual
fixation cue, followed by the presentation of a pair of stimuli consisting of target and nontarget stimulus. Participants were required to shift attention to the target stimulus, and
discriminate the identity of a probe that appeared in that location as quickly as possible.
Responses on these trials were then compared to those in which no attentional shift was
required. These trials, known as probe within stimulus baseline trials, instead presented a
single central stimulus. Participants were required to maintain attention on this stimulus
without making any attentional shift, and simply discriminate the identity of a probe in that
central location as quickly as possible. Importantly, the extent to which participants were
slowed to make an attentional shift on general attentional control assessment trials relative to
the trials in which no attentional shift was required reflected the cost of exerting general
attentional control, and thus measured the capacity to utilise general executive function
capacity.
In addition to the measure of general attentional control, the subdomain of inhibitory
attentional control was also examined. To do this, four trial types were needed, as ability to
direct attention toward a stimulus was compared to the ability to inhibit attention away from
that stimulus. Some trials, known as the inhibition trials, assessed the ability for participants
to direct attention away from a stimulus. In these trials, participants were presented with a
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central visual fixation cue, followed by the presentation of an abrupt single stimulus on one
side of the screen. Participants were required to inhibit the prepotent attentional response to
attend to the stimulus, and instead shift attention away from the stimulus to the opposite
screen location, and to discriminate the identity of a probe in the opposite location as quickly
as possible. To assess the cost of this attentional shift, responses on these trials were
compared to responses on trials in which no attentional shift was required. These trials,
known as the probe without shape baseline trials, required participants to discriminate the
identity of the probe in the central location as quickly as possible without making any
attentional shift. Importantly, the extent to which participants were slowed to make an
attentional shift on inhibition trials relative to the trials in which no attentional shift was
required reflected the time required to inhibit an attentional shift. In addition, some trials
required participants to attend to the abrupt onset stimulus, and discriminate the identity of a
probe in that location as quickly as possible. These trials, known as non-inhibition trials, were
used to determine the cost of an attentional shift without inhibition. To assess this cost, these
trials were compared to probe within stimulus baseline trials identical to those used in the
calculation of general attentional control. Then, the extent to which participants were slowed
to make an attentional shift requiring inhibition relative to the time taken to make an
attentional shift without inhibition was taken to reflect their ability to exert inhibitory
attentional control.
Some modifications were made to the attentional control paradigm in order to
improve the ability of this task to sensitively detect anxiety linked deficits in attentional
control. The first was the addition of baseline assessment trials (Basanovic et al., 2017;
Derakshan, Ansari, et al., 2009). These baseline trials were the probe within and probe
without shape baseline trials described above, and were designed to assess the baseline
reaction time to detect probes without making an attentional shift. These trials allowed for the
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calculation of reaction time to discriminate the probe without requiring an attentional shift to
have occurred, and are a significant improvement upon the original paradigm developed from
Basanovic et al. (2017) as they allow for more sensitive measures of attentional control to be
calculated.
A second task improvement was the addition of foils. Previous studies have utilised
probe based Attentional Control Assessment Tasks (Basanovic et al., 2017; Derakshan,
Ansari, et al., 2009) without recognising that the use of a single probe to measure the
allocation of attention introduces a problematic confound. In these studies, a probe would
appear in the locus in which attention should be directed, which may allow participants to
ignore attentional instructions within a trial and instead engage visual search strategies to
draw attention to the location of the probe. This may result in participants simply searching
for the to-be detected probe rather than following the instruction to direct attention toward or
away from abrupt onset stimuli, which would prevent successful assessment of attentional
control. Such strategies would reduce the sensitivity with which the task may detect
individual differences in attentional control performance. This confound was eliminated in
the present study by the addition of a foil on each trial in which an attentional shift was
required, in addition to the probe. The foil appeared in the opposite location to the probe on
each of these trial types. The foil was visually similar to the targets (targets were single
headed arrows; foils were double-headed arrows). Critically, it was not possible to respond to
the foil, as the task was to indicate the direction the single-headed arrow was pointing. Thus,
participants would no longer be at an advantage for using visual search strategies to locate the
probe in their peripheral vision, and instead would benefit from following the attentional
instruction to direct attention toward or away from stimuli on-screen.
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2.1.1 The present study
The aim of the present study is to test the hypothesis deficits in attentional control
would compromise the ability to downregulate state anxiety following a stressful event,
leading to increased anxiety perseveration vulnerability, but not necessarily increased
anticipatory anxiety vulnerability. This hypothesis leads to several specific predictions. The
first prediction is that the current measure of anxiety perseveration vulnerability is
sufficiently sensitive to individual differences in state anxiety following the stressful event.
Secondly, that there will be an association between general attentional control and anxiety
perseveration vulnerability independent of the variance also shared by anticipatory anxiety
vulnerability. Finally, that there will be an association between inhibitory attentional control
and anxiety perseveration vulnerability independent of the variance also shared by
anticipatory anxiety vulnerability. However, given that our primary interest is in the
contribution of general attentional control, the demonstration of a relationship between
inhibitory control and anxiety perseveration vulnerability was not considered a requirement
to test the proposed hypothesis.
The literature reviewed above generates two possible accounts of the association
between attentional control and anxiety perseveration vulnerability. While both of these
accounts predict that attentional control underlies anxiety perseveration vulnerability, they
differ with respect to the predictions they generate concerning which aspect of attentional
control will be driving the vulnerability to experience anxiety perseveration. The first model,
called the General Attentional Control Model, predicts that deficits in general attentional
control will be driving heightened anxiety perseveration vulnerability. The second model,
called the Inhibitory Attentional Control Model, predicts that deficits in inhibitory attentional
control will be driving heightened anxiety perseveration vulnerability. Either or both of these
models represent a potential explanation of the association between attentional control and
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anxiety vulnerability as observed in the literature. However, given the weight of the empirical
support for a general attentional control impairment associated with elevated anxiety
vulnerability and heightened state anxiety, the primary aim of the current study was to
examine the role of general attentional control in predicting anxiety perseveration
vulnerability, and thus to test the General Attentional Control Model.
2.2 Method
2.2.1 Participants
The aim of the participant recruitment procedure was to recruit a group of individuals
who varied broadly in anxiety disposition. As such, participant recruitment was based on
scores obtained on the trait scale of the Spielberger State-Trait Anxiety Inventory (STAI-T)
questionnaire by a cohort of 865 psychology undergraduate students from the University of
Western Australia. Participants were drawn evenly from across the breadth of the distribution
of STAI-T scores. Sixty-one participants were recruited to the experiment (17 males; Mage =
18.95 years, SDage = 2.23 years, Rangeage = 17 – 27 years, MSTAI-T = 43.12, SDSTAI-T = 12.84,
RangeSTAI-T = 23 - 67). Participants completed the experiment for course credit, which was
granted on completion of the experimental task.
2.2.2 Materials
Spielberger State-Trait Anxiety Inventory – Trait Scale (STAI-T). Anxiety
vulnerability was assessed using the Trait Scale of the Spielberger State-Trait Anxiety
Inventory (STAI-T; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). The STAI-T
consists of 20 items and assesses anxiety vulnerability by measuring the frequency with
which individuals tend to experience symptoms of anxiety. Twenty items are presented, each
of which describes a particular anxiety symptom such as “I feel nervous and restless”.
Participants are required to indicate how often each symptom describes them by using one of
four response options: “almost never”, “sometimes”, “often”, “almost always”. Scores on the
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STAI-T can range between 20 and 80, with a higher score indicating greater levels of anxiety
vulnerability. This scale has been shown to have good reliability (Barnes et al., 2002) and
validity (Grös, Antony, Simms, & McCabe, 2007) including in student samples (Spielberger
& Sydeman, 1994).
Anxiety Visual Analogue Mood Scale (VAMS). A visual analogue scale was used to
assess the level of anxious mood being experienced by participants at discrete times during
the experiment. The scale required respondents to indicate the extent to which they were
feeling anxious by indicating their degree of state anxiety on a continuous scale that ranged
from “not at all anxious” to “extremely anxious”. Scores on the scale ranged from 1-60, with
higher scores indicating greater levels of state anxiety being experienced at the moment of
responding.
Experimental Hardware. Experiment tasks were presented on a windows computer
with a 22-inch widescreen monitor set at a resolution of 1920 x 1080 and 15ms refresh rate,
and with a standard keyboard and mouse.
2.2.3 Experimental Tasks
Anticipatory and Perseverative Anxiety Assessment Task (APAAT). The purpose
of the Anticipatory and Perseverative Anxiety Assessment Task was to separately assess
individual differences in the vulnerability to experience both anticipatory anxiety and anxiety
perseveration. The task was adopted from Rudaizky and MacLeod (2013a), and has
previously been shown to be capable of discriminating individual differences in these two
dimensions of anxiety vulnerability.
In this task, participants’ level of state anxiety was recorded across three five-minute
windows temporally situated at key junctures related to the introduction and removal of a
speech stressor. During the five-minute windows, between the state anxiety ratings,
participants completed a low-level cognitive task, the alphanumeric discrimination task,
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designed to be sufficiently homogenous as to prevent participants from being distracted from
their mood states, but not so demanding that they were unable to reflect on those states. The
task consisted of three phases. In the baseline anxiety assessment phase participants recorded
their baseline anxiety level. In the anticipatory anxiety assessment phase, participants were
made aware that they may be required to deliver a speech that would be video recorded,
allowing for anticipatory anxiety to be assessed in response to the introduction of this
approaching stressor. In the anxiety perseveration assessment phase, the threat of the speech
was removed, allowing for anxiety perseveration to be assessed. The structure of the APAAT
can be seen in Figure 1.

Figure 1. The three phases of the APAAT and the tasks and stages within each phase.

Using the VAMS, participants were required to report their mood over the period
from which they were last asked to report their mood. The VAMS was delivered at the start
of each five-minute anxious mood assessment period, and subsequent VAMS were delivered
exactly 60 seconds from the commencement of the previous VAMS, meaning that over the
course of five minutes six measurements of mood were taken. In between the delivery of each
VAMS, the alphanumeric discrimination task was employed, which required participants to
indicate whether more letters or digits were present in randomly generated strings of five
items. Participants performed the judgement as many times as possible in that period, using
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the mouse buttons (left for more numbers, right for more letters). At the end of the fiveminute assessment period a prompt reading “Please call the experimenter for further
instructions” would appear on screen with a 30 second countdown. A radio-controlled bell
was provided in the testing room to enable participants to notify the experimenter.
The first phase allowed for the baseline assessment of state anxiety. This phase was
labelled the baseline anxiety assessment phase, and involved the participants completing the
alphanumeric discrimination task and the VAMS until they were prompted to call the
experimenter. As the participant was not yet aware of the upcoming speech stressor this
allowed for the assessment of the baseline level of state anxiety. A Baseline Anxiety Index
was generated by calculating the mean of the six VAMS that had been completed during the
baseline anxiety assessment phase. This generated a measure of the baseline level of state
anxiety experienced for participants, with a greater score indicating higher levels of baseline
state anxiety.
Once the experimenter was called to the testing room, the anticipatory anxiety
assessment phase began. To allow for the assessment of anticipatory state anxiety in response
to a stressor, participants were informed of the requirement to give a speech that would be
recorded and rated by a panel. They were next instructed to continue completing the
alphanumeric discrimination task and mood ratings, and that more instructions would be
delivered shortly. This phase ended following a five-minute window, when the participants
were prompted to call the experimenter again. The Anticipatory Anxiety Index was created by
summing the scores on the six VAMS that had been completed during the anticipatory
anxiety assessment phase. This generated a measure of the level of state anxiety experienced
in the lead-up to an anticipated stressful event. The index for each participant reflected the
state anxiety experienced when first exposed to the speech stressor, with a higher score
indicating greater anticipatory anxiety in the lead up to a stressful event.
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The anxiety perseveration assessment phase began when the experimenter entered the
testing room at the conclusion of the anticipatory anxiety assessment phase. At this point the
experimenter told the participant that there was an error with the camera set up required to
record the speech and so they would not be required to give a speech at any point during the
experiment. Participants were then instructed to continue with the alphanumeric
discrimination task and VAMS. This phase reflected the persistence of state anxiety in the
period after the potential of giving a speech had been removed. The Anxiety Perseveration
Index was generated by calculating the mean state anxiety rating of the six anxious mood
ratings collected across the anxiety perseveration assessment phase that followed participants
being told they would not be required to deliver a speech. This score represented the
perseveration of state anxiety in the period after the speech-threat stressor had been removed,
with a higher score reflecting greater anxiety perseveration following the speech stressor1.
Attentional Control Assessment Task. The Attentional Control Assessment Task
was designed to provide two measures of the ability to direct the allocation of attention in line
with task goals. The first was a measure of participants’ ability to allocate attention to a target
stimulus in the presence of other stimuli. Because this task assessed a non-specific ability for
participants to control the allocation of attention, this measure was labelled general
attentional control2. The second was a measure of participants’ ability to exert inhibitory
attentional control, labelled inhibitory attentional control. The task comprised two subsets of
trials. The general attentional control assessment trial subset measured participants’ speed to

1

In addition to the Anxiety Perseveration Index described here, a change score was also calculated.
This score subtracted the final state anxiety rating from the anxiety perseveration assessment phase from the
first state anxiety rating from the anxiety perseveration assessment phase. This created a change score designed
to be sensitive to individual differences in anxiety perseveration vulnerability during the experiment. This score
did not provide any additional insight into anxiety perseveration vulnerability over and above the calculation
used in the Anxiety Perseveration Index described here, and as this method of calculating the score was
replicated from prior research (Rudaizky et al. 2012) the average score was maintained throughout the
remainder of the thesis.
2
It is important to note that in using this term, the authors do not intend to convey a belief that this task
measures a superordinate attentional control process (i.e. a g-factor), but rather only that the task does not
measure one specific facet of attention control.
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direct attention to a specified stimulus among competing alternatives, and the time taken for
participants to discriminate targets without the requirement to shift attention. The inhibitory
attentional control assessment trial subset measured the relative speed for participants to shift
attention away from, or towards, an abruptly presented stimulus, beyond the time taken
simply to discriminate a target without the requirement to shift attention. Participants were
required to complete the probe discrimination for each trial as quickly and accurately as
possible. Each of these trial subsets will now be described in turn.
General attentional control assessment trial subset. Trials in the general attentional
control assessment trial subset required participants to adhere to instructions indicating they
allocate attention toward one of the two letter strings presented, or to simply discriminate the
identity of a probe without an attentional shift. This subset consisted of two trial types. An
example of the two trial types is presented in Figure 2.

Figure 2. Example of a general attentional control assessment trial (left), and a probe
within stimulus baseline trial, delivered in the general attentional control assessment trial
subset.

Each trial began with a fixation cross presented in the centre of the screen.
Participants progressed to the trial by pressing the spacebar on the keyboard, after which the
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cross was removed and after 500ms a probe and foil (if applicable) were presented above or
below the central fixation cross, anywhere within the 12 mm area in the centre of the screen.
The probe was a small, grey arrow, 4 mm in length, which pointed left or right with equal
frequency. The foil was a small double-headed grey arrow, 4 mm in length that did not permit
classification of its orientation. Participants discriminated the identity of the probe by
pressing the left mouse button if the probe pointed to the left, and the right mouse button if
the probe pointed to the right. For each trial, the latency for participants to discriminate the
probe and the accuracy of the response was recorded. Incorrect responses triggered a three
second delay and an error message. After a response was recorded the next trial began after a
1000 Ms inter-trial interval.
Importantly, the location of the probe and foil on each trial was determined by the
trial type. During general attentional control assessment trials participants were informed
that they should direct their attention quickly and accurately to only one of two stimuli that
would be presented on each trial, either a string of X characters, or a string of O characters.
Participants were instructed to attend to the string of X characters or the string of O
characters with equal frequency across trials. Alternatively, as those trials requiring
attentional shifts presented a probe within a surrounding stimulus, the second type of trial
was designed to measure the latency to discriminate a probe within a surrounding stimulus
without the requirement of an attentional shift, labelled probe within stimulus baseline trials.
In the general attentional control assessment trials, a pair of letter strings were
presented simultaneously 12 mm above and below the fixation point. Strings in the letter
string pair comprised either four X characters (XXXX) or four O characters (OOOO). Each
string appeared in the top or bottom location with equal frequency across trials. A probe and
foil were presented simultaneously, one in the location of each letter string. Importantly, on
all trials probes were presented in the location of the letter string that participants were
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instructed to selectively attend to prior to starting the trial. The foil was presented in the
location of the other letter string.
In probe within stimulus baseline trials participants were required to discriminate the
identity of a probe that was presented in a random position within a letter string. The letter
string consisted of either four X characters (XXXX) or four O characters (OOOO), with
equal frequency. Crucially, these conditions mirrored the circumstances under which
participants discriminated probes that were presented proximal to letter strings in general
attentional control assessment trials described above.
An index of general attentional control (ACGeneral) was developed that could reveal the
degree to which participants were slower to execute an attentional shift to the location of
probes presented in the location of the letter string they were instructed to attend to, relative
to the time taken to execute no attentional shift and simply identifying the probes presented
within a central letter string. For each participant, this was determined by subtracting the
mean probe discrimination latency recorded on probe within stimulus baseline trials from the
mean probe discrimination latency on general attentional control assessment trials, such that
higher scores on this index reflected a greater delay to execute an attentional shift to the
instructed location on general attentional control assessment trials, and thus reflected poorer
general attentional control.
Inhibitory attentional control assessment trial subset. Trials in the inhibitory
attentional control assessment trial subset required participants to execute an attentional shift
toward, or away from, an abruptly presented stimulus and discriminate the identity of a probe
presented in that location. This subset also included trials designed to measure participants’
latency to discriminate probes in the absence of any requirement to execute an attentional
shift, to allow for an accurate measure of the time taken to execute the attentional shift
toward or away from an abrupt stimulus. This subset consisted of four trial types. An
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example of two of the trial types, the inhibition and non-inhibition trial types, are presented in
Figure 3.
The third and fourth trial types used in this subtask were designed to provide a
measure of time taken to identify the probe under conditions similar to those in the first two
trial types, but without the requirement of an attentional shift. These trials are the probe
within stimulus trials, described in the general attentional control trial subtype above, and the
probe without stimulus trials. These are shown in Figure 4.

Figure 3. Example of a non-inhibition trial (left) and an inhibition trial (right), delivered
in the inhibitory attentional control assessment trial subset.
As non-inhibition trials requiring attentional shifts presented a probe within a
surrounding stimulus, probe within stimulus baseline trials served as a baseline to measure
the latency to discriminate a probe within a surrounding stimulus without the requirement of
an attentional shift. These trials were identical to those described in the ‘General attentional
control assessment trial subset’ section.
As inhibition trials requiring attentional shifts presented a probe without a
surrounding stimulus, probe without stimulus baseline trials served as a baseline to measure
the latency to discriminate a probe without a surrounding stimulus or the requirement of an
attentional shift. Crucially, presentation conditions on these trials mirrored the circumstances
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under which participants discriminated probes that were presented distal to letter strings in
the inhibitory attentional control trial subset.

Figure 4. Example of the two no-shift trial types: probe without stimulus trials (left) and
the probe within stimulus trials (right), delivered in the inhibitory attentional control
assessment trial subset.

The trial sequence, stimuli and required responses were the same as in the general
attentional control assessment trials. Importantly, the location of the probe and foil on each
trial was determined by the trial type. During inhibition trials the probe was exclusively
presented in the location opposite the letter string and the foil was presented in a location
proximal to the letter string. Hence, in order to complete these trials effectively participants
were required to inhibit the execution of a pre-potent attentional shift towards the abruptly
presented stimulus string, and execute an attentional movement to a location distal to the
letter string. Alternatively, in non-inhibition trials the probe was exclusively presented in a
position proximal to the letter string, and the foil was presented in the location opposite the
letter string. Thus, in order to complete these trials effectively participants were not required
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to inhibit an attentional movement towards the stimulus string, but instead were simply
required to move attention towards the salient stimulus.
An index of inhibitory attentional control (ACInhibition) was developed that could reveal
the degree to which participants were relatively slower to execute an attentional shift to the
location of probes presented distal to the letter string, as compared to proximal to the letter
string. This index was computed by first determining the time taken for participants to
execute attentional shifts during inhibition trials and during non-inhibition trials by correcting
responses on these trials for the time taken to identify the probe. For each participant, this
was determined by subtracting the mean probe discrimination latency recorded on probe
without stimulus baseline trials from the mean probe discrimination latency on inhibition
trials, and subtracting the mean probe discrimination latency recorded on probe within
stimulus baseline trials from the mean probe discrimination latency on non-inhibition trials.
Next, an index of inhibitory attentional control was computed by determining the difference
between the resultant indices, such that greater scores on this index reflected a greater delay
to execute an attentional shift during inhibition trials as compared to non-inhibition trials, and
thus reflected poorer inhibitory attentional control.
Allocation of trials and trial subsets. The Attentional Control Assessment Task
delivered a total of 224 trials. Each trial subset was presented in blocks of 8 trials, and each
block was preceded by instructions informing the participant of the requirements of the trials
in the upcoming block. The order of the trial blocks was rotated across participants such that
one third of the participants began with the inhibitory attentional control trial subtypes, one
third began with the general attentional control trial subtypes and the remaining third began
with the no-shift trials. The order of the blocks within the inhibitory attentional control
subtype and the no-shift baseline trials were further counterbalanced across participants.
Before participants began the Attentional Control Assessment Task, they completed 18
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practice trials, four trials of each trial type except the baseline trials of which they completed
four probe within stimulus baseline trials and two probe without stimulus baseline trials.
2.2.4 Procedure
Participants were tested individually in a small room and provided informed consent
upon their arrival. They first completed the STAI-T, then the practice trials of the Attentional
Control Assessment Task, followed by the main task, and finally the APAAT. All
instructions were delivered verbally by the experimenter immediately prior to the conduct of
each task. The study took approximately an hour to complete, and following its completion
participants were debriefed.
2.3 Results
The objective of the statistical analyses reported below was to test the predictions of
the experiment in addition to the proposed models testing the hypothesis that attentional
control deficits would compromise the ability to regulate state anxiety following a stressful
event, leading to increased anxiety perseveration, but not necessarily increased anticipatory
anxiety. All analyses were conducted using SPSS (version 24).
2.3.1 Data preparation.
As probe discrimination latencies were used to compute the measures of interest it
was important to ensure that participants were highly accurate in discriminating the identity
of the probes. Probe identities were designed to be easily discriminable, thus participants
were required to display at least 90% accuracy in the Attentional Control Assessment Task to
be included in the subsequent analyses. Only one participant failed to meet this criterion, and
so data recorded from this participant was not included in the subsequent analyses. This left
60 participants, with a mean accuracy of 97.03% (SD = 2.33%, Range = 90.63% – 100%).
These 60 participants were used for the entirety of the analyses described in this section.
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2.3.2 Assessment of the vulnerability to anticipatory anxiety and anxiety perseveration.
Analyses examined whether the Anticipatory and Perseverative Anxiety Assessment
Task successfully elicited anticipatory anxiety, and permitted the assessment of anxiety
perseveration vulnerability. To determine whether the task was successful at eliciting
anticipatory anxiety in the lead up to the speech stressor, a paired-samples t-test was used to
determine whether participants’ Anticipatory Anxiety Index scores were significantly higher
than their Baseline Anxiety Index (see Table 1). The analyses revealed a significant increase
in mean scores, t(59) = 4.75, p <.001, d = .29, reflecting the fact that participants reported
significantly greater feelings of state anxiety in the Anticipatory Anxiety Assessment Phase
than in the Baseline Anxiety Assessment Phase. Thus, these results confirmed that
participants experienced more state anxiety in the period of anticipation before the speech
relative to the state anxiety they experienced in the baseline phase.
Table 1.
Mean (M), standard deviation (SD) and range of state anxiety in assessment phase
Anxiety Index

M (SD)

Range

Baseline Anxiety Index

16.73 (15.15)

1.00 – 54.67

Anticipatory Anxiety Index

21.81 (17.89)

1.00 - 60

Anxiety Perseveration Index

14.59 (15.15)

1.00 – 54.50

Next, to determine whether this task was capable of detecting heightened anxiety
perseveration, analyses examined whether the state anxiety rating at the commencement of
the anxiety perseveration phase was elevated relative to baseline. If this was the case, it
would indicate that the conditions required to measure anxiety perseveration vulnerability
had been met. A paired-samples t-test was conducted to examine whether the first VAMS
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completed during the Anxiety Perseveration Assessment Phase was significantly higher than
the Baseline Anxiety Index. The analyses revealed a non-significant result, t(59) = 1.28, p =
.21, d = .07. This indicated that participants did not experience significantly more state
anxiety at the commencement of the Anxiety Perseveration Assessment Phase relative to the
Baseline Anxiety Assessment Phase. Critically, this indicated that state anxiety was not
elevated at the commencement of the anxiety perseveration assessment phase, as required to
permit the assessment of individual differences in anxiety perseveration across the period.
2.3.3 Contribution of anticipatory perseveration anxiety vulnerability to variation in
anxiety vulnerability.
Despite the findings above suggesting that individual differences in the vulnerability
to experience anxiety perseveration could not be meaningfully assessed, it was considered
prudent to nonetheless examine whether the indices of anticipatory anxiety and anxiety
perseveration predicted independent variance in anxiety vulnerability as shown by Rudaizky
et al., (2012).
To determine whether anxiety perseveration vulnerability predicted independent
variance in anxiety vulnerability scores beyond that predicted by anticipatory anxiety
vulnerability, a multiple regression analysis was conducted. Anticipatory Anxiety Index
scores and Anxiety Perseveration Index scores were entered as simultaneous predictors in the
regression model, and anxiety vulnerability was entered as the outcome variable. The
regression model was significant, F(2, 57) = 16.13, p <.001, R2 = .31. However, although
Anticipatory Anxiety Index was a significant independent predictor of anxiety vulnerability,
β = .65, t(57) = 2.55, p = .01, the Anxiety Perseveration Index was not a significant
independent predictor of anxiety vulnerability, β = -.06, t(57) = .22, p = .83. These results
indicate that the measure of anticipatory anxiety vulnerability, but not the measure of anxiety
perseveration vulnerability, predicted independent variance in anxiety vulnerability in the

CHAPTER 2: EXPERIMENT 1

45

current study. This indicates the first requirement of the present experiment, that anxiety
perseveration vulnerability would predict independent variance in anxiety vulnerability that is
not predicted by anticipatory anxiety vulnerability, was not supported.
2.3.4 Preparation of Attentional Control Assessment Task latency data
Prior to the computation of indices derived from the Attentional Control Assessment
Task, probe discrimination latencies for each participant were filtered to exclude outlying
latencies from their total task performance. For each participant, this approach excluded
latencies recorded from incorrect probe discrimination responses, as well as latencies for
correct responses that fell more than 1.96 standard deviations above or below the
participant’s mean probe discrimination latency for the trial type. The descriptive statistics
for each of the Attentional Control Assessment Task subtypes and the index scores calculated
from those trial subtypes can be seen in Table 2
Table 2.
Mean (M), standard deviation (SD) and range of probe discrimination response latencies
in milliseconds and mean general and inhibitory attentional control index scores, for each
trial type.
Attentional measure

M (SD)

Range

490.00 (54.31)

395.05 – 681.16

Probe within shape trials

512.13 (58.03)

411.62 – 702.36

ACGeneral Index

-22.12 (10.13)

-47.45 - -1.43

General Attentional Control
General attentional control
assessment trials

Inhibitory Attentional Control
Inhibition trials

560.54 (73.08)

432.13 – 800.29
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Non-Inhibition trials

747.30 (89.84)

584.14 – 1022.77

Probe without shape trials

445.50 (51.84)

372.84 – 676.00

ACInhibition Index

-120.13 (56.30)

-248.59 - -17.73

ACGeneral index scores were intended to reflect a greater delay to execute an attentional
movement to an instructed location, with greater positive scores indicating poorer general
attentional control. However, as can be seen in the table above the mean ACGeneral index
scores was a negative value. These negative scores indicated that participants were speeded to
make an attentional movement toward an instructed location relative to trials in which no
movement was required. Similarly, the ACInhibition index scores were entirely negative values.
This was contrary to the expected direction of these index scores, in which greater, positive
scores reflect a greater delay to execute an attentional movement, and thus reflected poorer
inhibitory attentional control. These negative scores indicated that participants were speeded
to make an attentional movement, relative to trials in which no movement was required. As
will subsequently be discussed, this finding suggests that this task may not have successfully
measured the intended construct.
2.3.5 Examination of the association between attentional control deficits and anxiety
perseveration vulnerability, independent of anticipatory anxiety vulnerability.
This experiment was designed to assess whether executive function deficits predicted
elevated anxiety perseveration vulnerability and whether that role existed independent of
anticipatory anxiety. It was hypothesised that attentional control deficits would compromise
the ability to downregulate state anxiety following a stressful event, leading to increased
anxiety perseveration vulnerability, but not necessarily increased anticipatory anxiety
vulnerability. This predicted that anxiety perseveration would predict independent variance in
general attentional control beyond that predicted by anticipatory anxiety. In addition, a
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second proposed model was also tested, examining whether the vulnerability to experience
anxiety perseveration following a stressor would predict independent variance in inhibitory
attentional control beyond that predicted by anticipatory anxiety vulnerability. However, the
result reported above indicates that the methodology used here does not provide a measure of
anxiety perseveration, not does the method of assessing general or inhibitory attentional
control appear to provide a measure that is easily interpretable. Thus, the requirements of this
experiment have not been met. Despite this, analyses were conducted as planned to examine
whether there was an association between attentional control deficits and anxiety
perseveration vulnerability independent of anticipator anxiety vulnerability.
To determine the validity of the proposed models, two multiple regression analyses
were conducted. The first model, labelled the General Attentional Control Model, included
the Anxiety Perseveration Index as the dependent variable, the Anticipatory Anxiety Index as
the predictor variable in the first step of the regression, and ACGeneral Index as the predictor
variable at the second step of the regression using method: Enter. The model was significant
at Step 1, R2 = .83, F(1, 58) = 279.45, p <.001, indicating that there was a significant
association between the Anxiety Perseveration Index and the Anticipatory Anxiety Index.
The model was also significant at Step 2, R2 = .84, F(2, 57) = 144.21, p <001. The addition of
the ACGeneral Index did not add predictive value to the model, as indicated by a non-significant
change score, R2 = .007, F(1, 57) = 2.37, p = .13. The predictors of the model are presented
in Table 3 below.
This model indicates that general attentional control did not predict anxiety
perseveration vulnerability once the variance explained by anticipatory anxiety vulnerability
was controlled for. This indicates that there was no sufficient evidence to support the General
Attentional Control Model and the hypothesis of the present study. However, limitations with
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both the measure of general attentional control and the measure of anxiety perseveration
vulnerability will be discussed.

