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Abstract 

Heightened trait anxiety, which refers to the dispositional tendency to experience state 

anxiety, is associated with many negative outcomes in various life domains including 

social, occupational, and physical impairments. The cognitive underpinnings of 

heightened trait anxiety have been investigated, in order to develop new interventions to 

reduce trait anxiety levels and reduce the associated negative outcomes. Specifically, the 

attentional systems of individuals high in trait anxiety have been implicated in this 

increased tendency to experience state anxiety. High trait anxious individuals 

demonstrate an increased attentional bias to threat relative to low trait anxious 

individuals, preferentially attending to threatening information over benign information. 

This increased attentional bias to threat has been evidenced to contribute causally to 

heightened trait anxiety, possibly through an increased awareness of potential aversive 

experiences. 

However, attentional bias to threat is not always maladaptive. Increased 

attentional bias to threat cues that signal aversive experiences can be an adaptive or 

maladaptive pattern of attention, depending on the controllability of the aversive 

experience being signaled. Attending to threat cues signaling a more controllable 

aversive experience can be adaptive, as action can then be taken to reduce the likelihood 

of the aversive experience occurring. Such a pattern would result in an increase in state 

anxiety, until adaptive action has been taken to prevent the aversive experience, at 

which point state anxiety would likely decrease. Meanwhile, attending to threat cues 

signaling a less controllable aversive experience would not provide opportunity to 

engage in adaptive action to reduce the likelihood of the aversive experience. Instead, it 



v 
 

would likely heighten state anxiety for an extended period of time. Therefore, the most 

optimal pattern of attentional bias to threat is to flexibly change attentional bias patterns, 

to demonstrate a greater attentional bias in contexts where threat cues signal more 

controllable aversive experiences, and a reduced attentional bias in contexts where threat 

cues signal less controllable aversive experiences. As such, the expression of attentional 

bias to threat should be aligned with variation in the controllability of the aversive 

experience signaled by this threat. This is referred to in this research programme as 

attentional bias alignment. Demonstrating attentional bias alignment in our dynamic and 

complex world would require good executive functioning, because doing so requires 

control over attentional allocation in differing contexts, and updating of information 

about the controllability of differing aversive experiences encountered. 

Given the above, the current research program generated two hypotheses. The 

first hypothesis states that heightened trait anxiety is associated with an impairment of 

attentional bias alignment. The second hypothesis states that executive functioning 

moderates this relationship between trait anxiety and attentional bias alignment, such 

that attentional bias alignment will be poorest in those high trait anxious individuals 

with low executive functioning. Testing these hypotheses could help advance our 

understanding of the cognitive processes underlying heightened trait anxiety, and help to 

explain why high trait anxiety is associated with such profound difficulties in many 

areas of life. In addition, this research may generate additional cognitive targets for 

therapeutic interventions to prevent or ameliorate heightened trait anxiety. 

To test these two hypotheses, a series of experiments were carried out. These 

experiments used a novel experimental paradigm designed to assess attentional bias to 
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threat cues signaling aversive experiences, in blocks that provided either a high or low 

degree of controllability over these aversive experiences, thus providing a measure of 

attentional bias alignment. If impaired attentional bias alignment contributes to 

heightened trait anxiety, then better attentional bias alignment should be observed for 

low trait anxious individuals relative to high trait anxious individuals. Subsequent 

experiments also measured executive functioning. If executive functioning moderates 

the relationship between trait anxiety and impairment of attentional bias alignment, then 

higher trait anxiety would result in poorer attentional bias alignment, especially in those 

high trait anxious individuals with poor executive functioning.  

The first experiment in this research programme determined the novel paradigm 

was appropriate for the measurement of attentional bias alignment. In the series of 

experiments following this, evidence of trait anxiety-linked impairment of attentional 

bias alignment was observed in two experiments, and evidence that executive 

functioning moderates the relationship between trait anxiety and attentional bias 

alignment was observed in one experiment. These results provide tentative support for 

the hypotheses that impairment of attentional bias alignment contributes to heightened 

trait anxiety, and that this may only be the case for high trait anxious individuals with 

poor executive functioning.  

While the current research programme was limited by the experimental nature of 

the threat cues and aversive experiences employed in the attentional bias assessment 

task, a high degree of experimental control was afforded as a result of this design 

choice. The results of the programme’s experiments illuminate a clear future research 

direction in the manipulation of additional characteristics of aversive experiences that 
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render attentional allocation to cues predicting these experiences more or less adaptive, 

such as their severity and likelihood, to further enhance understanding of trait anxiety-

linked impairments in attentional bias alignment. Further limitations, as well as further 

methodological, theoretical and applied implications of the findings, and additional 

potential avenues for future research, are discussed throughout the experimental 

chapters, and in greater detail in the final chapter of the thesis. 
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Chapter 1: General Introduction 

Overview 

Individuals vary in the degree to which they are likely to experience state anxiety 

symptoms when exposed to potentially stressful situations. Some are more likely to 

experience such state anxiety symptoms, and others less so, in response to the same 

situation. The literature refers to this individual difference dimension as “trait anxiety” 

(Spielberger, 1983; Taylor, Koch, & Crockett, 1991). Elevated trait anxiety is associated 

with significant functional impairments for the individual, across various life facets 

(Leal, Goes, da Silva, & Teixeira-Silva, 2017). The cognitive underpinnings of 

individual variation in this dimension have been investigated empirically, with the hope 

that this knowledge would lead to the establishment of new interventions that reduce 

elevated trait anxiety and its associated functional impairment.  

The attentional systems of individuals varying in trait anxiety have been a focus 

of these investigations, based on cognitive models that implicate attentional processes as 

being at the core of elevated trait anxiety. The pattern of attentional selectivity known as 

“attentional bias” and its relation to elevated trait anxiety has been a significant focus for 

research in this domain. The phenomenon of attentional bias is defined as selective 

attention to a particular type of stimuli, which receives processing priority over other 

stimuli (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & Van-IJzendoorn, 

2007). Of particular relevance to trait anxiety is the occurrence of attentional bias to 

threat (ABT). ABT refers to the selective allocation of attention to threat cues relative to 

benign stimuli (Bar-Haim et al., 2007). Threat cues can be defined as stimuli that signal 

the heightened probability of a future aversive experience (Large, MacLeod, Clarke, & 
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Notebaert, 2016; L. Schmidt, Belopolsky, & Theeuwes, 2015). Therefore, for 

individuals with elevated trait anxiety, ABT would involve an increased attentional 

vigilance for cues that signal the heightened probability of a future aversive experience.  

Existing lines of investigation have examined trait anxiety-linked differences in 

ABT, by observing the degree to which individuals who vary in trait anxiety selectively 

allocate their attention to threatening stimuli to a greater degree than benign stimuli. 

Individuals identified as high in trait anxiety on the basis of either self-report 

questionnaires or clinician diagnosis of an anxiety disorder, have frequently been 

observed to display an elevated attentional bias to threatening information relative to 

individuals low in trait anxiety, who do not typically demonstrate ABT (Bar-Haim et al., 

2007). Research has further shown that ABT causally contributes to elevated trait 

anxiety (MacLeod, Grafton, & Notebaert, 2019). 

While ABT is commonly seen as a maladaptive process, it can sometimes be 

useful to deploy attention to threats signaling the heightened probability of a future 

aversive experience, as this might enable undertaking action to mitigate the risk of this 

aversive experience. Attending to a threat signaling the heightened probability of an 

aversive experience which can be mitigated through adaptive action would likely 

increase state anxiety for the individual until they have performed this mitigating action, 

after which state anxiety would decrease because the risk of the aversive experience has 

been attenuated. However, such an attentional pattern would prove unhelpful if the 

aversive experience being signaled could not be mitigated. In this case, ABT would still 

serve to increase state anxiety and, without the capacity to undertake adaptive action to 

attenuate the risk of the aversive experience, this state anxiety elevation would persist. 
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Attentional bias to such threats would likely result in the individual experiencing 

elevated state anxiety for a longer period of time than would attentional bias to threats 

signaling heightened risk of future aversive experiences that could be mitigated through 

adaptive action. This elevated state anxiety would also interfere with current goals. 

Therefore, if one person displays ABT regardless of whether the aversive experiences 

they signal can be mitigated by action and another person displays ABT only to threats 

signaling aversive experiences that can be so mitigated, the first person would be more 

inclined to experience state anxiety, and so would score higher on measures of trait 

anxiety than the second person. The optimal pattern of attention would therefore be to 

demonstrate a greater attentional bias to threats signaling future aversive experiences 

that can be mitigated, relative to threats signaling aversive experiences which cannot be 

mitigated. Such a pattern would demonstrate an alignment between variation in ABT 

and variation in the controllability of aversive experiences signaled by threat, with 

controllability referring to the degree of likelihood that an adaptive action would stop 

the aversive experience from occurring. This optimal pattern of attention will be referred 

to as attentional bias alignment throughout this thesis. Considering the above, impaired 

attentional bias alignment is a candidate explanation for elevated trait anxiety and the 

functional impairment associated with elevated trait anxiety. 

Testing this candidate explanation could provide important information relevant 

to highlighting the nature of the attentional processes that contribute to and maintain 

dysfunctional elevated trait anxiety and associated functional impairments. Additionally, 

this information could lead to the development of interventions specifically designed to 

reduce levels of trait anxiety, for example by developing cognitive training tasks aimed 
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at increasing the alignment of variation in ABT to variation in the controllability of 

aversive experience signaled by threat cues. Therefore, the current research programme 

was designed to experimentally examine the attentional processes underpinning elevated 

trait anxiety, focusing specifically on impaired alignment of variation in ABT relative to 

variation in the degree of controllability over aversive experiences signaled by threat 

cues. 

The current chapter will now review relevant literature on individual differences 

in the experience of anxiety, before then reviewing literature demonstrating a 

relationship between heightened trait anxiety and ABT. This chapter will then review 

evidence concerning the causal relationship between ABT and anxiety, and will consider 

how variation in the controllability of aversive experiences signaled by threat makes 

ABT more or less adaptive. Finally, the hypotheses will be defined and the chapter will 

end by describing the rationale behind the proposed overarching hypotheses, and 

providing an overview of the current research programme designed to empirically 

evaluate these hypotheses.   

Individual Differences in the Experience of Anxiety 

State anxiety is a physiological and cognitive response to anticipated aversive 

experiences (Craske, 1999). It is a biological survival mechanism that prepares the 

human body to take action to mitigate an aversive experience: to fight it, or flee from it. 

When such a state anxiety response occurs, the physical, cognitive, and behavioural 

systems are affected, and a range of symptoms are experienced (see Marks & Lader, 

1973 for a thorough review). These symptoms occur in concert with changes in the 

endocrinal system, as the release of corticotropin and cortisol initiates the physiological 
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anxiety response in order to optimize the physical and cognitive state for action to 

mitigate aversive experience (Risbrough & Stein, 2006). 

While state anxiety is a universal and adaptive experience, individuals who tend 

to become state anxious with great frequency experience a range of negative outcomes. 

These symptoms are often provoked by the expectation that an upcoming aversive 

experience will occur. The tendency to experience state anxiety is referred to as trait 

anxiety. Trait anxiety is thus the individual difference dimension reflecting variation in 

disposition to readily respond to potential stressors with state anxiety symptoms. High 

trait anxious individuals tend to experience state anxiety symptoms in situations that low 

trait anxious individuals do not (Gidron, 2013). This elevated frequency to experience 

state anxiety can develop into a debilitating disorder, with anxiety symptoms occurring 

out of proportion with a current situation, or in the absence of a high likelihood of an 

aversive experience (Lader, 2015). Anxiety disorders cause debilitating distress for the 

individual, as well as significant financial costs to society through reduced productivity, 

and increased utilization of health care services (Wittchen, 2002). Anxiety disorders are 

the most commonly occurring mood disorders, with 3-8% of the Australian population 

experiencing diagnosable symptoms (Australian Bureau of Statistics, 2007). Elevated 

trait anxiety is a strong risk factor for the development of such disorders (Chambers, 

Power, & Durham, 2004). 

Trait anxiety is commonly measured through self-report questionnaires that ask 

people to report the frequency with which they experience symptoms of state anxiety. 

The State-Trait Anxiety Inventory Trait (STAI-T) subscale, developed by Spielberger, 

Gorsuch, Lushene, Vagg, and Jacobs (1983) is one of the most commonly used 



6 
 

measures of trait anxiety, employed in over 9000 studies (Tilton, 2008). It measures 

variation in the tendency to experience state anxiety symptoms, with 20 statements 

regarding the experience of state anxiety that participants respond to with the degree to 

which they agree these statements accurately describe their experience. It is used in both 

research and clinical settings, and has good psychometric properties including high 

internal consistency (Spielberger, 1983). There is much empirical support for the STAI-

T’s construct and concurrent validity (Spielberger, 1989). Unlike state anxiety which 

can fluctuate from moment to moment (Spielberger, 1971), trait anxiety is stable over 

time (Gaudry, Vagg, & Spielberger, 1975). 

Negative Correlates of Elevated Trait Anxiety 

It is important to understand the mechanisms that underpin elevated trait anxiety, 

as high trait anxious individuals are more likely to experience a range of negative 

outcomes (Beddington et al., 2008). Elevated trait anxiety is reliably associated with the 

development of psychological disorders, such as Generalized Anxiety Disorder 

(Chambers et al., 2004), and Major Depressive Disorder (Kotov, Gamez, Schmidt, & 

Watson, 2010; Mincic, 2015). It significantly reduces quality of life compared to low 

trait anxious individuals (Sudhir, Sharma, Mariamma, & Subbakrishna, 2012). It is also 

associated with many other negative outcomes, including poor health and wellbeing, 

poor sleep, poor relationships, significant social and occupational impairment, and more 

frequent physical illness (Lengel, Helle, DeShong, Meyer, & Mullins-Sweatt, 2016). For 

example, a focus group assessing the wellbeing of high trait anxious individuals in the 

workplace found that their physiological and cognitive symptoms of state anxiety 

significantly impaired work performance, and also increased the likelihood of accidents 
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occurring due to poor attention associated with these symptoms (Haslam, Atkinson, 

Brown, & Haslam, 2005). Meanwhile, in a meta-analysis of studies examining the 

impact of elevated trait anxiety on sleep, it was observed that elevated trait anxiety 

contributes to significantly disrupted sleep continuity, lower total sleep time and sleep 

efficiency, as well as longer time to fall asleep (Benca, Obermeyer, Thisted, & Gillin, 

1992). High trait anxious individuals also spend more time worrying than low trait 

anxious individuals, and this worry interferes with goal-directed behaviour while 

increasing unpleasant state anxiety symptoms (Borkovec, Robinson, Pruzinsky, & 

DePree, 1983). Finally, the results of a national survey on married couples concluded 

that the martial partners of high trait anxious individuals reported significantly greater 

marital dissatisfaction compared to partners of low trait anxious individuals (McLeod, 

1994). This evidence suggests that high trait anxious individuals experience a range of 

harmful and unpleasant negative outcomes.  

Elevated trait anxiety is also related to poor cognitive performance (Clarke & 

MacLeod, 2013) and is associated with the impairment of a range of cognitive abilities 

(Eysenck & Calvo, 1992). Such impairments may be a consequence of the elevated 

levels of state anxiety that are experienced more frequently by high trait anxious 

individuals. Elevated state anxiety has been shown to impair spatial working memory 

and to disrupt short-term memory (Robinson, Vytal, Cornwell, & Grillon, 2013).  It is 

also seen to impact negatively upon decision-making, resulting in extreme patterns of 

responding to decisions such as more cautious decision-making, more impulsive 

decisions, and more indecisiveness (Keinan, 1987). Spatial awareness is also poorer in 

high state anxious participants compared to low state anxious participants (Cornwell, 
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Arkin, Overstreet, Carver, & Grillon, 2012). Such cognitive abilities are vital to 

operating effectively and functionally in academic, occupational, and interpersonal 

settings.  

Some lines of research have also demonstrated that elevated trait anxiety is 

characterized by cognitive inflexibility. Cognitive flexibility refers to an individual’s 

ability to mentally shift between certain modes of thinking, and to adapt to changes in 

the environment (Kehagia, Murray, & Robbins, 2010). It is referred to as an executive 

function, and can refer to mental set shifting, task switching, or attention shifting 

(Cooper-Kahn & Dietzel, 2008). Manifestation of cognitive flexibility can also require 

response inhibition, and engagement with working memory (Miyake et al., 2000). 

Cognitive flexibility is typically evidenced in studies that require participants to change 

attentional strategies in a within-subjects design. One such study utilised a design in 

which participants were required to switch between attending toward or attending away 

from a particular stimulus between blocks (Ansari, Derakshan, & Richards, 2008). It 

was observed that high trait anxious participants demonstrated greater costs to accuracy 

in trials closer to the block type switch than low trait anxious participants (Ansari et al., 

2008). Another study showed that high trait anxious participants were less effective at 

inhibiting attentional responses to emotional stimuli presented before target task words 

than low trait anxious participants, and were less accurate on the task as a result 

(Kalanthroff, Henik, Derakshan, & Usher, 2016 ). This evidence serves to demonstrate 

the association between elevated trait anxiety and poor cognitive flexibility. 

Neurological evidence supports this trait anxiety-linked impairment in cognitive 

flexibility. Specifically, elevated trait anxiety has been shown to impair the recruitment 
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of the prefrontal cortex required to engage in active and flexible control of attention 

(Bishop, 2009). The dorsolateral prefrontal cortex (DPFC) is implicated in attentional 

flexibility, with this brain region recruited when participants are required to re-allocate 

attention in response to contextual changes or rule changes during an experimental task 

(MacDonald, Cohen, Stenger, & Carter, 2000). This was demonstrated in an fMRI study 

that manipulated whether distractors present during a central task required a response 

that was congruent with responses of the central task, or incongruent with these 

responses (Kerns et al., 2004). Greater conflict as a result of incongruent responses was 

revealed by greater activity in the DPFC (Kerns et al., 2004). However, high trait 

anxious participants demonstrated impoverished recruitment of the DPFC relative to low 

trait anxious participants during a similar task (Bishop, 2009). This effect was observed 

after state anxiety was controlled for, with the authors suggesting that trait anxiety is 

associated with a pervasive deficit in cognitive flexibility and attentional control 

(Bishop, 2009).   

ABT and Trait Anxiety 

Due to the negative impact of elevated trait anxiety, various models of trait 

anxiety have been proposed to explain the underpinnings of this disposition. Cognitive 

models of elevated trait anxiety are frequently based on the work of Aaron Beck, who 

proposed that subjective reality is constructed using cognitive schemas, which represent 

prototypes of an individual’s understanding of particular events or situations (Beck, 

1991; Dozois & Beck, 2008). According to this cognitive model, individuals are more 

likely to encode information that is consistent with their schematic representations, than 

information that is inconsistent. This leads to a selective coding bias, with high trait 
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anxious individuals more prone than low trait anxious individuals to process negative 

information relative to benign information. This model provided the basis for 

subsequent models proposing that high trait anxiety is driven by attentional biases that 

preferentially process negative information. This was made explicit by Mathews and 

Mackintosh (1998) who proposed a model of elevated trait anxiety involving a threat 

evaluation system. This system is purported to prioritize the processing of threat in 

preference to benign information, resulting in biased attentional allocation. This model 

suggests that attentional bias toward negative information causally contributes to 

elevated trait anxiety (Mathews & Mackintosh, 1998). These cognitive models share in 

common the prediction that elevated trait anxiety will be associated with an increased 

ABT. Subsequent empirical research has provided ample support for this prediction.  

Before reviewing relevant ABT studies, it is critical to this thesis that a 

methodological limitation of many studies assessing ABT is made explicit. Specifically, 

many investigators seeking to test the hypothesis that trait anxiety is characterized by an 

attentional bias to threat cues, have in fact measured attentional bias to information that 

is inherently negative in emotional tone, rather than measuring attentional bias to cues 

that signal the heightened probability of a future aversive experience. This means that 

this research has typically assessed attentional bias to negative information, rather than 

attentional bias to threat cues. The limitations of this approach will be considered in a 

future section, as will the advocacy for the use of methodologies that overcome this 

limitation. However, for the purpose of maintaining consistency with the terminology 

employed in the current literature, attentional bias to emotionally negative information 

will be referred to as “attentional bias to threat” (ABT). 
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Self-report data yielded the first evidence of an anxiety-linked ABT, with 

clinically diagnosed anxious individuals self-reporting a tendency to selectively attend 

to sources of distress for them (McNally & Lorenz, 1987). While useful in shaping 

anxiety-linked ABT theory, studies using self-report measures of cognitive processes are 

limited in their validity when examining ABT. Self-reports about cognitive process are 

typically low in validity, and reveal only what the individual believes to be the case 

about their own cognitive processes (MacLeod & Cohen, 1993; Nisbett & Wilson, 

1977). Considering this, it was important for researchers to examine ABT in a more 

objective manner, using performance measures. 

One of the first studies to use performance measures to assess trait anxiety-

linked ABT was conducted by Burgess, Jones, Robertson, Radcliffe, and Emerson 

(1981). In this study, a dichotic listening task was used to present participants with 

threatening and benign stimuli simultaneously, in order to see which was allocated more 

attention. This was achieved by simultaneously presenting participants with two 

sentences, each presented in different ears using headphones. These sentences differed 

in valence, with one sentence containing threat information and the other containing 

benign information. Participants were then required to recall target words. It was 

observed that high trait anxious participants remembered target words from threatening 

sentences better than target words from benign sentences, and did so to a greater degree 

than low trait anxious participants. This effect was replicated by Foa & McNally (1986). 

These findings provided some of the first behavioural evidence for the association 

between elevated trait anxiety and ABT. 
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 Another commonly utilised performance-based paradigm for examining trait 

anxiety-linked ABT is the Emotional Stroop task. In this task, participants are presented 

with words written in different common colours, and are required to name the colour of 

the words while ignoring their meaning (MacLeod, 1991). The meanings of presented 

words differ in emotional valence, with some words being threatening and some being 

benign. A delay in naming the colour of threatening words relative to benign words is 

indicative of ABT, as it is assumed that the emotional content of the word has drawn 

attention away from the word colour (MacLeod et al., 2019). A trait anxiety-linked 

slowing to colour-name threatening words has been demonstrated in several studies 

(Becker, Rinck, Margraf, & Roth, 2001; Mathews & MacLeod, 1985a; Mogg, Mathews, 

& Weinman, 1989; I. P. Spector, Pecknold, & Libman, 2003). While compelling, these 

findings are limited by methodological shortcomings of the paradigm. Specifically, 

because the word meaning and word colour are presented as part of the same stimuli, the 

Emotional Stroop Task has been criticized for being unable to determine whether 

response slowing is due to increased attention towards threatening information, or 

whether it is due to attentional avoidance of threatening information. Both occurrences 

would manifest with slowed colour naming of threatening words, relative to benign 

words. Because of this, trait anxiety-linked differences in ABT are more optimally 

measured using other methodologies that present differentially valenced stimuli to 

separate spatial locations.  

Research using such an approach has typically included measurement of 

response slowing for probes appearing close to or far from threatening and benign 

information. In a seminal study, MacLeod, Mathews and Tata (1986) built upon 
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previous experimental methodologies (Burgess et al., 1981; Parkinson & Rachman, 

1981) to develop a dot probe paradigm to examine trait anxiety-linked differences in 

ABT. Two words (one threat word and one benign word) were presented simultaneously 

onscreen for 500ms, and a dot probe appeared immediately after this exposure duration 

in the location of one of the two words. Participants were required to press a button 

when they detected the dot probe. A decreased detection time for probes that appeared 

in the location of threat words, relative to detection time for probes that appeared in the 

location of benign words, was indicative of ABT. It was observed that high trait anxious 

participants showed a greater attentional bias to threat words than low trait anxious 

participants. This finding is part of a significant body of literature in which the dot probe 

task has provided evidence for an elevated ABT in clinically anxious populations and 

non-clinically anxious populations with elevated trait anxiety, using a range of stimuli 

such as words, faces, and images (Bar-Haim et al., 2007). 