Table 3
Linear regression model of predictors of the Anxiety Perseveration Index, the Anticipatory
Anxiety Index and the General Attentional Control Index.
b

SE B

β

p

Constant

-2.58

1.32

Anticipatory Anxiety Index

.79

.05

Constant

-5.68

2.40

Anticipatory Anxiety Index

.80

.05

.92

<.001

ACGeneral Index

-.13

.08

-.08

.13

Step 1
.06
.91

<.001

Step 2
.02

Despite the non-significant model described above and the primary focus of the
present experiment being the association between anxiety perseveration vulnerability and
general attentional control, the second proposed model was also examined as planned. This
model, the Inhibitory Attentional Control Model, included the Anxiety Perseveration Index as
the dependent variable, the Anticipatory Anxiety Index as the predictor variable in the first
step of the regression, and ACInhibition Index as the predictor variable at the second step of the
regression using method: Enter. The model was significant at Step 1, R2 = .83, F(1, 58) =
279.45, p <.001, indicating that there was a significant association between the Anxiety
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Perseveration Index and the Anticipatory Anxiety Index as seen in the previous model. The
model was also significant at Step 2, R2 = .84, F(2, 57) = 150.55, p <001. The addition of the
ACGeneral Index added significant predictive value to the model, as indicated by the significant
change score, R2 = .013, F(1, 57) = 4.55, p = .04. The predictors of the model are presented
in Table 4 below.
Table 4
Linear regression model of predictors of the Anxiety Perseveration Index, the Anticipatory
Anxiety Index and the Inhibitory Attentional Control Index.
b

SE B

β

p

-2.58

1.32

.79

.05

Constant

1.20

2.19

Anticipatory Anxiety Index

.79

.05

.91

<.001

ACInhibition Index

.03

.02

.11

.04

Step 1
Constant
Anticipatory Anxiety Index

.06
.91

<.001

Step 2
.59

This model indicates that inhibitory attentional control predicted anxiety
perseveration vulnerability, although this was contrary to the direction predicted by the
hypothesis. This indicated that inhibitory attentional control was improved for those
participants with greater vulnerability to experience anxiety perseveration. However, as seen
earlier it is difficult to interpret the inhibition index due to the reversed nature of the scoring
on this item. This will be discussed.
A sensitivity analysis was conducted to determine the smallest effect size that could
be detected by the regression analyses in the current study. With an alpha error probability of
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0.05, a power (1 – β) of 0.80, a sample size of 61 and a regression analysis with two
predictors, results indicated that this study had at least .80 power to detect an effect of R2 > =
.14.
2.4 Discussion
This experiment sought to test the hypothesis that deficits in attentional control would
compromise the ability to downregulate state anxiety following a stressful event, leading to
increased anxiety perseveration vulnerability, but not necessarily increased anticipatory
anxiety vulnerability. This hypothesis generated two models, predicting that a different facet
of attentional control would predict independent variance in anxiety perseveration
vulnerability beyond that predicted by anticipatory anxiety vulnerability. General attentional
control was the primary mechanism of interest, however a specific component of attentional
control, inhibitory attentional control, was also examined. This hypothesis lead to several
predictions that needed to be examined. The first prediction was that the current measure of
anxiety perseveration vulnerability was capable of capturing individual differences in state
anxiety following the stressful event. This was not supported in the current study, and thus
this important facet of the experiment was unsuccessful. Secondly, it was predicted that there
would be an association between general attentional control and anxiety perseveration
vulnerability independent of the variance also shared by anticipatory anxiety vulnerability.
This was also not supported, as no association between general attentional control and
anxiety perseveration vulnerability was present in the current data. Finally, the prediction that
there would be an association between inhibitory attentional control and anxiety
perseveration vulnerability independent of the variance also shared by anticipatory anxiety
vulnerability was examined. This prediction was supported by the data. However several
aspects of the results make this finding difficult to interpret.
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Throughout this discussion section key aspects of the results will be discussed. Firstly,
the inability to meet the first requirement of this experiment and some potential solutions will
be addressed. Secondly, the unexpected pattern of results attained in the Attentional Control
Assessment Task will be discussed. Thirdly, the pattern of results that was obtained when
attempting to examine the proposed models will be examined. Finally, the programme of
research that will be followed throughout the rest of this project will be briefly described.
2.4.1 The contribution of the vulnerability to experience anticipatory and perseverative
anxiety to variation in anxiety vulnerability.
The first requirement, that anxiety perseveration vulnerability would predict
independent variance in anxiety vulnerability not predicted by anticipatory anxiety
vulnerability, was not met. This finding is surprising, as the independence of anxiety
perseveration vulnerability and anticipatory anxiety vulnerability has been established in the
literature. Specifically, an number of studies have demonstrated that both anticipatory anxiety
vulnerability and anxiety perseveration vulnerability predict independent variance in anxiety
vulnerability, using both questionnaire measures (Rudaizky & MacLeod, 2013b; Rudaizky et
al., 2012) and in vivo assessments (Rudaizky & MacLeod, 2013a). As the methodology used
in this experiment did not successfully measure anxiety perseveration vulnerability, it may be
the case that this measurement failure explains these results. Two candidate limitations of the
methodology used to measure anxiety perseveration vulnerability may account for this. First,
the present study chose to use the mere threat of a speech presentation to elevate state anxiety
and evoke anxiety preservation. This method was chosen as a speech presentation has been
shown to be capable of elevating anxiety (Beidel, Rao, Scharfstein, Wong, & Alfano, 2010;
Bunnell, Beidel, & Mesa, 2013). However studies have not determined whether the threat of
an upcoming speech is sufficient to induce enduring anxiety following the removal of that
threat. In fact, our results appear to indicate that the level of state anxiety experienced by
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participants at the commencement of the anxiety perseveration period was equivalent to
baseline, suggesting that the elevation in state anxiety was not enduring once the threat was
removed. While it is the case that Rudaizky & MacLeod (2013a) found evidence of anxiety
perseveration vulnerability using the threat of an upcoming speech alone it may be the case
that the requirement to actually conduct a speech would increase state anxiety and thus lead
to a more gradual decline following the removal of that threat. Hence, it may be the case in
the present study that the removal of the threat of a speech was not sufficient to ensure
enduring levels of elevated state anxiety. Thus, the measure taken in this experiment was not
capable of examining individual differences in the vulnerability to experience anxiety
perseveration.
In addition, the removal of the speech threat is related to the second potential
explanation for the failure to assess the vulnerability to experience anxiety perseveration in
the current study. It is plausible that anxious, ruminative thinking is an important component
of anxiety perseveration vulnerability. Research indicates that individuals high in anxiety
vulnerability engage in negative post-event ruminative thinking following a stressful event
(Dannahy & Stopa, 2007), typically involving anxious thoughts regarding that event (Clark &
Wells, 1995). Thus, it is possible that the present experiment was not successful in eliciting
anxiety perseveration as participants did not engage in an event that could readily serve as the
focus of ongoing post-event ruminative thinking. As such, in order to more successfully
assess individual differences in anxiety perseveration vulnerability, future studies in the
research programme should consider these two methodological limitations and seek to
modify the Anticipatory and Perseverative Anxiety Assessment Task. Modifying this task by
adding the requirement to present a speech would ensure that the procedure prevented the
immediate dissipation of state anxiety following the anticipatory anxiety phase, and would
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allow post-event ruminative thinking, thus providing the maximum opportunity to reveal
individual differences in anxiety perseveration vulnerability across participants.
2.4.2 The pattern of findings in the Attentional Control Assessment Task
In the present experiment participants exhibited patterns of probe response latencies
across the Attentional Control Assessment Task subtypes that were in contrast to
expectations. For example, the ACGeneral scores revealed that all participants were faster to
respond to probes during trials in which they were required to move attention to identify the
probe, as compared to trials in which no attentional movement was required to identify the
probe. Similarly, ACInhibition scores revealed that all of the participants were faster to respond
to probes during trials that required the initial inhibition of an attentional movement followed
by execution of an attentional movement, as compared to trials in which no initial inhibitory
attentional control was required. These patterns undermine the rationale for this task.
Typically, participants are slower to respond during trials requiring execution of attentional
movement relative to trials in which inhibition of attention or use of attentional control is not
required (Chen et al., 2014; Derakshan, Salt, & Koster, 2009). One potential explanation of
these unexpected patterns concerns the fact that in the current study, on trials requiring the
use of attentional control the probe was flanked by a string of letters. In contrast, trials that
did not require the use of attentional control presented the probe centrally, often without a
flanking letter string. It may be the case that participant response latencies were relatively
delayed on trials where the probe was flanked by letter string stimuli, as compared to
unflanked, due to perceptual interference caused by the letter strings. Indeed, research has
demonstrated that the presence of flanking stimuli can increase the time required to detect a
target (Eriksen & Eriksen, 1974; Wright & Elias, 1979) and this delay is prolonged when
there is uncertainty about the location of the target within flankers (Atkinson, Holmgren, &
Juola, 1969; Estes & Wessel, 1966). Most importantly, however, the inability of this task to
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demonstrate an association between general attentional control and anxiety perseveration
vulnerability indicates that future experiments would benefit from utilising a task established
in assessing general executive functions shown to be associated with both state and anxiety
vulnerability, rather than specific domains like inhibition. There are many tasks capable of
assessing the association between executive function deficits and heightened state anxiety,
which will be reviewed in Chapter 4.
2.4.3 Examination of the proposed models regarding attentional control and the
vulnerability to anticipatory anxiety and anxiety perseveration.
As discussed above, the two requirements of this study were not met, meaning that the
proposed models could not be tested effectively. The current study hypothesised that
attentional control deficits would compromise the ability to downregulate state anxiety
following a stressful event, leading to increased anxiety perseveration, but not necessarily
increased anticipatory anxiety. This hypothesis led to two predicted models. Despite the
current study being unable to meet the two requirements needed to test this hypothesis it was
considered prudent to examine the findings here nevertheless. The General Attentional
Control Model predicted that general attentional control deficits would be associated with
heightened anxiety perseveration vulnerability even once controlling for the role of
anticipatory anxiety vulnerability. Results indicated that general attentional control did not
predict anxiety perseveration vulnerability when the variance explained by anticipatory
anxiety vulnerability was controlled for. The Inhibitory Attentional Control Model predicted
that inhibitory attentional control deficits would be associated with elevated anxiety
perseveration vulnerability even once controlling for the role of anticipatory anxiety, was
supported by the data. The results were in the direction unanticipated by the hypothesis, as
poorer inhibitory attentional control was associated with less anxiety perseveration. However,
methodological issues leading to a reversed pattern of scoring in the inhibitory attention
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index, and the inability to assess individual differences in the vulnerability to experience
anxiety perseveration, indicates that this finding is difficult to interpret. It is unclear what is
being assessed due to the methodological issues with the inhibitory attention index and the
anxiety perseveration present in the experiment. Hence, the present study did not yield the
pattern of attentional control deficits associated with anxiety perseveration vulnerability that
were anticipated by the proposed theoretical models.
2.4.4 Directions for the subsequent research programme
The present study attempted to examine the association between both general and
inhibitory attentional control and anxiety perseveration vulnerability. Methodological
limitations prevented the requirements of this experiment from being met, thus preventing the
assessment of both general attentional control and anxiety perseveration vulnerability. As
discussed earlier, the addition of a speech component to the task designed to assess anxiety
perseveration vulnerability is likely to overcome the limitations discussed and allow an
improved measure of anxiety perseveration vulnerability. Additionally, further review of the
literature is required to locate a task capable of demonstrating an association between
executive function deficits and both heightened anxiety vulnerability and state anxiety. As
anxiety perseveration can necessarily only occur in the period following a stressful event, it is
necessary to find a component of executive function that is shown to be associated with not
only anxiety vulnerability, but state anxiety as well. To allow for the hypothesis of the
present study to be examined, such a task, demonstrated to be capable of assessing the
association between deficits in executive function and both anxiety vulnerability and state
anxiety, should be utilised.
In view of these future directions, it was decided to continue this research in two
phases and examine each of these requirements independently before attempting to examine
the overarching hypothesis again. The first phase was to develop a task capable of fulfilling
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the first requirement of the current experiment, that anxiety perseveration vulnerability would
predict independent variance in anxiety vulnerability that is not predicted by anticipatory
anxiety vulnerability. This would involve the addition of a speech requirement to the present
Anticipatory and Perseverative Anxiety Assessment Task to ensure that state anxiety
remained elevated following the anticipatory period, and to provide more opportunity for
post-event rumination in order to allow the perseveration of anxiety following the stressful
event.
The second phase will commence with a return to the criteria described in the first
chapter, examining facets of executive function described in the literature as shown to be
capable of demonstrating an association between deficits in executive function and
heightened anxiety vulnerability. This review will examine those facets sensitive to anxiety
vulnerability and which appear to be associated with elevated state anxiety. Each of these
facets will be examined in this phase, until one shown to be capable of fulfilling this second
requirement of the current experiment is found, to examine the association between poorer
executive function and heightened anxiety vulnerability.
Once a suitable facet of executive function is found, the third and final phase of this
experimental programme will be completed, in which the facets shown to be effective within
the two prior phases are brought together to allow for the hypothesis to be tested that deficits
in executive functions, such as attentional control, would compromise the ability to
downregulate state anxiety following a stressful event, leading to increased anxiety
perseveration vulnerability, but not necessarily increased anticipatory anxiety vulnerability.
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Chapter 3: Experiment 2
As reviewed previously, there is evidence indicating that anxiety vulnerability is
composed of two, distinct facets of vulnerability: on the one hand, the vulnerability to
experience anticipatory anxiety and on the other, the vulnerability to experience anxiety
perseveration. The vulnerability to experience anxiety perseveration particularly has received
little attention in previous research, but has important implications for our understanding of
the component processes of anxiety vulnerability. The aim of the current research programme
was to test the hypothesis that executive function deficits would compromise the ability to
regulate state anxiety following a stressful event, leading to increased anxiety perseveration,
but not necessarily increased anticipatory anxiety.
In Experiment 1, a procedure was developed to test this hypothesis. This procedure
included an Attentional Control Assessment Task designed to assess general attentional
control and inhibitory attentional control, both important facets of attentional control, a
known domain of executive function (Miyake et al., 2000). In addition, a task designed to
assess the vulnerability to experience both anticipatory anxiety and anxiety perseveration was
used. The Attentional Control Assessment Task was one used in a previous study (Basanovic
et al., 2017), and modified the anti-saccade paradigm (Hallet, 1978), to allow the assessment
of general attentional control ability as well as of inhibitory attentional control. The
Anticipatory and Perseverative Anxiety Assessment Task was also an existing task, designed
to measure the vulnerability to experience both anticipatory anxiety and anxiety perseveration
in response to a speech threat by measuring state anxiety in the period prior to and following
a transient stress experience; a speech (Rudaizky & MacLeod, 2013a). The results did not
support the prediction generated by the hypothesis, that attentional control deficits would
compromise the ability to regulate state anxiety following a stressful event, leading to
increased anxiety perseveration, but not necessarily increased anticipatory anxiety.
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Importantly, the findings from Experiment 1 indicated that variance in anticipatory
anxiety vulnerability but not in anxiety perseveration vulnerability, predicted variance in
anxiety vulnerability. However, the Anticipatory and Perseverative Anxiety Assessment Task
used in Experiment 1 was not able to successfully measure variance in anxiety perseveration
vulnerability, as elevated state anxiety dissipated immediately following the removal of the
expectation of delivering a speech. This occurred despite evidence indicating this type of
methodology is effective in demonstrating individual differences in the vulnerability to
experience anxiety perseveration (Rudaizky & MacLeod, 2013a). Two possibilities exist that
may explain the failure of this methodology in demonstrating evidence of anxiety
perseveration vulnerability. Firstly, it may be the case that the state anxiety induction
procedure, which consisted only of the expectation of delivering a speech, without any actual
requirement to do so, was not sufficient to cause enduring state anxiety following the removal
of that expectation. Secondly, post-event rumination has been shown to be an important
component of the experience of enduring state anxiety (Kocovski et al., 2005), and it is
possible the task did not evoke sufficient post-event rumination following its administration.
Indeed, anxiety preservation was assessed in the period following the removal of the
requirement for participants to complete the anticipated speech event, rather than after
participants had conducted the anticipated speech event, and the results of Experiment 1
indicates that participants’ state anxiety did not differ from baseline in this period. Thus, the
methodology may have permitted relief without rumination and so would not have
maximised the capacity to observe the effects of post-event rumination, including the
experience of anxiety perseveration. Given these potential limitations of Experiment 1, the
present experiment sought to develop a novel methodology that could overcome these
limitations, in order to reveal individual differences in participants’ vulnerability to
experience anxiety perseveration.
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As discussed in the previous chapter, asking participants to deliver a speech is a
stressful event that serves to elevate state anxiety (Beidel et al., 2010; Bunnell et al., 2013;
Kirschbaum, Pirke, & Hellhammer, 1993). However, no studies have compared the state
anxiety induced by the threat of potentially having to give a speech, relative to the stress of
actually delivering a speech. Some studies in the past have utilised only the threat of a speech
to elicit state anxiety (Rudaizky & MacLeod, 2013a; Witt & Behnke, 2006), though typically
researchers have required participants to actually deliver a speech (Brown & Stopa, 2007;
Dannahy & Stopa, 2007; Kocovski et al., 2005). Additionally, researchers tend to be
interested in the vulnerability to experience anticipatory anxiety rather than any other part of
the anxiety reaction (Brown & Stopa, 2007; Witt & Behnke, 2006), in which case the
expectation of speech delivery is sufficient to elicit this type of anxiety. It may be the case
that the expectation of the requirement to deliver a speech is sufficient to elicit anticipatory
anxiety in the lead up to the event, but does not result in perseverance of elevated state
anxiety following the removal of this requirement.
Another potential explanation for the inability to elicit anxiety perseveration in
Experiment 1 is the lack of potential for anxious post-event rumination. Some of the social
anxiety literature has focused on the persistence of state anxiety or anxious rumination
following the conclusion of speech events (Clark & Wells, 1995; Dannahy & Stopa, 2007;
Kocovski et al., 2005; Lam, Dickerson, Zoccola, & Zaldivar, 2009). In a study by Dannahy
and Stopa (2007), participants either low or high in fear of negative evaluation were required
to engage in a five-minute conversation with a confederate. Participants were then asked to
report their post-event rumination immediately afterward and over the following week, before
a second conversation was to be completed. Results of this study indicated that individuals
high in fear of negative evaluation engaged in significantly more post-event rumination
immediately following the stressful event than those low in fear of negative evaluation. Thus,
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it is possible that participants in Experiment 1 did not experience much anxiety perseveration
following the elimination of the requirement to deliver a speech due to the fact that they had
not actually performed a task about which they were likely to ruminate in ways that could
subsequently maintain their anxiety. Although Rudaizky and MacLeod, (2013a) did find
evidence of anxiety perseveration, their methodology differed from the methodology used in
Experiment 1, as their participants were given time to prepare for the upcoming speech. This
may have been sufficient to provide some content for post-event rumination in Rudaizky and
MacLeod (2013a) that was not present in Experiment 1. This could simply be resolved by
requiring the participants in the current experiment to present a speech. It may be the case
that the requirement to present a speech would lead to greater anxiety perseveration in the
aftermath, potentially as a result of fewer feelings of relief and more negative ruminative
thinking following the speech.
Due to the effectiveness of speech stressor tasks in eliciting elevated state anxiety,
these types of tasks are widely used in the literature (eg. Brown & Stopa, 2007; Mcnally,
Enock, Tsai, & Tousian, 2013; Veljaca & Rapee, 1998). As a result, there is significant
variation in the procedures utilised for this purpose. In some methodologies, participants are
required to present a speech on a predetermined topic in front of a camera, which records
their performance in order that the quality of their speech can be rated by a panel at a later
time (Brown & Stopa, 2007). Other methods require participants to present a speech toward a
one-way mirror through which they know the experimenter watches them to assess the
quality of their presentation (McNally, Enock, Tsai, & Tousian, 2013), or to a live or prerecorded audience instructed to display no positive or negatively valanced cues (Lam et al.,
2009; Perowne & Mansell, 2002; Veljaca & Rapee, 1998). Regardless of the method, these
assessments are all successful at eliciting anticipatory anxiety in response to the prospect of
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negative social evaluation, a known component of social anxiety processes (Clark & Wells,
1995).
In the current study, the two above-mentioned limitations will be overcome by
requiring participants to deliver a speech to a camera with the belief that their recorded
speech would be later rated by the experimenter. The incorporation of the requirement to
deliver a speech will increase the social evaluative threat of the presentation, with social
threat being an important driver of state anxiety in performance contexts (Clark & Wells,
1995). Thus, the social threat of the speech delivery may increase the probability that
negative feelings will persist after completion of this speech, giving rise to lead to anxiety
perseveration following the speech presentation. This would allow the aim of the current
study, which was to examine individual differences in the tendency to experience such
anxiety perseveration, to be fulfilled.
The aim of the present study was to develop a methodology capable of assessing
vulnerability to anxiety perseveration as a dimension of anxiety vulnerability that is
independent from vulnerability to experience anticipatory anxiety. If this procedure allows
for the assessment of individual differences in the vulnerability to experience anxiety
perseveration, as evidenced by elevated state anxiety following the speech event relative to
baseline, it will be possible in subsequent studies to test the hypothesis that executive
function deficits would compromise the ability to downregulate state anxiety following a
stressful event, leading to increased anxiety perseveration, but not necessarily increased
anticipatory anxiety.
3.2 Method
3.2.1 Participants
The method of participant recruitment mirrored the procedure used in Experiment 1.
Specifically, the aim of the participant recruitment procedure was to recruit a group of
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individuals who varied broadly in anxiety vulnerability. As such, participants were recruited
who varied widely in terms of scores obtained from the trait scale of the Spielberger StateTrait Anxiety Inventory (STAI-T) questionnaire completed by 589 psychology undergraduate
students from the University of Western Australia. Participants were drawn evenly from
across the distribution of STAI-T scores. Forty-nine individuals were recruited to the
experiment (16 males; Mage = 19.39 years, SDage = 2.56 years, Rangeage = 18 – 30 years,
MSTAI-T = 43.45, SDSTAI-T = 11.10, RangeSTAI-T = 22 - 67).
3.2.2 Materials
Spielberger State-Trait Anxiety Inventory-Trait Scale (STAI-T). The trait scale of
the Spielberger State-Trait Anxiety Inventory was used to assess anxiety vulnerability
(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), as used and described in Experiment
1. Higher scores on this measure represent greater levels of anxiety vulnerability.
Spielberger State-Trait Anxiety Inventory - State Scale – Short Form (STAI-S6).
State anxiety was assessed using the six-item short form of the state scale of the Spielberger
State-Trait Anxiety Inventory (STAI-S6; Marteau & Bekker, 1992). The STAI-S6 was
developed to provide an assessment of state anxiety for use in circumstances wherein the use
of the full‐form STAI state anxiety scale developed by Spielberger et al. (1983) was
inappropriate. The STAI-S6 requires respondents to indicate the extent to which they are
currently experiencing each of six described anxiety symptoms (e.g. “I am tense”). The use
of the STAI-S6 has been shown to be a valid and reliable measure of state anxiety, to produce
scores similar to those obtained using the full‐form version of the scale across individuals
manifesting a range of anxiety levels, and to be sensitive to changes in state anxiety (Marteau
& Bekker, 1992).
The STAI-S6 limits participants’ responses to four categorical response options.
However, as this response format may potentially obscure small changes in state anxiety, the
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scale was adapted to employ a continuous visual analogue scale (VAS) to record responses to
each item. Each scale was 202 mm in length and was visually divided into four equally sized
sections that sought to standardise the manner in which the scale was interpreted across
participants. Each section on the scale was labelled from left to right with the following cues;
“not at all”, “somewhat”, “moderately so”, “very much so”. Scores on each VAS ranged from
1 to 45. Total scores on the STAI-S6 in the present experiment could range from 1 to 45, with
a higher score indicating greater levels of state anxiety currently being experienced.
Speech Audience Video. The purpose of the Speech Audience Video was to present
participants with a realistic viewing experience that mimicked the point of view of a speech
presenter. Figure 1 displays a still screen from the Speech Audience Video.