The dichotic listening task and the emotional Stroop task are each examples of 

interference tasks. Interference tasks involve engaging participants with a central 

subtask, and simultaneously presenting distractor stimuli that are not relevant to this 

central subtask. The measure of interference in such paradigms is the degree to which 

central subtask performance is impaired when distractor stimuli are present, relative to 

when distractor stimuli are not present. Accuracy rates and response times to correctly 

respond to the central subtask are used to index interference. Interference tasks have 

demonstrated utility in assessing ABT. This has been achieved by manipulating whether 

these distractors are threatening or benign. Heightened interference effects when 

distractors are threatening, relative to when distractors are benign, are consistent with 
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ABT (MacLeod et al., 2019).  A benefit to interference tasks, of relevance to the current 

research programme, is that they easily render themselves to the incorporation of 

additional manipulations to test hypotheses regarding ABT that require them. An 

example of this is a task used in a study by Notebaert, Crombez, Van Damme, De 

Houwer, and Theeuwes (2011). In this task, participants completed a central subtask of 

identifying and responding as to the orientation of a line, presented inside a particular 

colour of circle. This subtask was performed while distractor stimuli in the form of other 

coloured circles were presented peripherally to the subtask. One particular colour of 

distractor circle represented a threat cue, as it signaled the aversive experience of a noise 

burst. The measure of ABT in this task was obtained by comparing the reaction time on 

the central subtask on trials in which threat cues were present, to the reaction time on the 

central subtask on trials in which threat cues were not present. Heightened interference 

(indexed by a slowing of responses) when threat cues were present relative to when they 

were not was interpreted as evidence for ABT (Notebaert, Crombez, Van Damme, et al., 

2011). Thus, interference paradigms are a versatile method of assessing ABT (MacLeod 

et al., 2019). 

Distinguishing Attentional Capture by Threat and Attentional Monitoring for 

Threat 

Attention to the locus of potential threat can occur whether or not such potential 

threat actually appears. These two patterns of attentional allocation can be labeled 

attentional capture by threat and attentional monitoring for threat. Attentional capture 

by threat describes attention being drawn towards distal threatening stimuli to a greater 

degree than distal benign stimuli (Koster, Crombez, Van Damme, Verschuere, & De 
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Houwer, 2004). Examination of this manifestation is often done by using the 

interference approach. If performance on a central subtask is impaired when distal threat 

cues are present, compared to when distal threat cues are not present, this is seen as 

evidence of attentional capture by threat (L. Schmidt et al., 2015). Accounts of 

attentional capture by threat propose that the cognitive system involved with attention 

has a limited capacity to process all available information, and must instead select 

stimuli relevant to survival to then process further (Hutton, 2008). This reduces the 

competition for cognitive resources from stimuli that appear outside of the capture 

region (Raz & Buhle, 2006).  

Attentional capture by threat can occur for both high trait anxious and low trait 

anxious individuals (Notebaert, Crombez, Van Damme, et al., 2011). However, 

individuals high in trait anxiety are characterized by a greater tendency to experience 

attentional capture by threat, and to experience it across a wider variety of situations, 

than low trait anxious individuals (Beck & Clark, 1997; Moser, Becker, & Moran, 2012; 

Perez-Duenas, Acosta, & Lupianez, 2009). Several models have proposed explanations 

for this trait anxiety-linked elevated attentional capture by threat. Mogg and Bradley 

(1998) argued that a threatening stimulus will be evaluated in terms of its threat severity. 

Individuals high in trait anxiety demonstrate a lower threshold for judging a stimulus as 

a threat compared to low trait-anxious individuals, leading to a difference between these 

two groups in their tendency to experience attentional capture by threat. Eysenck et al. 

(2007) argued that attentional capture by threat in high trait anxious individuals in 

comparison to low trait anxious individuals is the result of an attentional system that is 

more stimulus driven and less goal-directed. This is a component of the Attentional 
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Control Theory, which suggests that the attentional system of high trait anxious 

individuals is characterized by impairments in inhibition, attentional shifting, and 

working memory (Eysenck et al., 2007). Consequently, high trait anxious individuals 

are less able to inhibit attentional capture by threat (Richards, Benson, Donnelly, & 

Hadwin, 2014).  

 Attentional preoccupation with a potential source of threat, in the absence of 

threat, is referred to as attentional monitoring for threat. This occurs when an individual 

scans the environment to identify whether threat cues are present or not (Richards et al., 

2014). Attentional monitoring for threat serves to increase the likelihood of quickly 

detecting threat cues if they appear (Richards et al., 2014). One example of how this is 

assessed in experimental contexts is through using tasks that present stimuli in a location 

where it is predictable that a threat will sometimes appear. If individuals demonstrate 

attentional allocation to this location, attentional monitoring for threat is then inferred 

(Notebaert, Crombez, Van Damme, De Houwer, & Theeuwes, 2010). In other tasks, 

individuals must locate a target stimulus amongst distractor stimuli, which may or may 

not include a threat stimulus. If individuals are slow to respond to the target stimulus 

when the distractor stimuli could contain a threat stimulus but do not, this is seen as 

attentional monitoring for threat (Donnelly et al., 2010).  

 Eysenck et al. (1992) proposed that high trait anxious individuals monitor for 

threat more than low trait anxious individuals, rapidly scanning the environment and 

employing a broad attentional focus in preparation for attending to threat. Their 

Attentional Control Theory posits that trait anxiety-linked impairments in attentional 

control occur not just in the presence of threat, but also in the absence of threat, with 
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high trait anxious individuals demonstrating increased distraction due to any task-

irrelevant stimuli, and decreased attention to ongoing subtasks (Eysenck et al., 2007). 

Monitoring the environment for potential threat utilizes cognitive capacity, and in turn 

affects the execution of goal-directed activity (Beck, Emery, & Greenberg, 2005).  

 Researchers have used the anti-saccade task to examine anxiety-linked 

differences in attentional monitoring for threat. In this task, participants are instructed to 

either attend to or to not attend to peripheral stimuli that may or may not contain a threat 

stimulus. High trait anxious participants were more likely to attend to benign stimuli in 

the location that threat stimuli could have been presented, when instructed not to in a 

study by Richards et al. (2012), thus demonstrating attentional monitoring for threat.  

 Attentional capture by threat and attentional monitoring for threat represent two 

types of ABT that respectively occur in the presence of, and in the absence of, threat. 

These are among the most common manifestations of ABT referred to in the literature 

(Armstrong & Olatunji, 2012; Richards et al., 2014). Additionally, they are of particular 

relevance when utilizing an interference approach to examining ABT, as the current 

research programme aims to do. Therefore, these manifestations will be focused upon 

and measured throughout the current research programme.  

Evidence of a Causal Relationship Between ABT and Elevated Trait Anxiety 

Several researchers have purported that ABT causally contributes to elevated 

trait anxiety levels (for a review, see Van Bockstaele et al., 2014). Mathews and 

MacLeod (2002) argued that a trait anxiety-linked attentional processing bias causes an 

increased anxiety vulnerability, rather than this processing bias being a mere by-product 

of heightened anxiety vulnerability. To test this hypothesized causal relationship, 
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MacLeod, Rutherford, Campbell, Ebsworthy, & Holker (2002) utilised the dot probe 

paradigm, and altered it in such a way as to directly modify attentional bias to determine 

the effect of this attentional manipulation on anxiety vulnerability. That is, the dot probe 

paradigm was adapted to a Cognitive Bias Modification task, in which participants were 

encouraged to allocate their attention to one particular valence of stimuli (threatening or 

benign). This was achieved by exclusively presenting the dot probe either in the location 

of the previous threatening stimulus (attend to threat training group) or neutral stimulus 

(avoid threat training group). Participants were randomly assigned to either group. After 

completing the Cognitive Bias Modification task, a measure of ABT was taken, and 

participants were then exposed to a stressor. MacLeod et al. (2002) described the 

prediction that if ABT causally contributed to heightened anxiety vulnerability, then the 

attend to threat training group would show a higher state anxiety response to this 

stressor than would the avoid threat training group. Measurement of ABT was 

conducted using the standard dot probe paradigm (MacLeod et al., 1986) to determine 

whether attentional bias change had occurred. The stressor was a set of impossible or 

very difficult anagrams to be completed within a time limit, combined with sham 

feedback highlighting the participants’ poor performance relative to their age group. 

State anxiety response was measured using a visual analogue mood scale, which was a 

self-report of current state anxiety.  

It was observed that the Cognitive Bias Modification task successfully 

manipulated ABT, resulting in a significant difference in ABT between the two 

experimental groups. That is, participants in the avoid threat training group came to be 

speeded to identify probes presented in the location of benign stimuli compared to 
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probes presented in the location of threat stimuli. Additionally, participants in the attend 

to threat training group came to be speeded to identify probes presented in the location 

of threatening stimuli, compared to probes presented in the location of benign stimuli. 

This pattern of effects confirmed that ABT was successfully modified. Of critical 

importance to the hypothesis, participants in the attend to threat training group also 

demonstrated a significantly increased state anxiety response to the stressor compared to 

the avoid threat training group. These results made this study the first to provide 

evidence that ABT causally contributes to heightened anxiety vulnerability (Hakamata 

et al., 2010). Support for this conclusion has since been observed in other experimental 

studies that have shown changes in ABT that influence state anxiety (such as Hallion & 

Ruscio, 2011). A series of recent and thorough reviews of the literature examining the 

causal relationship between ABT and anxiety vulnerability have concluded there is 

copious evidence of this relationship (Clarke, Notebaert, & MacLeod, 2014; Grafton et 

al., 2017; Price et al., 2016; Van Bockstaele et al., 2014). Thus, ABT demonstrates a 

causal relationship with trait anxiety. 

Definitions of Threat in ABT Literature 

The current chapter has thus far reviewed evidence that heightened trait anxiety 

is associated with increased ABT. It has also highlighted the difference between 

negative information, and threat cues. As discussed, negative information refers to 

experimental stimuli that are emotionally negative. Threat cues refer to stimuli that 

signal a future aversive experience, occurring later in time than the presentation of the 

threat cue. This distinction between negative information and threat cues is important 

when experimentally examining trait anxiety-linked attentional processes. State anxiety 
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is a future-oriented emotional response, with basic evolutionary models of anxiety 

describing a physiological and cognitive response to threat cues in the environment that 

signal the increased likelihood of an aversive experience occurring (Craske, 1999). 

Given this, experimental paradigms seeking to examine anxiety-linked ABT would 

optimally do so by utilizing threat cues in the manner described above, rather than 

utilizing negative information.  

 However, as stated above, sometimes attentional bias investigators have utilised 

methodologies that measure attentional bias to emotionally negative information, rather 

than to threat cues. Some such investigators have referred to this as attentional bias to 

negative information (Koster, De Raedt, Goeleven, Franck, & Crombez, 2005), while 

others have labeled attentional responses to such emotionally negative information as 

threat, or threat cues (Mogg, Mathews, & Eysenck, 1992; Pineles & Mineka, 2005). 

Examples of such negative information incorporated into laboratory experiments have 

been negative words (eg. death, cancer, trauma) (Mathews & MacLeod, 1985b), 

unpleasant or violent images and videos (Koster, Crombez, Verschuere, Vanvolsem, & 

De Houwer, 2007), and angry faces (Waters, Henry, Mogg, Bradley, & Pine, 2010). 

These examples of threatening stimuli are often rated by participants as aversive 

(McTeague, Lang, Laplante, & Bradley, 2011; Strauss et al., 2005) and therefore 

represent negative stimuli. However, it is important to acknowledge that the stimuli 

exampled here do not signal the elevated probability of a future aversive experience.  

Experimental separation between aversive experiences and the threat cues that 

signal them represents a more ecologically valid methodology for measuring ABT than 

those utilizing negative information alone. Indeed, evolutionary models of ABT argue 
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that this phenomenon serves the adaptive purpose of providing opportunity to take 

action against some aversive experience (Mogg & Bradley, 1998; Öhman, Flykt, & 

Lundqvist, 2000). For example, someone who believes that the presence of a dog signals 

a significant risk of being bitten, may monitor the environment for dogs while walking, 

and a snarling dog may capture attention because of the aversive experience being 

signaled (being bitten). Thus, early detection of a potentially aggressive dog, resulting in 

directing additional attentional resources to this stimulus, may lead the individual to act 

in a manner that reduces the risk of being bitten, such as moving away from the dog. 

This argument highlights the relevance of distinguishing between threat cues and the 

future aversive experiences signaled by these threat cues, as adaptive action can only be 

taken if attention to threat cues enabled one to anticipate the future aversive experiences 

signaled by these cues. In real-world contexts, attention may be captured by threat cues 

that signal aversive experiences, or individuals may monitor for such threat cues, even 

when the aversive experience does not occur (perhaps because of adaptive action taken 

in response to the detection of the threat cue). Indeed, the risk of this aversive 

experience may be reduced by such attentional bias towards the threat cues that signal 

such risk, if this permits timely adaptive action that mitigates the risk (such as, in the 

example above, distancing oneself from the attended dog). Therefore, as a threat cue is a 

stimulus that signals the heightened probability of a future aversive experience, then 

variation in the degree to which people demonstrate an attentional bias to threat cues can 

only be assessed by measuring variation in attention to stimuli that signal the heightened 

probability of an aversive experience. 
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There are a few studies that have separated threat cues and aversive experiences, 

in order to examine ABT. In one such study, Sheppes, Luria, and Fukuda (2013) 

presented participants with coloured squares that were missing one side, and participants 

were required to respond as to which sections of squares were missing. On some trials, 

squares that appeared in a particular colour were threat cues, as their presence signaled 

the elevated probability of a future aversive experience, specifically an electric shock. 

Impaired accuracy to identify the missing section of these threat cues, compared to 

squares that were not threat cues (as they appeared in a different colour), yielded the 

measure of ABT. Another study by Koster et al. (2004) briefly presented participants 

with coloured patterns, which were then replaced with a target probe in one of these two 

locations, to which participants made a discriminative response. One particular colour of 

pattern was a threat cue as this signaled the elevated probability of a future aversive 

experience, in this case a white noise burst. By comparing probe discrimination 

performance for probes that appeared in the locus of threat cues, and probes that 

appeared in the locus of patterns that were not threat cues, this approach made it 

possible to assess individual differences in ABT. The approach in these studies was to 

use stimuli that signaled the occurrence of an aversive experience, and then to measure 

attentional bias to these stimuli. Thus, the studies reviewed above reflect measurement 

of ABT. 

Adaptiveness vs Maladaptiveness of Attentional Bias to Threat Cues 

It is only when examining attentional bias to threats signaling future aversive 

experiences that it becomes clear ABT can be maladaptive or adaptive, depending on 

specific considerations. Its relationship with elevated trait anxiety shows that ABT can 
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be maladaptive (as reviewed above). Researchers have purported that ABT contributes 

to elevated trait anxiety, because the resulting increased detection of threats serves to 

increase the frequency with which people experience elevated state anxiety, which is the 

defining characteristic of high trait anxious individuals (MacLeod et al., 1986). 

However, it is important to recognize that ABT can also be adaptive, as the resulting 

increased detection of threats can facilitate adaptive action that serves to reduce the 

likelihood of the future aversive experience signaled by these threats (Dolan, 2002; 

Notebaert, Clarke, & MacLeod, 2016).  

However, such an attentional pattern would only be adaptive if the aversive 

future experience signaled by the threat cue could indeed be mitigated by adaptive 

action. If it can, then attending to threat cues signaling the elevated probability of this 

future aversive experience would likely increase state anxiety until the point at which 

adaptive action is taken. Once this action has been taken and the risk of the aversive 

experience has consequently been attenuated state anxiety would then dissipate. In 

contrast, if it cannot be mitigated, then attending to threat cues signaling the elevated 

probability of this uncontrollable future aversive experience would again increase state 

anxiety, but as the risk could not be mitigated by action this state anxiety would 

continue to remain elevated. Variation in the controllability of the signaled aversive 

experience is therefore a critical factor in determining the adaptiveness of attending to 

threat cues. 
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Alignment of ABT with Variation in the Controllability of the Aversive Experience 

Signaled by Threat 

According to the position being argued here, if an individual displays ABT only 

when the degree of controllability over an aversive experience signaled by a threat cue is 

high, then this will be adaptive by motivating action to reduce the risk of this 

experience, and will result in only a brief elevation of state anxiety, meaning that people 

exhibiting this pattern of ABT will not report high levels of trait anxiety. In contrast, if 

an individual displays ABT when the degree of controllability over an aversive 

experience signaled by a threat cue is low, then this will be maladaptive, yielding no 

benefit in terms of reducing the risk of this experience, and resulting in more extended 

elevation of state anxiety, meaning that people exhibiting this pattern of ABT will report 

high levels of trait anxiety. The optimal pattern of attentional selectivity would be to 

demonstrate greater attentional bias to threats signaling more controllable aversive 

experiences than to threats signaling less controllable aversive experiences. The current 

research programme will refer to this pattern of attentional selectivity as attentional bias 

alignment. Meanwhile, displaying ABT regardless of the degree of controllability over 

an aversive experienced signaled by the threat cue, reflects impaired attentional bias 

alignment.  

Therefore, the purpose of this research program is to examine the novel 

hypothesis that heightened trait anxiety is associated with impairment of attentional bias 

alignment. This will be referred to within the current research program as the trait 

anxiety-linked impairment of attentional bias alignment (TALIABA) hypothesis. The 
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TALIABA hypothesis predicts that high trait anxious participants would demonstrate 

attenuated attentional bias alignment relative to low trait anxious participants. 

To date, trait anxiety-linked ABT studies have not addressed the hypothesis that 

trait anxiety is associated with impaired attentional bias alignment. The aversive 

experiences commonly utilised in ABT studies are frequently employed in ways that do 

not make them controllable. For example, studies assessing ABT using benign stimuli as 

threat cues signaling an aversive experience (like electric shocks) typically examine 

attentional bias towards such threat cues (such as in L. Schmidt et al., 2015). In such a 

task, the participant is not provided experimental capability to engage in adaptive action 

to avoid the aversive experience. Considering this, such ABT studies have in fact 

presented participants with threat cues signaling aversive experiences that are 

characterized by a very low degree of controllability. Thus, the associated attentional 

effects observed in these studies can explain only trait anxiety-linked attentional bias to 

threats signaling aversive experiences that are low in controllability. Experimentally 

manipulating the degree of controllability over aversive experiences signaled by threat 

cues, and examining the effect of this manipulation on trait anxiety-linked ABT 

therefore represents a novel avenue of research.  

A handful of studies have examined the effect of manipulating aversive 

experience controllability. However, these studies did not address the hypothesis that 

heightened trait anxiety is associated with impaired attentional bias alignment. For 

example, a study by Notebaert et al. (2011) presented threat cues that signaled an 

electric shock to participants assigned to two experimental groups. Depending on the 

experimental group, participants were either able to mitigate the possibility of the 
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electric shock by accurately identifying a probe, or were not able to mitigate the 

possibility of the electric shock. The experimental group with the ability to mitigate the 

electric shock demonstrated greater ABT than the group that did not have the ability to 

mitigate the electric shock (Notebaert, Crombez, Vogt, et al., 2011). While these 

findings evidenced heightened ABT when the aversive experience signaled by threat 

was high in controllability compared to low in controllability, this study did not compare 

participants based on trait anxiety levels. Another study that manipulated aversive 

experience controllability compared high and low trait anxious participant ABT, in two 

experimental groups (Notebaert, Tilbrook, Clarke, & MacLeod, 2017). Once again, 

these two experimental groups either provided opportunity to mitigate an aversive 

experience (a noise burst) through accuracy on a probe identification task, or no 

opportunity to mitigate the aversive experience. It was seen that, when high trait anxious 

participants in one controllability condition were compared to those in the other 

controllability condition, they did not differ in their degree of ABT. These findings 

indicated that high trait anxious individuals may be unable to inhibit attentional 

responses to threats signaling uncontrollable aversive experiences (Notebaert et al., 

2017). However, as the manipulation of aversive experience controllability was 

performed in a between-subjects manner, this study was not able to determine whether 

high trait anxious individuals demonstrate an ability to flexibly align their attentional 

bias to threats signaling more or less controllable aversive experiences. Such an 

examination of attentional bias alignment would require a within-subjects manipulation 

of aversive experience controllability. 
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 As reviewed in the current chapter, trait anxiety is associated with impairment in 

executive functioning. Demonstrating proper attentional bias alignment may require a 

high level of executive functioning, as executive functions such as inhibition of attention 

and cognitive flexibility would be required to optimally respond to variation in the 

degree of controllability signaled by threat cues. As such, if executive functioning is 

impaired, then it is plausible attentional bias alignment would be impaired. If this were 

the case, individuals high in trait anxiety who also demonstrate poor executive 

functioning would show the greatest impairment of attentional bias alignment. This 

would be evident if executive functioning demonstrated a moderating effect on the 

relationship between trait anxiety and attentional bias alignment, such that as trait 

anxiety increased, attentional bias alignment decreased, but only in participants with low 

executive functioning. As such, the hypothesis that executive functioning will have a 

moderating effect on the relationship between trait anxiety and attentional bias 

alignment will be referred to throughout the current research programme as the 

Executive Functioning as a Moderator (EFM) hypothesis. If support for the TALIABA 

hypothesis is observed, then it is important to test the validity of the EFM hypothesis. 

Support for the EFM hypothesis would indicate that poor executive functioning is 

associated with impaired attentional bias alignment, for high trait anxious individuals.   

The Current Research Programme 

ABT contributes to elevated trait anxiety in a causal manner, however more 

research is needed to enhance understanding of why a cognitive process which can be 

adaptive would elevate trait anxiety and impair everyday functioning. The current 

research programme proposes the hypothesis that impairment of attentional bias 



28 
 

alignment contributes causally to elevated trait anxiety. Attentional bias alignment 

would be evident if an individual demonstrated attenuated attentional bias to threats 

signaling less controllable future aversive experiences, compared to threats signaling 

more controllable future aversive experiences. The TALIABA hypothesis serves to 

explain why an individual who displays patterns of ABT that are not characterized by 

such alignment would more frequently experience state anxiety and show disruptions to 

everyday functioning. Specifically, such an individual would demonstrate an attentional 

bias towards threats signaling less controllable aversive experiences, resulting in more 

enduring elevations of state anxiety that do not serve to motivate adaptive action to 

mitigate the likelihood of the signaled aversive experience. This elevated and frequent 

state anxiety, as well as heightened awareness of potential aversive experiences, would 

serve to interfere with current goals. This interference is likely associated with 

disruption to everyday functioning. 

The current research program is designed to empirically test the validity of the 

TALIABA hypothesis, and if support for this hypothesis is found, to additionally 

evaluate the EFM hypothesis which predicts that executive functioning will moderate 

the relationship between trait anxiety and impairment of attentional bias alignment. 

To test the predictions generated by TALIABA hypothesis, the current research 

programme requires the development of innovative methodology. This novel 

methodology will include several key features. First, an interference approach will be 

utilised because, as reviewed above, interference paradigms easily render themselves to 

the incorporation of additional experimental manipulations. Second, in order to examine 

ABT, it is important to ensure that the utilised paradigm includes threat cues which 
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signal an aversive experience that occurs later in time than the presentation of the threat 

cue. Third, a central subtask is required, on which participant accuracy can be recorded. 

This central subtask will be flanked by peripheral stimuli, which may sometimes include 

a threat cue (i.e. a stimulus that signals the elevated probability of a future aversive 

experience). Fourth, the task will be designed such that it will provide both a measure of 

attentional monitoring for threat, and a measure of attentional capture by threat. Lastly, 

the task will permit experimental manipulation of the degree to which the future 

aversive experience signaled by the threat cue can be mitigated by adaptive action that 

can be taken by the participant. This manipulation must occur within-subjects, in order 

to determine the degree to which attentional bias alignment is demonstrated by high and 

low trait anxious participants. Combined, these features will enable testing of the 

TALIABA hypothesis. Furthermore, to test the prediction generated by the EFM 

hypothesis, the inclusion of a task that measures executive functioning is required.  

Testing the validity of the TALIABA hypothesis and the EFM hypothesis has 

important implications. Firstly, addressing this hypothesis will extend theoretical 

literature on cognitive models of trait anxiety. Currently, such models do not 

demonstrate specificity regarding the influence of variation in controllability over 

aversive experiences signaled by threat cues on ABT, and the current research 

programme will illuminate this research area. Secondly, confirmation of the TALIABA 

hypothesis would provide detail regarding the relationship between heightened trait 

anxiety and ABT, as this would suggest that impaired attentional bias alignment causes 

heightened state anxiety. Confirmation of both the TALIABA hypothesis and the EFM 

hypothesis would suggest that executive functioning moderates the relationship between 
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trait anxiety and impaired attentional bias alignment, such that trait anxiety is associated 

with impaired attentional bias alignment, but only in those high trait anxious participants 

whose executive functioning is poor. Thirdly, addressing these hypotheses would 

provide potential new avenues for clinical intervention. Currently, targeting ABT 

patterns for modification training can result in decreased anxiety vulnerability, however, 

effect sizes for such findings are small, and have demonstrated poor replicability (Bar-

Haim et al., 2007). Targeting patterns of impaired attentional bias alignment may result 

in a more effective and enduring reduction of trait anxiety than targeting patterns of 

ABT, and in turn, may result in a reduction of functional impairment associated with 

trait anxiety. 

 In order to address the aim of the current research programme, the optimal task 

parameters for testing the two hypotheses must first be determined. Therefore, Chapter 2 

focuses on varying task parameters and determining the appropriateness of these 

parameters for optimal testing of the hypotheses. Chapter 3 then utilizes the findings of 

Chapter 2, and experimentally examines the TALIABA hypothesis using methodologies 

informed by Chapter 2. Chapter 4 examines the TALIABA hypothesis using refined 

methodologies, based on the findings of Chapter 3, and also examines the EFM 

hypothesis. Chapter 5 examines the two hypotheses using the methodologies of the 

previous chapter, combined with eye-tracking technology. Finally, Chapter 6 

summarizes all findings, and discusses their implications, as well as considering some 

limitations of the current research programme, and future research directions. 
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Chapter 2: Study 1 

 As discussed in the previous chapter, the aim of the current research program is 

to examine the effect of heightened trait anxiety on alignment of attentional bias to 

threat (ABT) with variation in the controllability of the aversive experience signaled by 

this threat. According to the hypothesis under test, heightened trait anxiety is associated 

with impairment of attentional bias alignment. This is the trait anxiety-linked 

impairment of attentional bias alignment (TALIABA) hypothesis. This hypothesis is 

derived from the observation that ABT can be adaptive or maladaptive depending on the 

controllability of the aversive experience being signaled, and that heightened trait 

anxiety is associated with impaired cognitive flexibility (Park & Moghaddam, 2017). 

The hypothesis predicts that individuals with a low level of trait anxiety will 

demonstrate a stronger attentional bias to threats signaling more controllable aversive 

experiences compared to less controllable aversive experiences, while high trait anxious 

individuals will demonstrate an attenuated difference in attentional bias to threats 

signaling more and less controllable aversive experiences. Thus, low trait anxious 

participants will demonstrate greater attentional bias alignment than high trait anxious 

participants.  

 As reviewed in Chapter 1, ABT is argued to be an adaptive neurocognitive 

function, critical for survival by prioritizing attention on threats to then facilitate 

adaptive action to mitigate aversive experiences (Dolan, 2002; Öhman & Mineka, 

2001). Such ABT is only adaptive however, if an individual has a high degree of 

controllability over the aversive experience signaled by the threat, such that they can 

take adaptive action that would reduce the likelihood of the aversive experience 
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occurring. With little controllability and therefore little opportunity to take adaptive 

action that would reduce the likelihood of the aversive experience occurring, attending 

to such threat cues would only serve to increase state anxiety and disrupt other goal-

directed behavior (Mogg & Bradley, 2018). Heightened trait anxiety is associated with 

impaired cognitive flexibility (Park & Moghaddam, 2017), so it may be the case that 

flexibly aligning attention in an adaptive manner is impaired by heightened trait anxiety. 

Specifically, trait anxiety has been shown to impair the ability to flexibly switch 

between multiple strategies in response to changing task demands (Ansari et al., 2008; 

Park & Moghaddam, 2017; Shin et al., 2007), and to impair the ability to maintain goal 

focus in the presence of distractors (Eysenck et al., 2007; Lyche, Jonassen, Stiles, 

Ulleberg, & Landro, 2010). The current research program thus intended to test the novel 

hypothesis that heightened trait anxiety is associated with impairment of attentional bias 

alignment.  

 In order to test this novel hypothesis, a novel paradigm is required that can assess 

attentional bias to threat cues signaling a future aversive experience, under conditions in 

which the aversive experience signaled by these threat cues is more or less controllable. 

The critical task parameters needed to assess individual differences in attentional bias 

alignment will now be discussed in the following order: adapting an interference 

approach, threat cues that indicate increased likelihood of a future aversive experience 

which can be reduced through adaptive action, and manipulation of aversive experience 

controllability.  
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Adapting an Interference Approach  

The approach used by interference paradigms involves providing participants with a 

central subtask, such as a lexical decision subtask (Eglin, 1987) or number identification 

subtask (Fernandes & Moscovitch, 2003). During the completion of this central subtask, 

subtask-irrelevant distractors are presented simultaneously on some trials. Participants 

are instructed to complete the central subtask to the best of their ability, and to ignore 

distractors. The degree to which participants attend to the distractors is inferred from the 

degree to which distractor presence serves to impair performance on the central subtask 

(MacLeod et al., 2019). Therefore, if people demonstrate ABT, performance on the 

central subtask would be impaired on trials that present threatening distractors, relative 

to trials that present benign distractors. An index of ABT is thus derived by computing 

the degree to which performance on the central subtask is impaired when threatening 

distractors are present, compared to when the distractors are benign (MacLeod et al., 

2019). This phenomenon of reduced central subtask performance in the presence of 

threatening distractors relative to benign distractors will be referred to as threat 

interference. Depending on the task, threat interference can be measured by either 

accuracy to complete the central subtask (Van Damme, Crombez, & Notebaert, 2008), 

or response time to the central subtask (Fox, Russo, & Dutton, 2002). An example of a 

study utilizing this approach is that of Chen, Yao, Qian, & Lin (2016). In this study, the 

classic flanker task in which participants are instructed to identify a central target while 

ignoring distractors, was modified. The central subtask was attending to a face and 

responding as to its emotional valence, while distractors were faces with either neutral 

or threatening expressions. It was observed that socially anxious participants performed 
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more poorly on the central target identification subtask when distractors were 

threatening, compared to when distractors were benign (S. Chen et al., 2016), thus 

demonstrating threat interference.  

An interference paradigm would be an appropriate paradigm to test the current 

hypothesis, provided that the paradigm is adapted to include critical parameters. 

Specifically, testing the hypothesis using an interference paradigm would require 

providing a cost to attending away from the central subtask, so that experimental 

conditions can be created in which attending away from the central subtask towards a 

threat cue is more or less adaptive. In order for there to be a cost to attending away from 

the central subtask, good performance on the central subtask needs to deliver some 

benefit. This benefit could be a monetary reward for good performance. Studies have 

demonstrated that participants perform better on a task when completing the task earns 

them money, compared to when the same task is completed without the promise of 

monetary gain. This effect was observed in a study in which participants were assigned 

to one of three experimental groups: one group received no monetary gain, one group 

received a flat fee for participating, and a third group received an amount of money 

dependent on performance on a statistical reasoning task (Brase, 2009). The third 

experimental group outperformed the previous two groups (Brase, 2009). Studies using 

fMRI technology to observe neurological activity during task completion have provided 

further evidence for the utility of money gain as a task motivator. In one fMRI study, 

visual cues that signaled either money gain or avoidance of money loss both induced 

increased activation in brain regions associated with reward, suggesting that both 

outcomes were desirable for participants (Schlund, Magee, & Hudgins, 2011). This 
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effect was also demonstrated in a study by Kim, Shimojo, and O’Doherty (2006), in 

which participants were required to choose an action that would either win them money 

or aid them in avoiding losing money. Medial Occipital-Frontal Cortex activation, 

which has been implicated in stimulus reward coding, increased in response to either 

outcome (Kim et al., 2006). This evidence serves to support the use of a monetary gain 

for central subtask performance to induce a cost in attending away from this central 

subtask. 

Threat Cues that Indicate Increased Likelihood of a Future Aversive Experience 

Which Can be Reduced with Adaptive Action 

Researchers investigating attentional biases have used various forms of threat 

stimuli, including threatening words (Amir, Elias, Klumpp, & Przeworski, 2003), 

emotional faces (Waters, Mogg, Bradley, & Pine, 2008), audio-based narratives (Foa & 

McNally, 1986), and threatening images (Rudaizky, Basanovic, & MacLeod, 2014). 

While these stimuli have demonstrated utility in detecting attentional biases, they do not 

represent suitable methodologies in order to answer the specific hypothesis of the 

current research program. Testing the current hypothesis required an aversive 

experience that occurs after presentation of a threat cue. Using negative images such as 

those mentioned above would therefore not make suitable threat cues, as this would not 

allow participants the opportunity to take action and reduce the likelihood of an aversive 

experience.  

Testing the proposed hypothesis requires creating threat cues that are not 

intrinsically aversive but instead indicate the increased likelihood of a future aversive 

experience. Additionally, there needs to be a temporal distance between when the threat 



36 
 

cue is presented, and when the aversive experience occurs, so that participants can 

control the likelihood of the aversive experience by engaging in adaptive action. 

Presenting a threat cue that predicts the occurrence of a later aversive experience would 

then allow participants to make a response in the time between threat cue presentation 

and aversive experience occurrence that eliminates the aversive experience. Threat cues 

signaling future aversive experiences have shown to increase physiological arousal 

associated with fear, via heart rate measurements and skin conductance, when 

participants were exposed to a right-slanted Gabor grating that signaled a white noise 

burst (Gruss & Keil, 2019). Studies have demonstrated that individuals can develop an 

attentional bias toward threat cues that signal aversive events, such as loud noises (L. 

Schmidt et al., 2015; Wald et al., 2013), money loss (Wang, Yu, & Zhou, 2013; 

Wentura, Muller, & Rothermund, 2014), and even mild electrocutaneous stimulation 

(Hopkins, Helmstetter, & Hannula, 2016; Koenig, Uengoer, & Lachnit, 2017; Notebaert, 

Crombez, Vogt, et al., 2011). The threat cues used in these studies often consist of 

perceptually basic and easy-to-discriminate colours (Notebaert, Crombez, Vogt, et al., 

2011; Wang et al., 2013) or shapes (L. Schmidt et al., 2015). Thus, presenting a threat 

cue that signals a future aversive experience separated by a temporal gap represents a 

procedure that can be used in the current research program.  

Researchers have used various stimuli to represent aversive experiences. One 

example is negative images. In a study by Batty, Cave, and Pauli (2005), abstract shapes 

were paired with negative images presented later in the trial, however no attentional bias 

was observed towards these abstract shapes. While negative images could in principle 

represent an aversive experience, they could be easily avoided even when the actual 
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presentation of the images cannot be avoided by simply closing the eyes or looking 

away from the screen. Considering this, a non-visual aversive experience is more 

suitable. 

There are two commonly-used non-visual aversive experiences used in the anxiety 

and attentional bias literature. The first of these is a monetary loss. Money loss has been 

used across various cognitive experiments, as an experience that participants are 

motivated to try to avoid. Many experiments provide participants the opportunity to gain 

money during task completion through engagement with a central subtask, with certain 

task contingencies causing money to be lost. Examples of this can be seen in studies by 

Delgado, Labouliere and Phelps (2006) and Dunning and Hajcak (2007). The findings of 

Delgado et al. (2006) suggested that money loss and electric shocks are similarly 

aversive to participants, meaning that money loss can represent a less physically 

invasive and labor-intensive aversive experience in a laboratory setting. Additionally, 

Krawczyk and D’Esposito (2013) demonstrated in a working memory task that 

participants performed faster and more accurately on the task in order to avoid losing 

money, compared to participants who did not face the same money loss consequences. 

Avoiding money loss is believed to carry as significant a psychological impact as 

attempting to gain money (Dreher, 2007). Further to this, signals of gain and loss have 

been observed to capture attention (Müller, Rothermund, & Wentura, 2016). Money loss 

therefore represents an appropriate aversive experience that participants would take 

action to avoid. 

A second type of aversive experience sometimes delivered in experimental 

paradigms is a loud white noise burst. White noise is a random audial signal that has 
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equal intensity at differing frequencies (Mancini, 2003). Radio static is an example of 

commonly-occurring white noise. White noise bursts (commonly between 90 to 100db, 

and lasting between 300 to 1000ms) provide a laboratory-appropriate aversive 

experience that is not physically harmful (Hobbs, 1990). However, they have been 

found to be aversive, and can elicit an attentional bias towards threat cues that signal 

these noise bursts (Koster et al., 2004). Notebaert, Tilbrook, Clarke, and MacLeod 

(2017) demonstrated the utility of noise bursts as aversive experiences, as the potential 

delivery of a noise burst motivated participants to attend away from a central subtask in 

order to process threat cues that facilitate action which may eliminate the noise bursts. 

Additionally, a study comparing the use of electric shocks to white noise bursts in fear 

conditioning studies, found that white noise bursts produced more consistent and 

reliable physiological responses from participants than electric shocks, indicating a more 

consistent and reliable aversiveness (Sperl, Panitz, Hermann, & Mueller, 2016). Noise 

bursts thus appear then to represent an appropriate experimental aversive experience, as 

participants are willing to take action to avoid being exposed to them.  

Both money loss and noise bursts have demonstrated their usefulness in the 

laboratory context, as aversive experiences that participants are motivated to avoid. It is 

not yet known, however, whether participants would be motivated to avoid each of these 

aversive experiences in a task where they can also gain a monetary reward through 

performance on a central subtask. It is also not yet known whether participants are more 

motivated to avoid each of these aversive experiences in conditions where they can 

avoid them, relative to conditions where they cannot avoid them.  
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Testing the TALIABA hypothesis also requires a suitable behavioural action for 

reducing the likelihood of the aversive experience. The degree of difficulty in engaging 

with this behavioural action needs to be balanced with the degree of aversive experience 

severity. If it is too difficult to engage in, participants will not engage in it even when 

the aversive experience is perceived as severe. Additionally, research on the effect of 

fear-inducing media advertisements aiming to engage viewers in more adaptive 

behaviours, shows that perception of the behavioural action affects engagement with it. 

Specifically, people tend to engage in the behavioural action to reduce aversive 

experiences when they believe that is effective to do so, and also if they believe that 

they can properly execute the behavioural action (Witte, 1992; Witte & Allen, 2000). 

Therefore, it is important in the current paradigm that participants are explicitly 

informed of the behavioural action’s effectiveness, they experience the effectiveness of 

the behavioural action prior to task commencement, and that they are provided feedback 

whenever the behavioural action is executed properly.   

Manipulation of Aversive Experience Controllability  

A third requirement to test the TALIABA hypothesis is the capacity to 

manipulate the degree to which participants can reduce the likelihood of the signaled 

aversive experience through adaptive action. This has been achieved in some previous 

studies by providing the opportunity to perform an action that would eliminate the 

occurrence of the aversive experience (Large et al., 2016; Notebaert et al., 2017). Large 

et al. (2016), for example, presented participants with certain words that signaled the 

heightened likelihood of a future noise burst, and provided participants with the 

opportunity to avoid the noise burst by correctly identifying these words at a later point 
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in the task. Similarly, Notebaert et al. (2017) utilised a task in which certain coloured 

circles predicted the heightened likelihood of a future noise burst, and provided 

participants with the opportunity to avoid hearing the noise burst by identifying the 

orientation of a line presented within this coloured circle. Participants were randomly 

assigned to either a High Control or Low Control group, in which correct identification 

of the line either provided a high or low chance of avoiding hearing the noise burst, 

respectively. A stronger attentional bias was observed for participants in the High 

Control group compared to the Low Control group, demonstrating that participants paid 

more attention to threat cues when they signaled an opportunity to mitigate the 

likelihood of an aversive experience through adaptive action (Notebaert et al., 2017). 

  To test the presently-proposed TALIABA hypothesis, the manipulation of 

aversive experience controllability needs to be done using a within-subjects design, with 

all participants exposed to both high and low controllability blocks. This will enable 

examination of individual differences of attention in response to varying capacity to 

mitigate aversive experience through action. 

The Current Study 

Summarizing the above, the task parameters that are required to address the aim 

of the current research program are: a central subtask on which good performance earns 

a benefit, that can be lost if the central subtask is attended away from; a threat cue that 

signals the heightened likelihood of an aversive experience; an aversive experience 

signaled by the threat cue that participants have capacity to mitigate with action, and; a 

within-subjects manipulation of the capacity to mitigate the signaled likelihood of the 

aversive experience. As such, an Attentional Bias Alignment Assessment Task 
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(ABAAT) was developed that incorporated each of these features. In the ABAAT, the 

central subtask was a central grey circle, displayed on all trials with a digit (1-9) briefly 

presented inside the grey circle. On trials where participants correctly identified this 

digit and entered it using the numberpad, they gained 3 cents. As the digit was only 

presented for 100ms, if participants attended away from this central grey circle, doing so 

came at a cost (losing the opportunity to gain 3 cents). As such, if any other stimuli were 

simultaneously presented, and these stimuli were attended to, performance on the central 

subtask would be interfered with. On some trials, there was a peripheral ring of 

differently coloured circles surrounding the central grey circle, and these coloured 

circles also contained a digit each. On some trials, this peripheral ring included a threat 

cue. The threat cue was a circle of a particular colour, counterbalanced across 

participants. The presence of this threat cue signaled the possibility of being exposed to 

an aversive experience. For half of participants, this aversive experience was a noise 

burst, whereas for the other half it was money loss. Control over the aversive experience 

signaled by the threat cue was implemented as the ability to avoid experiencing the 

aversive experience, and this could be done by correctly identifying the digit presented 

within the threat cue and entering it on the numberpad (instead of the digit presented in 

the central circle). Critically, the degree of controllability over the aversive experience 

varied between blocks, for all participants. In High Controllability blocks, there was a 

high likelihood that entering the digit within the threat cue would result in avoidance of 

the aversive experience. In Low Controllability blocks, there was a low likelihood that 

entering the digit within the threat cue would result in avoidance of the aversive 

experience.  
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 ABT measures can be obtained by measuring performance on the central 

subtask, and comparing patterns of performance on the central subtask when threat cues 

are present to when they are not. ABT would be observed if central subtask performance 

is poorer when threat cues are present, compared to central subtask performance when 

threat cues are not present. This pattern would suggest the presence of the threat cue has 

impaired central subtask performance, and thus threat interference has occurred. 

Evidence of attentional bias alignment would be represented by differences in ABT 

measures between High Controllability blocks and Low Controllability blocks. 

Specifically, attentional bias alignment would be demonstrated by significantly higher 

ABT measures in High Controllability blocks compared to Low Controllability blocks.  

 However, before examining individual differences in attentional bias alignment, 

it is crucial to establish whether, when presented with the likelihood of experiencing one 

of the two candidate aversive experiences (money loss or noise bursts), participants 

engage in the candidate behaviour action that will reduce the likelihood of these 

occurring. Secondly, it is critical to confirm that the threat cues, when signaling one of 

the two candidate aversive experiences, are attended to more in High Controllability 

blocks relative to Low Controllability blocks. This would confirm: the suitability of 

these aversive experiences for the ABAAT, the suitability of the behavioural candidate 

for controlling the aversive experiences, the suitability of the aversive experience 

controllability manipulation, and the suitability of these aversive experiences for the 

measurement of attentional bias alignment. 

  To ensure these assumptions are met, the current chapter included Study 1. The 

aim of Study 1 was to test these assumptions using noise bursts and money loss as 
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aversive experiences, and to compare these two candidate aversive experiences in 

regards to the meeting of these assumptions. These assumptions would be met if:  

i) participants actually engaged in the candidate behavioural action for controlling either 

of the aversive experiences; 

ii) when threat cues signaled one of the two candidate aversive experiences, the 

behavioural candidate for controlling the aversive experience was performed more in 

High Controllability blocks compared to Low Controllability blocks, and; 

iii) when threat cues signaled one of the two candidate aversive experiences, ABT 

measures were higher in High Controllability blocks compared to Low Controllability 

blocks.  

If it can be determined that one of the candidate aversive experiences (money loss or 

noise bursts) satisfies these assumptions better than the other, this aversive experience 

will then be utilised in subsequent studies to test the current study’s main hypothesis 

that heightened trait anxiety is associated with impaired attentional bias alignment. 

Method 

Participants 

Fifty four participants from the University of Western Australia’s School of 

Psychological Science undergraduate participant pool completed the study in exchange 

for partial course credit. Participants were required to have normal or corrected-to-

normal vision, and to report no colour blindness or hearing issues. There were no other 

inclusion criteria for this study. There were 38 females and 16 males; the mean age was 

20.56 years (SD = 10.87). Participants were randomly allocated to one of two aversive 

experience conditions (noise bursts or money loss). Twenty eight participants were 
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assigned to the Noise Burst condition, and 26 were assigned to the Money Loss 

condition. There were 20 females and 8 males in the Noise Burst condition, with a mean 

age of 18.93 (SD = 1.92). There were 18 females and 8 males in the Money Loss 

condition, with a mean age of 22.30 (SD = 15.50). All participants gave informed 

consent, and were provided the option to end the experiment at any point. None made 

use of this option.  

Materials 

Digital Demographic Form 

  Participants completed a digital form that collected demographic information, 

including age and gender. 

Circle Stimuli 

  The stimuli used in the ABAAT were circles presented in a range of different 

colours generated using the Microsoft Windows 10 Paint Program. In this task, the 

display consisted of a central grey circle (hue = 160, saturation = 0) sometimes 

surrounded by a peripheral ring of coloured circles. All circle stimuli were presented 

with equal size (Radius = 7.5mm).The centre of the central circle was placed in the 

midpoint of the screen, and the peripheral stimuli were spaced equally distant from the 

midpoint of the screen and each other with a 5cm gap between each. The radius of the 

ring of peripheral circles was 6cm. Each circle had a 0.5cm wide colour band and a 

transparent centre, to ensure ease of colour discrimination from the background for all 

colours (Notebaert, Crombez, Van Damme, et al., 2011). The task required circle stimuli 

to be presented in common colours that were easy to discriminate between. These circle 

stimuli were therefore presented in a light, medium, or dark shade (luminance 180, 120, 
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and 60 respectively) of one of five colours: blue (hue = 159), aqua (hue = 119), green 

(hue = 72), yellow (hue = 39) and red (hue = 0). Each participant was allocated one of 

these five colours to represent a threat cue, and this assignment was counterbalanced 

across participants. Threat cue circles always appeared in the medium shade (120 

luminance) of the assigned colour, and the other peripheral circles appeared in either the 

dark or light shade of each of the remaining four colours. 

Aversive Experiences 

  Participants were randomly assigned to one of two aversive experience 

conditions: Money Loss or Noise Bursts. A loss of 10 cents was used in one condition, 

and a 95db 1000ms white noise burst, played through a set of Sony headphones, was 

used in the other condition. The possibility of this aversive experience occurring was 

signaled by the presence of the threat cue circle. For each trial in which a threat cue 

circle was presented, there was a 50% chance that the aversive experience would occur 

(Notebaert, Crombez, Van Damme, et al., 2011). 

Attentional Bias Alignment Assessment Task 

 The ABAAT was adapted from a task developed by Notebaert et al. (2010) in 

order to examine alignment of variation in ABT to variation in the degree to which an 

aversive experience signaled by threat cues can be controlled. The task measures 

attentional bias to peripherally presented distractors and threat cues by measuring the 

interference that the presence of such distractors and threat cues causes on performance 

of a central subtask. Measuring interference on the central subtask when distractors are 

present reveals attentional monitoring for threat. Measuring central subtask interference 

when threat cues are present reveals attentional capture by threat. Furthermore, the task 
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allows manipulation of the degree of controllability participants have over the aversive 

experience signaled by threat cues. Below the main features of the task are outlined first, 

before the task implementation details are described. 

Central subtask allowing money gain. The ABAAT featured a central subtask, 

from which the interference measure was derived. Specifically, on each trial, a central 

grey circle was presented for 250ms. A digit (1 to 9) was then presented within the 

central grey circle for 100ms. The short exposure duration of this digit ensured that in 

order to correctly identify this digit, participants needed to be orienting their attention 

toward this central grey circle at the point when the digit appeared. If the participant 

pressed the number on the numberpad that corresponded to the digit presented within 

the central grey circle, the participant gained money at the end of that trial (1.25 cents in 

Noise Burst condition, and 3 cents in Money Loss condition, which ensured that the 

maximum amount that could be earned was equal in both conditions). Attending away 

from the central grey circle would thus impair participants’ ability to gain money.  

To examine patterns of attentional bias toward peripheral distractors unrelated to 

the central subtask, in some trials the central grey circle was surrounded by a peripheral 

ring of coloured circles. To examine patterns of attentional bias toward peripheral threat 

cues, in some cases this ring of coloured circles contained the threat cue, which was a 

circle of a particular colour that was counterbalanced across participants. Participants 

were explicitly informed as to which coloured circle was the threat cue. Attentional 

allocation away from the central circle would reduce accuracy of central digit 

identification. In order to obtain measures of attentional capture by threat and attentional 

monitoring for threat, four trial types were created. No Distractors trials contained only 
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the central grey circle with a digit inside. This trial type provided a baseline measure of 

accuracy on the central subtask (identifying the central digit) without peripheral 

distractors. In Distractors Without Threat trials, the central grey circle was presented 

surrounded by a peripheral ring of 8 coloured circles, each containing a unique digit 

within; these peripheral circles did not include the threat cue colour. In Distractors With 

Threat Including Digit trials the central grey circle was presented with a digit inside and 

surrounded by 8 coloured circles, each containing a unique digit, with one of those 

coloured circles being the threat cue.  