Figure 1. Screen capture of the speech audience video and countdown timer.

The Speech Audience Video was three minutes in length, and displayed during the
speech presentation phase of the Modified Anticipatory and Perseverative Anxiety
Assessment Task. The video comprised eight individuals (four male, four female) in a lecture
room seated as if watching a presentation. The facial expression of all individuals was neutral
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for the duration of the three-minute video. A timer, counting down in seconds, was presented
at the bottom of the video to allow the participant to track the remaining time available to
complete their speech.
Experimental Hardware. The Modified Anticipatory and Perseverative Anxiety
Assessment Task was presented on a personal computer with a 22-inch widescreen monitor
set at a resolution of 1680 x 1050 pixels with a 15 ms refresh rate. Participants’ responses
were made using a standard keyboard and mouse.
3.2.3 Task
Modified Anticipatory and Perseverative Anxiety Assessment Task (APAAT-M).
The Modified Anticipatory and Perseverative Anxiety Assessment Task was developed to
assess variation in the vulnerability to experience both anticipatory anxiety and in anxiety
perseveration. A summary of the phases of this task will be provided, before describing the
detail of what happened within each phase.
The task consisted of four phases each designed to provide conditions that allowed for
the measurement of vulnerability to two facets of anxiety, anticipatory anxiety and anxiety
perseveration. In the first phase, named the Baseline Anxiety Assessment Phase, participants
rated their state anxiety while performing a low-level cognitive task, thus allowing their
baseline level of state anxiety to be assessed. In the Anticipatory Anxiety Assessment Phase,
participants were informed that they would be required to give an impromptu speech
subsequently during the experiment and that the quality of their speech performance would
be rated by the experimenter. Thus, this phase enabled measurement of participants’ state
anxiety reaction to the threat of the speech event and so provided a measure of their
vulnerability to anticipatory anxiety. The third phase, named the Speech Phase, required
participants to deliver a speech and await feedback on the quality of their speech performance
from the experimenter. Once they received benign feedback on the quality of their
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performance, the final phase began. In the final phase, named the Anxiety Perseveration
Assessment Phase, participants completed the same low-level cognitive task in the postfeedback period. Thus, this phase enabled measurement of the degree to which participants’
state anxiety persisted following the speech event and so provide a measure of anxiety
perseveration vulnerability. In all phases, participants provided measures of state anxiety at
regular intervals. The specific parameters involved within each of these phases will now be
described in turn. The structure of the APAAT-M can be seen in Figure 2.
Baseline Anxiety
Assessment Phase

Alphanumeric
discrimination
task

Anticipatory Anxiety
Assessment Phase

Participants
alerted to
upcoming speech

Speech
preparation time

Speech
Phase

Three minute
speech
presentation

Alphanumeric
discrimination
task
(wait for
feedback)

Benign feedback
received

Anxiety Perseveration
Assessment Phase

Alphanumeric
discrimination
task

STAI-S6 ratings presented between every phase of the task

Figure 2. A schematic of the four phases of the Modified Anticipatory and Perseverative
Anxiety Assessment Task.
Baseline Anxiety Assessment Phase. In this phase participants first completed the
STAI-S6. Next, to ensure participants were occupied with a low level task during the waiting
periods, the participants spent five minutes completing an alphanumeric discrimination task
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that required them to indicate whether more letters or digits were present in a sequence of
randomly generated strings, identical to the alphanumeric discrimination task described in
Experiment 1. Participants performed the judgement as many times as possible in the fiveminute period, before then completing the STAI-S6 again. The two STAI-S6 measures taken
in this time served as a baseline measure of anxious mood. The Anticipatory Anxiety
Assessment Phase began immediately on conclusion of the second STAI-S6. The Baseline
Anxiety Index was computed by averaging the two STAI-S6 scores taken before and after
participants completed the alphanumeric discrimination task during this phase. Thus, greater
scores on this index reflected greater levels of state anxiety prior to participants’ knowledge
of the speech requirement.
Anticipatory Anxiety Assessment Phase. To gain a measure of anticipatory anxiety,
participants were asked to report their state anxiety at three equally spaced intervals
throughout the Anticipatory Anxiety Assessment Phase. To elicit anticipatory anxiety, the
experimenter informed the participant they would be required to complete a three-minute
speech and they would have five minutes to prepare, after which time they would have to
present their speech from memory. Participants were then presented with ten randomly
selected topics (e.g. sanitation, wage equality) and instructed that they must describe and link
together each of these topics in their presentation. They were told that speeches would be
scored out of 100, with five marks available for each of the topics they described and five
additional marks for a description that linked the concepts together. Participants were
informed that their speech would be recorded using a web camera and this recording would
be used by the experimenter to rate the quality of their performance. Participants were also
informed that the speeches scored below 25% would be used as teaching material as part of
the first-year psychology course at the university to ensure that participants were motivated to
avoid a poor performance.
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After they received these instructions, participants completed a STAI-S6 which
served as the first measure of anticipatory state anxiety. Upon the conclusion of the fiveminute preparation window participants completed another STAI-S6. The experimenter then
removed any notes that the participant had made and set up the video camera directed toward
the participant. Immediately prior to delivery of the speech, the participants completed a final
STAI-S6, representing the conclusion of the Anticipatory Anxiety Assessment Phase, and the
commencement of the Speech Phase.
The Anticipatory Anxiety Index was computed by calculating the mean of the three
state anxiety assessments in the anticipatory period. These included the point at which
participants were informed they will be required to give a speech, the point following their
five-minute preparation time, and the point following the removal of their notes. Thus,
greater scores on this index reflected greater levels of state anxiety in the period after having
been informed of the speech requirement but prior to the conducting the speech.
Speech Phase. The Speech Phase required participants to deliver the speech. During
the speech presentation, the Speech Audience Video was presented on the computer screen.
The video lasted three minutes and participants were instructed to use this full duration to
deliver their speech. A notification then appeared on screen, informing the participant their
speech video was being uploaded for the experimenter to assess. While this assessment
period was underway, participants were required to complete the same alphanumeric
discrimination task described previously for a five-minute duration. Following the
alphanumeric discrimination task participants summoned the experimenter. The experimenter
explained that the speech had been evaluated and had scored above the 25% threshold, and so
would not be used as teaching material. This indicated the end of the Speech Phase and the
commencement of the Anxiety Perseveration Assessment Phase.
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Anxiety Perseveration Assessment Phase. The Anxiety Perseveration Assessment
Phase was designed to allow assessment of the perseveration of anxiety after the completion
of the speech event during a five-minute window. To assess anxiety perseveration
vulnerability, participants were asked to report their state anxiety using the STAI-S6 at two
intervals. The first assessment was at the beginning of this phase, which allowed assessment
of the extent to which state anxiety was elevated at the beginning of the perseveration phase,
and enabled confirmation that state anxiety was still present following benign feedback.
Following this, participants were required to complete the same alphanumeric discrimination
task described previously for a five-minute duration. Following the alphanumeric
discrimination task participants completed the STAI-S6 again, reflecting the end of the
Anxiety Perseveration Assessment Phase and the Modified Anticipatory and Perseverative
Anxiety Assessment Task.
The Anxiety Perseveration Index reflected the persistence of state anxiety in the
period after the speech was concluded and benign feedback had been provided. This index
was computed by averaging STAI-S6 scores obtained across the two state assessments
following the experimenter speech feedback and following the five-minute alphanumeric
discrimination task. Thus, greater scores on this index reflected greater levels of state anxiety
in the period after the speech was concluded and benign feedback had been provided.
3.2.4 Procedure
Participants were tested individually in a small room. Upon arrival, participants first
provided informed consent. Participants next completed the STAI-T then the Modified
Anticipatory and Perseverative Anxiety Assessment Task. All instructions were delivered
verbally by the experimenter. The experiment session took approximately 30 minutes to
complete. Following completion participants were thanked and debriefed.
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3.3 Results

Statistical analyses had two equally important objectives. One objective was to
determine whether the Modified Anticipatory and Perseverative Anxiety Assessment Task
(APAAT-M) employed in this experiment was capable of eliciting individual differences in
anxiety perseveration vulnerability. The other objective was to determine whether the current
measure of anxiety perseveration vulnerability would predict independent variance in anxiety
vulnerability that is not predicted by anticipatory anxiety vulnerability. Analyses conducted
to meet each of these objectives will now be described in turn. Analyses were conducted
using SPSS (v24).
3.3.1 Assessment of vulnerability to anticipatory anxiety and anxiety perseveration by
the APAAT-M
Descriptive statistics for the STAI-T scores reported by participants, and for each of the
anxiety indices recorded across the APAAT-M are presented in Table 1. As described earlier,
a high score on each index demonstrates greater levels of state anxiety experienced during the
phases of the APAAT-M.
Table 1
Mean (M), standard deviation (SD), and range of participants’ STAI-T scores, and each
anxiety index measured across the phases of the APAAT-M.
Variable

M (SD)

Range

STAI-T

43.45 (11.10)

22 – 67

Baseline Anxiety Index

16.27 (6.99)

0.00 – 29.00

Anticipatory Anxiety Index

27.07 (8.51)

4.00 – 42.67

Anxiety Perseveration Index

17.68 (8.78)

0.00 – 41.50
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Analysis of APAAT-M anxiety index scores served to examine two critical issues to
ensure the current task was capable of determining whether the measure anxiety
perseveration obtained would predict independent variance in anxiety vulnerability that is not
predicted by anticipatory anxiety. First, analyses determined whether the task resulted in
elevated anticipatory anxiety. Secondly, analyses determined whether the task was successful
at revealing elevated anxiety perseveration.
To determine whether this methodology was capable of detecting elevated
anticipatory anxiety in this sample, analyses examined whether participants’ level of state
anxiety during the anticipatory anxiety assessment phase was elevated as compared to the
baseline anxiety assessment phase. A paired-samples t-test was conducted to determine
whether Anticipatory Anxiety Index scores were significantly greater than Baseline Anxiety
Index scores. The result of this test was statistically significant, t(48) = 11.61, p <.001, d =
1.39, indicating that participants experienced significantly greater levels of state anxiety in
the period immediately preceding their speech relative to baseline measurement of state
anxiety. This revealed that state anxiety was significantly elevated in response to the threat of
the upcoming speech.
To determine whether this methodology was capable of detecting anxiety
perseveration in this sample, analyses examined whether state anxiety ratings at the
commencement of the Anxiety Perseveration Assessment Phase were sufficiently elevated
relative to the baseline, thus indicating it was possible to assess anxiety perseveration.
Perseveration cannot occur if state anxiety dissipated immediately following the point at
which the benign feedback was received. To test this, a paired samples t-test was conducted
examining the Baseline Anxiety Index and the first STAI-S6 score taken at the
commencement of the anxiety perseveration assessment phase. The result was significant,
t(48) = 2.45, p = .02, d = .28, indicating that participants’ experience of state anxiety was still
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significantly elevated at the start of this phase. Crucially, this revealed that this novel
methodology was capable of measuring anxiety perseveration.
3.3.2 Contribution of anticipatory anxiety and anxiety perseveration to anxiety
vulnerability variation.
To determine whether anxiety perseveration predicted variance in anxiety
vulnerability independent of that predicted by anticipatory anxiety, a multiple regression
analysis was performed. This regression model included Anticipatory Anxiety Index scores
and Anxiety Perseveration Index scores as simultaneous predictor variables, and STAI-T
scores as the outcome variable. The regression model was significant, F(2, 46) = 18.43, p
<.001, R2 = .45, and revealed that 45% of the variation in STAI-T scores was explained by
the two predictors included in the model. Anticipatory Anxiety Index scores did not
significantly predict independent variance in STAI-T scores, with β = -.14, t(48) = -1.27, p =
.21. However, critically, Anxiety Perseveration Index scores did significantly predict
independent variation in STAI-T scores, with β = .68, t(48) = 6.07, p < .001. Thus, this
analysis revealed that when using the present method of assessing anxiety perseveration
vulnerability, individual differences in anxiety perseveration vulnerability made a
contribution to individual difference in anxiety vulnerability distinct from individual
differences in anticipatory anxiety vulnerability.
A sensitivity analysis was conducted to determine the smallest effect size that could
be detected by this analysis in the current study. With an alpha error probability of 0.05, a
power (1 – β) of 0.80, a sample size of 49 and a regression analysis with two predictors,
results indicated that this study had at least .80 power to detect an effect of R2 > = .17.
3.4 Discussion
The aim of the present study was to develop a methodology capable of assessing
vulnerability to anxiety perseveration as a dimension of anxiety vulnerability that is
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independent from vulnerability to experience anticipatory anxiety. The successful assessment
of individual differences in the vulnerability to experience anxiety perseveration using the
methodology introduced in the present experiment would render this methodology
appropriate to be employed to test the hypothesis that executive function deficits would
compromise the ability to regulate state anxiety following a stressful event, leading to
increased anxiety perseveration, but not necessarily increased anticipatory anxiety. Based on
previous findings in the literature, it was predicted that anxiety perseveration vulnerability
would predict unique variance in anxiety vulnerability scores, not predicted by anticipatory
anxiety vulnerability.
3.4.1 Examination of the first requirement of this experiment: that anxiety
perseveration vulnerability be successfully detected.
In the present study, the Anticipatory and Perseverative Anxiety Assessment Task
was modified to include an actual requirement to deliver a speech, rather than threatening a
speech without delivering. To determine whether this modification was successful it was
necessary to demonstrate both heightened anticipatory and perseverative anxiety
vulnerability. Both these effects were observed. Specifically, elevated anticipatory anxiety
vulnerability was revealed by a significant increase in participants’ state anxiety scores in
anticipation of conducting the speech relative to baseline. Anxiety perseveration vulnerability
was revealed by demonstrating significantly elevated state anxiety in the period following the
completion of the speech and receipt of benign feedback relative to baseline. This does
provide some evidence for the value of the requirement to deliver a speech, and the
ruminative thinking which occurs following such an event is important for ensuring the
perseverance of state anxiety. There is evidence that post-event ruminative thinking is an
important component of anxiety vulnerability (Dannahy & Stopa, 2007; Kocovski et al.,
2005) and the findings of the present study indicate that post-event rumination may also play
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an important role in the persistence of state anxiety following a stressful event. Thus, this
experimental methodology has been demonstrated to be capable of assessing both
anticipatory anxiety vulnerability and anxiety perseveration vulnerability in the laboratory,
making this task appropriate for testing the hypothesis of this research programme.
3.4.2 Examination of the relationship between anticipatory anxiety vulnerability,
anxiety perseveration vulnerability and anxiety vulnerability.
The APAAT-M was successful in eliciting both anticipatory anxiety vulnerability and
anxiety perseveration vulnerability. Of primary importance to the aims of this research
programme, individual differences in anxiety perseveration did account for variance in
anxiety vulnerability that was not accounted for by individual differences in anticipatory
anxiety. Thus, the present experiment was successful at developing a methodology capable of
yielding a measure of anxiety perseveration vulnerability that was able to explain variance in
anxiety vulnerability separately from that explained by anticipatory anxiety vulnerability.
The current finding that individual differences in anticipatory anxiety vulnerability
did not predict independent variance in anxiety vulnerability is inconsistent with findings
reported in previous literature which has demonstrated that both anticipatory and
perseverative anxiety vulnerability predict independent variance in anxiety vulnerability
scores, whether tested using questionnaire measures (Rudaizky & MacLeod, 2013b;
Rudaizky et al., 2012) or in vivo (Rudaizky & MacLeod, 2013a). The current finding may be
explained by the differing methodology used in this study as compared to the prior literature.
For example, previous studies examined anticipatory anxiety in the lead up to a stressful
speech task and preparation time, but participants were not required to deliver that speech.
Anxiety perseveration was then assessed in response to the removal of the requirement to
deliver a speech (Rudaizky & MacLeod, 2013a). This was similar to the methodology utilised
in Experiment 1, which found no evidence of anxiety perseveration. The present study gave
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participants a specific guide for their speech, providing time to prepare and a clear
explanation of how the speech would be rated by the experimenter. It may be the case that
this scaffolding of the speech requirement and clear description of what was required led to
reduced anxiety vulnerability-linked elevation in anticipatory anxiety. Additionally, it may be
that the requirement to actually deliver the speech elicited greater anxiety perseveration, and
so permitted more sensitive assessment of individual differences in such anxiety
perseveration, thereby resulting a measure of anxiety perseveration vulnerability that
accounted for a greater proportion of the variance in anxiety vulnerability.
3.4.3 Directions for the subsequent research programme
The aim of this study was to develop a methodology capable of assessing
vulnerability to anxiety perseveration as a dimension of anxiety vulnerability that is
independent from vulnerability to experience anticipatory anxiety, and this aim was
accomplished. This study confirmed that individual differences in anxiety perseveration
vulnerability can be measured successfully using this methodology in future experiments in
this research programme. Therefore, this phase of the research programme is complete. As
discussed in the previous chapter, the first requirement for this experimental programme was
to develop a measure of anxiety perseveration vulnerability that would predict independent
variance in anxiety vulnerability not predicted by anticipatory anxiety vulnerability. This was
met in this current study. Thus, the next phase of this research can now commence,
examining whether deficits in executive function processes are associated with elevated state
anxiety.
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Chapter 4: Interim Discussion
In Experiment 2 a methodology that proved capable of effectively assessing
individual differences vulnerability to anxiety perseveration, and confirming this to be a
dimension of anxiety vulnerability that is independent from vulnerability to experience
anticipatory anxiety, was successfully developed. This completed the second phase of this
research programme. This measure can be employed to test the hypothesis that executive
function deficits compromise the ability to downregulate state anxiety following a stressful
event, and so drive increased anxiety perseveration vulnerability, but not necessarily
increased anticipatory anxiety vulnerability. However, an adequate test of this hypothesis
requires an appropriate measure of executive function. Hence, the next stage of this research
programme was designed to identify a task that would yield such a measure.
The methodology used in Experiment 1 was designed to assess the attentional control
domain of executive function. The experiment utilised an Attentional Control Assessment
Task designed to measure the two components of attentional control which had been
examined in relation to anxiety vulnerability to the greatest extent: general attentional control
and inhibitory attentional control. However, this task did not provide an effective
measurement of either of these domains of attentional control, revealing that participants
responded more rapidly to the trials designed to be more effortful upon attentional control
relative to the trials which designed to be less effortful upon attentional control. Thus, it was
decided that the research programme would move its attention to a review of the broader
executive function literature in order to identify a facet of executive function that may more
effectively reveal individual differences in performance. When conducting this review, the
same three criteria utilised in the earlier review were considered critical for identifying a
suitable executive function candidate. Firstly, a candidate facet must be able to be assessed in
the laboratory. Secondly, as anxiety perseveration vulnerability is a known dimension of
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anxiety vulnerability, a candidate facet of executive function must be capable of
distinguishing between participants’ performance on the basis of either clinical anxiety or
anxiety vulnerability. Finally, as state anxiety must be elevated for anxiety perseveration to
occur, it is important to locate a facet of executive function capable of revealing state-anxiety
linked differences in performance.
Executive function is an umbrella term for a number of cognitive functions. Miyake et
al. (2000) demonstrated that a number tasks assessing different cognitive processes fall
within the three factor structure of executive function. Attentional control is one of these
factors. Another essential factor within executive function is working memory (Miyake et al.,
2000). Working memory is a cognitive system that allows individuals to retain access to a
limited amount of information in service of complex cognitive operations. It is believed to be
composed of four specific stores: the episodic buffer, the phonological loop, the visuospatial
sketchpad and the central executive (Baddeley, 1986, 2000, 2007). It has been theorised that
variation in working memory ability is associated with variation in anxiety vulnerability
(Eysenck et al., 2007). According to this position, anxious cognitions consume the limited
resources of working memory, and motivation to reduce the aversive anxious state promotes
the use of cognitive strategies to downregulate this emotion, effectively interfering with
working memory processes. Thus, those individuals with working memory deficits would be
impacted by the effect of anxiety vulnerability on their working memory processes.
In fact, throughout the anxiety vulnerability literature there is some suggestion that
working memory deficits will be implicated in reduced abilities to downregulation state
anxiety. In Berenbaum’s (2010) Initiation-Termination model of anxiety vulnerability, it is
argued that anxiety and worry can only be terminated once an individual accepts the
perceived threat. Working memory deficits are likely to play a critical role here, with research
recognising two ways in which these deficits would impair state anxiety downregulation
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(Bredemeier & Berenbaum, 2013). Firstly, individuals with poorer working memory have
been shown to be less tolerant of uncertainty (MacDonald, Just, & Carpenter, 1992), reducing
their ability to utilise appropriate state anxiety downregulation strategies to accept the
perceived threat as proposed in the model. Secondly, it has been shown that individuals
experiencing high levels of state anxiety and worry show restricted working memory capacity
(Hayes, Hirsch, & Mathews, 2008) and those with poorer working memory are less able to
suppress unwanted thoughts (Crowe, Matthews, & Walkenhorst, 2007), with this continued
rumination likely to drive anxiety perseveration following a stressful event. This indicates
that deficits in working memory are likely to be associated with reduced ability to
downregulate state anxiety and the tendency to experience anxiety perseveration
vulnerability.
As the working memory system involves numerous processes, different domains of
working memory are examined in the literature. The two common domains are working
memory capacity and working memory updating. Working memory capacity reflects the
ability to retain relevant information in working memory whilst performing a secondary
processing task that inhibits rehearsal of the to-be-remembered information (Redick &
Lindsey, 2013). Working memory updating reflects the ability to simultaneously update and
retrieve information stored in working memory (Bredemeier & Berenbaum, 2013).
The association between anxiety vulnerability and working memory deficits across
both of these domains is well established in both individuals with diagnoses of clinical
anxiety and non-clinical levels of heightened anxiety vulnerability (Ashcraft & Kirk, 2001;
Darke, 1988; Derakshan & Eysenck, 1998; Elliman, Green, Rogers, & Finch, 1997; MacLeod
& Donnellan, 1993). Further, a recent meta-analysis by Moran (2016) has indicated that the
association between both elevated anxiety vulnerability and heightened state anxiety and
impaired working memory is a robust and established effect, suggesting that working
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memory processes may be capable of fulfilling criteria two and three of this programme. This
designates working memory as a potential candidate executive function process that may be
associated with the vulnerability to experience anxiety perseveration. Working memory
literature has positioned working memory capacity and working memory updating as two
distinct functions. While both of these dimensions of working memory appear to rely on fluid
intelligence (Kane, Conway, Miura, & Colflesh, 2007), they are only modestly correlated
with one another (Kane et al., 2007; Oberauer, 2005; Redick & Lindsey, 2013) and training
on one of these tasks does not improve performance on the other (Jaeggi, Buschkuehl, Perrig,
& Meier, 2010). Indeed, as working memory capacity is related to the ability to store
information in memory, and working memory updating reflects the ability to replace
information in memory, it is perhaps unsurprising there is little overlap between the two
dimensions. As the literature indicates that these two components of working memory are
distinct, it was decided that the literature concerning working memory updating and working
memory capacity would be examined in greater detail, to determine the degree to which each
of these two facets of executive function meet the three criteria that will be employed, in this
research programme, to select the measure of executive function that will be used to test the
hypothesis under scrutiny.
4.1 Working memory updating
The N-Back paradigm is a task commonly used to examine the association between
working memory updating and anxiety vulnerability (Aronen, Vuontela, Steenari, Salmi, &
Carlson, 2005; Bredemeier & Berenbaum, 2013; Moran, 2016; Nakao et al., 2009; Newman,
Liddell, Beesley, & Most, 2020). The N-Back Task requires participants to remember a series
of stimuli in a sequence, and accurately recall the stimuli that occurred n items ago, thus
requiring participants to continually update the stored representations while simultaneously
retrieving information from these representations. There are several variants of this task that
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assess working memory updating across different modes of information, such as the auditory,
verbal or visuospatial information. Nonetheless, the requirement to update and retrieve
information remains identical regardless of the mode used to deliver information within the
N-Back Task. Crucially, each variant of the task is readily capable of delivery via lab-based
computer systems and so the N-Back Task immediately meets the first suitability criterion,
that the measure of executive function under consideration can successfully be deployed
within the laboratory setting. Therefore, a review of evidence demonstrating the capacity of
the N-Back Task to meet the remaining two criteria was enacted.
4.1.1 Evidence of an association between working memory updating and anxiety
vulnerability. A study by Bredemeier and Berenbaum (2013) examined the association
between working memory updating and anxiety vulnerability in a sample of individuals
diagnosed with Generalised Anxiety Disorder (GAD). In this longitudinal study 198
individuals completed a verbal and a spatial N-Back Task, reported with anxiety vulnerability
through a trait worry questionnaire measure, and completed a structured clinical interview to
assess symptoms of GAD. The results of this study indicated that both anxiety vulnerability
and GAD symptoms were negatively associated with performance on the N-Back Task.
Additionally, performance on the N-Back Task predicted changes in level of anxiety
vulnerability reported longitudinally across the two-month assessment period. This indicated
that the N-Back Task was capable of assessing individual differences in executive function
deficits, and that these deficits were associated with clinically heightened levels of anxiety
vulnerability. Moreover, the longitudinal nature of this research indicated that these deficits
are relatively stable over time, and are associated with anxiety vulnerability across an
extended period.
Another study by Stefanopoulou et al., (2014) used an N-Back Task in their sample of
17 individuals diagnosed with GAD and 17 non-anxious controls. These experimenters
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utilised a verbal N-Back Task, in which participants were required to indicate whether the
target letter was the same or different to the letter presented n-trials ago. They assessed 0- to
3-back N-Back trial types, and found that the reaction times for the GAD participants were
significantly slower than the reaction times of the non-anxious controls (Stefanopoulou et al.,
2014). This indicated that individuals higher in anxiety vulnerability expended significantly
more cognitive effort in order to respond accurately on the task as compared to individuals
lower in anxiety vulnerability. Though this study utilised reaction time measures to index
working memory performance, as compared to rather than accuracy, these findings were also
consistent with the conclusion that individuals with greater anxiety vulnerability exhibit
relatively poorer working memory updating performance as compared to individuals lower in
anxiety vulnerability.
In a non-clinical sample, Aronen, Vuontela, Steenari, Salmi, and Carlson (2005)
examined the association between working memory updating and anxiety vulnerability by
recruiting 66 school children to complete a visuospatial N-Back Task and recording their
internalizing symptoms. In this experiment participants were required to indicate with a keypress whether the spatial location of the presented stimuli was the same or different to the
stimulus presented one or two trials prior, in the 1-back or 2-back trial types, respectively.
Two mean performance scores were then indexed, in which accuracy and number of multiple
responses were calculated. The results demonstrated that those children with internalizing
problems, such as anxiety and depression, performed more poorly on the visuospatial N-Back
Task, both by failing to respond correctly to the stimulus locations and by making multiple
responses. This indicates that deficits in visuospatial working memory updating processes are
associated with heightened vulnerability to experience anxiety.
Together, these results indicate that there is an established pattern of effects linking
deficits in working memory updating with heightened anxiety vulnerability. These results are
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apparent in both clinical and non-clinical groups and are consistent when utilising verbal or
visuospatial assessment methods of the N-Back Task. This provides evidence to support the
assertion that deficits in components of executive function are associated with the tendency to
experience anxiety vulnerability, and that working memory updating meets the second
criteria for this research programme and thus may be appropriate to examine in relation to
anxiety perseveration vulnerability. However, as anxiety perseveration can only occur as the
result of compromised state anxiety downregulation, those executive function deficits
implicated in elevated state anxiety will provide the strongest evidence of an association with
anxiety perseveration vulnerability. Thus, the literature was reviewed to determine whether
the task met the final suitability criterion, which requires working memory updating deficits
to also demonstrate an association with heightened state anxiety.
4.1.2 Evidence of an association between working memory updating and
heightened state anxiety. Some literature has examined the relationship between working
memory updating deficits and state anxiety, rather than the association between working
memory updating and anxiety vulnerability more generally. One study by Hayes and
colleagues (2008) attempted to test this directly by examining whether the working memory
updating ability of high and low trait worriers was differentially associated with heightened
state anxiety. To measure working memory updating participants were required to complete a
random key-pressing task in which they were asked to randomly generate numbers with a
keyboard. This random key-pressing task was completed under conditions designed to elevate
stress, in which participants were asked to worry about a personally-relevant topic, or under
conditions designed to limit the opportunity for stress, in which participants were asked to
think about a personally-relevant emotionally positive topic. Results demonstrated that
participants high in trait worry vulnerability demonstrated working memory updating deficits
under conditions that served to elevate stress, relative to those not designed to elevate stress.
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In contrast, participants low in trait worry did not differ in either the elevated or non-elevated
state anxiety conditions. This demonstrated that working memory updating deficits appear to
be heightened under conditions of elevated state anxiety.
This association between state anxiety and working memory updating has also been
tested using the N-Back Task. Shackman et al. (2006) tested the hypothesis that state anxiety
elevated by the threat of a shock would disrupt performance on a visuospatial N-Back Task.
Sixty-six undergraduate students were recruited to complete a visuospatial N-Back Task, in
which participants were required to indicate whether the current letter on screen matched the
spatial location of the letter presented 3 letters prior. Participants completed the task under
two conditions, designed to either elevate state anxiety or not elevate state anxiety. Under
conditions designed to elevate state anxiety, participants had an electrode placed on their
wrist that they believed would deliver increasingly intense electric shocks during the
completion of the N-Back Task. Results indicated that participants performed more poorly on
the spatial N-Back Task when under the condition that exposed them to the threat of a shock
relative to the condition that did not, and additionally that startle response predicted the
degree to which working memory was disrupted. Once again, these findings demonstrated
that working memory updating deficits do appear to be associated with state anxiety under
conditions of elevated stress.
The literature reviewed provided clear evidence demonstrating that deficits in
working memory updating are associated with heightened state anxiety, particularly when
working memory updating was assessed using spatial versions of working memory updating
assessments. Therefore it was concluded that the third suitability criterion was been met.
Thus, working memory updating was determined to be a facet of executive function that met
all three of the criteria outlined in the introduction to this research programme. It can easily
be assessed in the laboratory through the use of a Spatial N-Back Task, has been shown to be