During Distractors With Threat Including Digit trials, a digit was presented 

within the central grey circle and the threat cue circle simultaneously. This therefore 

meant that both a central digit and a threat digit were present at the same time onscreen. 

Although the small size of the digits and their short exposure duration was meant to 

reduce the chance of participants identifying both the threat cue digit and the central 

digit, it may nevertheless be possible for participants to identify both digits within a 

trial. In order to control for the impact of this, Distractors With Threat Not Including 

Digit trials were created. These presented the 8 peripheral circles but with only 4 of 

them containing digits; on these trials, the threat cue never contained a digit. Distractors 

With Threat Not Including Digit trials allowed a cleaner measure of interference by the 

threat cue, not confounded by any individual differences in participants’ strategy to 

preferentially enter one type of digit if both were identified. 

Manipulating aversive experience controllability. The degree to which the 

aversive experience predicted by the threat cue could be controlled was manipulated 

within participants. This allowed measuring individual differences in attentional bias 
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alignment. High Controllability blocks provided a high degree of controllability over the 

aversive experience signaled by the threat cue, while Low Controllability blocks 

provided a low degree of controllability over the aversive experience signaled by the 

threat cue. In both block types, participants could perform an action that could reduce 

the likelihood of the aversive experience. This action was entering the digit presented 

within the threat cue circle, rather than the digit presented within the central grey circle. 

In High Controllability blocks, this action reduced the likelihood of the aversive 

experience from 50% to 6.25%. In Low Controllability blocks, performing this action 

instead reduced the likelihood of the aversive experience from 50% to 43.75%.  

These task parameters allowed participants to avoid experiencing the aversive 

experience more so in High Controllability blocks than in Low Controllability blocks. 

Therefore, this enabled measuring ABT across conditions where threat cues signaled 

aversive experiences that were either more or less controllable. 

Sequence of Trials. The ABAAT consisted of 384 trials in total, with 8 blocks 

of 48 trials each. There were 4 High Controllability blocks, and 4 Low Controllability 

blocks. Each block contained 16 No Distractors trials, 16 Distractors Without Threat 

trials, 8 Distractors With Threat Including Digit trials; and 8 Distractors With Threat 

Not Including Digit trials. In each block, the designated threat cue was presented twice 

in every possible peripheral location, once with a digit inside and once without.  

Trials began with a blank screen, followed by circle stimuli which appeared 

onscreen without digits within them. There was a 250ms stimulus onset asynchrony 

(SOA) between circle stimuli appearing, and digits appearing within the circle stimuli. 

Thus, the circle stimuli appeared for 250ms for all trials. After this circle stimuli 
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exposure, the digits were added within the circle stimuli for 100ms. Each circle 

contained a randomly assigned digit with the constraint that the digit was not presented 

elsewhere. The screen was then cleared and participants were required to enter a digit on 

the numberpad of the keyboard. Depending on the response, the screen then showed the 

amount of money gained (e.g. “+3”) on that trial, and the aversive experience occurred, 

depending on trial parameters. The interval between trials was 1000ms, during which 

the screen was blank. 

Controllability and Money Gain in Noise Burst Condition. Overall, 

participants could gain 480 cents by entering the digit in the central grey circle on every 

trial (48 trials x 8 blocks x 1.25 cents). If they entered the central digit on each trial, they 

would hear the noise burst 64 times (as there were 16 trials with threat cue present in 

each block x 4 blocks of each block type x 50% probability of hearing the noise burst). 

In High Controllability blocks, participants could avoid the hearing the noise burst 28 

times by entering the digit presented within the threat cue (thus foregoing the 40 cents 

they would have earned by entering the central digit instead). In Low Controllability 

blocks, entering the digit probes within threat cues enabled participants to avoid hearing 

the noise burst just two times (while foregoing the 40 cents they would have earned if 

they entered the central digit instead). Attending to threat cues in the Low 

Controllability blocks therefore provided less controllability over the aversive 

experience than doing so in High Controllability blocks.   

Controllability and Money Gain in Money Loss Condition. Overall, 

participants could gain 576 cents of money by entering the central digit on every trial 

(48 trials x 8 blocks x 3 cents). However, if they entered the central digit on each trial, 
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they would also lose 320 cents per block type (as there were 16 trials with threat cue 

present in each block x 4 blocks of each block type x 50% probability of losing money). 

In High Controllability blocks, participants could avoid the loss of 140 cents of money 

by entering the digit presented within the threat cue (thus foregoing the 96 cents they 

would have earned by entering the central subtask digit instead). Therefore, attending to 

threat cues in the High Controllability blocks provided greater controllability over the 

aversive experience. In Low Controllability blocks, entering the threat cue digit enabled 

participants to avoid a loss of only 20 cents of money (foregoing the 96 cents they 

would have earned if they entered the central subtask digit instead). Attending to threat 

cues in the Low Controllability blocks therefore provided less controllability over the 

aversive experience.   

Attentional Bias Measures. In order to determine whether threat cues captured 

participant attention, a Threat Capture Bias Index score was computed for each 

participant. If threat cues presented within the peripheral ring of coloured circles 

captured attention, then accuracy to identify the central grey circle digit would be 

impaired on those trials compared to those in which the peripheral ring of coloured 

circles did not contain the threat cue. Therefore, subtracting accuracy rates of identifying 

the central grey circle digit on Distractors With Threat Not Including Digit trials from 

accuracy rates on Distractors Without Threat trials provided the Threat Capture Bias 

Index. A higher Threat Capture Bias Index score indicated a greater attentional capture 

by threat cues.  

If attention was captured by the ring of peripheral circles that could potentially 

contain the threat cue but did not, then accuracy to identify the central grey circle digit 
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would be impaired on those trials compared to those in which there were no peripheral 

circles. Therefore, subtracting accuracy rates of identifying the central grey circle digit 

on Distractors Without Threat trials from accuracy rates on No Distractors trials 

provided the Threat Monitoring Bias Index. A higher Threat Monitoring Bias Index 

score indicated greater attentional monitoring for threat cues.  

Measure of Candidate Action to Mitigate the Likelihood of Aversive 

Experience. If participants correctly entered the digit contained within the threat cue on 

Distractors With Threat Including Digit trials, then this meant they were motivated to 

perform the action that enabled mitigation of the threatened aversive experience. 

Therefore, Use of Control Index scores were created by averaging the number of threat 

digits correctly entered across all trials within a block type in which this was possible 

(i.e. Distractor With Threat Including Digit trials). 

Procedure 

The study was approved by the University of Western Australia’s Human 

Research Ethics Committee. Testing took place in a quiet laboratory. Participants were 

seated at a computer in individual cubicles, approximately 60cm from the computer 

screen. Firstly, participants completed a digital demographic form. Next, the instructions 

for the ABAAT were delivered and the fact that they would earn real money was 

emphasised. The task began with 10 practice trials (made up of 5 No Distractors trials 

and 5 Distractors Without Threat trials); this allowed participants to practice entering 

the central grey circle digit and gaining money, however money earned during practice 

trials was reset to zero once experimental trials began. After these practice trials, 

participants were instructed as to which colour predicted the aversive experience at the 
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end of the trial. Following this, another 16 practice trials were completed, with the threat 

cue being present on eight of those 16 trials, and the aversive experience occurring after 

four of those eight trials. These practice trials provided participants the opportunity to 

experience the threat cue predicting the aversive experience. After this, participants 

were provided information about controlling the aversive experience by entering the 

digit within the threat cue. They were also informed of the degree of controllability they 

were provided. Participants then completed the 8 blocks of 48 trials. While no specific 

probabilities of aversive experience controllability were communicated to participants, 

they were instructed prior to block commencement whether they would be provided a 

“high chance” of being able to avoid the aversive experience by entering the digit in the 

threat cue circle, or a “low chance” of being able to avoid the aversive experience by 

entering the digit in the threat cue circle, depending on the block type. At the end of 

each block, participants were informed as to how much money they had earned in that 

block. Once the 384 trials had been completed, participants were then debriefed and 

provided the money they had earned. 

Results 

Table 2.1 shows the means of accuracy on the central subtask for all trial types, 

as well as Threat Monitoring Bias Index scores, Threat Capture Bias Index scores, and 

Use of Control Index scores, in both High Controllability and Low Controllability 

blocks. Threat Capture Bias Index scores, Threat Monitoring Bias Index scores, and Use 

of Control Index scores were analyzed for normality, and it was observed that each of 

these scores (in High Controllability blocks and in Low Controllability blocks) were 

characterized by skew and kurtosis outside of the accepted range (-1 and 1) and were 
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therefore considered non-normally distributed, according to the guidelines of Field 

(2013). Researchers are divided with respect to whether violation of normality is best 

dealt with by using data transforms. Some highlight the robustness of ANOVAs to 

deviations from normality, and caution against the changing meaning of the data when 

transforms are used. Others note that ANOVAs are nevertheless premised on the 

assumption of normality, and advise that transforms restore normality and are therefore 

appropriate. Accordingly, the present results will be presented with and without 

transform. Specifically, logarithmic transform was used. The main text will report 

statistical outcomes from analyses on untransformed data, while significance values of 

effects obtained from analysis of transformed data will be reported in footnotes. 

 

Table 2.1. The means for all trial types, as well as Threat Monitoring Bias Index scores, 

Threat Capture Bias Index scores, and Use of Control Index scores, in both High 

Controllability and Low Controllability blocks. 

 Noise Burst Condition Money Loss Condition 

 High 

Controllability 

blocks 

Low 

Controllability 

blocks 

High 

Controllability 

blocks 

Low 

Controllability 

blocks 

 M SD M SD M SD M SD 

No Distractors 
0.99 0.03 0.99 0.02 0.99 0.02 0.99 0.01 

Distractors 

Without Threat 

 

0.99 0.03 0.99 0.03 0.97 0.04 0.99 0.02 

Distractors With 

Threat Including 

Digit 

 

0.89 0.20 0.93 0.11 0.47 0.29 0.68 0.27 
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Distractors With 

Threat Not 

Including Digit 

 

0.93 0.11 0.97 0.04 0.79 0.13 0.86 0.13 

Threat 

Monitoring Bias 

Index  

0.00 0.02 0.00 0.02 0.02 0.04 0.01 0.02 

Threat Capture 

Bias Index  
0.05 0.09 0.02 0.03 0.19 0.14 0.12 0.13 

Use of Control 

Index 
0.08 0.14 0.05 0.07 0.39 0.22 0.22 0.21 

 

The aim of Study 1 was to determine whether, when presented with the 

likelihood of one of the two candidate aversive experiences (noise bursts or money loss), 

three assumptions were met. One assumption was that participants engaged in the 

candidate behavioural action that reduced the likelihood of these aversive experiences 

occurring. This would confirm not only the suitability of these aversive experiences for 

the ABAAT but also the candidate behavioural action for controlling the aversive 

experiences. If this were the case, participants in one Aversive Experience condition 

would demonstrate Use Of Control Index scores significantly higher than zero. It is also 

critical to confirm a second assumption, by determining whether the manipulation of 

aversive experience controllability is suitable. If so, participants in either Aversive 

Experience condition would demonstrate higher Use Of Control Index scores in High 

Controllability blocks compared to Low Controllability blocks. Thirdly, it is critical to 

confirm whether threat cues signaling one of the two candidate aversive experiences 

were attended to more in High Controllability blocks compared to Low Controllability 

blocks. This would confirm the candidate aversive experience suitability for assessing 

attentional bias alignment. This would be confirmed if there was a main effect of Block 
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Type in Threat Monitoring Bias Index scores, or Threat Capture Bias Index scores. A 

significant interaction between Aversive Experience condition and Block Type would 

suggest that one aversive experience is more suitable for use in assessing attentional bias 

alignment than another aversive experience. 

 To test the first assumption, two one-sample t-tests were conducted on the Use 

Of Control Index scores in the Noise Burst condition, and the Money Loss condition. 

For the Noise Burst condition, the results of this t-test were significant; t(27) = 3.39, p = 

.0021, d = .64. This meant that Use Of Control Index scores in the Noise Burst condition 

were significantly different from zero. These scores were also significantly different 

from zero in the Money Loss condition; t(25) = 8.20, p < .0012, d = 1.61. Therefore, in 

both Aversive Experience conditions, participants significantly engaged in the 

behavioural action that served to reduce the likelihood of the aversive experience.  

To test the remaining two assumptions, three ANOVAs were run using separate 

dependent variables. Firstly, a 2 x 2 mixed-design ANOVA was conducted on Use Of 

Control Index scores, using Block Type (High Controllability and Low Controllability) 

as a within-subjects variable, and Aversive Experience condition (Noise Bursts and 

Money Loss) as a between-subjects variable. There was a main effect of Block Type; 

F(1, 52) = 27.29, p < .0013, with higher Use Of Control Index scores in High 

Controllability blocks (M = .23, SE = .03) compared to Low Controllability blocks (M = 

.14, SE = .02). There was a main effect of Aversive Experience condition; F(1, 52) = 

29.88, p < .0014, with higher Use Of Control Index scores in the Money Loss condition 

(M = .30, SE = .03) compared to the Noise Burst condition (M = .07, SE =.03). This 

meant that participants were more motivated to engage in the candidate action to 
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mitigate the likelihood of money loss, compared to noise bursts. There was also a 

significant interaction between Block Type and Aversive Experience Type: F(1, 52) = 

13.61, p = .0015, eta2 = .21. To clarify the nature of this interaction, follow-up paired-

sample t-tests were conducted between Use Of Control Index scores in High 

Controllability blocks, and Low Controllability blocks, for each Aversive Experience 

condition individually. For the Noise Burst condition, there was no significant 

difference between High Controllability and Low Controllability blocks on Use Of 

Control Index scores; t(27) = 1.47, p = .156. For the Money Loss condition, however, 

there was a significant difference; t(25) = 5.11, p < .0017, d = .78. As Use of Control 

Index score means were higher in High Controllability blocks (M = .39, SD = .22) 

compared to Low Controllability blocks (M = .22, SD = .21). This meant that 

participants in the Money Loss condition engaged in the behavioural action to reduce 

the likelihood of money loss more so when doing this provided a high degree of 

controllability over the likelihood of money loss, compared to when doing so provided a 

low degree of controllability over the likelihood of money loss. This meant that in the 

Money Loss condition only, the aversive experience controllability manipulation was 

suitable. 

The same Block Type by Aversive Experience condition ANOVA was then run 

using Threat Capture Bias Index scores as a dependent variable. There was a significant 

main effect of Block Type; F(1, 52) = 17.10, p <.0018, with higher Threat Capture Bias 

Index scores in High Controllability blocks (M = .12, SD = .03) compared to Low 

Controllability blocks (M = .07, SD = .01). There was also a significant main effect of 

Aversive Experience condition; F(1, 52) = 22.42, p <.0019, with higher scores in the 
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Money Loss condition (M = .16, SD = .06) compared to the Noise Burst condition (M = 

.03, SD = .00). There was a non-significant interaction between Block Type and 

Aversive Experience condition: F(1, 52) = 1.05, p = .3110, eta2 = .02. Combined with the 

main effect of Block Type, this meant that for both aversive experience conditions, 

participants had their attention captured by the threat cue more in High Controllability 

blocks than in Low Controllability blocks. This suggested that both aversive experiences 

demonstrated suitability for measuring attentional bias alignment in the ABAAT, when 

measuring attentional capture by threat. 

Finally, the same ANOVA was conducted on Threat Monitoring Bias Index 

scores. There was no significant main effect of Block Type; F(1, 52) = 2.71, p = .1111. 

There was however, a significant main effect of Aversive Experience condition; F(1, 52) 

= 4.91, p = .0312, with higher Threat Monitoring Bias Index scores in the Money Loss 

condition (M = .01, SD = .00) compared to the Noise Burst condition (M = .00, SD = 

.00). The interaction between Block Type and Aversive Experience condition was not 

significant: F(1, 52) = 2.02, p = .1613, eta2 = .04. Therefore, there was no difference 

between Aversive Experience conditions, regarding the difference between Threat 

Monitoring Bias Index scores in High Controllability and Low Controllability blocks.  

Discussion 

 This study aimed to confirm the suitability of the candidate aversive experiences 

(noise bursts and money loss) for the ABAAT, and the candidate behavioural action for 

controlling the aversive experiences. It also aimed to confirm the suitability of the 

aversive experience controllability manipulation, and the suitability of the candidate 

aversive experiences in assessing attentional bias alignment. In this paradigm, 
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participants could gain money by completing a central subtask, but had to forego 

attending to this central subtask if they instead attended to the loci of potential threat 

cues. It was an assumption that if one or both of the candidate aversive experiences were 

effective motivators in this task, participants exposed to that aversive experience would 

show higher Use Of Control Index scores compared to zero. Additionally, if the aversive 

experience controllability manipulation was suitable, Use Of Control Index scores 

would be higher in High Controllability blocks compared to Low Controllability blocks, 

in either Aversive Experience condition. Furthermore, if it were the case that a candidate 

aversive experience was suitable for the measurement of attentional bias alignment 

using the ABAAT, measures of ABT would be higher in High Controllability blocks 

compared to Low Controllability blocks for that Aversive Experience condition. The 

results of this study will now be discussed. 

 Firstly, for Use Of Control Index scores, participants in both Aversive 

Experience conditions demonstrated Use Of Control Index scores that were significantly 

different from zero. Participants also demonstrated significantly higher Use Of Control 

Index scores in the Money Loss condition compared to the Noise Burst condition, 

meaning that participants engaged in the behavioural action that reduced the likelihood 

of money loss, more than the action that reduced the likelihood of noise bursts. There 

was a significant difference between Use Of Control Index scores in High 

Controllability blocks compared to Low Controllability blocks (with higher scores in 

High Controllability blocks compared to Low Controllability blocks), when the aversive 

experience was money loss, but this was not the case when the aversive experience was 

a noise burst. The data showed that in the Noise Burst condition, participants used the 
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candidate behavioural action to reduce the likelihood of the noise burst on just 8% of 

trials in which this was possible. Meanwhile, in the Money Loss condition, the candidate 

behavioural action was used on 38% of trials in which this was possible. This meant that 

participants were motivated to avoid money loss when the candidate action provided a 

high likelihood of doing so, compared to when the candidate action provided a low 

likelihood of avoiding the money loss. The same conclusion could not be made about 

the Noise Burst condition. Overall, these findings suggest that money loss is more 

effective in driving motivation to engage in behaviour to reduce the likelihood of money 

loss occurring, compared to noise bursts. This is the first study directly comparing noise 

bursts and money loss in regards to this effectiveness.  

 For Threat Capture Bias Index scores, there was greater attentional capture by 

threat when the threat cues signaled money loss, compared to when they signaled a 

noise burst. For both aversive experiences, participants showed higher attentional 

capture by the threat cue in High Controllability blocks relative to Low Controllability 

blocks. 

For Threat Monitoring Bias Index scores, there was greater monitoring for threat 

when the threat cues signaled money loss, compared to when they signaled a noise burst. 

However, there was no difference in attentional monitoring for threat between High 

Controllability and Low Controllability blocks, for both Aversive Experience 

conditions.  

Another of the study’s aims was to determine whether the candidate aversive 

experiences were suitable for assessing attentional bias alignment in the ABAAT. 

Threat Monitoring Bias Index scores, which reflect monitoring for potential threats, did 
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not demonstrate a significant difference between Block Types. However, it was 

evidenced that threat cues signaling either money loss or noise bursts were associated 

with greater Threat Capture Bias Index scores in High Controllability blocks compared 

to Low Controllability blocks. This suggested that both candidate aversive experiences 

were suitable for assessing attentional bias alignment.  

Overall, these results suggest that only the Money Loss condition met all three 

assumptions, including suitability of the candidate behavioural action, suitability of the 

aversive experience controllability manipulation, and suitability in measuring attentional 

bias alignment. These assumptions were met based on the findings that participants in 

the Money Loss condition engaged significantly in the candidate behavioural action to 

reduce the likelihood of the money loss, they did so more in High Controllability blocks 

compared to Low Controllability blocks, and they demonstrated greater attentional 

capture by threat in High Controllability blocks compared to Low Controllability blocks. 

The failure of the noise burst as an aversive experience to meet the above-

mentioned assumptions may be due to the money gain on the central subtask being a 

stronger motivator for participants. It has been demonstrated that generally, individuals 

attentionally favour signals of positive outcomes (such as money or points gain) more so 

than signals of negative outcomes (Rothermund, Wentura, & Bak, 2001). It may be that 

the motivation to gain money overpowered the motivation to avoid hearing the noise 

burst, and thus participants chose to expose themselves to hearing the noise burst in 

order to gain more money. While the noise bursts employed in the current study have 

been rated as unpleasant, aversive and frightening in previous studies (Vervoort et al., 

2011), it appears participants may be willing to endure them for the right reward. 
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Meanwhile, in the Money Loss condition, if participants did not choose to avoid the 

money loss, they would end up with less money compared to if they tried to avoid 

money loss when they could.  

Considering the above findings, these two aversive experience conditions may 

differ in how easy it is to determine whether the cost of attending to threat cues is worth 

the benefit that this might yield in differing block types. With money loss as an aversive 

experience, it is arguably easier to determine that is worthwhile to enter the threat cue 

digit more in High Controllability blocks, and less in Low Controllability blocks. If 

participants did not enter the threat cue digit in High Controllability blocks, they lost 

more money than they could gain by focusing solely on the central subtask. Then, if 

participants entered the threat cue digit in Low Controllability blocks, they had little 

chance of avoiding the money loss and would also forego the opportunity to minimize 

total losses by gaining 3 cents per trial. Compared to this, when the aversive experience 

was a noise burst, it was more difficult to determine whether entering the threat cue digit 

more in High Controllability blocks and less in Low Controllability blocks is worth 

doing. If participants in the noise burst condition wanted to reduce exposure to noise 

bursts, then entering the threat cue digit was worth doing. However, if they valued 

maximizing financial gain more so than avoiding exposure to noise bursts, then it was 

not worth entering the threat cue digit. This creates a more complex computation for 

participants, and a computation more influenced by individual differences (such as loss 

aversion), in comparison to the Money Loss condition. It appears then, that in the 

ABAAT a noise burst is a less appropriate aversive experience to motivate participant 

action to avoid this aversive experience, compared to money loss. 
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It can be concluded that in this novel paradigm, money loss represents a more 

appropriate aversive experience than noise bursts. Therefore, subsequent studies of the 

current research program using this novel task will utilise money loss as an aversive 

experience.  
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Footnotes 

1: t = 3.78, p = .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

2: t = 8.31, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

3: F = 26.78, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

4: F = 31.57, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

5: F = 13.46, p = .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

6: t = 1.43, p = .16 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

7: t = 5.08, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

8: F = 17.22, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

9: F = 24.42, p <.001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

10: F = .96, p = .33 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 

11: F = 2.56, p = .116 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 

12: F = 4.90, p = .03 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

13: F = 1.94, p = .17 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 
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Chapter 3: Study 2 and Study 3 

It is well established that individuals high in trait anxiety demonstrate an 

attentional bias towards threat (ABT) (Mathews & MacLeod, 2002); that is, they 

demonstrate a greater tendency to allocate their attention towards threatening stimuli 

compared to neutral or positive stimuli (MacLeod et al., 1986). However, it has been 

argued more recently that ABT may be influenced by the degree to which aversive 

experiences signaled by threat cues are more or less controllable (Notebaert et al., 2016). 

There is currently a lack of specificity in theoretical models of anxiety-linked attentional 

processes on how the controllability of aversive experiences may impact upon such 

processes. Adaptive functioning requires modifying patterns of attentional bias 

according to the controllability of the aversive experience signaled by the threat cue. 

Indeed, it is more or less adaptive to attend to threat, depending on the degree to which 

the threat being attended to signals an aversive experience that is controllable through 

action (Wald et al., 2013). Attentional bias towards threats signaling more controllable 

aversive experiences would be more adaptive, as individuals could then take action to 

reduce their likelihood. Conversely, attentional bias towards threats signaling less 

controllable aversive experiences would be less adaptive, as no action could be taken to 

avoid the aversive experience, and individuals would simply increase their state anxiety 

levels (Gutiérrez-García & Contreras, 2013) and lose attentional focus on current goals. 

As discussed in Chapter 1, this pattern of attending more to threats signaling more 

controllable aversive experiences and attending less to threats signaling less controllable 

aversive experiences is in this thesis referred to as attentional bias alignment. 
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According to the central hypothesis of this research programme, impairment in 

this adaptive pattern of attentional bias alignment is associated with heightened trait 

anxiety. Attentional bias to threats signaling aversive experiences that are less 

controllable may further elevate state anxiety symptoms, and contribute to impaired 

functioning in social, occupational, and other domains. For example: a motorist who is 

late for work may have an attentional bias towards clusters of congestion in traffic, 

signaling the aversive experience of being late for work. The motorist can engage in a 

behaviour, such as finding an alternative route, to reduce the likelihood of this aversive 

experience occurring. Meanwhile, a passenger on a bus who is late for work may also 

have an attentional bias towards congested traffic, but is unable to engage in a behaviour 

to reduce the likelihood of being late. The motorist is likely to experience state anxiety 

generated by their attentional bias up until the point at which they can take action and 

reduce the likelihood of being late and thus reducing their state anxiety, while the 

passenger is likely to experience state anxiety that continues to be generated by their 

attentional bias over time. If the current research programme’s overarching hypothesis is 

supported, this would further our understanding of the causal relationship between ABT 

and heightened trait anxiety. It may also help explain the observation that heightened 

trait anxiety is associated with a range of negative outcomes (Endler & Kocovski, 2001). 

Thus, the aim of the current chapter is to test the trait anxiety-linked impairment of 

attentional bias alignment (TALIABA) hypothesis, which will be done by comparing 

patterns of attentional bias alignment in high trait anxious participants and low trait 

anxious participants. 
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As discussed in the previous chapter, addressing this aim required a paradigm 

with specific parameters. Firstly, the paradigm needed a central subtask that attending 

away from came at a cost to the participant. Secondly, it required a threat cue that 

signaled a future aversive experience which participants wanted to avoid. And finally, 

the paradigm required a within-subjects manipulation of the degree of controllability 

participants had over the aversive experience signaled by the threat, by engaging in a 

behaviour to reduce the likelihood of this aversive experience occurring across blocks of 

trials. A novel paradigm incorporating these features was developed and tested in Study 

1. 

 The aim of Study 1 was to confirm assumptions that, if met, would demonstrate 

the suitability of the candidate methodologies for testing the TALIABA hypothesis. 

These assumptions were met only when the candidate aversive experience was money 

loss, and not when the candidate aversive experience was noise bursts. Findings from 

Chapter 2 therefore showed that money loss was a more suitable aversive experience 

than noise bursts. Specifically, when money loss was used as an aversive experience, 

participants engaged more in the behaviour that controlled the aversive experience. 

Critically, they also engaged more in this behaviour that controlled the aversive 

experience in the High Controllability blocks than they did in the Low Controllability 

blocks. Additionally, participants showed greater attentional capture by the threat cue in 

blocks where controllability over the aversive experience was higher relative to blocks 

where controllability was lower. In contrast, when a noise burst was used as the aversive 

experience, participants engaged in the behaviour that controlled the aversive experience 

less than when the aversive experience was money loss. Therefore, the testing of the 
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TALIABA hypothesis would be less optimal if noise bursts were used as an aversive 

experience, compared to if money loss was used. As such, in the current study money 

loss was used as the aversive experience, in order to optimally test the hypothesis that 

heightened trait anxiety is associated with impairment of attentional bias alignment. The 

findings reported in Chapter 2 also showed that the Attentional Bias Alignment 

Assessment Task (ABAAT) was capable of measuring variation in the degree to which 

participants exhibit differences in attentional bias to threats signaling more controllable 

aversive experiences, relative to threats signaling less controllable aversive experiences. 

These parameters thus provide a sound methodological basis for testing the TALIABA 

hypothesis. 

When testing the TALIABA hypothesis, it is important to consider that trait 

anxiety-linked attentional biases have been shown to reflect both automatic and strategic 

processes (Cisler & Koster, 2010). Cognitive models of anxiety implicate both processes 

in attentional bias (Beck & Clark, 1997). Automatic processes are unintentional, not 

deliberately controlled, independent of any goal, autonomous, unconscious, efficient, or 

fast (Beck & Clark, 1997; Moors & De Houwer, 2006). Researchers examining the 

automaticity of attentional biases have sought to determine whether anxiety-linked 

attentional bias exhibits these various features. For example, some literature has 

assessed whether anxiety-linked attentional biases are purely bottom-up, meaning that 

they are involuntary and driven by stimulus salience (Notebaert, Crombez, Van Damme, 

et al., 2011; Theeuwes, Atchley, & Kramer, 2000). This is typically assessed by using a 

varying number of distractor stimuli surrounding a threatening target. If the search time 
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to detect the target is unaffected by the number of distractors, the target is said to ‘pop 

out’, reflecting purely bottom-up attentional capture (Öhman, Flykt, & Esteves, 2001).  

Other researchers have investigated whether anxiety-linked attentional bias is 

automatic in the sense of being efficient, referring to the ability to ignore to some extent 

irrelevant peripheral distractors (Lavie & Fox, 2000). Others still have examined 

whether anxiety-linked attentional bias is unconscious, meaning that it occurs outside of 

explicit awareness (Tan, Ma, Gao, Wu, & Fang, 2011). This is often measured by 

presenting stimuli that are masked by other stimuli presented immediately after, 

rendering the first stimuli non-conscious (Ruiz-Caballero & Bermudez, 1997). These 

studies have provided evidence that each of these automaticity features is present in 

anxiety-linked ABT. 

Most researchers, however, examine anxiety-linked attentional bias with 

consideration to this process being fast, meaning it occurs early in the attentional 

process (Mogg, Bradley, De Bono, & Painter, 1997). Fast attentional bias is assessed by 

comparing attentional phenomena in experimental conditions that differ in the length of 

stimulus onset asynchrony (SOA). Short SOAs (500ms or less) are suitable for 

measuring fast attentional biases, as this provides enough time for threats to be detected 

but provides little additional time for more strategic processes regarding continued 

attentional engagement or disengagement with the threat to operate (Derryberry & Reed, 

2002; Kowler, 1995). Studies manipulating SOAs have observed that anxiety-linked 

attentional bias effects are strongest at short SOAs (Pishyar, Harris, & Menzies, 2004; 

Stevens, Rist, & Gerlach, 2009), and are less consistently evident when SOAs are longer 

(Bantin, Stevens, Gerlach, & Hermann, 2016). Thus, anxiety-linked attentional bias is 
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more consistently observed at short SOAs, which indicates that it is an automatic 

process. 

Given that anxiety-linked attentional bias can operate swiftly, it is important to 

examine whether trait anxiety is associated with impairment of attentional bias 

alignment of automatic attentional bias. As such, in Study 2 a short SOA will be used to 

examine this. This would increase understanding of the attentional phenomena that 

characterize high and low trait anxious participants, and would help to refine theoretical 

models of anxiety-linked attentional bias.  

To test the TALIABA hypothesis, participants were recruited into either High or 

Low Trait Anxious groups. These groups completed the same ABAAT developed in 

Study 1, with money loss as the aversive experience. A measure of attentional bias 

alignment was obtained by computing the degree to which ABT in High Controllability 

blocks was greater than was the case in Low Controllability blocks. Evidence of 

attentional bias alignment would be represented by greater attentional bias to threat cues 

in High Controllability blocks compared to Low Controllability blocks. As in Study 1, 

The ABAAT used in Study 2 provided measures of both attentional capture by threat 

and attentional monitoring for threat. This provided opportunity to examine whether 

differences in attentional bias alignment were present in either manifestation of ABT.  

The TALIABA hypothesis predicts that High Trait Anxious participants will 

demonstrate significantly lower measures of attentional bias alignment than Low Trait 

Anxious participants.   
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Study 2 

Study 2 was designed to test the TALIABA hypothesis. Specifically, this study 

aimed to examine whether trait anxiety-linked impairment of attentional bias alignment 

would manifest as fast attentional allocation. The assessment of fast attentional 

allocation processes was facilitated by utilizing a 250ms SOA.  

Method 

Participants 

 Eighty-two participants from the University of Western Australia’s School of 

Psychological Science undergraduate participant pool completed the study in exchange 

for partial course credit. Participants were required to have normal or corrected-to-

normal vision, and to report no colour blindness or hearing issues. The study required 

High and Low Trait Anxious groups. Therefore, a large group of candidate participants 

completed the State Trait Anxiety Inventory Trait subscale (STAI-T) (Spielberger, 

1983). Scores on this subscale were divided into tertiles, and candidate participants in 

the top and bottom thirds (score of <37 and >47) were invited to participate via email. 

Half of the final sample were drawn from the bottom tertile, and half from the top tertile. 

There were 57 females and 25 males; the mean age was 20.39 years (SD = 7.06). There 

were 27 females and 13 males in the low trait anxious group, and the mean age was 

18.76 (SD = 2.38). In the high trait anxious group, there were 30 females and 12 males, 

and the mean age was 21.86 (SD = 9.29). All participants gave informed consent, and 

were provided the option to end the experiment at any point. None made use of this 

option.  
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Materials 

 The materials and tasks used in this study were identical to Study 1, with the 

exception of the aversive experience. For ease of comprehension, these materials and 

tasks are described again below. 

Digital Demographic Form  

Participants completed a digital form that collected demographic information, 

including age and gender. 

Spielberger State Trait Anxiety Inventory Trait Subscale 

The State Trait Anxiety Inventory Trait subscale (STAI-T) (Spielberger et al., 

1983) was used to screen participant trait anxiety to allow recruiting extreme groups, 

and was used to assess trait anxiety levels and allocate participants to groups at the time 

of testing. This subscale is a 20-item self-report questionnaire about participants’ 

general tendency to experience symptoms of state anxiety. Items include ‘I feel calm’, 

and ‘I feel that difficulties are piling up so that I cannot overcome them’. Responses are 

coded on a four-point likert scale which ranges from 1 (‘Almost never’) to 4 (‘Almost 

always’). Scores for each question are added together to form a total score, including 

reverse scoring for positively weighted items (such as ‘I feel calm’). Total STAI-T 

scores range from 20-80, with higher scores indicating greater levels of trait anxiety. 

The STAI-T is a commonly used measure of trait anxiety with well-established internal 

consistency, test-retest reliability and validity across a variety of population groups, 

including undergraduate students (Barnes, Harp, & Jung, 2002; Spielberger, 1989).  
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Circle Stimuli 

 The circle stimuli of the current study were identical to Study 1. Specifically, the 

stimuli used in the ABAAT were circles presented in a range of different colours 

generated using the Microsoft Windows 10 Paint Program. The display consisted of a 

central grey circle sometimes surrounded by a peripheral ring of coloured circles. All 

circle stimuli were presented with a radius of 7.5mm. The centre of the central circle 

was placed in the midpoint of the screen, and the peripheral stimuli were spaced equally 

distant from the midpoint of the screen and each other with a 5cm gap between each. 

The radius of the ring of peripheral circles was 6cm. Each circle had a 0.5cm wide 

colour band and a transparent centre, to ensure ease of colour discrimination from the 

background for all colours. These circle stimuli were presented in a light, medium, or 

dark shade of one of five colours: blue, aqua, green, yellow, and red. Each participant 

was allocated one of these five colours to represent a threat cue, and this assignment was 

counterbalanced across participants. Threat cue circles always appeared in the medium 

shade of the assigned colour, and the other peripheral circles appeared in either the dark 

or light shade of each of the remaining four colours. 

Aversive Experience 

 Based on the results of Study 1, a 10 cent money loss was utilised as the 

aversive experience. The possibility of this aversive experience occurring was signaled 

by the presence of the threat cue circle. For each trial in which a threat cue circle was 

presented, there was a 50% chance that the money loss would occur.  



73 
 

Tasks 

Attentional Bias Alignment Assessment Task (ABAAT). The ABAAT used in 

the current study was identical to that used in Study 1. Below the main features of the 

task are outlined again.  

Central Subtask Allowing Money Gain. The ABAAT featured a central 

subtask, from which the interference measure indexing attentional bias to the threat cue 

was derived. On each trial, a central grey circle was presented for 350ms, with the circle 

presented without a digit inside for 250ms. A digit was then presented within the central 

grey circle for 100ms. If the participant pressed the number on the numberpad that 

corresponded to the digit presented within the central grey circle, the participant gained 

money at the end of that trial (3 cents). Therefore, attending away from the central grey 

circle would impair participants’ ability to gain 3 cents.  

In some trials the central grey circle was surrounded by a peripheral ring of 

coloured circles, and in some of these cases this ring of coloured circles contained the 

threat cue. In order to obtain measures of attentional capture by threat and attentional 

monitoring for threat, four trial types were created. No Distractors trials contained only 

the central grey circle with a digit inside. In Distractors Without Threat trials, the central 

grey circle was presented surrounded by a peripheral ring of 8 coloured circles, and 

these peripheral circles did not include the threat cue colour. In Distractors With Threat 

Including Digit trials the central grey circle was presented with a digit inside and 

surrounded by 8 coloured circles, with one of those coloured circles being the assigned 

threat cue colour. Distractors With Threat Not Including Digit trials presented the 8 
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peripheral circles but with only 4 of them containing digits; on these trials, the threat cue 

never contained a digit. 

Sequence of Trials. The ABAAT consisted of 384 trials in total, and delivered 8 

blocks of 48 trials each. There were 4 High Controllability blocks, and 4 Low 

Controllability blocks. Each block contained 16 No Distractors trials, 16 Distractors 

Without Threat trials, 8 Distractors With Threat Including Digit trials, and 8 Distractors 

With Threat Not Including Digit trials. 

Trials began with a blank screen, followed by circle stimuli which initially 

appeared onscreen without digits within them. The circle stimuli appeared for 350ms for 

all trials, with a 250ms SOA between the appearance of the circle stimuli and the 

appearance of the digits within the circle stimuli. After the circle stimulus exposure had 

occurred for 250ms, the digits were added within the circle stimuli for 100ms. Digits 

were random (between 1-9) with the constraint that the same digit was not presented 

elsewhere. The screen was then cleared and participants were required to enter a digit on 

the numberpad of the keyboard. Depending on the response, the screen then showed the 

amount of money gained (e.g. “+3”) on that trial, or the amount lost (e.g. “-10”). It was 

possible for money to be simultaneously gained from the central subtask and for more 

money to be lost due to the presence of the threat cue. If this were the case, the screen 

showed the money that was gained and the money that was lost in total. The interval 

between trials was 1000ms, during which the screen was blank. 

Controllability and Money Gain. The degree to which the aversive experience 

predicted by the threat cue could be controlled was manipulated, within participants, 

across blocks. High Controllability blocks provided participants with a high degree of 
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controllability over the aversive experience signaled by the threat cue, while Low 

Controllability blocks provided participants with a low degree of controllability over the 

aversive experience signaled by the threat cue. In High Controllability but not Low 

Controllability blocks, participants could perform an action that greatly reduced the 

likelihood of the aversive experience. This action was entering the digit presented within 

the threat cue circle (rather than the digit presented within the central grey circle). In 

High Controllability blocks, this action reduced the likelihood of the aversive experience 

from 50% to 6.25%. In Low Controllability blocks, performing this action instead 

reduced the likelihood of the aversive experience from 50% to 43.75%.  

Overall, participants could gain 576 cents across the task by always correctly 

entering the central digit. Although they would gain this amount if they entered the 

central digit on each trial, they would lose 320 cents per block type by failing to enter 

the threat cue digit. In High Controllability blocks, participants could avoid the loss of 

140 cents by always entering the digit presented within the threat cue. In Low 

Controllability blocks, always entering the threat cue digit enabled participants to avoid 

a loss of 20 cents of money. Therefore, attending to threat cues and entering the threat 

cue digit in the High Controllability blocks provided greater controllability over the 

aversive experience than was the case in Low Controllability blocks. 

Attentional Bias Measures, and Measure of Action to Mitigate the Likelihood of 

Aversive Experience. A Threat Capture Bias Index was computed for each participant 

by subtracting accuracy to identify the central grey circle digits on Distractors With 

Threat Not Including Digit trials from accuracy to identify central grey circle digits on 

Distractors Without Threat trials (Distractors Without Threat – Distractors With Threat 
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Not Including Digit = Threat Capture Bias Index). A higher Threat Capture Bias Index 

score indicated greater attentional capture by threat cues compared to neutral cues. A 

Threat Monitoring Bias Index was computed for each participants by subtracting 

accuracy to identify the central grey circle digits on Distractors Without Threat trials 

from accuracy to identify central grey circle digits on No Distractors trials (No 

Distractors – Distractors Without Threat = Threat Monitoring Bias Index). A higher 

Threat Monitoring Bias Index score indicated great attentional monitoring for threat 

cues compared to neutral cues.   

Procedure 

The study was approved by the University of Western Australia’s Human 

Research Ethics Committee. Testing took place in a quiet laboratory. Participants were 

seated at a computer in individual cubicles, approximately 60cm from the computer 

screen. Firstly, participants completed a digital demographic form, and then a digital 

STAI-T. Next, the instructions for the ABAAT were delivered and the fact that they 

would earn real money was emphasised to participants. The task began with 10 practice 

trials (made up of 5 No Distractors trials and 5 Distractors Without Threat trials); this 

allowed participants to practice entering the central grey circle digit as they would be 

required to do to gain money in the main task. After these practice trials, participants 

were instructed as to which colour predicted the aversive experience at the end of the 

trial. Following this, another 16 practice trials were completed, with the threat cue being 

present on eight of those 16 trials, and the aversive experience occurring after four of 

those eight trials. These practice trials provided participants the opportunity to 

experience the threat cue predicting the aversive experience. After this, participants 
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were provided information about controlling the aversive experience by entering the 

digit within the threat cue. They were also informed that they had a high degree of 

controllability over the aversive experience in High Controllability blocks and a low 

degree of controllability over the aversive experience in Low Controllability blocks. 

While no specific probabilities of aversive experience controllability were given to 

participants, they were instructed prior to task commencement whether they would be 

provided a “high chance” of being able to avoid the aversive experience by entering the 

digit in the threat cue circle, or a “low chance” of being able to avoid the aversive 

experience by entering the digit in the threat cue colour, depending on the block type. 

Participants then completed the 8 blocks of 48 trials on the ABAAT. At the end of each 

block, participants were informed as to how much money they had earned in that block. 

Once the 384 trials had been completed, participants were then debriefed and given the 

money they had earned. 

Results 

Participant Characteristics 

Descriptive statistics for age, gender, and trait anxiety at time of testing are 

presented in Table 3.1. Before conducting the analyses, it was considered appropriate to 

verify that the assignment of participants to the High Trait Anxious and Low Trait 

Anxious groups was reliable. All participants assigned to the High Trait Anxious group 

remained above the median (42) of STAI-T scores obtained at time of testing. However, 

two participants assigned to the Low Trait Anxious group were above the median of 

STAI-T scores at time of testing. Therefore, the data of these two participants was 
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removed from statistical analyses. Statistical analyses were conducted on the remaining 

80 participants. 

A t-test showed that STAI-T scores of participants in the High Trait Anxiety 

group (M = 54.61, SD = 6.53) were significantly higher than STAI-T scores of 

participants in the Low Trait Anxiety group (M = 32.81, SD = 5.90), t(78) = 11.85, p < 

.001. A t-test comparing Age between High and Low Trait Anxious experimental groups 

was not significant; t(78) = 3.97, p = .05, meaning that the two experimental groups did 

not differ significantly in mean age. A Pearson Chi-Square test was conducted to 

compare Gender between High and Low Trait Anxious groups. This was not significant; 

X2(79) = .29, p = .59, meaning that the two Trait Anxious groups did not differ 

significantly in gender distribution. Therefore, the two Trait Anxious groups differed 

significantly only in trait anxiety levels, without being confounded by differences in age 

or gender. 

Table 3.1. Mean (SD) trait anxiety scores (STAI-T), gender distribution, and mean (SD) 

age for the high and low trait anxious group. 

 Low trait anxious (N = 38) High trait Anxious (N = 42) 

STAI-T 33.39 (5.64) 54.88 (6.04) 

Age  18.76 (2.38) 21.86 (9.29) 

Gender (F/M) 25/13 30/12 

 

Attentional Bias Alignment 

Accuracy rates of responding with the digit inside the central grey circle, on each 

Trial Type and Block Type, are presented in Table 3.2 for each trait anxiety group. In 
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addition, this table also includes the two attentional bias index scores derived from these 

data. Threat Capture Bias Index scores and Threat Monitoring Bias Index scores were 

analyzed for normality, and it was observed that Threat Capture Bias Index scores (in 

High Controllability blocks and in Low Controllability blocks) were characterized by 

skew and kurtosis within the range of -1 and 1. These variables were therefore 

considered normally distributed, according to the guidelines of Field (2013). Threat 

Monitoring Bias Index scores (in High Controllability blocks and Low Controllability 

blocks) demonstrated skew and kurtosis outside of the accepted range (-1 and 1) and 

were therefore considered non-normally distributed. As mentioned previously, given the 

lack of consensus around whether violation of normality is best dealt with by using data 

transforms or not, the present results will be presented with and without transform. 

Specifically, logarithmic transform was used. The main text will report statistical 

outcomes from analyses on untransformed data, while significance values of effects 

obtained from analysis of transformed data will be reported in footnotes.  

Table 3.2. Central digit accuracy on all trial types, and threat monitoring/threat capture 

bias index scores, of High and Low Trait Anxious participants on High and Low 

Controllability blocks. 

 Low Trait Anxious High Trait Anxious 

 High 

Controllability 

blocks 

Low 

Controllability 

blocks 

High 

Controllability 

blocks 

Low 

Controllability 

blocks 

 M SD M SD M SD M SD 

No Distractors 
0.99 0.03 0.99 0.03 0.99 0.04 0.98 0.05 

Distractors 

Without Threat 

0.97 0.04 0.98 0.04 0.98 0.04 0.98 0.04 
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Distractors With 

Threat Including 

Digit 

 

0.43 0.25 0.64 0.23 0.47 0.28 0.65 0.27 

Distractors With 

Threat Including 

No Digit 

 

0.78 0.14 0.87 0.10 0.79 0.16 0.86 0.15 

Threat 

Monitoring Bias 

Index Score 

0.02 0.04 0.01 0.02 0.01 0.03 0.00 0.03 

Threat Capture 

Bias Index Score 
0.19 0.14 0.11 0.11 0.19 0.15 0.13 0.12 

         

 

Examining Trait Anxiety-linked Impaired Attentional Bias Alignment in Threat 

Capture Bias  

The hypothesis under test is that heightened trait anxiety is associated with 

impairment of attentional bias alignment. To test this in relation to attentional capture by 

threat, Threat Capture Bias Index scores were subjected to a 2 x 2 mixed-design 

ANOVA, with Block Type (High and Low Controllability) as a within-subjects factor 

and Trait Anxiety Group (High and Low Trait Anxious) as a between-subjects factor. 

The hypothesis predicts that the Low Trait Anxious participants’ Threat Capture Bias 

Index scores would be greater in High Controllability blocks than in Low Controllability 

blocks, whereas there would be a reduced difference between High Controllability 

blocks and Low Controllability blocks in High Trait Anxious participants’ scores. Such 

an effect would give rise to a significant two-way interaction between Block Type and 

Trait Anxiety Group.  
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  Results showed a significant main effect of Block Type: F(1, 78) = 35.83, p < 

.001, partial eta2 = .32, reflecting lower Threat Capture Bias Index scores in Low 

Controllability blocks (M = .12, SD = .12) as compared to High Controllability blocks 

(M = .19, SD = .15). There were no other significant effects: The main effect of Trait 

Anxiety Group was not significant, F(1, 78) = .14, p = .71, partial eta2 = .00, meaning 

the two Trait Anxiety groups did not differ significantly in the degree to which their 

attention was captured by threat. Of particular importance was the finding that there was 

no significant interaction between Block Type and Trait Anxiety Group: F(1, 78) = .68, 

p = .41, partial eta2  =.01. Therefore for Threat Capture Bias Index scores, the results 

did not support our predictions.  