CHAPTER 4: INTERIM DISCUSSION

83

associated with anxiety vulnerability, and working memory updating appears to be influenced
by the elevation of state anxiety. This indicates that working memory updating is an
appropriate component of executive function to be examined as a potential mechanism that
may underlie the vulnerability to experience anxiety perseveration.
4.2 Working memory capacity
An alternative and commonly recognised component of executive function is working
memory capacity. Working memory capacity is defined as the ability to retain relevant
information in working memory while simultaneously performing a secondary processing
task that inhibits rehearsal of the to-be-remembered information (Redick & Lindsey, 2013).
One of the tasks most commonly used to assess working memory capacity is the Operation
Span Task. The Operation Span Task requires individuals to retain information in memory
when delivery of the information is interspersed with some problem-solving paradigm that
prevents rehearsal of the information. For example, individuals may be presented with the
task of retaining a sequence of letters presented briefly on screen, whilst having their
rehearsal of those words interrupted by the requirement to complete a mathematical equation
between letter presentations. Once again, as this task can be readily delivered though
laboratory-based computer systems, this task met the first suitability criterion. Therefore, a
review of evidence demonstrating the capacity of the Operation Span Task to meet the
remaining two criteria was enacted.
4.2.1 Evidence of an association between working memory capacity and anxiety
vulnerability. To meet the second criterion of this programme, there must be sufficient
evidence that working memory capacity deficits are associated with elevated anxiety
vulnerability. This has been demonstrated in both clinical and non-clinical samples. For
example, Amir and Bomyea (2011) tested the hypothesis that individuals with working
memory capacity deficits would demonstrate more anxiety vulnerability than those without.
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These researchers utilised an Operation Span Task to examine working memory capacity, and
recruited 36 individuals with a diagnosis of Generalised Social Phobia, as well as 35 nonanxious controls. The Operation Span Task required participants to recall social or neutral
words interspersed with mathematical equations, with the percentage of accurately recalled
words in the serial order recorded as the dependent variable. It was revealed that individuals
high in clinical anxiety vulnerability showed significantly poorer recall of those neutral words
relative to the non-anxious controls, providing evidence that poorer working memory
capacity is associated with higher anxiety vulnerability in groups of clinically anxious
individuals.
In addition to the study above, studies using non-clinical samples have found similar
results. Johnson and Gronlund (2009) recruited 50 undergraduate university students to
complete measures of anxiety vulnerability and an Operation Span Task that presented to-beremembered letter stimuli interspersed with mathematical problems. In this study individuals
displaying higher levels of anxiety vulnerability performed more poorly on the Operation
Span Task, relative to those individuals displaying lower levels of anxiety vulnerability. This
demonstrates that there is an association between working memory capacity deficits and
greater anxiety vulnerability in a non-clinical sample. This same finding was demonstrated in
a study by Salemink, Friese, Drake, Mackintosh, and Hoppitt (2013). In this study 79
participants were recruited to complete an implicit association test using social anxiety
words, to examine implicit levels of anxiety vulnerability, and an Operation Span Task
requiring the participants to remember letters between mathematical equations. Results
demonstrated a negative association between implicit anxiety vulnerability and performance
on the Operation Span, suggesting that poorer working memory capacity is associated with
greater vulnerability to experience anxiety. This suggests that working memory updating
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deficits are associated with greater anxiety vulnerability, both in clinical and non-clinical
groups.
Importantly therefore, these findings supported the second suitability criterion of the
present research programme, which required working memory capacity deficits, as measured
by the Operation Span Task, to be associated with heightened anxiety vulnerability.
However, to determine whether working memory capacity is an appropriate mechanisms to
examine for the role played in anxiety perseveration vulnerability, it was critical to determine
whether working memory capacity is impaired under conditions of elevated state anxiety to
meet the third criterion of this programme of research.
4.2.2 Evidence of an association between working memory capacity and
heightened state anxiety. There is evidence suggesting that working memory capacity is
associated with state anxiety using several methodologies. Coy et al. (2011) utilized digit
forward and backward span to assess working memory capacity under conditions of stress
present or stress absent. In the digit forward task, participants were read a string of numbers
and were required repeat them back in the same order. In the digit span backward task,
participants were read a string of numbers and were required to repeat them back in the
reverse order. In this experiment participants were either in a stress present condition,
wherein the experimenter provided instructions designed to elicit evaluation anxiety before
commencing the tasks, or a stress absent condition were provided instructions designed to be
supportive before the commencement of the tasks. The study found individuals in the stress
present condition performed more poorly on both working memory tasks relative to those in
the stress absent condition, thus providing evidence that deficits in working memory capacity
can be influenced by the presence of state anxiety.
A study by Leach and Griffith (2008) was conducted to examine the role of elevated
stress upon performance on a working memory capacity assessment. In this study three
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groups of participants were recruited, one comprising of 40 professional parachutists, 14
novice parachutists and a group of 10 age and gender matched controls. The participants in
the parachute groups completed an Operation Span Task, and heart rate was assessed as a
measure of state anxiety. Results indicated that all three groups performed equivalently
during the baseline phase of the experiment, and immediately prior to a parachute jump both
parachutist groups performed significantly worse on the Operation Span Task than did
controls, and their heart rates were significantly higher. This indicates that working memory
capacity was impaired under acute stress even for the experienced parachutists, supporting
the hypothesis that working memory deficits can be associated with state anxiety.
Importantly, when assessed immediately following the parachute jump the performance of
the experienced parachutists returned to baseline, however those novice parachutists
demonstrated continued working memory capacity deficits during this phase. This result
demonstrated that the perseveration of anxiety was greater amongst inexperienced
parachutists relative to experienced ones and that this perseveration was associated with
deficits in working memory capacity.
The above review of the relevant literature provides evidence that deficits in working
memory capacity are associated with heightened state anxiety. Therefore, it was concluded
that the third suitability criterion was been met. Thus, working memory capacity was
determined to be a facet of executive function that met all three of the criteria outlined in the
introduction to this research programme. It can easily be assessed in the laboratory through
the use of an Operation Span Task, has been shown to be associated with anxiety
vulnerability, and appears to be influenced by the elevation of state anxiety. This indicated
that working memory capacity also is an appropriate component of executive function to be
examined as a potential mechanism that may underlie the vulnerability to experience anxiety
perseveration.
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4.3 Directions for the subsequent research programme
Together, this chapter has reviewed findings relating to two separate dimensions of
executive function: working memory updating and working memory capacity. These research
findings indicated that both working memory updating and working memory capacity can be
assessed with laboratory-based tasks, are associated with heightened anxiety vulnerability,
and deficits in performance are associated with elevation in state anxiety. Hence, both of
these dimensions of executive function met the three criteria required for inclusion in the
research programme. This indicates that either of these mechanisms would be suitable to
examine the association between deficits in executive function and heightened anxiety
perseveration vulnerability. Interestingly, the two most widely used tasks, the Operation Span
and the N-Back, are only weakly correlated (Kane et al., 2007), which indicates that they
represent two separate mechanisms that may be differentially associated with anxiety
perseveration vulnerability.
Therefore, the next phase of this research programme involved the assessment of
deficits in working memory capacity and the association with state anxiety under conditions
of elevated stress. To elicit stress and thus elevate state anxiety, participants were allocated to
one of two experimental conditions. In one, they were exposed to a stress inducing task while
they completed an assessment of working memory capacity. In the other, they were not
exposed to a stress inducing task while completing the assessment of working memory
capacity. This allowed the assessment of the aim of this next phase, to locate a component of
executive function that is sensitive to the executive function deficits which would
compromise the ability to regulate state anxiety following a stressful event. Once this phase
has located a component sensitive to individual differences in the deficits associated with
elevated state anxiety, the overarching hypothesis of this programme of research will be
returned to, with the aim to test the hypothesis that executive function deficits would
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increased anxiety perseveration vulnerability, but not necessarily increased anticipatory
anxiety vulnerability.
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This research programme aimed to test the hypothesis that executive function deficits
would compromise the ability to downregulate state anxiety following a stressful event,
leading to increased anxiety perseveration vulnerability, but not necessarily increased
anticipatory anxiety vulnerability. Experiment 1 in this research programme aimed to test this
hypothesis, however methodological limitations prevented this from being tested effectively.
The task used to assess executive function was the Attentional Control Assessment Task,
designed to assess general attentional control and inhibitory attentional control. A key
limitation of Experiment 1 concerned the component executive function being assessed.
Experiment 1 employed a methodology designed to measure two specific components of
executive function, general attentional control, and inhibitory attentional control. Critically,
deficits in these facets of executive function did not reveal an association with the
vulnerability to experience anxiety perseveration. The limitations surrounding the
methodology used to assess both facets of attentional control were discussed. Importantly
however, as reviewed in Chapter 4, executive function is comprised of numerous cognitive
processes, and multiple studies have indicated that working memory functioning is a
component of executive function that is negatively associated with both elevated anxiety
vulnerability and state anxiety (Amir & Bomyea, 2011; Bredemeier & Berenbaum, 2013;
Moran, 2016; Newman et al., 2020; Sorg & Whitney, 1992).
Working memory is generally considered a system that retains access to a limited
amount of information in service of complex cognitive operations, and is composed of four
specific stores (Baddeley, 2000). Anxiety vulnerability has most commonly been associated
with deficits in the central executive, as this more general system is utilised in maintaining
task goals and inhibiting interference (Moran, 2016). Recent research has demonstrated that
working memory is a component of executive function that is associated with anxiety
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vulnerability (Moran, 2016). Specifically working memory capacity has been identified as
specific component of working memory that is negatively associated with both heightened
anxiety vulnerability and state anxiety.
Working memory capacity is the ability to retain relevant information in working
memory whilst performing a secondary processing task that inhibits rehearsal of that
information (Redick & Lindsey, 2013). Working memory capacity is typically measured
using a span measure, such as an Operation Span Task. A study using the Operation Span
Task to measure working memory capacity found that those participants displaying poorer
working memory capacity also displayed greater anxiety vulnerability, relative to nonanxious controls. This indicates that working memory capacity is associated with anxiety
vulnerability (Amir & Bomyea, 2011). Given these findings, working memory capacity
appears to be an executive process sensitive to anxiety vulnerability. Thus, this component of
working memory was considered to be an appropriate candidate for assessing executive
function to meet the overall aim of this research programme, which requires a methodology
capable of assessing the association between elevated state anxiety and executive function.
Another limitation of the methodology of Experiment 1 was the absence of measures
designed to elevate state anxiety during the experimental procedure. Emotion regulation
research suggests that individuals will attempt to regulate negative emotional states back to
homeostasis (Gross, 1998; Gross & Thompson, 2006). This process of emotion regulation
may be implicated in anxiety perseveration vulnerability and thus should be considered in the
present study to determine whether anxiety downregulation is associated with executive
function. As the vulnerability to experience anxiety perseveration represents difficulties
down-regulating elevated state anxiety following a stressful event, it was considered
important to reflect individual differences in the ability to regulate anxiety in the present
study. Thus, the present experiment will include two conditions, one in which participants are
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shown stress inducing video clips designed to increase state anxiety and require anxiety
downregulation throughout the working memory procedure, and the other in which they are
shown video clips designed to be neutral and avoid the requirement for anxiety
downregulation throughout the working memory task.
Thus, the present study recruited two groups of participants, each subjected to an
Operation Span assessment task that provided a measure of working memory capacity. Each
group completed the assessment under conditions designed to differentially elevate state
anxiety, and so differentially induce the requirement for participants to engage emotion
regulation. Under one condition, working memory was assessed under conditions designed to
elevate stress across the duration of the assessment. In the alternate condition, working
memory was assessed under conditions designed to not elevate stress across the duration of
the assessment. To verify that the conditions influenced stress as intended, state anxiety was
assessed across the duration of the working memory assessment.
Thus, the aim of this study was to test the first part of this programme’s hypothesis,
that working memory capacity deficits would compromise the ability to downregulate state
anxiety. It would be expected that evidence of the association would be greatest when
assessed under conditions that require participants to engage in state anxiety downregulation
in response to an elevation in stress. Thus, it was predicted that working memory capacity
deficits would be associated with elevated state anxiety and that due to the impact of
executive function deficits upon state anxiety downregulation, evidence of the association
would be greatest when assessed under conditions designed to elevate participants’ state
anxiety, relative to conditions that do not elevate state anxiety.
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5.2 Method

5.2.1 Participants
Invitations to participate in the experiment were extended to undergraduate students at
the University of Western Australia, who took part in the experiment for course credit.
Candidate participants were invited if they had not participated in any other experiment
within the research programme. Fifty-seven participants were recruited to the experiment (14
male, MAge = 19.00 years, SDAge = 1.41 years, RangeAge = 17-25 years; MSTAI-T = 46.54,
SDSTAI-T = 12.77, RangeSTAI-T = 21-77). Upon recruitment, participants were randomly
allocated to one of two stress induction conditions. One condition was designed to elevate
stress and require the downregulation of state anxiety in response to a stressor, labelled the
Stressor Present Condition (N = 28), and the other was designed to attenuate stress and thus
not require the downregulation of state anxiety, labelled the Stressor Absent Condition (N=
29). Participants’ self-reported levels of anxiety vulnerability did not differ significantly
between the Stressor Present Condition (MPresent = 45.36, SDPresent = 10.72), and Stressor
Absent Condition (MAbsent = 47.69, SDAbsent = 14.58), t(55) = .69, p = .50, d = .18.
5.2.2 Materials
Spielberger State-Trait Anxiety Inventory – Trait Scale (STAI-T). As in the
previous studies in the research programme, the Spielberger State-Trait Anxiety Inventory –
Trait Scale was used to assess anxiety vulnerability (Spielberger et al., 1983). Scores range
between 20 and 80, with a higher score indicating higher anxiety vulnerability.
Spielberger State-Trait Anxiety Inventory– State Scale – Short Form (STAI-S6).
As in Experiment 2, the Spielberger State Anxiety Inventory - Short Form was used to assess
state anxiety throughout the experiment (Marteau & Bekker, 1992). Scores ranged between 1
and 45, with a higher score indicating higher state anxiety.
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Stress induction video sets. To manipulate the requirement for anxiety
downregulation across the duration of the working memory assessment, two video sets were
generated. One video set, the Stress Induction Video Set, was designed to elevate stress and
so introduce the requirement for anxiety downregulation when viewed. A second video set,
the Neutral Stress Video Set, was developed to match the format of the Stress Induction
Video Set, but to attenuate stress and thus not introduce the requirement for anxiety
downregulation when viewed.
Each video set comprised ten short segments from feature films, edited to be two
minutes in length. Videos in the Stress Induction Video Set were previously rated as highly
anxiety provoking by independent student raters, including segments taken from films such
as Paranormal Activity and The Shining. Videos in Neutral Stress Video Set were rated as not
anxiety provoking by the same independent student raters, including segments taken from
films such as The Dead Poets Society and Madagascar with David Attenborough.
Experimental hardware. All components of this experiment were presented on a
personal computer with a 22-inch widescreen monitor set at a resolution of 1680 x 1050
pixels with a 15 ms refresh rate. Participants’ responses were made using a standard
QWERTY keyboard and mouse.
5.2.3 Tasks
Operation Span Task. The Operation Span Task was employed to assess
participants’ working memory capacity. This task presented 10 trials differing in the level of
difficulty, and thus the level of working memory capacity required to maintain accurate
performance. On each trial, participants viewed a sequence of single letters presented on
screen, with the presentation of each letter interspersed with a mathematical equation.
Participants were required to retain the letter sequence in memory while evaluating the
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correctness of each mathematical equation presented onscreen. A visual depiction of a trial in
the task is presented in Figure 1.

Figure 1. A schematic of the Operation Span Task.

During each trial the screen background was grey. The trial commenced with a blank
screen for 500ms. Next, a mathematical equation was presented on screen. Participants were
required to report the validity of the equation by pressing the “J” key to indicate that the
equation was correct, and the “F” key to indicate that the solution was incorrect. Once a
response was made the screen was cleared and a 7mm fixation cross was presented in the
centre of the screen for 500ms. The cross was replaced by a single letter, 10mm high, which
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remained on screen for 800ms. Participants were required to store this letter in memory for
later recall. Depending on the working memory load condition of the trial, this sequence was
repeated between 2 and 6 times.
At the end of the trial a letter sequence recall screen was presented. This screen
consisted of a 3 x 3 grid of letters. Using the mouse, participants were required to identify the
sequence of letters that had been presented across the trial. If participants could not recall a
letter in the sequence they could select “blank” in place of the un-recalled letter. Once the
letter sequence recall was completed by the participant, they were provided feedback on the
accuracy of the letter recall and mathematical errors made during that trial. Trials in the task
were presented under five distinct conditions that progressively increased the number of
letters in the letter sequence, and so increased the working memory capacity required to
perform successfully during the trial. These span-length conditions were labelled ‘2-span’,
‘3-span’, ‘4-span’, ‘5-span’, and ‘6-span’, reflecting the number of letters in the presented
letter sequence. Importantly, this gave rise to a within-subjects condition labelled Span
Length. There were two trials presented to participants of each Span Length condition from
2-span to 6-span. Across the task, trials were presented in a random order and participants
were not informed of the Span Length condition on each trial. There was a total of ten trials
throughout this task, with two trials of each Span Length presented.
Performance on the task was measured by computing the proportion of individual
correct letter responses relative to the total number of trials. The absolute Operation Span
score was calculated to allow the assessment of performance, and was calculated as the sum
of complete correctly recalled trials for each participant. For example, if a participant
correctly recalled 2 letters in a 2-span trial type and 2 letters in a 3-span trial type, and 4
letters in a 4-span trial type, their absolute Operation Span score would be 6.
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Stress manipulation procedure. To manipulate stress and the requirement for
anxiety downregulation across the duration of working memory assessment, the state anxiety
induction video sets were presented in between trials of the Operation Span Task. For those
participants in the Stressor Present Condition, a video from the video set designed to elevate
stress was presented immediately prior to the commencement of each trial in the task. For
those participants in the Stressor Absent Condition, a video from the video set designed to
attenuate stress was presented immediately prior to the commencement of each trial in the
task.
To assess state anxiety across the duration of the working memory assessment, the
presentation of each video was preceded and followed by the STAI-S6. Thus, for each
participant state anxiety was assessed at 20 points across the duration of the Operation Span
Task. Two scores were calculated from the STAI-S6 assessments. The baseline level of state
anxiety was assessed using participants’ responses on the STAI-S6 before the first mood
induction video was presented, labelled Pre-Assessment State Anxiety Index. The assessment
of the level of state anxiety that resulted from the mood induction was assessed by summing
the scores on the STAI-S6 across the mood assessment periods, from the STAI-S6 following
the presentation of the first video to the STAI-S6 following the conclusion of the final video.
This score will be referred to as the State Anxiety Index.
5.2.4 Procedure
Upon commencement of the experiment session, participants were given an
information sheet and provided informed consent. Next, participants were randomly allocated
to one of the two stress manipulation conditions. Following this, they completed the STAI-T
and completed a short practice version of the Operation Span Task that presented components
of the task separately to ensure comprehension of task requirements. First, participants
practiced recalling letter sequences of 2 and 3 items in length until four sequences had been
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completed. Next, participants practiced discriminating the correctness of 15 mathematical
equations. Finally, participants practiced three 2-span trials that included letter sequence
recall and determination of the correctness of mathematical equations. This resulted in a total
of 22 practice trials. On each trial of the practice task participants received feedback
indicating whether a correct or incorrect response was made to each of the mathematical
equations. After this practise task, participants completed the Operation Span Task. Upon
completion of the Operation Span Task, participants were debriefed.
5.3 Results
The purpose of the statistical analyses reported below was as follows. Analyses first
determined whether the stress manipulation procedure was effective in elevating state anxiety
for participants in the Stressor Present Condition relative to those participants in the Stressor
Absent Condition. Analyses then tested the hypothesis of the current study, that working
memory capacity deficits would compromise the ability to downregulate state anxiety. All
analyses were conducted using SPSS (v24).
5.3.1 Data preparation.
The purpose of the present experiment was to test whether working memory capacity
deficits would be associated with elevated state anxiety, and that due to the impact of
executive function deficits upon anxiety downregulation, evidence of the association would
be greatest when assessed under conditions designed to elevate participants’ state anxiety,
relative to conditions that do not elevate state anxiety. As such, it was important to exclude
participants whose Operation Span performance responses indicated a failure to engage with
the task as instructed. Thus, it was determined a priori that an accuracy rate at or above 85%
on the mathematical operations was required for all the participants to ensure there was no
trade-off between solving the maths equations and remembering the letters (Salemink et al.,
2013; Unsworth, Heitz, Schrock, & Engle, 2005). This criterion did not result in the
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exclusion of any participants. Participants’ mean accuracy on the mathematical problems
across trials in the task was high (M = 95.74%, SD = 3.22%, range 89% - 100%). Descriptive
statistics reporting participant accuracy across all five Working Memory Capacity levels of
the Operation Span task reported in Table 1.
Due to a programming malfunction for each participant, a random trial at one level of
the Span Length factor was missing from the data outputs. Multiple imputation was used to
estimate the values of these missing data points.
Table 1
Mean (M), standard deviation (SD) and range of performance accuracy scores across each
level of the Operation Span task (presented as percentages)
Variable

Mean (SD)

Range

Two-Span Level

99.70% (1.34%)

92% - 100%

Three-Span Level

98.66% (3.33%)

82% - 100%

Four-Span Level

95.61% (11.41%)

37% - 100%

Five-Span Level

96.90% (4.46%)

80% - 100%

Six-Span Level

94.51% (6.50%)

70% - 100%

5.3.2 Impact of stress manipulation procedure upon state anxiety.
It was important to determine whether the stress manipulation procedure was
successful in creating groups of participants who differed in level of state anxiety following
the requirement to regulate emotion. Analyses sought to verify that participants in each of the
stress manipulation conditions did not differ in their self-reported level of state anxiety prior
to the commencement of the manipulation. Analyses then examined whether participants in
the Stressor Present Condition reported significantly more state anxiety than those in the
Stressor Absent Condition throughout the procedure.
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Two scores were calculated to allow the assessment of state anxiety throughout the
experiment. The Pre-Stressor Anxiety Index was the baseline level of state anxiety, calculated
using responses on the STAI-S6 before the commencement of the first stress manipulation
video. The Stress Anxiety Index was used to indicate the level of state anxiety that resulted
from the stress manipulation, and was calculated by summing the scores on the STAI-S6
throughout the stress manipulation procedure, from the STAI-S6 following the presentation
of the first video through to the STAI-S6 following the conclusion of the final video.
Descriptive statistics for the Pre-Assessment State Anxiety Score and the State Anxiety Index
across participants in each stress manipulation condition, are presented in Table 2.
Table 2
Mean (M), standard deviation (SD) and range of state anxiety scores prior to, and during,
assessment of working memory and stress manipulation conditions.
Stressor Present Condition

Stressor Absent Condition

Assessment Time
M (SD)

Range

M (SD)

Range

13.47 (8.40)

1.00 – 30.33

15.37 (9.75)

1.00 – 44.50

23.28 (8.50)

4.04 – 39.59

13.15 (9.54)

1.17 – 43.27

Pre-Assessment State
Anxiety Index
State Anxiety Index

To determine whether participants in each stress manipulation condition differed in
state anxiety prior to, and during, the procedure, a 2 x 2 repeated measures ANOVA was
conducted. This analysis included a between-participants factor of Stress Manipulation
Condition (Stressor Present Condition, Stressor Absent Condition), and a within-participants
factor of Anxiety Assessment Point (prior to stress manipulation, during stress manipulation).
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The analysis revealed a significant main effect of Anxiety Assessment Point, F(1, 55) =
15.54, p = .001, ƞ2partial = .22, as well as a trend to a significant main effect of Stress
Manipulation Condition, F(1, 55) = 3.48, p = .07, ƞ2partial = .06. Importantly however, this
main effect was subsumed within a significant interaction between State Anxiety Assessment
Point and State Anxiety Induction Condition, F(1, 55) = 38.95, p <.001, ƞ2partial = .42.
To determine whether this interaction effect was consistent with the prediction that
participants in each stress manipulation condition would not differ in level of state anxiety
prior to the stress induction, but would differ in level of state anxiety during the stress
manipulation, planned comparison tests were conducted. These tests revealed that
participants in each condition did not differ in level of state anxiety prior to the stress
manipulation, t(55) = .79, p =.44, d = .21. However, the participants in the Stressor Present
Condition reported significantly greater levels of state anxiety during the assessment of
working memory, as compared to participants in the Stressor Absent Condition, t(55) = 4.22,
p <.001, d = 1.12. Thus, the results of these analyses revealed that the stress manipulation
was successful in engendering the intended differences in state anxiety throughout the
working memory task and stress induction.
5.3.3 Examination of the association between working memory capacity and state
anxiety under different stress conditions.
Analyses next determined whether working memory capacity was associated with
state anxiety under different stress manipulation conditions. This was done by examining this
association in each of the two stressor conditions, one in which individuals were required to
regulate their state anxiety and the other in which they were not required to do so. To do this,
two correlations were conducted.
The first correlation examined the association between working memory capacity and
state anxiety for those individuals in the Stressor Absent Condition, in which individuals
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were shown videos designed to attenuate stress. A Pearson correlation was conducted,
examining the relationship between the State Anxiety Index and the Absolute Operation Span
score for those individuals in the Stressor Absent Condition, r(28) = -.24, p= .22. This
correlation was non-significant, indicating that there was no association between working
memory capacity and state anxiety for those individuals not required to downregulate their
state anxiety.
The second correlation was then conducted to examine the association between
working memory capacity and state anxiety for those individuals in the Stressor Present
Condition, in which participants were shown videos designed to elevate stress so they would
downregulate their anxious states. A Pearson correlation was conducted, examining the
association between the State Anxiety Index and the Absolute Operation Span score for those
participants in the Stressor Absent Condition, r(27) = -.27, p = .16. This correlation was also
non-significant, indicating that there was no association between working memory capacity
and state anxiety for those participants required to regulate their anxious states following a
stressor. This indicates that the predictions of the present study were not met.
A sensitivity analysis was conducted for the two above correlations, determining the
smallest effect sizes that could be detected by the correlation analyses in the current study.
For a correlation analysis with an alpha error probability of 0.05, a power (1 – β) of 0.80, a
sample size of 29 for the Stressor Absent Condition, and 28 for the Stressor Present
Condition, results indicated that this study had at least .80 power to detect an effect of r = 48.
5.4 Discussion
The aim of the present study was to test the hypothesis that working memory capacity
deficits would compromise the ability to downregulate state anxiety. It was expected that
evidence of the association would be greatest when assessed under conditions that require
participants to engage in anxiety downregulation in response to an elevation in stress. Thus, it
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was predicted that working memory capacity deficits would be associated with elevated state
anxiety and that due to the impact of executive function deficits upon anxiety
downregulation, evidence of the association would be greatest when assessed under
conditions designed to elevate participants’ state anxiety, relative to conditions that do not
elevate state anxiety. Neither of these predictions were supported by the present study, and
thus the hypothesis was not supported.
As this task did not appear to be sensitive to the association between working memory
capacity deficits and heightened state anxiety, it is not appropriate to use this task to examine
the overarching question of this research programme. The overarching hypothesis was that
deficits in executive functions, such as attentional control, would compromise the ability to
downregulate state anxiety following a stressful event, leading to increased anxiety
perseveration vulnerability, but not necessarily increased anticipatory anxiety vulnerability.
Despite there being significant evidence that working memory capacity is linked to
elevated state anxiety (Moran, 2016), the mixed findings in the literature suggest that, in
conjunction with our own findings, this task does not appear to be able to meet the
requirements of the current programme of research (Bredemeier & Berenbaum, 2013;
Robinson, Sünram-Lea, Leach, & Owen-Lynch, 2008). Results indicated that the stress
manipulation was effective in modifying the requirement to regulate state anxiety in our
sample, and thus alternative explanations are needed. One possible explanation is related to
the inclusion of mathematical equations within the Operation Span Task, used to prevent the
rehearsal of the to-be-recalled letters throughout the set. This may have adversely
disadvantaged those individuals with poorer mathematical ability, as they would recruit more
cognitive resources in order to complete the mathematical equations relative to those with
greater mathematical ability. This would likely lead to those individuals with poorer
mathematical ability to perform more poorly on the task overall, than those with good
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mathematical skill. If this were the case, it is likely that some of the individual differences in
this sample was associated with mathematical ability rather than working memory capacity
alone. There is also some evidence that poor mathematical ability and the associated
mathematical anxiety can impact on working memory capacity (Ashcraft & Kirk, 2001;
Ashcraft & Krause, 2007). It is possible that the working memory performance in tasks
requiring mathematical ability overshadowed the association between working memory and
sensitivity to stress in a manner unanticipated by the study design. Without a direct measure
of mathematical anxiety included in the study it is difficult to interpret the findings of this
study as strong evidence against the present hypothesis.
Nevertheless, this experiment sought to examine the capability of this task to assess
whether working memory capacity deficits would compromise the ability to regulate state
anxiety to test the hypothesis of the current research programme. Thus, an alternative task
must be found that is capable of examining the association between a facet of executive
function and state anxiety. The next chapter will examine the next candidate task, capable of
measuring working memory updating ability: The Spatial N-Back Task.
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The present research programme aims to examine whether executive function deficits
would compromise the ability to downregulate state anxiety following a stressful event,
leading to increased anxiety perseveration vulnerability, but not necessarily increased
anticipatory anxiety vulnerability. As reviewed in Chapter 4, research has demonstrated that
there is an association between reduced executive function and an elevated tendency to
experience state anxiety in response to stressful events.
The previous experiment investigated whether the Operation Span Task was capable
of assessing whether working memory capacity deficits would compromise the ability to
regulate state anxiety. Under each stress manipulation condition, executive function was
assessed via an assessment of working memory capacity, a known domain of executive
function (Engle, Tuholski, Laughlin, & Conway, 1999). The experiment did not demonstrate
evidence of an association between working memory capacity and state anxiety under
conditions of high or low stress. Thus, it was concluded that working memory capacity is not
a domain of executive function sensitive to differences in state anxiety, and so would be
unsuited to investigate the overarching hypothesis of this research programme concerning the
association between executive function and anxiety perseveration vulnerability.
For this reason, the present experiment sought to investigate the association between
executive function and state anxiety by assessing a different domain of working memory,
working memory updating ability. Working memory updating ability represents the ability to
simultaneously update information stored in working memory and provide responses based
on that information (Bredemeier & Berenbaum, 2013). There is evidence that working
memory updating and capacity represent different components of executive function, as
indicated by weak correlations between the two measures (Kane, Conway, Miura, &
Colflesh, 2007; Redick & Lindsey, 2013).
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This ability is most commonly assessed using an N-Back Task paradigm. In this
paradigm, participants are required to store a series of targets in working memory, such as a
series of spatial locations or letters. On each trial, participants are required to update the
stored target information with a new target, such as a new spatial location or letter, while
simultaneously dropping a remembered target from the set. The degree to which participants
are able to simultaneously hold and update sets of increasing size reflects greater working
memory updating ability. Using this paradigm, researchers have demonstrated that
individuals who demonstrated poorer working memory updating displayed greater anxiety
vulnerability, relative to individuals without a deficit. For example, Bredemeier and
Berenbaum (2013) recruited 198 participants to completed several cognitive tasks, including
both verbal and spatial versions of the N-Back Tasks, questionnaires assessing anxiety
vulnerability, and a diagnostic interview for Generalised Anxiety Disorder. Results indicated
that poorer performance on both spatial and verbal working memory performance was
associated with higher anxiety vulnerability. This indicates that the N-Back Task has been
shown to be associated with anxiety vulnerability.
In support of this finding, recent meta-analytic research has demonstrated that poor
performance on N-Back assessment tasks across a range of assessment modalities, is
associated with heightened state anxiety (Moran, 2016). Given these findings, working
memory updating appears to be an executive function sensitive to elevation in state anxiety
and so appears to be an executive function process suited to meeting the aims of the present
research programme. While there are a number of N-Back assessment tasks, using spatial
locations and verbal stimuli among others, a large number of studies examining working
memory updating and state anxiety have specifically utilised spatial stimuli. In a metaanalysis and literature review, Moran, (2016) suggests that evidence of anxiety-linked
impairment in the N-Back task performance is often found in Spatial N-Back tasks, and
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suggests that this may due to the fact that spatial working memory processes utilise the same
brain areas as anxious arousal. Thus, the Spatial N-Back task was chosen to measure working
memory updating in the current study.
The present study aimed to examine the hypothesis that working memory updating
deficits would compromise the ability to downregulate state anxiety. The methodology
adopted here closely matched the methodology adopted in the previous study, with the sole
exception being that the assessment of executive function now comprised an assessment of
working memory updating ability. Thus, the present study recruited two groups of
participants, each subjected to a Spatial N-Back assessment task that provided a measure of
working memory updating. Each group completed the assessment under conditions designed
to differentially elevate stress, and so differentially induce the requirement for participants to
engage anxiety downregulation. Under one condition, working memory updating was
assessed under conditions designed to elevate stress across the duration of the assessment. In
the alternate condition, working memory updating was assessed under conditions designed to
not elevate stress across the duration of the assessment. To verify that the conditions
influenced stress as intended, state anxiety was assessed across the duration of the working
memory updating assessment.
If it is the case that working memory updating deficits are associated with elevated
state anxiety, it would be expected that evidence of the association would be greatest when
assessed under conditions that required participants to engage in anxiety downregulation in
response to an elevation in state anxiety. Thus, it was predicted that working memory
updating deficits would be associated with elevated state anxiety and that, due to the impact
of poor executive function upon anxiety downregulation, evidence of the association would
be greatest when assessed under conditions that elevate participants’ state anxiety, as
compared to conditions that do not elevate state anxiety.
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6.2 Method

6.2.1 Participants
Invitations to participate in the experiment were extended to undergraduate students at
the University of Western Australia, who took part in the experiment for course credit.
Candidate participants were invited to take part if they were between 18 and 35 years of age
and had not participated in any other experiment within the research programme. Sixty
participants were invited to participate, however computer malfunction resulted in 25
participants’ data being lost. Thus, thirty-five participants completed the experiment (13
male, MAge = 19.14 years, SDAge =2.43 years, RangeAge = 18 - 32; MSTAI-T = 41.57, SDSTAI-T =
10.79, RangeSTAI-T = 24 - 70). Upon recruitment, participants were randomly allocated to one
of two stress induction conditions. One condition, labelled the Stressor Present Condition (N
= 17), was designed to present participants with a stressor that would elevate state anxiety
and so require the downregulation of anxiety. The other condition, labelled the Stressor
Absent Condition (N= 18), was designed to not present participants with a stressor that would
elevate state anxiety and so would not require the downregulation of anxiety. Participants’
self-reported levels of anxiety vulnerability did not differ significantly between the Stressor
Present Condition (MPresent = 42.94, SDPresent = 11.79), and Stressor Absent Condition (MAbsent
= 40.28, SDAbsent = 9.93), t(33) = -.73, p = .47, d = .24.
6.2.2 Materials
All materials used in this experiment were identical to those in the previous chapter,
Experiment 3, with two exceptions. Firstly, the Spatial N-Back Task was used for the
assessment of working memory updating in place of the Operation Span Task for the
assessment of working memory processing capacity. Secondly, there were only eight film
clips in each of the stress manipulation video sets as the Spatial N-Back Task had relatively
fewer trials. The Spatial N-Back Task is described below.
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6.2.3 Tasks
Spatial N-Back Task. The Spatial N-Back Task was employed to measure
participants’ working memory updating. This task presented eight trials that required
increasingly greater working memory updating ability to perform effectively. On each trial,
participants viewed a series of targets that appeared in one of four spatial locations and were
required to identify the location of formerly presented targets at increasing temporal distances
from the currently presented target. This is designed to elevate working memory updating
ability, as it requires participants to simultaneously update information stored in working
memory and provide responses based on that information for an increasing number of items.
A visual depiction of the task is presented in Figure 3.

Figure 3. A schematic of trials in the Spatial N-Back Task.

During a trial the screen background was grey. A black diamond, 180 mm in length,
containing four grey circles, 50 mm in diameter, was located in the centre of the screen. Each
trial duration was 2800ms. During this time a blue circle target was presented for 500ms in
one of the four grey circles. The location of each target in the sequence was chosen randomly,
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though with equal frequency in each of the four possible locations across trials. The blue
circle target was then removed, and the screen was returned to the original four grey circles
for the remaining 2300ms. Participants were required to identify the location of the current
target or earlier presented targets, contingent upon the working memory load condition, and
this could be done at any time during the trial. Participants responded using the “Y”, “H”,
“G”, or “B” keys on their keyboard, which corresponded to the relative positions of the grey
circles on screen. The accuracy of the response was recorded by the task. During the trial
participants were not provided feedback on the accuracy of their response.
Participants completed a series of trials under four distinct Memory Load conditions.
The purpose of the Memory Load conditions was to consistently increase the working
memory load required to complete them. Hence, a baseline condition, labelled ‘0-back’,
required participants to indicate the current location of that the target (target(n)) appeared
during each target presentation. Thus, under this condition participants were not required to
store target locations in working memory. For each trial in the 1-back condition, during each
target presentation participants were required to indicate the location in which the preceding
target had been presented (i.e. target (n - 1)). Hence, under this condition participants were
required to update working memory at the presentation of each new target to recall the
location of target (n - 1). Similarly, for each trial in the 2-back condition, on each new target
presentation participants were required to indicate the location of the penultimate preceding
target (i.e. target (n - 2)). Lastly, for each trial in the 3-back condition, on each new target
presentation participants were required to indicate the location of the antepenultimate
preceding target (i.e. target (n - 3)). Hence, given the relatively greater load upon working
memory updating processes required to accurately respond on these trials this condition
required the greatest recruitment of working memory updating ability.
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The task comprised a series of eight trials that each presented 10 targets in sequence.
The first two trials in the task presented targets under the 0-back condition, and working
memory load condition subsequently increased after every two trials. Each trial was
immediately preceded by the presentation of instructions that informed the participant of the
requirement of the upcoming trial. Each trial was immediately followed by feedback that
informed participants of the number of response errors recorded during the trial.
To assess total performance on the Spatial N-Back Task a Working Memory Slope
Score was generated, by calculating the slope of the decline in accuracy across the four
working memory conditions using a standard slope equation. This equation involved the
subtraction of each N-Back condition from the prior, and this was divided by the number of
conditions completed by the participant (4). The extent to which participants performance
declined over increasingly difficult conditions is indicated by a more negative score, with a
score of zero indicating the participant performed equally well across all conditions.
Stress manipulation procedure. To manipulate the requirement for emotion
regulation across the duration of working memory assessment, the stress induction video sets
were integrated within the Spatial N-Back Task. For those participants in the Stressor Present
Condition, a video from the video set designed to elevate stress was presented immediately
prior to the commencement of each trial in the task. For those participants in the Stressor
Absent Condition, a video from the video set designed to attenuate stress was presented
immediately prior to the commencement of each trial in the task.
To assess the level of state anxiety that resulted from the stress manipulation, the
STAI-S6 was completed both before and after each video presentation. State anxiety scores
were calculated by summing the scores on the STAI-S6 recorded following the presentation
of the first video to the STAI-S6 following the conclusion of the final video, inclusive. This
score will be labelled the State Anxiety Index.
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6.2.4 Procedure
The procedure for this experiment was identical to that described in Experiment 3,
albeit with the critical difference that participants completed the Spatial N-Back Task in place
of the Operation Span Task.
6.3 Results
As in Experiment 3, the purpose of the statistical analyses was as follows: Analyses
determined whether the stress manipulation procedure was effective in elevating state anxiety
for participants in the Stressor Present Condition induction condition relative to participants
in the Stressor Absent Condition. Analyses then examined whether relatively poorer working
memory updating ability was associated with greater state anxiety under each stress
condition. All analyses were conducted using SPSS (v24). In addition, moderation analyses
were conducted using PROCESS the version 3 plugin for SPSS (Hayes, 2018)
6.3.1 Data preparation.
As the purpose of the present experiment was to examine working memory updating,
it was important to exclude from analysis those participants whose responses on the Spatial
N-Back indicated a failure to comply with the requirements of the task. Thus, it was
determined a priori that participants whose response accuracy rate was below 25% across any
of the Spatial N-Back conditions would be excluded from subsequent analysis, as this would
indicate participants were performing below chance. This criterion resulted in the exclusion
of 14 participants. Remaining participants (n = 21) had a mean accuracy of 90.71% (SD =
16.52%, range 50% - 100%) across trials in the baseline zero-back Memory Load condition.
Descriptive statistics for all four Memory Load conditions are presented in Table 1.
Table 1
Mean, standard deviation (SD) and range of participant accuracy scores across four
Memory Load conditions, presented as percentages.
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Mean (SD)

Range

Zero-Back Accuracy

90.71% (16.53%)

50% - 100%

One-Back Accuracy

88.81% (20.85%)

35% - 100%

Two-Back Accuracy

75.40% (24.00%)

33% - 100%

Three-Back Accuracy

74.40% (27.38%)

25% - 100%

6.3.2 Impact of stress manipulation procedure upon state anxiety
It was important to determine whether the stress manipulation procedure was
successful in its aim of generating groups of participants that differed in level of state anxiety.
Analyses sought to verify that participants in each stress manipulation condition did not differ
in their self-reported level of state anxiety immediately prior to the working memory
assessment and stress manipulation. Analyses then examined whether participants in the
Stressor Present Condition demonstrated significantly greater levels of state anxiety across
the duration of the working memory assessment and stress manipulation as compared to
participants in the Stressor Absent Condition.
The baseline level of state anxiety was assessed by examining participants’ responses on
the STAI-S6 before the first mood induction video was presented and will be referred to as
the Pre-Stressor Anxiety Index. The assessment of the level of state anxiety that resulted
from the stress induction resulted in the generation of the Stress Anxiety Index. Descriptive
statistics for participant state anxiety scores across stress manipulation conditions, are
presented in Table 2.
Table 2
Mean (M), standard deviation (SD) and range of the Pre-Assessment State Anxiety Score
and the State Anxiety Index during the mood induction procedure.
Assessment Time

Stressor Present Condition

Stressor Absent Condition
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M (SD)

Range

M (SD)

Range

11.42 (10.92)

1.00 – 39.17

9.62 (6.46)

1.00 – 26.17

20.68 (12.69)

1.02 – 44.09

10.61 (6.26)

1.10 – 24.70

Pre-Stressor Anxiety
Index
Stress Anxiety Index

To determine whether participants in each stress manipulation condition differed in
state anxiety prior to, and during, the stress manipulation procedure, a 2 x 2 repeated
measures ANOVA was conducted. This analysis included a between-participants factor of
Stress Manipulation Condition (Stressor Present Condition, Stressor Absent Condition), and a
within-participants factor of State Anxiety Assessment Time (prior to stress manipulation,
during stress manipulation). The analysis revealed no significant main effect of Stress
Manipulation Condition, F(1, 19) = 2.32, p = .14, ƞ2partial = .11, and a significant main effect
of State Anxiety Assessment Time, F(1, 19) = 16.94, p = .001, ƞ2partial = .47. Importantly
however, this main effect was subsumed within a significant interaction between State
Anxiety Assessment Time and Stress Manipulation Condition, F(1, 19) = 11.05, p = .004,
ƞ2partial = .37.
To determine whether this interaction effect was consistent with the prediction that
participants in each stress manipulation condition would not differ in level of state anxiety
prior to the stress manipulation, but would differ in level of state anxiety during the stress
manipulation, planned comparisons were conducted. These tests revealed that participants in
each condition did not differ in level of state anxiety prior to the stress manipulation, t(19) =
.46, p = .65, d = .20. However, during the stress manipulation participants in the Stressor
Present Condition reported significantly greater levels of state anxiety, as compared to
participants in the Stressor Absent Condition, t(19) = 2.34, p = .03, d = 1.01. Thus, the results
of these analyses revealed that the stress manipulation was successful in engendering
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differences in level of state anxiety between participants in each stress manipulation
condition.
6.3.3 Examination of the association between working memory updating and state
anxiety under stress manipulation conditions.
Analyses next determined whether working memory updating ability was associated
with state anxiety under each of the two stress manipulation conditions. To examine this, two
correlations were conducted. The first correlation examined the relationship between the
Stress Anxiety Index and the Working Memory Slope Score for those individuals in the
Stressor Absent Condition. This correlation was non-significant, r(10) = -.50, p = .12,
indicating that for those in the Stressor Absent Condition there was no association between
performance on the working memory task and state anxiety.
Next, a correlation was conducted to examine the relationship between the Stress
Anxiety Index and the Working Memory Slope Score for those individuals in the Stressor
Present Condition. This correlation was significant, r(9) = -.67, p = .03, and indicated that for
those in the Stressor Present Condition there was an association between performance on the
working memory task and state anxiety. This was consistent with the prediction that the
association between working memory updating ability and state anxiety was most evident
under conditions that require emotion regulation.
6.3.4 Examination of the effect of stress on the association between working memory
updating ability and state anxiety.
Though correlational analyses demonstrated that the association between working
memory updating performance and state anxiety was evident exclusively under the condition
requiring emotion regulation, it was important to determine whether the strength of the
association between working memory performance and state anxiety was statistically
different between conditions. Thus, a hierarchical linear regression was computed to
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determine whether the stressor present or stressor absent conditions statistically moderated
the association between working memory updating ability and state anxiety.
This analysis included Working Memory Slope Score as the independent variable and
Stress Anxiety Index as the dependent variable in the first step, and additionally included the
interaction term involving Working Memory Slope Score and Stress Manipulation Condition
(Stressor Absent Condition, Stressor Present Condition) as the moderator variable in the
second step. The first step yielded a significant overall model, with R = .74, R2 = .54, F(3,17)
= 6.68, p = .004. No significant effect of Working Memory Scope Score was observed (p =
.24) indicating that, overall, working memory updating ability was not associated with state
anxiety. However, a significant interaction between Stress Manipulation Condition and
Working Memory Slope Score was present, and the addition of the moderator variable
explained significant additional variance in the model, R2 change = .13, F(1,17) = 4.81, p =
.04 [95% CI -219.42: -4.28], indicating that the relationship between working memory and
state anxiety was moderated by Stress Manipulation Condition.
On examination of the conditional effects it was determined that the association
between Working Memory Slope Score and State Anxiety Index was not significant under
the Stressor Absent Condition, b = -30.57, t(10) = 1.23, p = .23 [95% CI -82.97: 21.84], but
was statistically significant under the Stressor Present Condition, b = -142.42, t(9) = 3.20, p =
.005 [95% CI -236.35: -48.47]. Importantly, this demonstrated that poorer working memory
updating ability was associated with elevated state anxiety exclusively under conditions of
elevated stress and with the requirement of emotional downregulation, and not under
conditions of attenuated stress without the requirement of emotional downregulation.
A sensitivity analysis was conducted to determine the smallest effect size that could
be detected by the regression analysis in the current study. With an alpha error probability of
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0.05, a power (1 – β) of 0.80, a sample size of 21, results indicated that this study had at least
.80 power to detect an effect of R2 > = .35.
6.4 Discussion
The aim of the present study was to test the hypothesis that working memory updating
deficits would compromise the ability to downregulate state anxiety. It was predicted that
working memory updating deficits would be associated with elevated state anxiety and that,
due to the impact of executive function deficits upon anxiety downregulation, evidence of the
association would be greatest when assessed under conditions that elevate participants’ state
anxiety, as compared to conditions that did not elevate state anxiety.
The results of the present study were consistent with this prediction. Specifically,
poorer working memory updating ability was associated with greater levels of state anxiety
exclusively under conditions that induced stress and so introduced the requirement for
participants to downregulate state anxiety, as compared to conditions that did not require
participants to downregulate state anxiety. Of primary importance to the research programme,
this revealed that the utilised Spatial N-Back Task was sensitive to the association between
executive function and state anxiety and so meets the criteria for use in the research
programme. The relation between these findings and the broader literature will now be
discussed, followed by the implications that these findings hold for the continuation of the
research programme.
6.4.1 Relation to Literature Concerning the Relationship between Executive Function
and State Anxiety
The present findings indicate that working memory updating deficits are associated
with elevated state anxiety under conditions of elevated stress. In contrast, the findings of the
preceding study demonstrated that working memory capacity deficits are not associated with
state anxiety, regardless of whether or not participants are exposed to elevated stress. This
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identifies a difference in the manner in which distinct components of executive function are
associated with emotional vulnerability.
Some prior studies have also found evidence of working memory updating deficits
being associated with elevated state anxiety, with deficits in working memory updating
(Robinson et al., 2008; Shackman et al., 2006), greater state worry (Bredemeier &
Berenbaum, 2013). This indicates a pattern of poorer working memory updating being
associated with elevated state anxiety. While it is unclear from the present studies why the
discrepancy between findings in this study differs from those in the previous chapter, it may
be the case that differences in the results from working memory capacity and updating are
due to the requirement to complete mathematical operations during the assessment of
working memory capacity. As discussed previously, prior literature has indicated that
individual differences in mathematical performance and perhaps even mathematical anxiety
may play an important role in the efficacy of working memory capacity assessments
(Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007). As there are individual differences in the
ability to complete mathematical operations with or without mathematical anxiety may have
obscured any potential differences in working memory performance that was associated with
the stress induction in this experiment. However, future research will be able to test whether
this difference between state anxiety linked deficits in working memory is due to the different
facets of working memory being recruited, or due to the inclusion of mathematical operations
by utilising an assessment of working memory capacity that does not rely on mathematical
ability, such as the letter span task. Such research would contribute to theories concerning the
relationship between working memory, executive function, and state anxiety.
6.4.2 Implications for the Research Programme.
The hypothesis under scrutiny within this research programme is that deficits in
executive functions, such as attentional control and working memory, compromise the ability

CHAPTER 6: EXPERIMENT 4

118

to downregulate state anxiety following a stressful event, leading to increased anxiety
perseveration vulnerability, but not necessarily increased anticipatory anxiety vulnerability.
As the present study was successful in identifying a task that was sensitive to the association
between poor executive function and state anxiety under conditions where state anxiety had
been elevated, the presently adopted assessment of working memory updating performance
was considered a suitable paradigm to employ when conducting the experimental study
required to test the validity of the main hypothesis in this research programme. The next
phase of the research programme was designed to assess the validity of this hypothesis, using
measures of state anxiety perseveration (and anticipatory state anxiety) derived from the
methodology employed in Study 2, and the measure of executive function employed in the
present study.
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Chapter 7: Experiment 5