Examining Trait Anxiety-linked Impaired Alignment in Attentional Threat 

Monitoring Bias 

 To test the hypothesis in relation to attentional monitoring for threat, Threat 

Monitoring Bias Index scores were subjected to a 2 x 2 mixed-design ANOVA, with 

Block Type (High Controllability and Low Controllability) as a within-subjects factor 

and Trait Anxiety Group (High Trait Anxious and Low Trait Anxious) as a between-

subjects factor. Again, it was predicted that the Low Trait Anxious participants’ Threat 

Monitoring Bias Index scores would be greater in High Controllability blocks compared 

to Low Controllability blocks, whereas there would be a reduced difference between 

High Controllability blocks and Low Controllability blocks in High Trait Anxious 

participants’ Threat Monitoring Bias Index scores. This would give rise to a significant 

two-way interaction between Block Type and Trait Anxiety Group.  
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  Results showed a significant main effect of Block Type: F(1, 78) = 4.96, p = 

.031, partial eta2 = .06, reflecting lower Threat Monitoring Bias Index scores in Low 

Controllability blocks (M = .01, SD = .02) as compared to High Controllability blocks 

(M = .02, SD = .03). There was a significant main effect of Trait Anxiety Group: F(1, 

78) = 4.50, p = .042, partial eta2 = .05, with unexpectedly higher Threat Monitoring Bias 

Index scores shown in the Low Trait Anxiety group (M = .02, SE = .00) compared to the 

High Trait Anxiety group (M = .01, SD = .00). Of critical relevance to the hypothesis, 

there was no significant interaction between Block Type and Trait Anxiety Group: F(1, 

78) = .21, p = .653, partial eta2  = .00. Therefore for Threat Monitoring Bias Index 

scores, the results did not support our predictions as there was no observed interaction 

between Block Type and Trait Anxiety Group. 

Interim Discussion Study 2 

              The aim of this study was to test the hypothesis that heightened trait anxiety is 

associated with impairment of attentional bias alignment of automatic attentional bias. 

Automatic was operationalized as fast, therefore the SOA in this study was short 

(250ms). 

 When considering attentional capture by threat, results demonstrated that 

participants’ attention was captured by threat cues to a greater degree when the aversive 

experience predicted by these threat cues was more controllable, compared to when this 

aversive experience was less controllable. Thus, attentional bias alignment was 

demonstrated on average across all participants. However, there was no evidence of trait 

anxiety-linked impairment of attentional bias alignment, as there was no significant 

difference between High and Low Trait Anxious participants in the degree to which 
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attentional capture by threat differed between High and Low Controllability blocks. 

With regards to attentional monitoring for threat, the results also did not support the 

hypothesis. While there was evidence of attentional bias alignment, there was no 

evidence of a trait anxiety-linked impairment of attentional bias alignment. 

Study 2 was designed to test the TALIABA hypothesis with regard to automatic 

attentional processes. It is important to consider that ABT can also be influenced by 

strategic processes. Strategic attentional allocation, in contrast to automatic attentional 

allocation, refers to the allocation of attention that is not rapid but rather is slow, and 

more deliberate (Boal, Christensen, & Goodhew, 2018). The influence of strategic 

attentional processes is typically examined in studies using long SOAs (Derryberry & 

Reed, 2002). Long SOAs such as 1000-1500ms are sufficiently long enough to enable 

strategic attentional allocation (Derryberry & Reed, 2002).  

While automatic attentional biases demonstrated by trait anxious participants 

represent a fast cognitive response to threatening stimuli, strategic attentional biases 

demonstrated by trait-anxious participants are argued to manifest due to the top-down 

influences that occur after bottom-up processing has taken place (Cisler, Bacon, & 

Williams, 2009). For example, according to the vigilance-avoidance hypothesis 

proposed by Eysenck and Calvo (1992), anxiety-linked attentional biases are 

characterized by fast initial vigilance for threat cues, followed by later avoidance. This 

pattern was observed in an eye-tracking study that presented anxious children with 

negative images, in which it was observed that with SOAs less than 1000ms, children 

showed ABT, while with SOAs longer than 1000ms, children showed initial attention to 

threat, and then a subsequent eye movement away from threat (In-Albon, Kossowsky, & 
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Schneider, 2010). This effect was also demonstrated using response measures in a study 

utilizing threatening image SOAs of either 500ms or 1500ms, with trait anxious 

participants showing attentional bias towards threatening images with 500ms SOAs but 

not towards those with 1500ms SOAs (Mogg, Bradley, Miles, & Dixon, 2004). Thus, 

studies examining the vigilance-avoidance hypothesis have demonstrated that 

attentional bias patterns can manifest differently at long and short SOAs, likely because 

longer SOAs facilitate strategic attentional influences. 

As such, in Study 3 the attentional bias alignment of strategic attentional bias 

was examined, by using a longer SOA.  

Study 3 

Study 3 aimed to test the hypothesis that trait anxiety is associated with 

impairment of attentional bias alignment of strategic attentional bias. Strategic 

attentional allocation processes were facilitated by utilizing a 1000ms SOA. With the 

exception of this longer SOA, Study 3 was identical to Study 2. 

Method 

Participants 

 A new sample of eighty participants from the University of Western Australia’s 

School of Psychological Science undergraduate participant pool completed the study in 

exchange for partial course credit. In order to obtain High and Low Trait Anxious 

experimental groups, a large group of candidate participants completed the State Trait 

Anxiety Inventory Trait subscale (STAI-T) (Spielberger et al., 1983). Scores on this 

subscale were divided into tertiles, and candidate participants in the top and bottom 

thirds (score of <37 and >48) were invited to participate via email. There were 51 
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females and 29 males; the mean age was 21.15 years (SD = 9.96). The Low Trait 

Anxious group had 31 females and 16 males, with a mean age of 22.11 (SD = 12.30). 

The High Trait Anxious group had 20 females and 13 males, with a mean age of 19.79 

(SD = 4.92) Participants were required to have normal or corrected-to-normal vision, 

and to report no colour blindness or hearing issues.  All participants gave informed 

consent, and were provided the option to end the experiment at any point. None made 

use of this option.  

Materials 

Spielberger State Trait Anxiety Inventory Trait Subscale 

  As in Study 2, the State Trait Anxiety Inventory Trait subscale (STAI-T) 

(Spielberger et al., 1983) was used to screen participant trait anxiety to allow recruiting 

extreme groups, and was used to assess trait anxiety levels at the time of testing.  

Circle Stimuli 

 The circle stimuli of the current study were identical to Study 2.  

Aversive Experience 

  The aversive experience used in study 3, money loss, was identical to Study 2.  

Tasks 

 Attentional Bias Alignment Assessment Task. The Attentional Bias Alignment 

Assessment Task (ABAAT) used in the current study was identical to that used in Study 

2, except that the stimuli SOA was 1000ms instead of 250ms. Specifically, in Study 2, 

the circle stimuli were presented for 250ms before the digits were added for 100ms, 

while in Study 3, the circle stimuli were presented for 1000ms before the digits were 

added for 100ms. 
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Procedure 

The procedure of the current study was identical to Study 2. 

Results 

Participant Characteristics 

Table 3.3 shows the descriptive statistics for age, gender, and trait anxiety 

scores. Before conducting the analysis, it was considered appropriate to verify that the 

assignment of participants to the High and Low Trait Anxious groups was reliable. Steps 

were taken to ensure that all participants assigned to the High Trait Anxious group were 

above the median (42) of STAI-T scores obtained at the time of testing, and that all 

participants assigned to the Low Trait Anxious group were below the median of STAI-T 

scores obtained at the time of testing. It was observed that this was the case, and 

therefore statistical analyses were conducted on all 80 participants.  

A t-test that compared STAI-T scores at time of testing between participants in 

the two Trait Anxious groups showed that STAI-T scores of participants in the High 

Trait Anxiety group (M = 54.27, SD = 7.18) were significantly higher than STAI-T 

scores of participants in the Low Trait Anxiety group (M = 32.34, SD = 6.13), t(78) = 

14.68, p < .001. A t-test was conducted to compare the two trait anxiety groups based on 

mean age. The results were not significant; t(78) = 3.97, p = .31, meaning that mean age 

did not differ between experimental groups. Additionally, a Pearson Chi Square analysis 

was conducted to compare gender distribution between the two experimental groups. 

The results were not significant; X2(79) = .24, p = .62, meaning that gender distribution 

did not differ between experimental groups. Therefore, the two trait anxiety groups were 
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significantly different only in levels of trait anxiety, and were not confounded by 

differences in age or gender. 

Table 3.3. Trait anxiety scores (STAI-T), gender distribution, and mean (SD) age for the 

High and Low Trait Anxious group. 

 Low Trait Anxious (N = 47) High Trait Anxious (N = 33) 

STAI-T 32.34 (6.13) 54.27 (7.18) 

Age  22.11 (12.30) 19.79 (4.92) 

Gender (F/M) 31/16 20/13 

 

Attentional Bias Alignment 

Accuracy rates in entering the digit inside the central grey circle, on each Trial 

Type and Block Type, are presented in Table 3.4 for each Trait Anxiety group. In 

addition, this table also includes Threat Capture Bias Index scores and Threat 

Monitoring Bias Index scores derived from these data. Threat Capture Bias Index scores 

and Threat Monitoring Bias Index scores were analyzed for normality, and it was 

observed that Threat Capture Bias Index scores (in High Controllability blocks and in 

Low Controllability blocks) were characterized by skew and kurtosis within the range of 

-1 and 1. These variables were therefore considered normally distributed, as per Field 

(2013). Threat Monitoring Bias Index scores (in High Controllability blocks and Low 

Controllability blocks) demonstrated skew and kurtosis outside of the accepted range (-1 

and 1) and were therefore considered non-normally distributed. Given that researchers 

are divided with respect to whether violation of normality is best dealt with by using 

data transform or whether ANOVAs are robust to deviations from normality, the present 
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results will be presented with and without transform. Logarithmic transform was used, 

and the main text will report statistical outcomes from analyses on untransformed data 

while significance values of effects obtained from analysis of transformed data will be 

reported in footnotes. 

Table 3.4. Central digit accuracy on all Trial Types, and Threat Monitoring/Threat 

Capture Bias Index scores, of High and Low Trait Anxious participants on High and 

Low Controllability blocks. 

 

 Low Trait Anxious High Trait Anxious 

 High 

Controllability 

blocks 

Low 

Controllability 

blocks 

High 

Controllability 

blocks 

Low 

Controllability 

blocks 

 M SD M SD M SD M SD 

No Distractors 

 

0.99 0.02 0.99 0.02 0.99 0.03 0.99 0.02 

Distractors 

Without Threat 

 

0.99 0.03 0.99 0.03 0.99 0.03 0.99 0.01 

Distractors With 

Threat Including 

Digit 

 

0.28 0.18 0.57 0.28 0.37 0.26 0.68 0.23 

Distractors With 

Threat Not 

Including Digit 

 

0.66 0.16 0.80 0.14 0.65 0.17 0.84 0.13 

Threat  

Monitoring Bias 

Index Score 

0.00 0.02 0.01 0.02 0.00 0.01 -0.01 0.02 

Threat Capture 

Bias Index Score 
0.33 0.16 0.19 0.14 0.34 0.17 0.16 0.13 
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Examining Trait Anxiety-linked Impaired Alignment in Attentional Capture by 

Threat 

 The hypothesis under test is that trait anxiety is associated with impairment of 

attentional bias alignment. To test this in relation to attentional capture by threat, Threat 

Capture Bias Index scores were subjected to a 2 x 2 mixed-design ANOVA, with Block 

Type (High Controllability and Low Controllability) as a within-subjects factor, and 

Trait Anxiety Group (High Trait Anxious and Low Trait Anxious) as a between-subjects 

factor. The hypothesis predicts that the Low Trait Anxious participants’ Threat Capture 

Bias Index scores would be greater in High Controllability blocks than in Low 

Controllability blocks, whereas there would be a reduced difference between High 

Controllability blocks and Low Controllability blocks in High Trait Anxious 

participants’ scores. Such an effect would give rise to a significant two-way interaction 

between Block Type and Trait Anxiety Group. 

  There was a significant main effect of Block Type: F(1, 78) = 79.22, p < .001, 

partial eta2 = .50, indicating higher Threat Capture Bias Index scores in Low 

Controllability blocks (M = .26, SE = .02) as compared to High Controllability blocks 

(M = .25, SE = .02). There were no other significant effects. Specifically, there was no 

significant effect of Trait Anxiety Group: F(1, 78) = .08, p = .77, partial eta2 = .00, 

meaning that Threat Capture Bias Index scores did not differ significantly between High 

and Low Trait Anxiety groups. There was also no significant interaction between Block 

Type and Trait Anxiety Group: F(1, 78) = .77, p = .38, partial eta2  =.01. Therefore for 

Threat Capture Bias Index scores, the results did not support the TALIABA hypothesis.   
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Examining Anxiety-linked Impaired Alignment in Attentional Monitoring for Threat 

 To test the TALIABA hypothesis in relation to attentional monitoring for threat, 

Threat Monitoring Bias Index scores were subjected to a 2 x 2 mixed-design ANOVA, 

with Block Type (High Controllability and Low Controllability) as a within-subjects 

factor and Trait Anxiety Group (High Trait Anxious and Low Trait Anxious) as a 

between-subjects factor. It was predicted that the Low Trait Anxious participants’ 

Threat Capture Bias Index scores would be greater in High Controllability blocks than 

in Low Controllability blocks, whereas there would be a reduced difference between 

High Controllability blocks and Low Controllability blocks in High Trait Anxious 

participants’ bias scores. Such an effect would give rise to a significant two-way 

interaction between Block Type and Trait Anxiety Group. 

There was a significant main effect of Trait Anxiety Group: F(1, 78) = 8.01, p = 

.014, partial eta2 = .09, with an unexpected pattern of greater Threat Monitoring Bias 

Index scores in the Low Trait Anxiety group (M =  .004, SD = .00) compared to the 

High Trait Anxiety group (M = .00, SD = .00). There were no other significant effects. 

Specifically, there was no significant main effect of Block Type: F(1, 78) = .76, p = 

.395, partial eta2 = .01. Critically, there was no significant interaction between Block 

Type and Trait Anxiety Group: F(1, 78) = 3.59, p = .066, partial eta2  =.04. Therefore for 

Threat Monitoring Bias Index scores, the results did not support the TALIABA 

hypothesis.  

Chapter 3 Discussion 

The aim of these two studies was to test the TALIABA hypothesis, which states 

that heightened trait anxiety is associated with impairment of attentional bias alignment. 
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Study 2 examined the attentional bias alignment of automatic attentional bias using a 

250ms SOA, while Study 3 examined the attentional bias alignment of strategic 

attentional bias using a 1000ms SOA. The results do not provide support for this 

hypothesis, as in both studies High Trait Anxious participants did not demonstrate 

impaired attentional bias alignment relative to Low Trait Anxious participants.  

Although the results do not support the hypothesis under test, they do provide 

important information regarding attentional bias alignment. Firstly, the obtained 

evidence of attentional bias alignment in attentional capture by threat (through both 

automatic and strategic processes) demonstrates that the present ABAAT can indeed be 

utilised to measure individual differences in attentional bias alignment. With these 

results being replicated across three studies, this novel task to measure attentional bias 

alignment will likely prove useful in future studies that aim to test hypotheses 

concerning individual differences in or factors impacting on such attentional bias 

alignment. Secondly, the presently reported results suggest that generally, individuals in 

the observed population demonstrated greater attentional bias towards threats that signal 

aversive experiences that can be mitigated through adaptive action, at least, when the 

aversive experience is a loss of money.   

The attentional bias alignment observed, on average, across all participants in 

Study 2 and Study 3 is consistent with literature highlighting that participant attention 

tends to be focused more on information that is relevant to performing adaptive action, 

than information that is not. According to the relevance hypothesis examined by 

Wentura, Rothermund and Bak (2000), attention is preferentially focused upon stimuli 

that are relevant for guiding actions which benefit the individual. Evidence for this has 
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been observed in visual search paradigms (Bacon & Egeth, 1997). Individuals appear to 

also inhibit attention towards action-irrelevant stimuli (Tipper, Lortie, & Baylis, 1992). 

Other attentional and cognitive processes are also optimized when there is more control 

relative to less control over aversive experiences. For example, it has been observed that 

individuals generally demonstrate enhanced perceptual sensitivity to controllable danger 

signals, but not for uncontrollable danger signals (Brandtstädter, Voss, & Rothermund, 

2004).  

Enabling the influence of late strategic processes appeared to amplify attentional 

bias alignment effects associated with attentional capture by threat, in comparison to the 

influence of early automatic processes. To compare these effects directly, a Threat 

Capture Alignment Index score was computed for each participant in Study 2 and Study 

3 by subtracting Threat Capture Bias Index scores in Low Controllability blocks from 

Threat Capture Bias Index scores in High Controllability blocks (Threat Capture Bias 

Index in High Controllability blocks – Threat Capture Bias Index in Low Controllability 

blocks = Threat Capture Alignment Index). Higher Threat Capture Alignment Index 

scores represented greater attentional bias alignment. A One-way ANOVA was then 

conducted comparing Threat Capture Alignment Index scores in Study 2 and Study 3. It 

was observed that there was a significant difference in Threat Capture Alignment Index 

scores between Study 2 and Study 3, F(1, 158) = 14.87, p < . 001, with greater 

attentional bias alignment of attentional capture by threat in Study 3 (M = .16, SD = .16) 

compared to Study 2 (M = .08, SD = .11).  This may be due to the additional time 

participants were given during trials to make a more adaptive decision. This is consistent 

with literature that demonstrates longer SOAs facilitate the recruitment of goal-directed, 
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top-down attentional processes (Derryberry & Reed, 2002). Thus, the longer SOA 

utilised in Study 3 was likely to allow a greater influence of goal-directed attentional 

processes than was the case for the shorter SOA in Study 2. 

The influence of strategic attentional bias did not amplify attentional bias 

alignment in attentional monitoring for threat. This was evidenced in a comparison of 

attentional bias alignment of attentional monitoring for threat, between Study 2 and 

Study 3. To achieve this comparison, a Threat Monitoring Alignment Index score was 

computed for each participant in Study 2 and Study 3 by subtracting Threat Monitoring 

Bias Index scores in Low Controllability blocks from Threat Monitoring Bias Index 

scores in High Controllability blocks (Threat Monitoring Bias Index in High 

Controllability blocks – Threat Monitoring Bias Index in Low Controllability blocks = 

Threat Monitoring Alignment Index). Higher Threat Monitoring Alignment Index scores 

represented greater attentional bias alignment. A One-way ANOVA was then conducted 

comparing Threat Monitoring Alignment Index scores in Study 2 and Study 3. It was 

observed that there was no significant difference in Threat Monitoring Alignment Index 

scores between Study 2 and Study 3, F(1, 158) = 3.17, p = .08.  

As the results did not support the TALIABA hypothesis, the most appropriate 

conclusion to give consideration is that the hypothesis may be invalid. Of course, it is 

prudent to also consider whether there might be other explanations for the findings, 

which can guide future extensions of this research. One such explanation is that, given 

the literature reviewed in Chapter 1 which discussed executive functioning and 

attentional control, high levels of executive functioning may act as a buffer against the 

proposed negative relationship between heightened trait anxiety and attentional bias 
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alignment. Performing the ABAAT in a manner consistent with attentional bias 

alignment requires the ability to hold task information in mind and adapt to changing 

task parameters, updating goals and behaviours as required. Given this, it may be that 

individual differences in executive functioning moderated the expression of trait 

anxiety-linked impairment of attentional bias alignment. However, executive 

functioning was not measured in the current chapter’s studies. Future studies in the 

current research programme will do so, to determine whether impaired attentional bias 

alignment is indeed restricted to those high trait anxious individuals with poor executive 

functioning.  

Another explanation for the current chapter’s findings may be that participants 

were able to focus only on the central subtask during Low Controllability blocks, 

because the aversive experience signaled by the threat cues was not severe enough; that 

is, money loss as an aversive experience may not be sufficiently state anxiety-provoking 

to evoke the attentional processes that characterize heightened trait anxiety. The 

previous chapter did empirically demonstrate that the loss of ten cents was aversive and 

participants generally took action to avoid it. However, a more salient or severe aversive 

experience signaled by a threat cue may make it more likely that this specific pattern of 

attention would occur, specifically, that the threat cue would capture attention in high 

trait anxious participants (Mogg & Bradley, 1998) even when it signaled an aversive 

experience low in controllability. It would therefore be useful to consider means of 

increasing the severity of the aversive experience signaled by the threat cue. 

 One way in which the severity of the aversive experience could be increased is 

through the delivery of a loud noise burst in combination with the delivery of money 
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loss. As reviewed in Chapter 2, noise bursts are useful in experimental paradigms 

seeking to deliver aversive stimuli, as they are not physiologically harmful provided the 

duration is brief and the volume is not at a dangerous level (above 110db). They are 

consistently rated as aversive by participants (Koster et al., 2004). While Study 1 

demonstrated that threats signaling noise bursts were largely ignored by all participants 

in favor of attending to the central subtask, it was not examined whether money loss and 

noise bursts combined would be associated with greater trait anxiety-linked attentional 

bias towards threat cues signaling them. Indeed, no study has yet combined money loss 

and noise bursts to address this. Combining two forms of aversive experience (one being 

physically unpleasant and one representing a loss of resources) may represent a more 

severe aversive experience than each aversive experience in isolation. This more severe 

aversive experience may then evoke the patterns of attentional bias that characterize 

heightened trait anxiety. However, this needs to be empirically verified by future 

studies.   

As the TALIABA hypothesis is entirely novel, it will be appropriate to replicate 

and extend these research findings before drawing firm conclusions about the 

relationship between attentional bias alignment and heightened trait anxiety. As 

reviewed above, changes can be made to the methodology to test this hypothesis, 

including changing the aversive experience and including the assessment of candidate 

moderating variables, to allow for a more exhaustive test of the proposed hypothesis. 

In conclusion, this study was successful in identifying attentional bias alignment 

on average across all participants, such that greater attention was captured by threats that 

signaled more controllable aversive experiences compared to less controllable aversive 
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experiences. This provides evidence that the current research program’s ABAAT can 

indeed assess attentional bias alignment, and thus demonstrated utility in examining the 

effect of group differences on attentional bias alignment. However, the current 

methodologies did not evidence a trait anxiety-linked impairment of attentional bias 

alignment. In the next chapter, we will examine whether combining money loss and a 

noise burst as the aversive experience results in trait anxiety-linked impairment of 

attentional bias alignment. We will also measure executive functioning in order to 

examine whether executive functioning moderates trait anxiety-linked impairment of 

attentional bias alignment. 
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Footnotes 

1: F = 4.65, p = .03 (The significance of this effect matches the result obtained in 

the untransformed analysis) 

2: F = 4.50, p = .04 (The significance of this effect matches the result obtained in 

the untransformed analysis) 

3: F = .26, p = .61 (The non-significance of this effect matches the result 

obtained in the untransformed analysis) 

 4: F = 8.16, p = .01 (The significance of this effect matches the result obtained 

in the untransformed analysis) 

5: F = .82, p = .37 (The non-significance of this effect matches the result 

obtained in the untransformed analysis) 

6: F = 3.66, p = .06 (The non-significance of this effect matches the result 

obtained in the untransformed analysis) 
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Chapter 4: Study 4 and Study 5 

The two studies conducted in the previous chapter demonstrated that participants 

had their attention captured more by threats signaling more controllable aversive 

experiences than by threats signaling less controllable aversive experiences. However, 

this manifestation of attentional bias alignment was not significantly different between 

high and low trait anxious participant groups. Therefore, these results did not support 

the trait anxiety-linked impairment of attentional bias alignment (TALIABA) 

hypothesis, which predicts that low trait anxious participants would demonstrate greater 

attentional bias alignment than would high trait anxious participants. Certain 

characteristics of the studies’ methodologies may have compromised the capacity of the 

task to sensitively assess anxiety-linked differences in attentional bias alignment, and 

these characteristics will now be discussed. 

It was suggested in the discussion of Chapter 3 that the threat of money loss may 

not have been severe enough to give rise to anxiety-linked differences in attentional bias 

alignment. It has been argued that aversive experiences signaled by threat stimuli need 

to exceed a particular severity threshold in order to reveal anxiety-linked attentional bias 

toward threat (ABT) (Mogg & Bradley, 1998). Research has shown that the threshold of 

severity required for threat to capture attention differs between high and low trait 

anxious participants (Mathews & Mackintosh, 1998). Evidence for this is derived from 

studies that manipulate the severity of threat. For example, Wilson and Macleod (2003) 

presented high and low trait anxious participants with a dot-probe task in which angry 

faces were the threat stimuli. The intensity of the anger expressed by these faces was 

systematically manipulated and it was observed that both high and low trait anxious 
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participants did not show an attentional bias to mildly threatening faces, but anxiety-

linked differences emerged only when faces were more threatening, with high trait 

anxious but not low trait anxious participants demonstrating attentional bias to 

moderately threatening faces (Wilson & MacLeod, 2003). Thus, it may be the case that 

the loss of ten cents in the previous chapter’s paradigm does not represent a severe 

enough aversive experience to elicit maladaptive patterns of attentional bias that 

characterize heightened trait anxiety. Increasing the severity of the aversive experience 

predicted by threat cues may activate patterns of attentional bias in high trait anxious 

participants that do not manifest when these aversive experiences are low in severity. A 

modification of the methodology employed in the previous chapter would be needed to 

achieve this. 