An extensive literature demonstrates that deficits in executive function are associated
with heightened anxiety vulnerability (Moran, 2016). Additionally, the vulnerability to
experience anxiety perseveration is a poorly understood and under researched facet of anxiety
vulnerability. The overarching aim of the present research programme was to test the
hypothesis that deficits in executive functions would compromise the ability to downregulate
state anxiety following a stressful event, leading to increased anxiety perseveration
vulnerability, but not necessarily increased anticipatory anxiety vulnerability. It was
determined that the association between executive function deficits and state anxiety may
provide a potential explanation of the experience of anxiety perseveration (Rudaizky &
MacLeod, 2013a). Thus, the aim of Experiment 3 and 4 was to identify a domain of working
memory capable of revealing a negative association between executive function and state
anxiety in response to stressful events.
Experiment 3 examined the candidate domain working memory processing capacity:
the ability to retain relevant information in working memory whilst performing a secondary
process that inhibits rehearsal of that information (Redick & Lindsey, 2013). There is some
evidence in the literature that working memory processing capacity may be associated with
various anxiety processes (Amir & Bomyea, 2011), and this evidence is consistent with the
Attentional Control Theory (Eysenck et al., 2007), as poorer working memory capacity may
be quickly consumed by anxious cognitions. Experiment 3 however, determined that working
memory processing capacity, as revealed by Operation Span Task performance, was not
associated with state anxiety under conditions of relatively heightened or lower levels of
stress.
Experiment 4 examined the candidate domain working memory updating: the ability
to simultaneously update information stored in working memory and provide responses based
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on that information (Bredemeier & Berenbaum, 2013). The experiment determined that
working memory updating ability, as revealed by Spatial N-Back Task performance, was
sensitive to state anxiety-linked deficits in working memory updating ability, with elevated
state anxiety being associated with poorer working memory updating ability. This finding is
consistent with proposals in the literature that updating and utilization of information in
working memory is associated with change in state anxiety (Bredemeier & Berenbaum,
2013). Hence, the results of this study demonstrated that working memory updating ability
may plausibly be associated with state anxiety perseveration.
The overarching aim of this research programme was to test the hypothesis that
deficits in executive function would compromise the ability to downregulate state anxiety
following a stressful event, leading to increased anxiety perseveration vulnerability, but not
necessarily increased anticipatory anxiety vulnerability. This current study sought to test one
variant of this overarching hypothesis, namely that deficits in working memory updating
would compromise the ability to downregulate state anxiety following a stressful event,
leading to increased anxiety perseveration vulnerability, but not necessarily to increased
anticipatory anxiety vulnerability. Importantly, the identification of a task capable of
revealing state anxiety-linked differences in executive function in Experiment 4, coupled with
the identification of a procedure conducive to assessing individual differences in anxiety
perseveration in Experiment 2, allowed for the development of a methodological approach
capable of examining the validity of the model hypothesized by the research programme.
Thus, the aim of the present study was to emulate the intention of Experiment 1, by adopting
a methodological approach that incorporated the methodologies conducted in Experiment 2
and Experiment 4. The components of the methodological approach adopted in the present
study will now be described in turn.
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Experiment 2 determined that individual differences in anxiety perseveration was
effectively revealed under experimental conditions that subjected participants to a stressful
event that successfully elevated state anxiety, and that allowed post-event rumination to
occur. Therefore, the present study employed an identical approach to revealing individual
differences in anxiety perseveration as was employed in Experiment 2. Specifically, this
procedure consisted of four parts. In the first, participants completed a basic cognitive task
and rated their baseline anxiety. Participants were then informed that they would be required
to deliver a speech, and anticipatory anxiety was assessed in the preparation time they were
given. Participants then completed a speech task, which they believed was recorded and rated
by an experimenter. Finally, the experimenter provided benign feedback about their
presentation and anxiety perseveration vulnerability was assessed from this point. Higher
perseveration was revealed by higher scores on the state anxiety ratings taken during the final
part of the task.
Experiment 4 determined that a measure of working memory updating, the Spatial NBack Task, was sensitive to change in state anxiety-linked. In this task, participants were
required to store and update the location of visuospatial stimuli in working memory, with
increasing difficulty created by requiring memory and updating of larger sets of spatial
locations. Better performance across this task was revealed by a lesser decline in performance
across increasingly difficult working memory conditions. In the present experiment, this task
was completed by participants under conditions designed to differentially elevate state
anxiety, and so differentially induce the requirement for participants to engage anxiety
downregulation.
The aim of the present study was to test the hypothesis that deficits in working
memory updating would compromise the ability to downregulate state anxiety following a
stressful event, leading to increased anxiety perseveration vulnerability, but not necessarily
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increased anticipatory anxiety vulnerability. Consistent with this hypothesis, it was predicted
that the association between working memory updating and anxiety perseveration will be
stronger when working memory updating is assessed under conditions in which participants
must engage in anxiety downregulation relative to conditions in which they do not. Hence,
when controlling for the variance explained by anticipatory anxiety vulnerability, poorer
working memory updating ability will be associated with elevated anxiety perseveration, and
this association will be stronger under conditions in which participants are required to
downregulate their state anxiety.
To examine the validity of the hypothesis, the present study assessed individual
differences in anticipatory anxiety and anxiety perseveration, as well as working memory
updating performance under conditions with or without a stressor. To ensure that the
influence of the anxiety perseveration task and working memory updating tasks upon state
anxiety perseveration was not confounded, these tasks were completed over two separate but
counterbalanced experimental sessions.
7.2 Method
7.2.1 Participants
Participant recruitment mirrored that of Experiment 4. Invitations to participate in the
experiment were extended to undergraduate students at the University of Western Australia,
who participated for course credit. Students were excluded from participating if they had
completed any other experiment within this research programme. This experiment took part
across two sessions that were held between six to eight days apart. One hundred and five
participants were recruited, however seven of these did not complete the experiment. Three
participants chose to withdraw during the Modified Anticipatory and Perseverative Anxiety
Assessment Task. Four participants failed to attend the second experimental session, and so
their data were excluded. This left 98 participants within this experiment (28 male; MAge =
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19.76 years, SDAge = 4.37 years, RangeAge = 17 - 46; MSTAI-T = 45.14, SDSTAI-T = 10.53,
RangeSTAI-T = 25 to 72).
Upon recruitment, participants were randomly allocated to one of two stress induction
conditions. One condition was designed to present participants with a stressor that would
elevate state anxiety and so require the downregulation of anxiety, labelled the Stressor
Present Condition (N = 49, MPresent = 47.18, SDPresent = 11.99). The other condition, labelled
the Stressor Absent Condition, was designed to not present participants with a stressor that
would elevate state anxiety and so would not require the downregulation of anxiety (N = 49,
MAbsent = 43.10, SDAbsent = 8.47). Participants’ self-reported levels of anxiety vulnerability did
not differ significantly between the Stressor Present Condition and the Stressor Absent
Condition, t(96) = 1.95, p = .06, d = .39.
7.2.2 Materials
Spielberger State-Trait Anxiety Inventory – Trait Scale (STAI-T). The
Spielberger State-Trait Anxiety Inventory was used to assess anxiety vulnerability
(Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983), as used and described in Experiment
1.
Spielberger State-Trait Anxiety Inventory – State Scale – Short Form (STAI-S6).
As in Experiment 4, the Spielberger State-Trait Anxiety Inventory - Short Form of the State
Scale was used to assess state anxiety throughout the experiment (Marteau & Bekker, 1992).
Scores ranged between 1 and 45, with a higher score indicating more state anxiety.
Speech Audience Video. The Speech Audience Video used in this experiment was
identical to the one described in Experiment 2. The purpose of the Speech Audience Video
was to present participants with a realistic viewing experience that mimicked the point of
view of a speech presenter. Figure 1 displays a still screen from the Speech Audience Video.
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Figure 1. Screen capture of the speech audience video and countdown timer.
Stress Induction Video Sets. The Stress Induction Videos sets used in this
experiment were identical to those presented in the previous chapter. Two video sets were
developed, one designed to attenuate stress and the other designed to elevate stress. Each
video was taken from a film or television show and lasted two minutes in duration. There
were eight video clips in each set.
Experimental Hardware. All components of this experiment were presented on a
personal computer with a 22-inch widescreen monitor set at a resolution of 1680 x 1050
pixels with a 15 ms refresh rate. Participants’ responses were made using a standard keyboard
and mouse.
7.2.3 Tasks
Modified Anticipatory and Perseverative Anxiety Assessment Task (APAAT-M).
The task used to assess anxiety perseveration vulnerability was identical to the one described
in Experiment 2. A description of the characteristics of this task is presented henceforth. A
summary of the phases of this task will be provided, before describing the detail of what
happened within each phase.
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The Modified Anticipatory and Perseverative Anxiety Assessment Task was
developed to assess variation the vulnerability to experience anticipatory anxiety and anxiety
perseveration. The task consisted of four phases each designed to provide conditions that
allowed for the measurement of vulnerability to two facets of anxiety, anticipatory anxiety
and anxiety perseveration. In the first phase, named the Baseline Anxiety Assessment Phase,
participants rated their state anxiety while performing a low-level cognitive task, thus
allowing their baseline level of state anxiety to be assessed. In the Anticipatory Anxiety
Assessment Phase, participants were informed that they would be required to give an
impromptu speech subsequently during the experiment and that the quality of their speech
performance would be rated by the experimenter. Thus, this phase enabled measurement of
participants’ anxiety reaction to the threat of the speech event and so provided a measure of
anticipatory anxiety vulnerability. The third phase, named the Speech Phase, required
participants to deliver a speech and await feedback on the quality of their speech performance
from the experimenter. Once they received benign feedback on the quality of their
performance, the final phase begun. In the final phase, named the Anxiety Perseveration
Assessment Phase, participants completed the same low-level cognitive task in this period.
Thus, this phase enabled measurement of the degree to which participants’ state anxiety level
persisted in following the speech event and so provided a measure of anxiety perseveration
vulnerability. In all phases, participants provided measures of state anxiety at regular
intervals. The specific parameters involved within each of these phases will now be described
in turn. The structure of the APAAT-M can be seen in Figure 2.
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Anticipatory Anxiety
Assessment Phase
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Assessment Phase
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discrimination
task
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(wait for
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Alphanumeric
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STAI-S6 ratings presented between every subcomponent of the task

Figure 2. A schematic of the four phases of the Modified Anticipatory and Perseverative
Anxiety Assessment Task.

Baseline Anxiety Assessment Phase. In this phase, participants first completed the
STAI-T questionnaire and the STAI-S6. Next, to ensure participants were occupied with a
low level task during the waiting periods, the participants spent five minutes completing an
alphanumeric discrimination task that required them to indicate whether more letters or digits
were present in a sequence of randomly generated strings, identical to the alphanumeric
discrimination task described in Experiment 1. Participants performed the judgement as many
times as possible in the five-minute period, before then completing the STAI-S6 again. The
two STAI-S6 measures taken in this time served as a baseline measure of anxious mood. The
Anticipatory Anxiety Assessment Phase began immediately on conclusion of the second
STAI-S6. The Baseline Anxiety Index was then computed by averaging the two STAI-S6
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scores taken before and after participants completed the alphanumeric discrimination task
during this phase. Thus, greater scores on this index reflected greater levels of state anxiety
prior to participants’ knowledge of the speech requirement.
Anticipatory Anxiety Assessment Phase. To gain a measure of anticipatory state
anxiety, participants were asked to report their state anxiety at three equally spaced intervals
throughout the anticipatory anxiety assessment phase and these three ratings were
subsequently averaged. To elicit anticipatory anxiety, the experimenter informed participants
they would be required to complete a three-minute speech and they would have five minutes
to prepare after which time they would have to present their speech from memory.
Participants were then presented with ten randomly selected topics (e.g. sanitation, wage
equality) and instructed that they must describe and link together each of these topics in their
presentation. They were told that speeches would be scored out of 100, with five marks
available for each of the topics they described and five additional marks for a description that
linked the concepts together. Participants were informed that their speech would be recorded
using a web camera and this recording would be used by the experimenter to rate the quality
of their performance. Participants were also informed that speeches scored below 25% would
be used as teaching material as part of the first-year psychology course at the university.
After they received these instructions participants completed a STAI-S6 which served
as the first measure of anticipatory state anxiety. Upon the conclusion of the five-minute
preparation window participants completed another STAI-S6. The experimenter then
removed any notes that the participant had made and set up the video camera directed toward
the participant. Immediately prior to delivery of the speech, the participants completed a final
STAI-S6, representing the conclusion of the Anticipatory Anxiety Assessment Phase, and the
commencement of the Speech Phase.
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The Anticipatory Anxiety Index was then computed by calculating the mean of the
three state anxiety assessments in the anticipatory period. These included the point at which
participants were informed they would be required to give a speech, the point following their
five-minute preparation time, and the point following the removal of their notes. Thus,
greater scores on this index reflected greater levels of state anxiety in the period after having
been informed of the speech requirement but prior to the conducting the speech.
Speech Phase. The Speech Phase required participants to deliver the speech. During
the speech presentation, a Speech Audience Video was presented on the computer screen.
The video lasted three minutes and participants were instructed to use this full duration to
deliver their speech. A notification then appeared on screen, informing the participant their
speech video was being uploaded for the experimenter to assess. While this assessment
period was underway, participants were required to complete the same alphanumeric
discrimination task described previously for a five-minute duration. Following the
alphanumeric discrimination task participants summoned the experimenter. The experimenter
explained that the speech had been evaluated and had scored above the 25% threshold, and so
would not be used as teaching material. This indicated the end of the Speech Phase and the
commencement of the Anxiety Perseveration Assessment Phase.
Anxiety Perseveration Assessment Phase. The Anxiety Perseveration Assessment
Phase was designed to allow assessment of the perseveration of state anxiety after the
completion of the speech event during a five-minute window. Participants were asked to
report their state anxiety at two intervals. To assess anxiety perseveration participants first
completed the STAI-S6 which served as a measure of anxious mood during a period of
perseveration. Following this, participants were required to complete the same alphanumeric
discrimination task described previously for a five-minute duration. Following the
alphanumeric discrimination task participants completed the STAI-S6 again, reflecting the
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end of the Anxiety Perseveration Assessment Phase, and the Modified Anticipatory and
Perseverative Anxiety Assessment Task.
The Anxiety Perseveration Index reflected the persistence of state anxiety in the
period after the speech was concluded and benign feedback had been provided. This index
was computed by averaging STAI-S6 scores obtained across the two state assessments
following the experimenter speech feedback and following the five-minute alphanumeric
discrimination task. Thus, greater scores on this index reflected greater levels of state anxiety
in the period after the speech was concluded and benign feedback had been provided.
Additionally, the first score from the phase allowed the assessment of the extent to which
state anxiety was elevated at the beginning of the perseveration phase to confirm that state
anxiety was still present following benign feedback
Spatial N-Back Task. The Spatial N-Back Task was employed to measure working
memory updating ability among participants. The task here is the same as that described in
Experiment 4, and is described in detail below.
The Spatial N-Back Task was employed to measure participants’ working memory
updating ability. This task presented eight trials that required increasingly greater working
memory updating ability to perform effectively. On each trial, participants viewed a series of
targets that appeared in one of four spatial locations and were required to identify the location
of formerly presented targets at increasing temporal distances from the currently presented
target. This was designed to elevate working memory updating ability, as it required
participants to simultaneously update information stored in working memory and provide
responses based on that information for an increasing number of items. A visual depiction of
the task is presented in Figure 3.
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Figure 3. A schematic of trials in the Spatial N-Back Task.

During each trial the screen background was grey. A black diamond, 180 mm in
length, containing four grey circles, 50 mm in diameter, was located in the centre of the
screen. Each trial duration was 2800ms. During this time a blue circle target was presented
for 500ms in one of the four grey circles. The location of each target in the sequence was
chosen randomly, though with equal frequency in each of the four possible locations across
trials. The blue circle target was then removed, and the screen was returned to the original
four grey circles for the remaining 2300ms. Participants were required to identify the location
of the current target or earlier presented targets, contingent upon the working memory load
condition, and this could be done at any time during the trial. Participants responded using
the “Y”, “H”, “G”, or “B” keys on their keyboard, which corresponded to the relative
positions of the grey circles on screen. The accuracy of the response was recorded. During
the trial participants were not provided feedback on accuracy of their response.
Participants completed a series of trials under four distinct Memory Load conditions.
The purpose of the Memory Load conditions was to consistently increase the working
memory load required to complete them. Hence, a baseline condition, labelled ‘0-back’,
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required participants to indicate the current location that the target (target(n)) appeared during
each target presentation. Under this condition participants were not required to store target
locations in working memory. For each trial in the 1-back condition, during each target
presentation participants were required to indicate the location in which the preceding target
had been presented (i.e. target (n - 1)). Under this condition participants were required to update
working memory at the presentation of each new target to recall the location of target (n - 1).
Similarly, for each trial in the 2-back condition, on each new target presentation participants
were required to indicate the location of the penultimate preceding target (i.e. target (n - 2)).
Lastly, for each trial in the 3-back condition, on each new target presentation participants
were required to indicate the location of the third preceding target (i.e. target (n - 3)). Hence,
given the relatively greater load upon working memory updating processes required to
accurately respond on these trials, this condition required greatest recruitment of working
memory updating ability.
The task comprised a series of eight trials that each presented 10 targets in sequence.
The first two trials in the task presented targets under the 0-back condition, and working
memory load condition subsequently increased after every two trials. Each trial was
immediately preceded by the presentation of instructions that informed the participant of the
requirement of the upcoming trial, and followed by feedback that informed participants of the
number of response errors recorded during the trial.
As in the previous study, to assess working memory, a Working Memory Slope Score
was calculated across the four working memory load conditions using a standard slope
formula. This formula involves counting the rise of the slope, the values of working memory
accuracy for each of the four working memory load conditions, and dividing this number by
the run of the slope, the number of points being assessed. A greater negative score indicated
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that accuracy declined as the Memory Load condition became more demanding, and a greater
positive score indicated that accuracy increased as Memory Load condition increased.
Stress manipulation procedure. To manipulate the requirement for emotion
regulation across the duration of the working memory assessment, the state anxiety induction
video sets were integrated within the Spatial N-Back Task. For those participants in the
Stressor Present Condition, a member of the video set designed to elevate stress was
presented immediately prior to the commencement of each trial in the task. For those
participants in the Stressor Absent Condition, a member of the video set designed to attenuate
stress was presented immediately prior to the commencement of each trial in the task. To
assess the extent to which individuals were capable of downregulating their state anxiety
across the duration of the working memory experiment, the presentation of each video was
preceded and followed by the STAI-S6. Thus, for each participant state anxiety was assessed
across 16 points across the duration of the Spatial N-Back Task.
Participants’ state anxiety was assessed between trials of the Spatial N-Back Task
with integrated stress manipulation. The scale was presented both before and after each mood
induction video presented to participants. Two scores were calculated from these
assessments. The baseline level of state anxiety was assessed using participants’ responses on
the STAI-S6 before the first mood induction video was presented, labelled Pre-Assessment
State Anxiety Index. The assessment of the level of state anxiety that resulted from the mood
induction was assessed by summing the scores on the STAI-S6 across the mood assessment
periods, from the STAI-S6 following the presentation of the first video to the STAI-S6
following the conclusion of the final video. This score will be referred to as the State Anxiety
Index.
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7.2.4 Procedure
Testing for this experiment occurred across two sessions. Upon the commencement of
each experimental session participants were given an information form and provided
informed consent. Participants completed the Spatial N-Back Task in one session, and they
completed the APAAT-M in the other. These sessions were held six to eight days apart, and
the order of the sessions was counterbalanced. During the first experimental session
participants completed the STAI-T. Participants were partially debriefed at the conclusion of
their first session, whereby the experimenter explained the purpose of that particular
assessment, but not the overarching study aims. They were fully debriefed at the end of the
second session. Regardless of the order of these tasks, to reduce drop-out participants were
sent an SMS reminder of their upcoming appointment approximately 24 hours prior to their
scheduled experimental session.
The session in which the participants completed the Spatial N-Back Task ran as
follows: Participants were randomly allocated to one of the two stress induction conditions.
Following this, participants completed a short practice version of the Spatial N-Back Task,
including a single trial for each Memory Load condition. All task instructions were delivered
on-screen, although the experimenter was present throughout the session to answer any
questions. Participants were asked to complete the task as accurately as possible. This session
took approximately 60 minutes.
The session in which participants completed the APAAT-M ran as follows:
Participants were tested individually, in small sound-attenuated rooms. Participants provided
informed consent upon arrival, and they then commenced the APAAT-M. All instructions for
this task were delivered verbally by the experimenter. This part of the experiment took
approximately 30 minutes.
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7.3 Results

The objective of the statistical analyses was to test the validity of the hypothesis of the
present research programme, that deficits in working memory updating would compromise
the ability to downregulate state anxiety following a stressful event, leading to increased
anxiety perseveration vulnerability, but not necessarily increased anticipatory anxiety
vulnerability.
To do so, analyses first examined several key requirements necessary for the
determination of the validity of the hypothesis. First, it was necessary to confirm that
anticipatory anxiety vulnerability and anxiety perseveration vulnerability were successfully
measured in the sample. Second, it was necessary to confirm that individual differences in
anxiety perseveration vulnerability predicted variance in anxiety vulnerability independent of
variance predicted by anticipatory anxiety vulnerability. Third, it was necessary to confirm
that the mood induction procedure conducted during that assessment of working memory
performance was successful in elevating state anxiety in those participants in the Stressor
Present Condition, as compared to those in the Stressor Absent Condition. All analyses were
conducted using SPSS (v24) with the PROCESS plugin (v3) (Hayes, 2018).
7.3.1 Data preparation.
Consistent with data preparation procedures enacted in Experiment 4, participants
whose response accuracy rate was below 25% across any of the four conditions of the Spatial
N-Back Task were excluded from analyses, as this indicated that participants were
responding at random. This criterion resulted in the exclusion of 12 participants. Remaining
participants (N = 86) had a mean accuracy of 96.28% (SD = 11.64%, range 35% - 100%)
across trials in the baseline zero-back condition. The descriptive statistics for all four
Memory Load conditions of the N-Back task are presented in Table 1.
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Table 1
Mean (M), standard deviation (SD) and range of participant performance accuracy across
all four Memory Load conditions.
M (SD)

Range

Zero-Back Accuracy

96.28% (11.64%)

35% - 100%

One-Back Accuracy

94.88% (11.09%)

50% - 100%

Two-Back Accuracy

90.44% (15.75%)

44% - 100%

Three-Back Accuracy

79.07% (20.91%)

31% - 100%

7.3.2 Assessment of anticipatory anxiety vulnerability and anxiety perseveration
vulnerability by the APAAT-M
Descriptive statistics for the STAI-T scores reported by participants, and for each of
the anxiety indices computed across the APAAT-M task are presented in Table 2. As
described earlier, a high score on each index demonstrated greater levels of state anxiety
experienced during the phases of the APAAT-M.
Table 2
Mean (M), standard deviation (SD) and range of participants’ STAI-T scores, and each
anxiety index measured across the phases of the APAAT-M; M (SD)
Variable

M (SD)

Range

STAI-T

44.83 (10.72)

25 - 72

Baseline Anxiety Index

12.29 (7.37)

1.00 – 29.92

Anticipatory Anxiety Index

26.44 (9.75)

1.00 – 45.00

Anxiety Perseveration Index

13.78 (8.54)

1.00 – 40.25
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Analysis of APAAT-M anxiety index scores served to examine two critical issues.
First, analysis determined whether the task resulted in elevated state anticipatory anxiety.
Second, analysis determined whether the task resulted in elevated state anxiety perseveration.
To determine whether state anxiety was successfully elevated in anticipation of the
speech event across participants, analyses examined whether the participants’ level of state
anxiety during the anticipatory anxiety assessment phase was elevated compared to the
baseline anxiety assessment phase. A paired-samples t-test was conducted between
Anticipatory Anxiety Index scores and Baseline Anxiety Scores. The result of this test was
statistically significant, t(85) = 15.46, p <.001, d = 1.60, indicating that participants did
experience significantly greater levels of state anxiety in the period immediately preceding
their speech relative to the baseline measurement of state anxiety. This revealed that the task
was successful in elevating state anxiety across participants in anticipation of the upcoming
speech.
To determine whether the task was successful in eliciting anxiety perseveration across
participants, analyses examined whether state anxiety ratings at the commencement of the
anxiety perseveration assessment phase were significantly elevated relative to the baseline
anxiety assessment phase. To test this, a paired samples t-test was conducted examining the
Baseline Anxiety Index and the first STAI-S6 score taken at the commencement of the
anxiety perseveration assessment phase. The result of this test was statistically significant,
t(86) = 2.52, p = .01, d = .24, indicating that participants’ state anxiety continued to be
significantly greater than baseline during the anxiety perseveration assessment period.
Crucially, this revealed that task was successful in eliciting anxiety perseveration following
the speech period across participants.
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7.3.3 Contribution of anticipatory anxiety and anxiety perseveration to anxiety
vulnerability variation
To determine whether anxiety perseveration predicted variance in anxiety
vulnerability independent of variance predicted by anticipatory anxiety, a multiple regression
analysis was performed using the Hayes’ PROCESS macro in SPSS (v3; Hayes, 2018). This
regression model included Anticipatory Anxiety Index scores and Anxiety Perseveration
Index scores as simultaneous predictor variables, and STAI-T scores as the outcome variable.
The regression model was significant, F(2,85) = 14.99, p < .001, R2 = .27, and revealed that
27% of the variance in STAI-T scores was explained by predictors included in the model.
Anticipatory Anxiety Index scores did not significantly predict independent variance in
STAI-T scores, β = .19, t(85) = 1.53, p = .13. Importantly however, Anxiety Perseveration
Index scores did significantly predict independent variance in STAI-T scores, β = .51, t(85) =
3.60, p =.001. Thus, this analysis revealed that in the present study individual differences in
anxiety perseveration predicted individual differences in anxiety vulnerability independent
from individual differences in anticipatory anxiety.
7.3.4 Impact of state anxiety manipulation upon level of state anxiety during the
assessment of working memory updating ability.
To determine whether the state anxiety manipulation conditions were successful in
generating two groups of participants that differed in level of state anxiety, analyses first
verified that participants in each Stress Induction Condition did not differ in level of state
anxiety immediately prior to the working memory assessment. Next, analyses determined
whether participants in the Stressor Present Condition demonstrated significantly greater
levels of state anxiety across the duration of the stress manipulation condition, as compared
to participants in the Stressor Absent Condition.
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To determine the level of state anxiety experienced by participants prior to
commencement of the stress manipulation conditions, participants’ responses on the STAI-S6
delivered before the first mood induction video were examined. These responses were
labelled the Pre-Assessment State Anxiety Index. The examination of the level of state
anxiety that resulted from the mood induction was assessed by computing the sum of
participants’ scores on the STAI-S6 questionnaires completed across the assessment of
working memory. This score was referred to as the State Anxiety Index. Descriptive statistics
for state anxiety indices across participants in each state anxiety manipulation condition, are
presented in Table 3.
Table 3
Mean (M), standard deviation (SD) and range of the Pre-Assessment State Anxiety Index and the
State Anxiety Index during the mood induction procedure.