One way of increasing the threatened aversive experience severity may be to use 

electric shock as the aversive experience. Electric shocks (at a low amplitude) have been 

used in experimental paradigms to increase state anxiety, and to motivate participant 

action to avoid receiving such electric shock (Notebaert, Crombez, Van Damme, et al., 

2011). Laboratory studies have utilised electric shocks as they are easily graded in 

intensity, can be disengaged instantly, and do not cause any long-term physical harm 

(Rollman & Harris, 1987). However, as described in Chapter 2, there is evidence that 

there may be a greater habituation effect for electric shocks in comparison to white noise 

bursts (Sperl et al., 2016).  

Another way of increasing the threatened aversive experience severity in the 

current task would be to combine white noise bursts with money loss. As described in 

Chapter 2, white noise bursts provide a laboratory-appropriate aversive experience that 
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is not physically harmful (Hobbs, 1990). They are rated as aversive by participants, and 

have been shown to produce an attentional bias towards threat stimuli that signal these 

noise bursts (Koster et al., 2004). A study comparing the use of electric shocks to white 

noise bursts in fear conditioning studies found that white noise bursts produced more 

consistent and reliable physiological responses from participants than electric shocks, 

suggesting that white noise bursts represent a more consistent aversive experience than 

electric shocks, perhaps with greater resistance to habituation (Sperl et al., 2016). While 

it was observed in Chapter 2 that participants did not take action to avoid noise bursts in 

the Attentional Bias Alignment Assessment Task (ABAAT), white noise bursts could be 

readily combined with money loss in the ABAAT thereby increasing the intensity of an 

aversive experience that participants take adaptive action to avoid when this is possible. 

A low degree of aversive experience severity is one possible reason that the 

results in Chapter 3 were observed. Another possibility is that elevated trait anxiety may 

be associated with impairment of attentional bias alignment only in those high trait 

anxious participants who also demonstrate poor executive functioning. There is an 

established interactive effect of anxiety and executive functioning on ABT, such that 

ABT is heightened in those high trait anxious participants who demonstrate poor 

executive functioning (Ho, Yeung, & Mak, 2017). Such poor executive functioning 

commonly involves poor working memory and poor attentional control. Working 

memory is a limited-capacity system that holds and manipulates information while 

attending to additional information (Bomyea & Amir, 2011), while attentional control is 

the capacity to choose information to be attended to while inhibiting attention to other 

information (Derryberry & Reed, 2002). Indeed, many working memory models posit 
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that attentional control and working memory are interlinked, such that if working 

memory is impaired, then attentional control will also be impaired (Engle & Kane, 

2004; Kane, Conway, Hambrick, & Engle, 2008). Deficits in attentional control and 

deficits in working memory capacity are highly positively correlated, with some 

researchers even arguing that they are in fact the same construct (Redick & Engle, 

2006). This argument is augmented by evidence that performance on working memory 

capacity tasks predict performance on attentional control tasks (Redick & Engle, 2006), 

and that attentional control is impaired by increasing working memory load (Jonides, 

1981). Therefore, trait anxiety-linked impairment of attentional bias alignment may 

plausibly be more evident in people with low levels of working memory capacity, and 

thus poor executive functioning.    

Flexibly aligning patterns of attention to ensure optimal functioning across 

different environmental circumstances likely requires robust working memory capacity. 

Inhibiting attentional responses to threat cues that are maladaptive to attend to, while 

deliberately engaging with threat cues that are adaptive to attend to, would require 

individuals to continuously update and consider information regarding the adaptiveness 

of attending to such threat cues before allocating attention. According to the attentional 

control theory developed by Eysenck, Derakshan, Santos, & Calvo, (2007), trait anxiety 

is associated with the inability to flexibly control attention. Specifically, elevated trait 

anxiety may be characterized by working memory impairment, such that inhibition of 

stimulus response and attentional shifting away from threat are reduced (Eysenck et al., 

2007; Judah, Grant, Lechner, & Mills, 2013). The cognitive demands of trait anxiety 

may preoccupy or deplete executive resources, resulting in a lack of resources that can 
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be deployed to successfully control attention (Judah et al., 2013). Poor attentional 

control has even been posited to contribute to the onset and maintenance of trait anxiety 

(Eysenck & Calvo, 1992; Eysenck et al., 2007). The attentional control theory proposes 

that heightened trait anxiety is associated with impairment of critical cognitive processes 

that require robust working memory capacity: inhibitory control, set shifting, and 

information updating (Eysenck & Calvo, 1992; Eysenck et al., 2007). Inhibitory control 

refers to the ability to resist interference from task-irrelevant distractors; set shifting 

refers to the process of moving attention between different relevant sources of 

information or locations; information updating is remembering and updating 

information for further processing, as new contexts or information becomes salient 

(Eysenck & Calvo, 1992; Eysenck et al., 2007). If executive functioning is poor, 

impairment of attentional bias alignment may occur, perhaps especially so in individuals 

with heightened levels of trait anxiety. 

One of the most commonly used measures of executive functioning in the 

literature is the n-back task (Jaeggi, Buschkuehl, Perrig, & Meier, 2010; Owen, 

McMillan, Laird, & Bullmore, 2005). The task presents participants with a series of 

irregular shapes. Participants are instructed to respond on a keyboard whenever the 

irregular shape they are currently viewing matches that which was presented either one, 

two, or three irregular shape positions back in the presentation sequence. This n-back 

task requires participants to hold in working memory the shapes shown previously, and 

so places demands on working memory capacity that vary depending upon whether the 

task requires judgement based on items presented one, two, or three positions back in 

the sequence (Gevins & Cutillo, 1993). With an emphasis on monitoring and 
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information updating (Unsworth & Engle, 2007), the n-back task has been purported to 

reflect attentional control in the face of interference, due to the requirement that 

participants must remember and recall irregular shapes that may or may not prove to be 

relevant in the future (Schleepen & Jonkman, 2010).  

Given that the results of Chapter 3 did not provide support for the TALIABA 

hypothesis, two methodological changes were made in the current chapter guided by 

possible explanations for the results of Chapter 3, outlined above. Firstly, the possibility 

that money loss alone was not sufficiently aversive was remedied by combining the 

aversive experience of money loss with a 95db white noise burst. Secondly, the 

possibility that high trait anxious individuals may display impaired attentional bias 

alignment only if they exhibit poor executive functioning was addressed by having 

participants complete the n-back task in order to measure executive functioning.  

As in Chapter 3, the aim of Study 4 and Study 5 was to test the prediction 

generated by the TALIABA hypothesis. This hypothesis was tested using the ABAAT, 

which measures attentional bias to threats that signal more and less controllable aversive 

experiences. The hypothesis predicts that low trait anxious participants will demonstrate 

better attentional bias alignment than high trait anxious participants. A second aim of 

this study was to test the EFM hypothesis, to examine if trait anxiety-linked impairment 

of attentional bias alignment is restricted to those individuals with poor executive 

functioning. This hypothesis predicts that executive functioning has a moderating effect 

on the relationship between trait anxiety and attentional bias alignment. If trait anxiety-

linked impairment of attentional bias alignment is restricted to high trait anxious 

participants with poor executive functioning, then the impairment of attentional bias 
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alignment demonstrated by high trait anxious relative to low trait anxious participants 

will be most evident for participants with lower measures of executive functioning.  

The experimental designs of Study 4 and 5 were identical to the experimental 

design utilised in Study 2 and 3, with the exception of two differences. One difference 

was that the aversive experience now consisted of a 95db white noise burst, delivered 

simultaneously with the occurrence of money loss. The other difference was the 

completion of the n-back task prior to completing the ABAAT. Once again, one study 

(Study 4) was designed to assess attentional bias alignment of fast attentional allocation, 

evident using a short stimulus onset asynchrony (SOA) (250ms) between the appearance 

of the circle stimuli and the appearance of the digits within the circle stimuli, whereas 

the other study (Study 5) was designed to assess attentional bias alignment evident when 

strategic attentional allocation was permitted by using a long SOA (1000ms). This 

enabled examination of trait anxiety-linked differences in attentional bias alignment of 

automatic attentional bias, and strategic attentional bias, respectively. 

Study 4 (250ms SOA) 

The aims of Study 4 were: to test the prediction generated by the TALIABA 

hypothesis using a paradigm in which money loss and a noise burst were combined as 

an aversive experience; to examine whether individual differences in executive 

functioning moderate expression of trait anxiety-linked impairment of attentional bias 

alignment; and to examine whether trait anxiety-linked differences in attentional bias 

alignment reflect differences in the alignment of automatic attentional processing of 

threat cues. 
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Method 

Participants 

 Seventy nine participants from the University of Western Australia’s School of 

Psychological Science undergraduate participant pool completed the study in exchange 

for partial course credit. To obtain experimental groups of high and low trait anxiety, a 

large group of candidate participants completed the State Trait Anxiety Inventory Trait 

subscale (STAI-T) (Spielberger et al., 1983). Scores on this subscale were divided into 

tertiles, and candidate participants in the top and bottom thirds (<38 and >46) were 

invited to participate via email. Half of the final sample were drawn from the bottom 

tertile, and half from the top tertile. There were 52 females and 27 males; the mean age 

was 21.08 years (SD = 5.84). The Low Trait Anxious group had 23 females and 15 

males, with a mean age of 21.76 (SD = 6.48). The High Trait Anxious group had 29 

females and 12 males, with a mean age of 20.44 (SD = 5.17). It was stipulated to 

candidate participants that the study required them to have normal or corrected-to-

normal vision, and to report no colour blindness or hearing issues. All participants gave 

informed consent, and were provided the option to end the experiment at any point. 

None made use of this option.  

Materials 

 The materials and tasks used in this study were identical to those employed in 

Study 2, with the exception of the aversive experience and the inclusion of the n-back 

task. For ease of comprehension, the original materials and tasks are described again 

briefly below, together with the information concerning the amended aversive 

experience and newly-included n-back task. 
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Digital Demographic Form 

Participants completed a digital form that collected demographic information, 

including age and gender. 

Spielberger State Trait Anxiety Inventory Trait Subscale  

The State Trait Anxiety Inventory Trait subscale (STAI-T) (Spielberger et al., 

1983) was used to screen participant trait anxiety levels prior to testing, and was used to 

assess trait anxiety levels at the time of testing. Higher scores indicate a higher tendency 

to experience state anxiety symptoms. 

Circle Stimuli 

 The circle stimuli of the current study were identical to Study 2 and Study 3. 

These circle stimuli were presented in a light, medium, or dark shade of one of five 

colours: blue, aqua, green, yellow, and red. Each participant was allocated one of these 

five colours to represent a threat cue, and this assignment was counterbalanced across 

participants. Threat cue circles always appeared in the medium shade of the assigned 

colour, and the other peripheral circles appeared in a unique combination of the 

remaining four colours and one shade.  

Aversive Experience  

The aversive experience used in this study was a loud noise burst coupled with a 

loss of money (10 cents). The noise burst was a white noise burst delivered at 95 

decibels for 500ms. The possible occurrence of this aversive experience was signaled by 

the presence of the threat cue circle. For each trial in which a threat cue was presented, 

there was a 50% chance that the aversive experience (noise burst and the money loss) 

would occur.  
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Tasks 

 The N-Back Task. The n-back task (Jaeggi et al., 2010) was used to assess 

executive functioning. In this task, irregular shapes were presented in a random 

sequence. Participants were instructed to press the spacebar when a currently-presented 

shape matched the shape that was presented on the number of trials previous, that the 

particular block type being completed instructed them to. For example, a block may 

instruct participants to respond when the currently-presented shape matches the shape 

shown two shapes previous in the sequence. There were three block types, with 

participants instructed at block commencement to respond when the currently-presented 

shape matches with the shape presented one shape previous (N=1), two shapes previous 

(N=2), or three shapes previous (N=3).  Participants were given these instructions, and 

then given a 10-trial practice block for each n-back level (firstly N=1, then N=2, then 

N=3). Testing then began with N=1, N=2, and N=3 levels tested in that order. Each 

level was presented for three blocks of 30 trials. The dependent measure was the number 

of correct responses (pressing the spacebar when there was a match) across all block 

types, minus false alarms (pressing the spacebar when there was no match), across all 

block types. This provided an n-back score. A higher n-back score represented better 

executive functioning, and is the standard approach to scoring performance on the n-

back task (Jaeggi et al., 2010).  

ABAAT. Apart from the addition of a noise burst whenever money was lost, the 

ABAAT used in the current study was identical to that used in Chapter 3. Below the 

main features of the task are outlined.  
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Central Subtask Allowing Money Gain. The ABAAT featured a central 

subtask, from which the interference measure was derived. On each trial, a central grey 

circle was presented for 350ms, with the circle presented for 250ms before a digit was 

then presented within the central grey circle for 100ms. If the participant pressed the 

number on the numberpad that corresponded to the digit presented within the central 

grey circle, the participant gained money at the end of that trial (3 cents). Attending 

away from the central grey circle would thus impair participants’ ability to gain 3 cents.  

In some trials the central grey circle was surrounded by a peripheral ring of 

coloured circles, and in some cases this ring of coloured circles contained the threat cue. 

In order to obtain measures of attentional capture and attentional monitoring, three trial 

types were created. No Distractors trials contained only the central grey circle with a 

digit inside. In Distractors Without Threat trials, the centre grey circle was presented 

surrounded by a peripheral ring of 8 coloured circles, and these peripheral circles did not 

include the threat cue colour. In Distractors With Threat Including Digit trials the 

central grey circle was presented with a digit inside and surrounded by 8 coloured 

circles, with one of those coloured circles being the assigned threat cue colour. 

Distractors With Threat Not Including Digit trials presented the 8 peripheral circles but 

with only 4 of them containing digits; on these trials, the threat cue never contained a 

digit.  

Sequence of Trials 

 The ABAAT consisted of 384 trials in total, with 8 blocks of 48 trials each. 

There were 4 High Controllability blocks, and 4 Low Controllability blocks. Each block 
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contained 16 No Distractors trials, 16 Distractors Without Threat trials, 8 Distractors 

With Threat Including Digit trials, and 8 Threat With No Digit Not Including Digit trials. 

Trials began with a blank screen, followed by circle stimuli which appeared 

onscreen without digits within them. The circle stimuli appeared for 350ms for all trials. 

After the 250ms circle SOA, the digits were added within the circle stimuli for 100ms. 

Each circle contained a randomly assigned digit with the constraint that the digit was not 

presented elsewhere. The screen was then cleared and participants were required to enter 

a digit on the numberpad of the keyboard. Depending on the response, the screen then 

showed the amount of money gained (e.g. “+3”) on that trial, or money was lost and the 

amount lost was shown on the screen (e.g. “-10”). It was possible for money to be 

simultaneously gained from correctly performing the central subtask and lost due to the 

presence of the threat cue (to which no adaptive response was made, if this was 

possible). If this were the case, the money gained and lost was shown on the screen. The 

interval between trials was 1000ms, during which the screen was blank. 

Manipulating Aversive Experience Controllability 

The degree to which the aversive experience predicted by the threat cue could be 

controlled was manipulated within participants. High Controllability blocks provided a 

high degree of controllability over the aversive experience signaled by the threat cue, 

while Low Controllability blocks provided a low degree of controllability over the 

aversive experience signaled by the threat cue. In High Controllability but not Low 

Controllability blocks, participants could perform an action that greatly reduced the 

likelihood of the aversive experience. This action was entering the digit presented within 

the threat cue circle, rather than the digit presented within the central grey circle.  
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As such, across the task, participants would gain money whenever they entered 

the digit in the central circle, but that money would be offset by and negated by losses 

they would also experience if they did not enter the threat digit. The optimal strategy in 

High Controllability blocks (that would win the most money) would involve attending 

to the central subtask if the threat cue was not present, and attending to the threat cue if 

it was present. The optimal strategy in Low Controllability blocks would be to attend 

only to the central subtask, and not to the threat cue.  

Attentional Bias Measures  

For each block type, a Threat Capture Bias Index was computed for each 

participant.by subtracting accuracy rates of identifying the central grey circle digit on 

Distractors With Threat Not Including Digit trials from accuracy rates of identifying this 

central grey circle digit on Distractors Without Threat trials (Distractors Without Threat 

– Distractors With Threat Not Including Digit = Threat Capture Bias Index). A higher 

Threat Capture Bias Index score indicated greater attentional capture by threat cues. A 

Threat Monitoring Bias Index was computed for each participant by subtracting 

accuracy rates of identifying the central grey circle digit on Distractors Without Threat 

trials from accuracy rates of identifying this central grey circle digit on No Distractors 

trials (No Distractors – Distractors Without Threat = Threat Monitoring Bias Index). A 

higher Threat Monitoring Bias Index score indicated greater attentional monitoring for 

threat cues.  

Procedure 

The study was approved by the University of Western Australia’s Human 

Research Ethics Committee. Testing took place in a quiet laboratory. Participants were 
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seated at a computer in individual cubicles, approximately 60cm from the computer 

screen. Firstly, participants provided informed consent, completed a digital demographic 

form, and then a digital STAI-T. Then, they completed the n-back task. Next, the 

instructions for the ABAAT were delivered and the fact that they would earn real money 

was emphasised. The ABAAT then began with 10 practice trials (made up of 5 No 

Distractors trials and 5 Distractors Without Threat trials); this allowed participants to 

practice entering the central grey circle digit and performing the action required to gain 

money in the main task. After these practice trials, participants were instructed as to 

which colour predicted the aversive experience which would occur at the end of the 

trial. Following this, another 16 practice trials were completed, with the threat cue being 

present on eight of those 16 trials, and the aversive experience occurring after four of 

those eight trials. These practice trials provided participants the opportunity to 

experience the threat cue predicting the aversive experience. After this, participants 

were provided information about controlling the aversive experience by entering the 

digit within the threat cue. They were also informed as to whether they were about to 

complete a High Controllability block or a Low Controllability block. Participants then 

completed the 8 blocks of 48 trials. While no specific probabilities of aversive 

experience controllability were given to participants, they were instructed prior to task 

commencement whether they would be provided a “high chance” of being able to avoid 

the aversive experience by entering the digit in the threat cue circle, or a “low chance” 

of being able to avoid the aversive experience by entering the digit in the threat cue 

colour, depending on the Block Type. At the end of each block, participants were 
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informed as to how much money they had earned in that block. Once the 384 trials had 

been completed, participants were debriefed and given the money they had earned. 

Results 

Participant Characteristics 

Table 4.1 shows the descriptive statistics for age, gender, trait anxiety, and n-

back scores. Before conducting the analysis, it was considered appropriate to verify that 

the assignment of participants to the High Trait Anxious and Low Trait Anxious groups 

was reliable. Steps were taken to ensure that all participants assigned to the High Trait 

Anxious group were above the median (45) of STAI-T scores obtained at the time of 

testing, and that all participants assigned to the Low Trait Anxious group were below 

the median of STAI-T scores obtained at the time of testing. It was observed that this 

was the case, and therefore statistical analyses were conducted on all seventy nine 

participants. 

A t-test that compared STAI-T scores at time of testing between participants in 

the two experimental groups showed that STAI-T scores of participants in the High 

Trait Anxious group (M = 53.90, SD = 5.48) were significantly higher than the STAI-T 

scores of participants in the Low Trait Anxious group (M = 34.79, SD = 5.68), t(77) = 

15.22, p < .001. This indicated Trait Anxiety groups different significantly as intended 

in levels of trait anxiety at the time of the experimental session. A t-test comparing Age 

between High and Low Trait Anxious experimental groups was not significant; t(77) = 

2.50, p = .32, meaning that the two experimental groups did not differ significantly in 

mean age. A Pearson Chi-Square test was conducted to compare Gender between High 

and Low Trait Anxious groups. This was not significant; X2(78) = .91, p = .34, meaning 
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that the two experimental groups did not differ significantly in gender distribution. A t-

test comparing n-back scores between High and Low Trait Anxious experimental groups 

was not significant: t(77) = .14, p = .89, meaning that the two experimental groups did 

not differ significantly in n-back scores. Therefore, the two experimental groups differed 

significantly in levels of trait anxiety, but were not confounded by age or gender 

differences, and did not differ in n-back scores.  

Table 4.1. STAI-T scores, gender distribution, mean age, and n-back scores for both the 

High and Low Trait Anxious group. 

 Low Trait Anxious (N = 40) High Trait Anxious (N = 39) 

STAI-T 35.30 (5.98) 54.36 (5.21) 

Age  22.20 (7.18) 19.92 (3.78) 

Gender (F/M) 24/16 28/11 

N-back score 3.09 (1.14) 2.97 (1.68) 

 

Attentional Bias Alignment 

Accuracy rates in entering the digit inside the central grey circle, on each Trial 

Type and Block Type, are presented in table 4.2. The two attentional bias index scores 

are also presented. Threat Capture Bias Index scores and Threat Monitoring Bias Index 

scores were analysed for normality, and it was observed that Threat Capture Bias Index 

scores (in High Controllability Blocks and in Low Controllability Blocks) were 

characterized by skew and kurtosis outside the range of -1 and 1. These variables were 

therefore considered non-normally distributed, as per Field (Field, 2013). Threat 

Monitoring Bias Index scores (in High Controllability Blocks and Low Controllability 
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Blocks) also demonstrated skew and kurtosis outside of the accepted range (-1 and 1) 

and were therefore considered non-normally distributed. As there is no consensus 

whether violation of normality is best dealt with by using data transforms or not, the 

present results will be presented with and without logarithmic transform. The main text 

will report statistical outcomes from analyses on untransformed data, while significance 

values of effects obtained from analysis of transformed data will be reported in 

footnotes.  

Table 4.2. Central digit accuracy on all trial types, and threat monitoring/threat capture 

bias index scores, of High and Low Trait Anxious participants on High and Low 

Controllability blocks. 

 Low Trait Anxious High Trait Anxious 

 High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

 M SD M SD M SD M SD 

No Distractors 
0.99 0.02 0.99 0.01 0.99 0.02 0.99 0.02 

Distractors 

Without Threat 

 

0.98 0.03 0.99 0.02 0.98 0.02 0.98 0.05 

Distractors With 

Threat Including 

Digit 

 

0.57 0.25 0.82 0.19 0.42 0.29 0.67 0.23 

Distractors With 

Threat Not 

Including Digit 

 

0.78 0.15 0.91 0.11 0.71 0.18 0.82 0.17 

Threat 

Monitoring Bias 

Index Score 

0.01 0.03 0.00 0.02 0.00 0.02 0.01 0.04 
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Threat Capture 

Bias Index Score 
0.20 0.14 0.09 0.11 0.28 0.18 0.16 0.17 

         

 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment in 

Attentional Capture by Threat 

 The hypothesis under test is that heightened trait anxiety is associated with 

impaired attentional bias alignment. To test this hypothesis in relation to attentional 

capture by threat, Threat Capture Bias Index scores were subjected to a 2 x 2 mixed-

design ANOVA, with Block Type (High Controllability and Low Controllability) as a 

within-subjects factor, and Trait Anxiety Group (High Trait Anxious and Low Trait 

Anxious) as a between-subjects factor. The TALIABA hypothesis predicts that the Low 

Trait Anxious experimental group’s Threat Capture Bias Index scores would be greater 

in High Controllability Blocks compared to Low Controllability Blocks. Meanwhile, the 

High Trait Anxious experimental group’s Threat Capture Bias Index scores would 

demonstrate an attenuated difference between High Controllability Blocks and Low 

Controllability Blocks, in comparison to Low Trait Anxious group. This would give rise 

to a significant two-way interaction between Block Type and Trait Anxiety Group. 

 The results showed a significant main effect of Block Type: F(1, 77) = 61.49, p 

< .0011, eta2 = .44, indicating lower Threat Capture Bias Index scores in Low 

Controllability Blocks (M = .12, SD = .14) than in High Controllability Blocks (M = .24, 

SD = .16). There was also a significant main effect of Trait Anxiety Group: F(1, 77) = 

5.80, p =.022, partial eta2 = .07, reflecting the fact that High Trait Anxious participants 

(M = .22, SD = .14) had higher Threat Capture Bias Index scores than Low Trait 
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Anxious participants (M = .14, SD = .13). There was a non-significant interaction 

between Block Type and Trait Anxiety Group: F(1, 77) = .97, p = .333, partial eta2 = .01, 

meaning that there was no difference in attentional bias alignment between High and 

Low Trait Anxious participants. Therefore, for Threat Capture Bias Index scores, the 

results did not support the TALIABA hypothesis. 