Assessment Time

Negative mood induction

Neutral mood induction

condition

condition

M (SD)

Range

M (SD)

Range

12.90 (8.17)

1.00 - 29.33

12.14 (7.56)

1.00 – 26.17

23.67 (10.60)

1.10 – 43.16

10.23 (6.41)

1.28 – 24.44

Pre-Assessment State Anxiety
Index
State Anxiety Index

To determine whether participants in each state anxiety condition differed in state
anxiety prior to, and during, the assessment of working memory capacity, a 2 x 2 repeated
measures ANOVA was conducted on these data. This analysis included a between-
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participants factor of Stress Induction Condition (stressor present condition, stressor absent
condition), and a within-participants factor of Anxiety Assessment Time (prior to working
memory assessment, during working memory assessment). The analysis revealed a
significant main effect of Anxiety Assessment Time, F(1,84) = 32.94, p <.001, ƞ2partial = .28.
There was also a significant main effect of Stress Induction Condition, F(1,84) = 19.47, p
<.001, ƞ2partial = .19. Importantly however, this main effect was subsumed within a significant
interaction between State Anxiety Assessment Time and Stress Induction Condition, F(1,84)
= 67.38, p <.001, ƞ2partial = .453.
To determine whether this interaction effect was consistent with the prediction that
participants in each stress induction condition would not differ in level of state anxiety prior
to the assessment of working memory and stress induction condition, but would differ in
level of state anxiety during the assessment of working memory, planned comparisons were
conducted. These tests revealed that participants in each condition did not differ in level of
state anxiety prior to the assessment of working memory, t(84) = .45, p = .65, d = .10.
However, participants in the Stressor Present Condition reported significantly greater levels
of state anxiety during the assessment of working memory as compared to participants in the
Stressor Absent Condition, t(84) = 7.19, p <.001, d = 1.55. Thus, the results of these analyses
revealed that the stress manipulation was successful in engendering differences in level of
state anxiety during the working memory assessment between participants in each stress
induction condition.

3

An additional 2 (Stress Induction Condition) x 2 (Anxiety Assessment Time) x 2 (Presentation Order)
ANOVA was conducted to determine whether the order of presentation (e.g. Working Memory task vs AAPAT
first) influenced results. The findings of the present analysis were not changed, indicating that the order of
presentation did not influence results.
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7.3.5 Examination of the association between working memory updating ability and
anxiety perseveration vulnerability, independent of anticipatory anxiety vulnerability,
under stress induction conditions.
This experiment was designed to assess whether working memory updating ability
deficits predicted elevated anxiety perseveration independently of the role played by
anticipatory anxiety, and whether this predicted association differed under conditions in
which stress is elicited relative to conditions in which it is not. It was hypothesized that
deficits in executive functions, such as attentional control, would compromise the ability to
downregulate state anxiety following a stressful event, leading to increased anxiety
perseveration vulnerability, but not necessarily increased anticipatory anxiety vulnerability.
To determine the validity of this hypothesis, two hierarchical multiple regression
analyses were conducted, one for each of the stress manipulation conditions. The first
examined the association between working memory updating, anxiety perseveration and
anticipatory anxiety for those participants in the Stressor Absent Condition. This included the
Anxiety Perseveration Index as the dependent variable, the Anticipatory Anxiety Index as the
predictor variable in the first step of the regression, and the Working Memory Slope Score as
the predictor variable at the second step of the regression using method Enter. The model was
significant at Step 1, R2 = .21, F(1,37) = 9.31, p = .004, indicating that there was significant
shared variance between the Anxiety Perseveration Index and the Anticipatory Anxiety
Index. The model was also significant at Step 2, R2 = .21, F(2,37) = 4.53, p = .02. The
addition of the Working Memory Slope Score did not add predictive value to the model, as
shown by the non-significant change score, R2 = <.001, F(1,35) <.001, p = .99, indicating
that there was no association between anxiety perseveration and working memory updating
when controlling for the association of anticipatory anxiety. The individual predictors of the
model are presented in Table 4 below.
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Table 4.
Linear regression model of predictors of the Anxiety Perseveration Index, the Anticipatory
Anxiety Index and the Working Memory Slope Score for those in the Stressor Absent
Condition.
b

SE B

β

p

Constant

4.81

2.36

Anticipatory Anxiety Index

.28

.09

Constant

4.82

2.55

Anticipatory Anxiety Index

.28

.09

.45

.005

Working Memory Slope Score

.12

11.35

.002

.99

Step 1
.05
.45

.004

Step 2
.07

A sensitivity analysis was conducted to determine the size of the effect that could be
detected based on the analysis above. With an alpha error probability of 0.05, a power (1 – β)
of 0.80, a sample size of 45 and a regression analysis with two predictors, results indicated
that this study had at least .80 power to detect an effect of R2 > = .19.
Next, the association between working memory updating, anxiety perseveration and
anticipatory anxiety for those participants in the Stressor Present Condition was examined. It
was anticipated that there would be an association under this condition. This regression
model included the Anxiety Perseveration Index as the dependent variable, the Anticipatory
Anxiety Index as the predictor variable in the first step of the regression, and the Working
Memory Slope Score as the predictor variable at the second step of the regression using
method Enter. The model was significant at Step 1, R2 = .42, F(1,35) = 24.85, p < .001,
indicating that there was significant shared variance between the Anxiety Perseveration Index
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and the Anticipatory Anxiety Index. The model was also significant at Step 2, R2 = .47,
F(2,35) = 13.83, p <.001. The addition of the Working Memory Slope Score did not add
predictive value to the model, as shown by the non-significant change score, R2 = 03, F(1,33)
= 2.04, p = .16, indicating that there was no association between anxiety perseveration and
working memory updating when controlling for the association of anticipatory anxiety. The
individual predictors of the model are presented in Table 5 below.

Table 5
Linear regression model of predictors of the Anxiety Perseveration Index, the Anticipatory
Anxiety Index and the Working Memory Slope Score for those in the Stressor Present
Condition.
b

SE B

β

p

-2.36

3.75

.66

.13

-3.33

3.76

.62

.13

.61

<.001

-26.57

18.60

-.19

.16

Step 1
Constant
Anticipatory Anxiety Index

.53
.65

<.001

Step 2
Constant
Anticipatory Anxiety Index
Working Memory Slope Score

.38

A sensitivity analysis was conducted to determine the size of the effect that could be
detected based on the analysis above. With an alpha error probability of 0.05, a power (1 – β)
of 0.80, a sample size of 41 and a regression analysis with two predictors, results indicated
that this study had at least .80 power to detect and effect of R2 > = 0.20.
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This model indicates that working memory updating ability did not predict anxiety
perseveration scores once the variance explained by anticipatory anxiety was controlled for.
This was the case for both of the stress induction conditions assessed4. This indicates that
there was not sufficient evidence to support the hypothesis of the present study.
7.4 Discussion
The aim of this study was to test the hypothesis that deficits in working memory
updating would compromise the ability to downregulate state anxiety following a stressful
event, leading to increased anxiety perseveration vulnerability, but not necessarily increased
anticipatory anxiety vulnerability. The results of the present study indicate that the hypothesis
was not supported, as there was no evidence of an association between anxiety perseveration
vulnerability and working memory updating ability under either stress induction condition.
7.4.1 The association between working memory updating ability and anxiety
perseveration.
The hypothesized association between anxiety perseveration and working memory
updating was not supported by the current data, as analyses demonstrated no evidence of an
association between working memory updating and anxiety perseveration either under neutral
conditions or conditions of elevated stress. Thus, the findings are inconsistent with both the
wider literature (Moran, 2016) and the Attentional Control Theory (Eysenck et al., 2007),
which predicts that elevated levels of state anxiety will be associated with poorer
performance on working memory tasks. Thus, it appears that the Spatial N-Back Task taps
into a component of executive function not impaired by anxiety perseveration.
The present study demonstrated no association between working memory updating
and anxiety perseveration vulnerability, which is important as the previous study examined

4

These analyses were also conducted while including the order of the presentation of tasks as a
covariate. The findings of the present analysis were not changed, indicating that the order of presentation did not
influence results.
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the association between state anxiety and working memory updating ability and found a clear
association. However, experiment 4 was limited by the small sample size and poor
compliance with task instructions. There did not appear to be any association between
working memory and state anxiety using a larger sample than the previous study, it may
simply be the case that this effect was spurious in the previous experiment.
However, the findings from Experiment 4 were not the single driving factor behind
the selection of the Spatial N-Back Task when examining the association between anxiety
perseveration vulnerability and facets of executive function. The association between state
anxiety and working memory has been found previously (Bredemeier & Berenbaum, 2013)
and has been shown to be an established effect through a meta-analysis (Moran, 2016). It is
unclear why the examination of state anxiety following a stressful event, anxiety
perseveration vulnerability, is not associated with working memory in a similar manner.
7.4.2 Concluding remarks.
The present study demonstrated that reduced working memory updating ability was
not associated with elevated anxiety perseveration vulnerability under conditions of elevated
stress. The broader implications of the present findings in the context of current literature on
the relationship between anxiety vulnerability, executive function, and anxiety perseveration
vulnerability, in conjunction with those findings demonstrated by previous studies in the
research programme, will be discussed in the subsequent and final chapter of this thesis.
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Chapter 8: General Discussion
The final chapter of this thesis will first provide a review of the experimental findings
in the research programme. Next, conclusions concerning the validity of the present
hypothesis that can be drawn from these findings will be described. Following this,
implications of these conclusions for the understanding of anticipatory and perseverative
anxiety vulnerability as distinct dimensions of anxiety vulnerability, and the association
between deficits in executive function and state anxiety and perseverative anxiety
vulnerability will be considered. Finally, potential avenues for future research will be
discussed.
8.2 Review of Experimental Findings
The principal purpose of the present research programme was to examine the validity
of the hypothesis that executive function deficits would compromise the ability to
downregulate state anxiety following a stressful event, leading to increased anxiety
perseveration vulnerability, but not necessarily increased anticipatory anxiety vulnerability.
According to this hypothesis the association between executive function and anxiety
perseveration vulnerability will be stronger when executive function is assessed under
conditions in which participants are required engage in anxiety downregulation strategies in
response to stress, relative to conditions in which they are not. Thus, it was predicted that
when controlling for the variance explained by anticipatory anxiety, executive function
deficits would be associated with elevated anxiety perseveration vulnerability, and this
association would be stronger under conditions in which participants were required to
downregulate their anxiety in response to stress. The research programme comprised several
phases, each designed to systematically evaluate the suitability of methods designed to test
these predictions.
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Experiment 1 tested the hypothesis that deficits in attentional control, a component
process of executive function, would compromise the ability to downregulate state anxiety
following a stressful event, leading to anxiety perseveration vulnerability without elevating
anticipatory anxiety vulnerability. The methodology in this experiment did not demonstrate
an effective measure of attentional control or anxiety perseveration vulnerability, and so the
next phases were designed to develop appropriate methodologies to sensitively assess each of
the two components of the overarching hypothesis.
Experiment 2 aimed to develop a methodology appropriate to sensitively assess
anxiety perseveration vulnerability. This method included the addition of a requirement to
present a speech to enhance the likelihood that state anxiety was sufficiently elevated to allow
the perseveration of state anxiety. The study confirmed that this method succeeded in this aim
and so was capable of assessing anxiety perseveration vulnerability, and confirmed that
anxiety perseveration vulnerability represented a source of variance in anxiety vulnerability
beyond that accounted for by anticipatory anxiety vulnerability. Following this, the research
programme moved its attention to the identification of an alternative facet of executive
function that would meet the purpose of the research programme.
Following a review of the literature, it was decided that assessment of executive
function in the research programme should be extended beyond the examination of
attentional control. Thus, Experiment 3 and Experiment 4 evaluated the suitability of working
memory updating and working memory capacity as candidate processes to be assessed
throughout the remainder of the research programme. As part of this evaluation, working
memory performance was examined both with and without the exposure to a stressor to
examine individual differences in the degree to which each domain of working memory
performance was compromised by elevated state anxiety. Experiment 3 utilised an Operation
Span Task to assess working memory capacity and found that working memory capacity was
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not impacted by heightened state anxiety. Experiment 4 utilised a Spatial N-Back Task to
assess working memory updating and found that performance was impaired when state
anxiety was elevated under conditions of stress. Thus, working memory updating was
identified as a suitable candidate process to test the hypothesis of the research programme.
The final phase of the research programme returned to directly testing the hypothesis
of the research programme. In this experiment the methodologies demonstrated to be suitable
in Experiment 2 and Experiment 4 were combined to provide a more powerful test of the
hypothesis as compared to Experiment 1. Importantly, Experiment 4 demonstrated that
working memory updating ability was associated with heightened state anxiety, under
conditions of induced stress, relative to conditions of attenuated stress. The implications of
the key findings obtained from experiments conducted across the research programme will
now be reviewed in greater detail in turn.
8.2.1 Evidence that anxiety perseveration vulnerability contributes to individual
differences in anxiety vulnerability distinct from anticipatory anxiety vulnerability. The
relative contributions of anticipatory anxiety vulnerability and anxiety perseveration
vulnerability to individual differences in anxiety vulnerability were examined in Experiment
1, Experiment 2, and Experiment 5. Importantly, Experiment 2 and Experiment 5 provided
evidence that variation in anxiety perseveration vulnerability contributes to individual
differences in anxiety vulnerability distinct from the contribution made by variation in
anticipatory anxiety vulnerability.
Experiment 1 assessed anticipatory anxiety vulnerability and anxiety perseveration
vulnerability through the use of the Anticipatory and Perseverative Anxiety Assessment Task.
This task required participants to report their levels of state anxiety across three five-minute
windows situated at key junctures relative to the introduction and subsequent removal of a
speech stressor designed to elevate state anxiety. In this experiment two outcomes were
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identified as necessary preconditions, to permit assessment of whether variation in anxiety
perseveration vulnerability makes a unique contribution to anxiety vulnerability distinct from
the contribution made by variation in anticipatory anxiety vulnerability. The first
precondition was that levels of self-reported state anxiety in the anticipatory anxiety
assessment phase were demonstrated to be significantly higher than levels of self-reported
state anxiety in the baseline anxiety assessment phase. This would indicate that the
experimental method had been successful in elevating anxiety upon the introduction of the
speech stressor. The second precondition was that levels of state anxiety reported at the start
of the anxiety perseveration assessment phase were significantly higher than levels of state
anxiety reported during the baseline anxiety assessment phase. This would indicate that the
speech stressor had been successful in producing elevated state anxiety at the commencement
of the anxiety perseveration assessment phase, as is necessary to allow state anxiety
perseveration to occur. Analyses conducted in Experiment 1 demonstrated that the second
precondition was not fulfilled, and revealed that state anxiety perseveration was not
successfully elicited across participants. Thus, as anxiety perseveration was not elicited it was
not possible to examine whether this specific facet of anxiety made an independent
contribution to anxiety vulnerability over and above the contribution made by anticipatory
anxiety vulnerability.
In response to the findings of Experiment 1, Experiment 2 adopted a novel approach
to the assessment of anticipatory and perseverative anxiety vulnerability through the use of a
modified Anticipatory and Perseverative Anxiety Assessment Task. This version of the task
consisted of four phases, throughout which participants were required to report their levels of
state anxiety across repeated temporal windows situated at key junctures relative to the
introduction, duration, and removal of a speech stressor designed to elevate state anxiety. As
in Experiment 1, Experiment 2 required that the same two preconditions be met to ensure its
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capacity to examine anxiety perseveration vulnerability. The first precondition was that levels
of anxiety reported in the anticipatory anxiety assessment phase needed to be significantly
greater than the levels of anxiety reported during the baseline anxiety assessment phase, and
second was that levels of state anxiety reported at the commencement of the anxiety
perseveration assessment phase needed to be significantly greater than levels of state anxiety
reported during the baseline anxiety assessment phase. Importantly, analyses conducted in
Experiment 2 demonstrated that the methodology did indeed meet these preconditions.
Moreover, the findings confirmed that anxiety perseveration vulnerability predicted
significant variance in anxiety vulnerability distinct from variance predicted by anticipatory
anxiety vulnerability.
This methodology developed in Experiment 2 was also employed in Experiment 5.
Analyses conducted in Experiment 5 again demonstrated that the methodology met the
necessary preconditions, and once again the findings confirmed that anxiety perseveration
vulnerability predicted significant variance in anxiety vulnerability distinct from variance
predicted by anticipatory anxiety vulnerability.
While Experiment 2 and Experiment 5 provide evidence in support of the proposal
that anxiety perseveration vulnerability predicts independent variance in anxiety vulnerability
that is not predicted by anticipatory anxiety vulnerability, this was not demonstrated in
Experiment 1. However, the methodology between these experiments differed. This allows
for insight into those conditions under which state anxiety perseveration is evoked and can be
measured. In Experiment 1, participants were initially informed that they would be required
to deliver a speech, a feature intended to heighten state anxiety. Critically however,
participants were not in fact required to deliver a speech during the experimental procedure,
and state anxiety perseveration was assessed following the disclosure to participants that they
would not actually be required to give a speech. Analyses revealed that levels of state anxiety
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returned to baseline immediately following this disclosure, demonstrating that participants
did not experience anxiety perseveration. As discussed in Experiment 1, this finding led to
the recognition that measuring individual differences in anxiety perseveration vulnerability
likely requires conditions conducive to ruminative post stressful event thinking. The
modification of the methodology for Experiment 2 and Experiment 5 fulfilled this need by
including a new phase that would be conducive to ruminative post stressful event thinking.
This phase required participants to actually deliver the speech and informed them that the
speech was video recorded to allow for later evaluation. In each experiment, state anxiety
perseveration was successfully evoked, and it was possible to demonstrate that variation in
anxiety perseveration vulnerability predicted independent variance in anxiety vulnerability
beyond that predicted by variation in anticipatory anxiety vulnerability.
This pattern of findings across experiments provides clear support for the proposal
that individual differences in anxiety perseveration vulnerability are most robustly evoked
under conditions conducive to ruminative post-stressful event thinking, and not merely by
conditions successful in evoking initial elevation in state anxiety. The role of ruminative postevent thinking has been widely examined in the literature with regard to the maintenance of
state anxiety or negative affect following a stressful event. Researchers have found that
elevated anxiety is maintained over a period of several days if there is sufficient rumination
relating to the experience (Dannahy & Stopa, 2007). This finding that rumination and
elaborative post-event thinking is related to the vulnerability to experience anxiety
perseveration is consistent with the Information Processing Model of anxiety proposal by
Beck and Clark (1997). This model contends that the experience of state anxiety involves
both automatic and strategic processes operating across three stages: the initial registration of
the threat, the immediate preparation for the threat, and finally the secondary elaboration
relating to threat. This third stage, secondary elaboration, involves elaborative processing of
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the danger through the activation of schemas, and an appraisal of available coping resources.
The observation that ruminative post-event thinking appears to be implicated in anxiety
perseveration vulnerability lends support to this cognitive model, suggesting that automatic
processes typical of early stage state anxiety are not sufficient to experience anxiety
perseveration, but rather that more elaborative processing and appraisal play an important
role.
8.2.2 Evidence that heightened state anxiety is characterised by deficits in
executive function. Experiment 3 and Experiment 4 directly tested the association between
state anxiety and different executive function processes. Of these, only Experiment 4 revealed
evidence that impairment in executive function is associated with elevated levels of state
anxiety.
Experiment 3 assessed working memory capacity using the Operation Span Task.
This task required participants to view sequences of letters presented on screen, with each
presentation interspersed with a mathematical equation. Participants were required to retain
the letter sequence in memory while solving the mathematical equations. As in Experiment 4,
participants were required to watch film clips designed to induce, or attenuate stress.
Analyses conducted in Experiment 3 demonstrated that poorer performance on the Operation
Span Task was not associated with state anxiety, either under conditions of elevated stress, or
under conditions of attenuated stress. Thus, this experiment did not reveal evidence that
executive function deficits were associated with heightened state anxiety.
While Experiment 3 did not reveal evidence that working memory deficits were
associated with elevated state anxiety, Experiment 4 did demonstrate evidence of this
association. Experiment 4 assessed working memory updating using N-Back Task. This task
required participants to view series of targets appearing in different spatial locations, and
identify the location of formerly presented targets at increasing temporal distances from the
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currently presented target. In this experiment participants completed the task whilst also
viewing film clips designed either to elevate or attenuate stress. Participants reported their
level of state anxiety throughout this procedure. Analyses conducted in Experiment 4
demonstrated that poorer performance on the N-Back Task when assessed under conditions
of stress was associated with heightened state anxiety, whereas this association was not
present under conditions of attenuated stress. Thus, the findings of the experiment were
consistent with the proposal that the association between deficits in executive function and
heightened state anxiety would be evidenced under conditions of elevated stress.
8.2.3 Evidence that heightened anxiety perseveration vulnerability is
characterized by deficits in executive function. Experiment 1 and Experiment 5 directly
investigated the association between poor executive function deficits and heightened anxiety
perseveration vulnerability.
Experiment 1 assessed executive function through an attentional control paradigm
designed to assess both general attentional control and inhibitory attentional control. In the
assessment of each of these facets of attentional control, the procedure instructed participants
to attend to a particular stimulus location and indexed the degree to which attention was
successfully allocated to this location, using probe discrimination latencies. Greater speed in
discriminating probes presented in the location participants were directed to attend, as
compared to probes presented in other locations, was considered to reflect a greater
attentional control.
Experiment 1 assessed anxiety perseveration vulnerability using a methodology that
failed to generate initially heightened state anxiety at the commencement of the anxiety
perseveration assessment phase, relative to the baseline anxiety assessment phase. Thus, this
experiment did not meet the preconditions necessary to enable assessment of individual
differences in anxiety perseveration vulnerability. Subsequent analyses conducted in
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Experiment 1 demonstrated no association between performance on a general attentional
control assessment and anxiety perseveration vulnerability following the speech stressor.
However, the tasks used in this experiment to test general attentional control and anxiety
perseveration vulnerability both appeared insensitive to the constructs they were intended to
measure. Thus, this experiment motivated a change in the direction of this research
programme. It became apparent that a task capable of successfully assessing individual
differences in anxiety perseveration vulnerability, and revealing the association between this
vulnerability and anxiety vulnerability, needed to be developed. Additionally, as the task
designed to assess general attentional control did not successfully measure this construct,
further review of established tasks in the literature were undertaken to identify an executive
function dimension that previous literature suggested is associated with anxiety vulnerability
and elevated state anxiety. However, the hypothesis this research programme was designed to
address could not effectively be tested on the basis of findings from Experiment 1.
Experiment 5 provided a second assessment of the validity of this hypothesis, after
successfully completing the two research phases conducted between Experiment 1 and
Experiment 5. These led to the development of tasks capable of sensitively assessing
executive function deficits under conditions of stress, and the ability to measure individual
differences in anxiety perseveration vulnerability. Experiment 5 assessed executive function
through the assessment of working memory updating performance via the N-Back Task, in a
manner identical to that used in Experiment 4, including the stress induction manipulation.
The Anticipatory and Perseverative Anxiety Assessment Task used in Experiment 2 was
employed to generate anticipatory state anxiety and reveal subsequent variation in state
anxiety perseveration vulnerability. Importantly, the results of this experiment revealed that
the preconditions were met that were necessary to adequately test whether there was a
reduced association between reduced executive function and increased anxiety perseveration
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vulnerability. Of critical importance to the overarching hypothesis, analyses conducted in
Experiment 5 demonstrated no association between executive function and anxiety
perseveration vulnerability regardless of whether such executive function was assessed under
conditions of elevated stress or attenuated stress. Thus, though the methodology adopted was
capable of revealing individual differences in executive function and in anxiety preservation
vulnerability, Experiment 5 did not provide support for the proposal that executive function
deficits are associated with heightened anxiety perseveration vulnerability.
8.2.4 Conclusion concerning the validity of the proposed hypothesis of the
present research programme. . The central purpose of the present research programme was
to examine the validity of the hypothesis that executive function deficits compromise the
ability to downregulate state anxiety following a stressful event, leading to increased anxiety
perseveration vulnerability but not necessarily to elevated anticipatory anxiety vulnerability.
Neither Experiment 1 nor Experiment 5, each designed to directly examine the predictions
derived from this hypothesis, demonstrated evidence in support of the hypothesis. Thus, the
validity of the proposed hypothesis was not supported by the findings obtained across this
programme of research.
8.3 Implications of the Current Research Findings
The present research programme did not support the hypothesis that executive
function deficits compromise the ability to downregulate state anxiety following a stressful
event, leading to increased anxiety perseveration vulnerability but not necessarily to elevated
anticipatory anxiety vulnerability. This result has important theoretical and applied
implications that will now be discussed. However, it is relevant to note that the present
research programme did confirm certain key assumptions concerning effects it was
anticipated would be observed. First, consistent evidence was found to confirm the distinction
of anticipatory and perseverative anxiety vulnerability as independent contributors to anxiety
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vulnerability. Next consistent evidence was observed of an association between heightened
state anxiety and deficits in working memory performance. The following sections will
consider the implications of these three findings from the present research programme in turn.
8.3.1 Implications and directions for future research concerning the assessment
of anticipatory anxiety vulnerability and anxiety perseveration vulnerability. The
findings arising for the present research programme hold methodological and theoretical
implications concerning the distinction between anticipatory anxiety vulnerability and
anxiety perseveration vulnerability, and progress understanding of the conditions under
which individual differences in anxiety perseveration vulnerability are expressed. Firstly,
implications concerning the methods of assessment of anticipatory and perseverative anxiety
vulnerability will be addressed. Next, suggestions for the effective measurement of anxiety
perseveration vulnerability as described in this programme will be discussed. Additionally,
the convergent evidence supporting the distinction of anticipatory and perseverative anxiety
vulnerability will be considered, along with alternative facets of anxiety vulnerability that
have been described in the literature. Suggestions for future research direction will also be
addressed within this discussion.
As detailed above, the findings of Experiment 1 demonstrated no evidence of
variation in anxiety perseveration vulnerability following the stressful event, as the levels of
reported state anxiety returned to baseline levels immediately at the commencement of this
period. The methodology utilized in Experiment 1 utilized the warning of a speech event in
order to elicit anticipatory anxiety vulnerability, and the removal of the need to deliver the
speech event to allow assessment of anxiety perseveration vulnerability. In contrast, in
Experiment 2 and Experiment 5, the assessment of anxiety perseveration vulnerability
involved requiring participants to deliver the speech, and informing them that their speech
performance would be evaluated. Using this methodology in Experiment 2 and Experiment 5
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individual differences in anxiety perseveration vulnerability were successfully elicited and
assessed, and provided evidence demonstrating that variance in anxiety perseveration
vulnerability explained variance in anxiety vulnerability that is separate from that explained
by the variance in vulnerability to experience anticipatory anxiety (Rudaizky & MacLeod,
2013a, 2013b; Rudaizky et al., 2012). Interestingly, the methodological difference between
these experiments carries implications for understanding the conditions under which
individual differences in anxiety vulnerability are expressed.
One clear implication is that methods seeking to assess individual differences in
anxiety perseveration vulnerability need to include an event sufficiently anxiety provoking as
to allow participants to experience a period of sustained state anxiety, and to permit
continued worry and ruminative thinking. The speech task utilised in this research
programme was effective at doing this. There is a range of literature serving to demonstrate
the effectiveness of speech tasks at elevating state anxiety (Beidel et al., 2010; Bunnell et al.,
2013; Kirschbaum et al., 1993). In the current study, the requirement to deliver a speech task
allowed two important things to occur. Firstly, it ensured that state anxiety was sufficiently
elevated to allow the perseveration of anxiety from this point. Secondly, it gave participants
content about which to ruminate following their performance. It seems likely that the stressful
event need not necessarily be a speech, provided that the stressful event carries the potential
for continued rumination to make it suitable to elicit variation in anxiety perseveration. This
suggests that individual differences in anxiety perseveration vulnerability may be driven in
part by the degree to which individuals engage in subsequent ruminative thinking concerning
a prior anxiogenic event. Consistent with this proposal, research has indicated that individuals
high in anxiety vulnerability are characterised by elevated tendency to engage in negative
post-event rumination following stressful events (Dannahy & Stopa, 2007). In this study by
Dannahy and Stopa, the participants recruited were either low or high in anxiety
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vulnerability, and were required to hold a conversation with a confederate. This conversation
was to last five minutes in duration and was video recorded. Participants were required to
complete state anxiety inventories before and after the conversation, and were asked to
complete a daily thoughts questionnaire across the week following the conversation to assess
the nature and valence of their post-event cognitions. Results of this study demonstrated that
those individuals high in anxiety vulnerability demonstrated significantly more post-event
thinking in the period following the conversation, and that those thoughts were significantly
more likely to be negatively valenced than was the case those low in anxiety vulnerability. In
addition, results indicated that state anxiety before and after the conversation was
significantly correlated with the frequency of those post-event cognitions. This supports the
idea that ruminative thinking may be an important characteristic in anxiety vulnerability, and
greater levels of anxiety vulnerability are associated with more ruminative thinking.
In addition to investigating the potential role of ruminative thinking in driving anxiety
perseveration vulnerability, future research would benefit from examining why the
vulnerability to experience anxiety perseveration and anticipatory anxiety make independent
contributions to anxiety vulnerability. Most previous literature has typically considered
anxiety vulnerability to be a unitary dimension with little, research considering the separate
contributions that anticipatory anxiety vulnerability and anxiety perseveration vulnerability
may make to individual differences in anxiety vulnerability. With greater understanding of
the processes underlying anxiety vulnerability, the ability to target the specific mechanisms
underpinning individual differences in elevated anxiety vulnerability will be beneficial to
researchers and clinicians alike.
Thus, future research is needed to help explain why anticipatory anxiety vulnerability
and anxiety perseveration vulnerability make independent contributions to anxiety
vulnerability. Prior research has primarily focused upon anticipatory anxiety in the lead up to
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potentially threatening events (Grupe & Nitschke, 2013; Turk et al., 2005). However, the
findings of the present research programme indicate that anxiety perseveration vulnerability
predicts more variance in anxiety vulnerability than is predicted by anticipatory anxiety.
Results of Experiment 2 and Experiment 5 both indicate that anxiety perseveration
vulnerability predicted anxiety vulnerability better than did anticipatory anxiety vulnerability.
This suggests that the degree to which state anxiety endures following a stressful event is
more closely associated with measures of anxiety vulnerability, such as the STAI-T, than the
degree to which state anxiety becomes elevated in the lead up to a stressful event. This
knowledge is valuable to researchers, as inventories such as the STAI-T are typically
considered to assess how often people become anxious, whereas the resulting scores may
represent to a greater extent, the degree to which anxiety persists following a stressful event.
Future research could seek to examine whether measures of anxiety perseveration
vulnerability are better predictors of psychopathology than anticipatory anxiety vulnerability,
perhaps as a result of the greater variance in anxiety vulnerability accounted for by the former
measure. Anxiety perseveration vulnerability, despite being an under-researched facet of the
anxious experience, may be much more significant in anxiety research than has previously
been recognised. The role of anxiety perseveration vulnerability has been shown in this
research programme to be critical in the experience of anxiety vulnerability, which represents
an important contribution of this research programme to the wider literature. Future research
must consider the role of anxiety perseveration vulnerability when examining the
mechanisms associated with variation in anxiety vulnerability.
It may be the case that anticipatory anxiety vulnerability and anxiety perseveration
vulnerability each load onto different clusters of anxiety symptoms. Research has shown that
anxiety vulnerability can be expressed through three broad components: cognitive,
physiological and behavioural (Elwood, Wolitzky-Taylor, & Olatunji, 2012). Cognitive
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components of anxiety vulnerability involve the selective perception of threats and a bias that
favours threatening appraisal of situations. The physiological component of anxiety
vulnerability can involve elevated heart rate, increased blood pressure and increased startle
responses. The behavioural component of anxiety vulnerability typically involves the desire
to avoid or escape threat, and can be demonstrated through measures such as poor eye
contact, or a shaking voice. The methodology in this research programme examined the
association between anticipatory and perseverative anxiety vulnerability in relation to the
Spielberger State-Trait Anxiety Inventory – Trait Form (STAI-T) as the measure of anxiety
vulnerability. The STAI-T is recognized as reflecting primarily the cognitive symptoms of
anxiety vulnerability (McWilliams & Cox, 2001). This indicates that anticipatory and
perseverative anxiety in the current research programme have been demonstrated to be
distinct facets of the cognitive experience of anxiety vulnerability, and it remains to be seen
whether they each contribute independently to variation in vulnerability to exhibit the
physiological or behavioural facets of anxiety.
There are several candidate questionnaire measures that assess two or more of these
anxiety dimensions simultaneously, such as the State-Trait Inventory for Cognitive and
Somatic Anxiety (STICSA; Ree et al., 2008), or the Three Systems Anxiety Questionnaire
(TSAQ; Lehrer & Woolfolk, 1982). In addition, there are numerous physiological measures,
such as heart rate (Abel & Larkin, 1990; Knight & Rickard, 2001), heart rate variability
(Quintana, Guastella, Outhred, Hickie, & Kemp, 2012; Wells, Outhred, Heathers, Quintana,
& Kemp, 2012), and skin conductance (Mcteague et al., 2009; Venables & Gartshore, 1980)
that have been shown to be sensitive to anxiety-linked variation in arousal. These
physiological measures, along with behavioural measures such as audience rating of
behavioural indicators of anxiety (e.g. poor eye contact, fidgeting; Dannahy & Stopa, 2007;
McNally et al., 2013) could easily be included in the APAAT-M to examine the physiological
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and behavioural components involved in anticipatory and perseverative anxiety vulnerability.
The inclusion of cognitive, physiological, and behavioural assessment of state anxiety would
allow the examination of the role played by each of these three domains in the experience of
anticipatory anxiety and anxiety perseveration vulnerability, and to determine whether
anticipatory anxiety and anxiety perseveration differ in the facet of anxiety that drives their
manifestation.
8.3.2 Implications and directions for future research concerning the assessment
of the association between executive function deficits and stress induced state anxiety. In
this section the potential implications of the present findings for theories concerning the
relationship between executive function and anxiety vulnerability will be discussed, as well
as the specific role that state anxiety plays in this relationship and the mechanisms that may
be implicated. Suggestions for future research will be considered in this context.
In the present research programme two methodologies were used to examine the
association between state anxiety and executive function. Each method assessed a different
component of executive function, with the Operation Span Task assessing working memory
capacity and the Spatial N-Back Task assessing working memory updating ability. Only the
Spatial N-Back Task measure yielded an association between poor executive function
performance and heightened state anxiety. This indicates that these two facets of executive
function performance are likely to differ in the degree to which they are impacted by
heightened state anxiety.
Importantly, the findings of the research program hold implications for current
theories concerning the association between executive function and anxiety vulnerability.
Both Processing Efficiency Theory (Eysenck & Calvo, 1992) and Attentional Control Theory
(Eysenck et al., 2007) of anxiety vulnerability have proposed that deficits in executive
function across an array of broad functions are associated with elevated anxiety vulnerability.
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Both theories propose that heightened anxiety vulnerability is characterised by impairment in
the cognitive systems that control the allocation and maintenance of cognitive processes. The
results described in this research programme partially support these theories by
demonstrating an association between deficits in executive function and state anxiety under
conditions of elevated stress, however our results specifically implicate state anxiety in a
manner not described in these theories. Both Processing Efficiency Theory and Attentional
Control Theory describe working memory mechanisms without specifying whether these
mechanisms are impacted by state anxiety. Thus, the results of the present research
programme can usefully refine predictions made by these theories by demonstrating that
deficits in working memory updating appeared to be associated with heightened state anxiety,
while another component, working memory capacity, was not, and that these differences may
be influenced by the current experience of stress. This demonstrates that not all facets of
executive function are associated with state anxiety to the same degree or necessarily at all.
Of course, it is important to ensure the replicability of the pattern of effects observed
across the current studies in the research programme while addressing the limitations
addressed. Future research could effectively attempt to replicate and extend these findings by
systematically developing a series of working memory tasks that examine different areas of
executive function and assess individual performance on these tasks in a between-subjects
design both with and without heightened state anxiety, as well as the association with anxiety
vulnerability. This would firstly provide additional confidence in the reliability of the
findings, but additionally would allow for a greater understanding of the specific cognitive
mechanisms that are associated with experiences of state anxiety, and provide a basis upon
which these mechanisms could potentially be targeted and modified to reduce sensitivity to
anxiety psychopathology.
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Relevant to such future research, Miyake et al. (2000) conducted a factor analysis that
identified three distinctive factors underlying executive function processes: set shifting,
memory updating and inhibition. Their research indicated that these three processes explained
individual variance in overall executive functions. Attentional Control Theory examined each
of these three factors and the evidence linking performance on each of these domains with the
tendency to experience elevated anxiety vulnerability (Eysenck et al., 2007). The inclusion of
a stress induction to assess these cognitive processes under conditions of heightened state
anxiety would be a valuable extension from the current research, to examine whether these
three facets of executive function identified by Miyake et al. and examined in Eysenck et al.
are associated with anxiety vulnerability more generally, or whether evidence supporting the
association between poor executive function and elevated anxiety was related to the tendency
to experience state anxiety under conditions of stress. This type of systematic approach would
allow the results of this research programme, demonstrating differential sensitivity of
working memory assessments to anxiety vulnerability, to be replicated. Perhaps most
importantly, an approach such as this would also allow for a clear picture of the specific
executive function processes associated with anxiety vulnerability to be developed, as well as
a clear picture of those processes that are not associated, to be examined under specific
conditions, as this is currently lacking in the literature.
In addition to guiding future research examining the specific components of executive
function associated with state anxiety induced deficits, the present findings indicate that the
role of stress and state anxiety on cognitive functions needs to be reconsidered in these
widely accepted theories. In the present research programme, results demonstrated that
increased stress and elevated state anxiety were associated with poorer executive function.
However Attentional Control Theory focuses only on the relationship between anxiety
vulnerability and executive function, without providing clarity concerning the role of state
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anxiety or stress (Eysenck et al., 2007). The central proposal within this theory is that anxiety
vulnerability increases the recruitment of attentional resources to processing threatening
information, typically resulting in the reduction of cognitive capabilities available for the task
at hand. However, this claim does not consider potential differences between anxiety
vulnerability and state anxiety in terms of their impact upon attention and executive
functions. Future research should seek to examine the specific contexts and types of
executive function that are impacted by elevated state anxiety, firstly to allow the
development of more comprehensive models of the relationship between anxiety
vulnerability and impaired executive function, and secondly to identify the executive
impairments most closely associated with elevated state anxiety that can be specifically
targeted by intervention designed to attenuate anxiety vulnerability.
Whereas much research has focused on the relationship between anxiety vulnerability
and executive function (see Moran, 2016; Shi et al., 2019), the evidence from this research
programme indicates that level of executive function under conditions of induced stress are
associated with level of state anxiety. Specifically, Experiment 4 showed that under
conditions of induced stress only, impaired executive function was associated with
heightened levels of state anxiety. This suggests that the association between elevated state
anxiety and deficits in executive function is independent of anxiety vulnerability, but is
moderated by stress. One potential explanation for such moderation by induced stress, is that
increasing levels of state anxiety are only associated with impaired executive function when
state anxiety is already at high levels, as it would more likely be the case under conditions of
induced stress. According to this account of the observed moderation, when state anxiety is at
the high end of the range then further increases in state anxiety are associated with executive
function impairments that are not seen when state anxiety increases by the same amount, but
from an initially low baseline level. This account is premised on the idea that the association
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between state anxiety and executive function is non-linear in nature, such that there is no
impairment in executive function until state anxiety level reaches a tipping point, after which
further increases in state anxiety are associated with decrements in executive function. Thus,
below some threshold level, state anxiety may vary without impacting executive function, but
above this threshold level, greater levels of state anxiety may be associated with greater
impairment of executive function ability.
Neither the Processing Efficiency Theory nor the Attentional Control Theory make
specific claims that distinguish between the role of anxiety vulnerability and that of state
anxiety in the impairment of executive function. Further theoretical refinement is required to
develop explanatory accounts that differentiate the predicted association between these
different facets of anxiety and the impairment of executive function, and the precise
conditions under which such associations occur. Based on the results of this research
programme it appears that deficits in executive function are specifically associated with state
anxiety, and thus the development of a more specific theory would be beneficial to
researchers in this area to ensure they are able to examine the mechanisms underlying
anxious experiences more effectively. Additionally, this research examining the specific
association between state anxiety and deficits in executive function can provide some
explanation for some of the varied results in the literature examining anxiety vulnerability
and the association with executive function performance, as state anxiety and the experience
of stress appear to play an important role. This is important for the conceptualisation of the
association between executive function and anxiety vulnerability described throughout the
literature.
8.3.3 Implications and directions for future research concerning the assessment
of the association between executive function deficits and elevated anticipatory and
perseverative anxiety vulnerability. Several implications and potential future research
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directions relating to the association between executive function, anticipatory anxiety
vulnerability, and perseverative anxiety vulnerability will be discussed in this section. First,
an examination will be made of methodologies that may be sensitive to individual differences
in executive function under conditions of elevated stress, and executive function deficits that
may be associated with anxiety perseveration vulnerability. Next, this section will consider
cognitive models of anxiety and the proposed cognitive mechanisms that may underpin
clinical manifestations of problematic anticipatory anxiety and anxiety perseveration
vulnerability. The potential for the impact of ongoing working memory load on individual
differences in anticipatory and perseverative anxiety vulnerability will then be considered as
a potential avenue for future research and an explanation of the results of this research
programme. Finally, the potential for executive function deficits to differentially impact the
cognitive, physiological, and behavioural manifestations of anxiety will be considered.
Suggestions for future research will be addressed within each of these areas.
Based on the present programme of research there does not appear to be an
association between increased anxiety perseveration vulnerability and impaired working
memory updating. This relationship was also assessed under conditions of elevated stress, to
examine whether levels of state anxiety during the assessment of working memory updating
affected the relationship between working memory updating and anxiety perseveration
vulnerability. Nevertheless, as described above, there are numerous elements of working
memory that remain to be examined, and various dimensions of anxiety vulnerability that
may also be associated. It may be the case that impairments in cognitive mechanisms not
examined in Experiment 5 are as associated with increased vulnerability to experience
elevated anxiety perseveration, or that working memory updating is associated with facets of
anxiety vulnerability other than anxiety perseveration vulnerability specifically.

CHAPTER 8: GENERAL DISCUSSION

166

For example, there is some previous evidence suggesting that a different element of
working memory, specifically working memory capacity, is associated with continued
physiological anxiety responses following a stressful event. Leach and Griffith (2008)
assessed state anxiety indirectly through the use of heart rate monitors, before and after a
parachute jump. This study indicated that for those inexperienced in parachute jumps,
performance on the Operation Span Task remained poor and heart rate remained high
following the conclusion of the jump, relative to those more experienced in parachute jumps.
This indicates that greater perseveration of physiological anxiety symptoms may be
associated with impaired performance on the Operation Span Task, which measures a
specific facet of working memory capacity not examined in relation to anxiety perseveration
vulnerability in the present research programme. Working memory updating, as measured by
the Spatial N-Back Task was instead utilised in the present research programme as it has been
demonstrated in Experiment 4 that deficits in this dimension of working memory were
associated with heightened state anxiety under conditions of stress, one of the requirements of
this research programme in the selection of an appropriate mechanism to examine. In addition
to the findings of Experiment 4, prior research links working memory updating with
heightened state anxiety. For example, Shackman et al (2006) found that a stress
manipulation that had a strong effect on state anxiety did impact working memory. However,
it appears that while working memory may be impaired by elevated state anxiety, there is no
association between working memory updating and anxiety perseveration vulnerability.
Thus, a systematic programme of research examining the association between
differing components of working memory and anxiety vulnerability is required to extricate
the specific types of anxiety or working memory processes that may be associated. This
programme should include methodologies examining as many domains of executive function
as possible, specifically within the shifting, updating and inhibition facets described in
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Miyake et al. (2000) that remain unexamined, both with and without conditions of stress, and
with measures of both anticipatory anxiety vulnerability and anxiety perseveration
vulnerability to tease apart the complex nature of this association. The resulting
understanding will be valuable to the theoretical understanding of facets of anxiety
vulnerability, and would potentially allow for the modification of the mechanisms involved in
the tendency to experience anxiety perseveration to reduce symptom severity and the
dysfunctional components of anxiety vulnerability.
It is noteworthy that in the current research programme a non-clinical sample was
used. This was appropriate as the primary interest in this programme concerned individual
differences in anxiety perseveration vulnerability across the general population, not
individuals demonstrating clinically significant levels of anxiety perseveration vulnerability.
However, future research could examine whether the contribution of anticipatory anxiety
vulnerability and anxiety perseveration vulnerability to anxiety vulnerability would be
different in clinical samples. This is important to examine as one of the major benefits from
the understanding of these types of mechanisms would be in the treatment and management
of clinical levels of anxiety vulnerability, of which both anticipatory and perseverative
anxiety vulnerability are likely to play a part.
Previous research in non-clinical samples has indicated that this sample does
experience anticipatory anxiety vulnerability and anxiety perseveration vulnerability
sufficiently to measure it (Rudaizky & MacLeod, 2013a). However, some of the literature
distinguishing between anticipatory anxiety vulnerability and anxiety perseveration
vulnerability has drawn upon cognitive models of clinical anxiety disorders. For example,
Beck and Clark (1997) describe processes involved in an anxiety reaction, and argue that
these processes are likely a core feature of clinical anxiety disorders such as generalized
anxiety disorder (GAD) or panic disorder. GAD and panic disorder display differing patterns
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of anxious arousal, with GAD associated with ongoing worry that will persist following an
event (American Psychiatric Association, 2013), and panic disorder associated with acute and
sudden elevation in anxious arousal that is brief and intense (American Psychiatric
Association, 2013). Based on the differing patterns of anxiety in GAD and panic disorder, the
study of clinical groups would illuminate mechanisms underlying the anticipatory and
perseverative components in these disorders. Thus, a future line of research examining the
cognitive underpinnings of anticipatory and perseverative anxiety vulnerability in different
psychopathologies should be considered. This would be beneficial to examine, as it may be
the case that the mechanisms underlying the vulnerability to experience anticipatory and
perseverative anxiety in clinical groups are different to the mechanisms underlying these
vulnerabilities in the general population. For example, it may be the case that greater
elevation of anticipatory anxiety and the greater perseveration of anxiety associated with
these clinical disorders come at a greater cost to working memory processes, and thus may be
an alternative line of research to further follow the interest in anticipatory and perseverative
anxiety processes and their underlying mechanisms.
The cognitive, behavioural, and physiological facets of anxiety vulnerability may be
differentially implicated in the association between executive function and state anxiety.
These three facets are well established (Elwood et al., 2012) and should be examined when
determining which facets of anxiety are most closely associated with working memory. A
clear understanding of the specific facets of anxiety vulnerability that underlie working
memory deficits is vital to the conceptualisation of theoretical models of working memory
and anxiety. The present research programme did not specifically differentiate between these
three facets of anxiety, and some prior research has indicated that general working memory
processes are likely to be impaired by the cognitive facets of elevated anxiety vulnerability
(Eysenck et al., 2007).
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One study examining executive function deficits in individuals with a Panic Disorder
diagnosis found that these deficits were associated with symptom severity and heart rate
variability (Hovland et al., 2012). As Panic Disorder is primarily recognised as an anxiety
disorder driven by physiological anxiety, this provides some evidence for the idea that
executive functions may be impaired by not only cognitive, but physiological manifestations
of anxiety vulnerability as well. The state anxiety questionnaire utilized for assessment of
anxiety throughout this experiment is a short version of the STAI-T, a recognized measure of
primarily cognitive symptoms of anxiety (McWilliams & Cox, 2001), and so is likely to be
less sensitive to behavioural or physiological manifestations of anxiety that may also be
associated with executive function deficits. This possibility could be tested, with participants
completing a working memory task along with a questionnaire measure of anxiety that
clearly distinguishes between the domains of cognitive, behavioural and physiological
anxiety vulnerability, such as the STICSA (Ree et al., 2008) or the TSAQ (Lehrer &
Woolfolk, 1982), or using measures of physiological or behavioural arousal. To assess
physiological arousal during the task participants could have their heart rate, skin
conductance, or heart rate variability assessed during the working memory assessment. To
assess behavioural avoidance, the experimenter could examine behavioural symptoms of
anxiety during their performance to determine whether this would likely impact performance.
The assessment of these components may indicate that cognitive components of anxiety are
not what impairs performance. This will be valuable to the further development of the
understanding of the association between working memory deficits and anxiety perseveration
vulnerability.
8.4 Limitations of the Current Research
It is important to mention limitations in the current research programme that may
impact the generalisability of the observed results. These limitations are primarily relating to
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the power to detect effects in some of the experiments in the thesis, some methodological
design decisions that may have introduced additional noise into the results, and the lack of
inclusion of covariates. These will be detailed briefly below.
8.4.1 Power analyses and sample size. Throughout the thesis, sensitivity analyses
were conducted to determine the smallest effect size that could have been detected. The value
of sensitivity analyses is that it provides clear guidance for future researchers to ensure
studies attempting to extend on the research of this thesis conduct a priori power analyses to
ensure that their methodologies will be sensitive enough to detect effect sizes smaller than
those in the thesis. In the current thesis, throughout the experimental chapters the sensitivity
analyses generally indicated good sensitivity to effects, however in some cases, particularly
Experiments 3 the sensitivity analyses indicated the ability to detect moderate effects. If the
effect size of the association between working memory and anxiety perseveration
vulnerability is small it would unlikely be detected in this experiment. It is also important to
note that there were several studies in the thesis in which the sample sizes could have been
improved. In Experiment 4 in particular, computer malfunction resulted in the loss of data for
25 participants, more than one-third of the total cohort recruited for that study. Once poorly
performing participants were excluded, only 21 participants’ data was included in the
analyses. Sensitivity analyses indicated that the analysis conducted on the data from
Experiment 4 determining whether the effects of stress induction condition impacted on
Working Memory performance was capable of detecting an R2 effect of .35 or greater. While
this experiment was replicated in Experiment 5, future research would benefit from
replicating Experiment 4 with a larger sample to ensure a smaller-sized effect could be
detected.
8.4.2 Task design limitations. In Experiment 5, the experimental session which
assessed working memory updating and sensitivity to stress, and the session measuring
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anxiety reactivity and perseveration vulnerability were counterbalanced across participants.
This was intended to reduce the effects of fatigue and reduce the chance of the influence of
one experimental session impacting on the other. Although order was subsequently
statistically controlled for in the analyses, this method is sub-optimal, and thus future
research should aim to design experiments that are unlikely to be impacted by order. For
example, a baseline measure of working memory under stress could be taken in a period long
before the assessments of anticipatory anxiety and anxiety perseveration vulnerability to
reduce the effects of order
8.4.3 Covariates. The current experiments did not consider a large number of
covariates as the hypotheses under test id not concern any such covariates. However a
number of possible covariates may play some role in the current findings. Firstly, one of the
experimental tasks (the Operation Span task) relies heavily on the participants’ ability to
calculate mathematical equations as a component of measuring their working memory
capacity. As mentioned earlier in the thesis, the use of a task that relies on some level of
mathematical skill may lead to individual differences in working memory performance that
are not related to working memory itself, but rather mathematical competence. Additionally,
there is evidence to suggest that those individuals who would tend to perform more poorly on
tasks like the Operation Span do so as a result of their working memory capacity being
impaired by mathematical anxiety (Ashcraft & Kirk, 2001; Ashcraft & Krause, 2007). It is
possible that this mathematical anxiety overshadowed the association between working
memory and sensitivity to stress, and thus future researchers utilising this method should
include a measure of mathematical anxiety to ensure this specific anxiety is not responsible
for any null results.
In addition to mathematical anxiety, the Stress Induction Task utilised in Experiment
1, 2 and 5 involved a speech, which is likely to be associated with individual differences in
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social anxiety. There is a significant base of research indicating that social anxiety is
associated with similar cognitive mechanisms to trait anxiety, such as working memory
(Salemink et al., 2013) and attentional control (Wieser, Pauli, & Mühlberger, 2009). As
social anxiety was not measured in the present research programme, it was not possible to
determine whether social anxiety was associated with performance differences across any of
the domains being assessed, and as such future researchers using these types of paradigms
should utilise measures of social anxiety to examine whether any individual differences
detected are driven by social anxiety.
8.5 Overall Summary and Concluding Comments
The present research programme was designed to examine the validity of the
hypothesis that executive function deficits would compromise the ability to downregulate
state anxiety following a stressful event, leading to increased anxiety perseveration
vulnerability without necessarily elevating anticipatory anxiety vulnerability. A rigorous
programme of research designed to optimise the sensitivity to test this hypothesis failed to
find evidence consistent with the predictions arising from this hypothesis. Thus, it was
concluded that the hypothesis was not supported.
Additional findings arising from the research programme demonstrated that anxiety
perseveration vulnerability is a distinct facet of anxiety vulnerability, supporting the findings
of Rudaizky et al., (2013b; 2012), and that heightened levels of state anxiety under conditions
of elevated stress were associated with reduced performance in a domain of executive
function, working memory updating. The findings of the present research programme hold
methodological and theoretical implications concerning executive function and stress
responses and anxiety perseveration vulnerability. Future avenues of research could usefully
build upon these findings to strengthen the understanding of the relationship between
executive function and specific anxiety vulnerability processes, by systematically assessing
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specific facets of executive function and domains of anxiety vulnerability such as anticipatory
anxiety, perseverative anxiety, and physiological and behavioural anxiety symptoms.
Ultimately, it is hoped that the present research programme will not only serve to enhance
understanding, but will also stimulate further research designed to illuminate the relationship
between executive function and facets of anxiety experience that contribute to elevated
anxiety vulnerability.
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