 Given that it was observed that there was no trait anxiety-linked impairment of 

attentional bias alignment when considering Threat Capture Bias Index scores, it seems 

unlikely that analysis of these data would support the EFM hypothesis. Nevertheless, the 

prediction generated by the EFM hypothesis that variation in executive functioning 

would moderate the relationship between trait anxiety and attentional bias alignment 

observed within Threat Capture Bias Index scores was tested as planned. A moderation 

analysis was conducted using PROCESS (Hayes, 2012). In order to conduct this, a 

Threat Capture Alignment Index was first created for each participant. This was done by 

subtracting participants’ Threat Capture Bias Index scores in Low Controllability blocks 

from Threat Capture Bias Index scores in High Controllability blocks (Threat Capture 

Bias Index in High Controllability Blocks – Threat Capture Bias Index in Low 

Controllability Blocks = Threat Capture Alignment Index). This meant that a higher 

Threat Capture Alignment Index score was indicative of higher attentional bias 

alignment. This variable was used as a dependent variable in a moderation analysis, with 

STAI-T scores used as a predictor variable and n-back scores used as a moderating 

variable. The overall moderation model was not significant: F(3, 74) = 1.03, p = .39, 

MSE = .02. Therefore, the results did not provide evidence that trait anxiety-linked 
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impairment of attentional bias alignment was restricted to participants with poor 

executive functioning. 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment in 

Attentional Monitoring for Threat  

To test the TALIABA hypothesis in relation to attentional monitoring for threat, 

Threat Monitoring Bias Index scores were subjected to a 2 x 2 mixed-design ANOVA, 

with Block Type (High Controllability and Low Controllability) as a within-subjects 

factor and Trait Anxiety Group (High Trait Anxious and Low Trait Anxious) as a 

between-subjects factor. The hypothesis predicts that the Low Trait Anxious 

experimental group’s Threat Monitoring Bias Index scores would be greater in High 

Controllability Blocks compared to Low Controllability Blocks, while the High Trait 

Anxious experimental group’s Threat Monitoring Bias Index scores would demonstrate 

an attenuated difference between High Controllability Blocks and Low Controllability 

Blocks. This pattern of results would give rise to a significant two-way interaction 

between Block Type and Trait Anxiety Group. 

There were no significant main effects. Specifically, there was no significant 

main effect of Trait Anxiety Group: F(1, 77) = .20, p = .664, partial eta2 = .00, meaning 

there was no significant difference between High and Low Trait Anxious participants in 

Threat Monitoring Bias Index scores. There was no significant main effect of Block 

Type: F(1, 77) = .01, p = .955, partial eta2 = .00, which indicated there was no evidence 

of attentional bias alignment on average across all participants. Critically, however, 

there was a significant two-way interaction between Block Type and Trait Anxiety 

Group: F(1,77) = 10.61, p = .006, partial eta2 = .12, meaning that there was a significant 
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difference in attentional bias alignment between High Trait Anxious and Low Trait 

Anxious participants. Computation of simple main effects revealed this interaction to 

show that the Low Trait Anxious participants demonstrated greater attentional bias 

alignment compared to High Trait Anxious participants, with greater Threat Monitoring 

Bias Index scores in the High Controllability Blocks (M = .01, SD = .01) compared to 

Low Controllability Blocks (M = .00, SD = .00), t(39) = 2.16, p = .047. In contrast, for 

High Trait Anxious participants, numerically the difference in Threat Monitoring Bias 

Index scores between block types was in the opposite direction with higher Threat 

Monitoring Bias Index scores in Low Controllability blocks (M = .02, SD = .01) 

compared to High Controllability blocks (M = .00, SD = .00), though this difference was 

not significant, t(38) = 1.58, p = .118. Therefore, this meant that High Trait Anxious 

participants displayed attenuated attentional bias alignment in comparison to Low Trait 

Anxious participants.  

 In order to examine whether executive functioning moderated the relationship 

between trait anxiety and attentional bias alignment observed within Threat Monitoring 

Bias Index scores, PROCESS (Hayes, 2012) was used to perform a moderation analysis. 

A Threat Monitoring Alignment Index score was created for each participant, by 

subtracting Threat Monitoring Bias Index scores obtained on Low Controllability blocks 

from those obtained on High Controllability blocks (Threat Monitoring Bias Index 

scores in High Controllability blocks – Threat Monitoring Bias Index scores in Low 

Controllability blocks = Threat Monitoring Alignment Index). This meant that higher 

Threat Monitoring Alignment Index scores were indicative of better attentional bias 

alignment. Threat Monitoring Alignment Index scores were used as a dependent 
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variable, with STAI-T scores used as a predictor variable and n-back scores as a 

moderating variable. 

The moderation model was significant, explaining 25.5% of the variance in 

Monitoring Alignment Bias Index scores, F(3, 74) = 8.45, p < .001, MSE = .00. The 

interaction term was a significant predictor of Threat Monitoring Alignment Index 

scores, p < .001, with this predictor explaining an additional 11.1% of the variance over 

and above the main effects, F(1,74) = 11.04, p = .001. This moderating effect is 

presented in figure 4.1. In this figure, Threat Monitoring Alignment Index scores are 

presented for participants with low trait anxiety scores (1 SD below the mean), mean 

trait anxiety scores, and high trait anxiety scores (1 SD above the mean) as a function of 

n-back scores. Three data points are presented for the moderating variable, with low n-

back scores (1 SD below the mean), mean n-back scores, and high n-back scores (1 SD 

above the mean). As can be seen from figure 4.1, it was observed that the negative 

relationship between Threat Monitoring Alignment Index scores and Trait Anxiety 

scores was strongest for participants with low n-back scores, less strong for participants 

with average n-back scores, and not observed in participants with high n-back scores. 
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Figure 2. The relationship between Trait Anxiety scores and Threat Monitoring 

Alignment Index scores, moderated by n-back scores. 

Interim Discussion Study 4 

 The aim of Study 4 was to test the prediction generated by the TALIABA 

hypothesis, and to test the prediction generated by the EFM hypothesis. The present 

study did so by examining trait anxiety-linked differences in attentional bias alignment 

of automatic attentional bias to threat, which occurs as a fast process, evident at the 

250ms SOA used in the present study. 

 When considering attentional capture by threat, results showed that High Trait 

Anxious participants demonstrated greater attentional capture by threat compared to 

Low Trait Anxious participants. Also, across all participants on average, attentional bias 

alignment was demonstrated. However, there was no evidence of trait anxiety-linked 

impairment of attentional bias alignment. Furthermore, executive functioning did not 

moderate the relationship between trait anxiety and attentional bias alignment. 
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  In contrast, when considering attentional monitoring for threat, there was no 

main effect of Trait Anxiety Group or Block Type. However, High Trait Anxious 

participants did show attenuated attentional bias alignment in comparison to Low Trait 

Anxious participants. These results supported the TALIABA hypothesis. It was also 

observed that executive functioning moderated the relationship between trait anxiety and 

attentional bias alignment. There was a stronger relationship between high levels of trait 

anxiety and impairment of attentional bias alignment, among participants with low n-

back scores than among participants with high n-back scores. Thus, when executive 

functioning was greater, the degree to which high trait anxiety was related to impaired 

attentional bias alignment was reduced. 

The current study used a short SOA (250ms), with the aim of examining the 

alignment of automatic ABT with variation in the controllability of the threatened 

aversive experience. Study 5 will now examine the alignment of strategic ABT with 

variation in the controllability of the threatened aversive experience, by instead 

employing a 1000ms SOA between circle onset and digit onset. 

Study 5 (1000ms SOA) 

The aims of Study 5 were: to test the prediction generated by the TALIABA 

hypothesis, using a paradigm in which money loss and a noise burst were combined as 

an aversive experience; to test the prediction generated by the EFM hypothesis; and to 

examine whether these effects would manifest as a result of strategic attentional 

processes. The influence of strategic attentional processes was facilitated by utilizing a 

1000ms SOA. With the exception of this longer SOA, Study 5 was identical to Study 4. 
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Method 

Participants 

 A new sample of eighty participants from the University of Western Australia’s 

School of Psychological Science undergraduate participant pool completed the study, as 

partial course credit. In order to obtain experimental groups of high and low trait 

anxiety, a large group of candidate participants completed the State Trait Anxiety 

Inventory Trait subscale (STAI-T) (Spielberger et al., 1983). Scores on this subscale 

were divided into tertiles, and candidate participants in the top and bottom thirds (<38 

and >46) were invited to participate via email. It was stipulated to candidate participants 

that the study required them to have normal or corrected-to-normal vision, no colour 

blindness, or hearing issues. The final sample consisted of 53 females and 27 males; the 

mean age was 20.33 years (SD = 5.77). The Low Trait Anxious group had 16 females 

and 23 males, with a mean age of 21.59 (SD = 7.66). The High Trait Anxious group had 

36 females and 4 males, with a mean age of 19.10 (SD = 2.55). All participants gave 

informed consent, and were provided the option to end the experiment at any point. 

None made use of this option. 

Materials 

Spielberger State Trait Anxiety Inventory Trait Subscale 

 As in Study 4, the State Trait Anxiety Inventory Trait subscale (STAI-T) 

(Spielberger et al., 1983) was used to screen participant trait anxiety levels to allow 

recruiting extreme groups.  

Circle Stimuli  

The circle stimuli of the current study were identical to Study 4. 
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Aversive Experience 

The aversive experience used in Study 5, money loss combined with a 95dB 

white noise burst, was identical to Study 4.  

Tasks 

 The N-back Task. As was the case in Study 4, executive functioning was 

assessed using the n-back task (Jaeggi et al., 2010).  

Attentional Bias Alignment Assessment Task. The ABAAT used in the 

current study was identical to that used in Study 4, except that the SOA between the 

onset of the circle stimuli and the onset of the digits was 1000ms instead of 250ms.  

Procedure  

The procedure of the current study was identical to Study 4. 

Results 

Table 4.3 shows the descriptive statistics for age, gender, trait anxiety, and n-

back scores. As was the case in Study 4, steps were taken to ensure that all participants 

assigned to the High Trait Anxious group were above the median (45) of STAI-T scores 

obtained at the time of testing, and that all participants assigned to the Low Trait 

Anxious group were below the median of STAI-T scores obtained at the time of testing. 

It was observed that one participant assigned to the Low Trait Anxious group had a 

STAI-T score higher than the median at time of testing. Therefore, this participant was 

removed from the analysis. Analyses were conducted on all remaining 79 participants.  

A t-test to compare trait anxiety scores collected at the experimental session 

between the two Trait Anxiety groups showed that STAI-T scores of participants in the 

High Trait Anxiety group (M = 55.25, SD = 5.42) were significantly higher than STAI-T 
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scores of participants in the Low Trait Anxiety group (M = 33.51, SD = 5.03), t(77) = 

18.46, p <.001. This indicated Trait Anxiety groups differed significantly as intended in 

levels of trait anxiety at the time of the experimental session. A t-test was conducted to 

compare the two Trait Anxiety groups on age. The results were not significant; F(1, 77) 

= 3.80, p = .06, meaning that the two groups did not differ in mean age. Additionally, a 

Pearson Chi Square analysis was conducted to compare Gender between the two Trait 

Anxiety groups. The results were significant; X2(79) = 21.05, p < .001, meaning that 

Gender ratios did differ significantly between experimental groups. A t-test was also 

conducted to compare the two Trait Anxiety groups on n-back scores. The results were 

not significant, t(77) = 1.25, p = .24, meaning that the Trait Anxiety groups did not 

differ in n-back scores. Therefore, the Trait Anxiety groups differed in levels of trait 

anxiety, but were not confounded by age differences, and did not differ in n-back scores. 

As gender ratios were significantly different between the two Trait Anxiety groups, 

gender was entered as a covariate in the statistical analyses. Gender was found to not 

impact upon the significance of results, and therefore results of analyses without gender 

as a covariate will be reported here. 

Table 4.3. STAI-T scores, gender distribution, mean age, and n-back scores for both the 

High and Low Trait Anxious group. 

 Low Trait Anxious (N = 39) High Trait Anxious (N = 40) 

STAI-T 33.52 (5.03) 55.25 (5.42) 

Age  21.59 (7.66) 19.10 (2.55) 

Gender (F/M) 16/23 36/4 
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N-Back score 2.82 2.67 

 

Attentional Bias Alignment 

Accuracy rates in entering the digit inside the central grey circle, on each Trial 

Type and Block Type, are presented in Table 4.4. The two attentional bias index scores 

are also presented. Threat Capture Bias Index scores and Threat Monitoring Bias Index 

scores were analysed for normality, and it was observed that Threat Capture Bias Index 

scores (in High Controllability Blocks and in Low Controllability Blocks) were 

characterized by skew and kurtosis outside the range of -1 and 1. These variables were 

therefore considered non-normally distributed, as per Field (Field, 2013). Threat 

Monitoring Bias Index scores (in High Controllability Blocks and Low Controllability 

Blocks) also demonstrated skew and kurtosis outside of the accepted range (-1 and 1) 

and were therefore considered non-normally distributed. As was mentioned in Study 4, 

researchers are divided with respect to whether violation of normality is best dealt with 

by using data transforms. Accordingly, the present results will be presented with and 

without logarithmic transform. The main text will report statistical outcomes from 

analyses on untransformed data, while significance values of effects obtained from 

analysis of transformed data will be reported in footnotes.  

Table 4.4. Central digit accuracy on all Trial Types, and threat monitoring/threat 

capture bias index scores, of High and Low Trait Anxious participants on High and Low 

Controllability Blocks. 

 Low Trait Anxious High Trait Anxious 
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 High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

 M SD M SD M SD M SD 

No Distractors 
0.98 0.05 0.97 0.09 0.99 0.01 0.99 0.01 

Distractors 

Without Threat 

 

0.99 0.04 0.98 0.08 0.99 0.02 0.99 0.01 

Distractors With 

Threat Including 

Digit 

 

0.45 0.21 0.73 0.22 0.37 0.26 0.65 0.29 

Distractors With 

Threat Not 

Including Digit 

 

0.70 0.14 0.84 0.16 0.66 0.19 0.81 0.17 

Threat 

Monitoring Bias 

Index Score 

-0.01 0.02 0.00 0.02 0.00 0.01 0.00 0.02 

Threat Capture 

Bias Index Score 
0.29 0.13 0.14 0.13 0.33 0.19 0.18 0.16 

         

 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment in 

Attentional Capture by Threat 

The hypothesis under test is that heightened trait anxiety is associated with 

impairment of attentional bias alignment. To test this in relation to attentional capture by 

threat, Threat Capture Bias Index scores were subjected to a 2 x 2 mixed-design 

ANOVA, with Block Type (High Controllability and Low Controllability) as a within-

subjects factor, and Trait Anxiety Group (High Trait Anxious and Low Trait Anxious) 

as a between-subjects factor. The hypothesis predicts that the Low Trait Anxious 
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experimental group’s Threat Capture Bias Index scores would be greater in High 

Controllability Blocks compared to Low Controllability Blocks, while the difference in 

the High Trait Anxious experimental group’s Threat Capture Bias Index scores between 

High Controllability Blocks and Low Controllability Blocks would be attenuated. Such 

a pattern of results would give rise to a significant two-way interaction between Block 

Type and Trait Anxiety Group. 

There was a significant main effect of Block Type: F(1, 77) = 74.98, p < .0019, 

eta2 = .49, resulting from lower Threat Capture Bias Index scores in Low Controllability 

Blocks (M = .16, SD = .15) as compared to High Controllability Blocks (M = .31, SD = 

.16). There were no other significant effects (all p > .05). Of note, there was no 

significant interaction between Block Type and Trait Anxiety Group: F(1, 77) = .00, p = 

.9910, partial eta2 = .00, meaning that there was no difference in the degree of attentional 

bias alignment between High and Low Trait Anxious participants. Therefore, the 

TALIABA hypothesis was not supported.  

 Given that it was observed that there was no trait anxiety-linked impairment of 

attentional bias alignment when considering Threat Capture Bias Index scores, it seems 

unlikely that analysis of these data would support the EFM hypothesis. Nevertheless, the 

prediction generated by the EFM hypothesis that variation in executive functioning 

would moderate the relationship between trait anxiety and attentional bias alignment 

observed within Threat Capture Bias Index scores, was tested as planned. A moderation 

analysis was conducted using PROCESS (Hayes, 2012). In order to conduct this, a 

Threat Capture Alignment Index was created for each participant. This was done by 

subtracting participants’ Threat Capture Bias Index scores in Low Controllability 
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Blocks from Threat Capture Bias Index scores in High Controllability blocks (Threat 

Capture Bias Index in High Controllability Blocks – Threat Capture Bias Index in Low 

Controllability Blocks = Threat Capture Alignment Index). This meant that a higher 

Threat Capture Alignment Index score was indicative of better attentional bias 

alignment. This variable was used as a dependent variable in a moderation analysis, with 

STAI-T scores used as a predictor variable and n-back scores used as a moderating 

variable.  

Results showed the overall moderation model was not significant: F(3, 74) = 

0.87, p = .44, MSE = .01. Therefore, there was no evidence that executive functioning 

had a moderating effect on the relationship between trait anxiety and attentional bias 

alignment. 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment in 

Attentional Monitoring for Threat 

 Threat Monitoring Bias Index scores were subjected to a 2 x 2 mixed-design 

ANOVA. Block Type (High Controllability and Low Controllability) was a within-

subjects factor and Trait Anxiety Group (High and Low Trait Anxiety) was a between-

subjects factor. There was a significant main effect of Trait Anxiety Group: F(1, 77) = 

3.96, p = .0511, partial eta2 = .05, reflecting higher Threat Monitoring Bias Index scores 

for the Low Trait Anxiety group (M = .00, SE = .00) compared to the High Trait 

Anxiety group (M = -.01, SE = .00). Contrary to expectations, this effect suggested 

reduced monitoring for threat in High Trait Anxious participants. There were no other 

significant effects. Specifically, there was no significant main effect of Block Type: F(1, 

77) = 2.04, p = .1612, partial eta2 = .03, providing no evidence of attentional bias 
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alignment across all participants. There was also no significant two-way interaction 

between Block Type and Trait Anxiety Group: F(1, 77) = .01, p = .9313, partial eta2 = 

.00, meaning that there was no difference in attentional bias alignment between High 

Trait Anxious and Low Trait Anxious groups.  

Given that it was observed that there was no trait anxiety-linked impairment of 

attentional bias alignment when considering Threat Monitoring Bias Index scores, it 

seems unlikely that analysis of these data would support the EFM hypothesis. 

Nevertheless, the prediction generated by the EFM hypothesis that variation in executive 

functioning would moderate the relationship between trait anxiety and attentional bias 

alignment observed within Threat Monitoring Bias Index scores, was tested as planned. 

PROCESS (Hayes, 2012) was used to perform a moderation analysis. A Threat 

Monitoring Alignment Index score was created for each participant, by subtracting Low 

Controllability Threat Monitoring Bias Index scores from High Controllability Threat 

Monitoring Bias Index scores (Threat Monitoring Bias Index in High Controllability 

Blocks – Threat Monitoring Bias Index in Low Controllability Blocks = Threat 

Monitoring Alignment Index). This meant that higher Threat Monitoring Alignment 

Index scores were indicative of better attentional bias alignment. Threat Monitoring 

Alignment Index scores were used as a dependent variable, with STAI-T scores used as a 

predictor variable and n-back scores as a moderating variable.  

Results showed there was no significant effect of the moderation model: F(3, 74) 

= 0.91, p = .68, MSE = .02. Therefore, there was no evidence of executive functioning 

moderating the relationship between trait anxiety and attentional bias alignment. 
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Interim Discussion Study 5 

 In summary, the results regarding strategic attentional capture by threat showed 

that on average, participants demonstrated attentional bias alignment. However, there 

was no evidence of anxiety-linked impairment of attentional bias alignment. Therefore, 

the TALIABA hypothesis was not supported. Furthermore, executive functioning did 

not demonstrate a moderating effect on the relationship between trait anxiety and 

attentional bias alignment. For attentional monitoring for threat, there was no evidence 

of attentional bias alignment. Additionally, there was no evidence of anxiety-linked 

impairment of attentional bias alignment. Furthermore, executive functioning did not 

demonstrate a moderating effect on the relationship between trait anxiety and attentional 

bias alignment. 

Chapter 4 Discussion 

The aim of these two studies was to test the prediction generated by the 

TALIABA hypothesis, and to the test the prediction generated by the EFM hypothesis. 

The current chapter used task parameters that were informed by the findings of Chapter 

3, and the severity of the aversive experience was increased by combining money loss 

with a noise burst.  

In Study 4, the alignment of automatic attentional bias evident at 250ms SOAs 

was examined. When considering attentional capture by threat, evidence for attentional 

bias alignment across participants on average was observed. There was also significantly 

greater attentional capture by threat for High Trait Anxious participants, compared to 

Low Trait Anxious participants. However, there was no evidence to support the 

TALIABA hypothesis, with no difference in attentional bias alignment between High 
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and Low Trait Anxious participants. Furthermore, executive functioning did not impact 

upon the relationship between trait anxiety and attentional bias alignment of attentional 

capture by threat. In contrast, for attentional monitoring for threat, there was no 

evidence of attentional bias alignment on average across all participants, and no 

significant difference between High and Low Trait Anxious participants in attentional 

monitoring for threat. However, the TALIABA hypothesis was supported by the finding 

that elevated trait anxiety was associated with impaired attentional bias alignment of 

attentional monitoring for threat. Furthermore, it was seen that executive functioning 

moderated this relationship between trait anxiety and attentional bias alignment of 

attentional monitoring for threat, such that trait anxiety-linked impairment of attentional 

bias alignment was attenuated in participants whose executive functioning was high.  

The alignment of strategic attentional processes evident at 1000ms were then 

examined in Study 5. When considering attentional capture by threat, evidence for 

attentional bias alignment on average across all participants was observed. However, 

there was no significant difference between High and Low Trait Anxious participants in 

the degree of attentional capture by threat. Additionally, there was no observed evidence 

to support the TALIABA hypothesis as trait anxiety was not associated with impaired 

attentional bias alignment. Furthermore, executive functioning did not demonstrate a 

moderating effect on the relationship between trait anxiety and attentional bias 

alignment. In contrast, for attentional monitoring for threat, there was a significant 

difference between High and Low Trait Anxious participants in the degree of attentional 

monitoring for threat. Unexpectedly, Low Trait Anxious participants demonstrated 

greater attentional monitoring for threat than High Trait Anxious participants. There was 
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no evidence of attentional bias alignment on average across all participants. 

Additionally, there was no observed evidence to support the TALIABA hypothesis, as 

elevated trait anxiety was not associated with impaired attentional bias alignment. 

Furthermore, there was no evidence that executive functioning moderated the 

relationship between trait anxiety and attentional bias alignment. 

Enabling the influence of late strategic processes appeared to attenuate 

attentional bias alignment effects associated with attentional capture by threat, in 

comparison to conditions more restricted to the influence of early automatic processes. 

To directly compare the effects between those associated with automatic and strategic 

processes, a Threat Capture Alignment Index score was computed for each participant in 

Study 4 and Study 5. A One-way ANOVA was then conducted comparing Threat 

Capture Alignment Index scores in Study 4 and Study 5. It was observed that there was a 

significant difference between Study 4 and Study 5; F(1, 158) = 137.97, p < . 001, with 

greater attentional bias alignment of attentional capture by threat in Study 4 (M = .12, 

SD = .13) compared to Study 5 (M = -.15, SD = .15). Thus, the longer SOA utilised in 

Study 5 which allowed a greater influence of goal-directed attentional processes than 

was the case for the shorter SOA in Study 4, attenuated attentional bias alignment. 

The influence of strategic attentional bias did not amplify attentional bias 

alignment in attentional monitoring for threat. This was evidenced in a comparison of 

attentional bias alignment of attentional monitoring for threat, between Study 4 and 

Study 5. A One-way ANOVA was conducted comparing Threat Monitoring Alignment 

Index scores in Study 4 and Study 5. It was observed that there was no significant 

difference between Study 4 and Study 5; F(1, 158) = .185, p = .67.  
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The trait anxiety-linked impairment of attentional bias alignment in monitoring 

for threat observed in Study 4 represents a critical finding in the current research 

program. Trait anxiety appeared to be associated with an impairment in the ability to 

flexibly control attention in differing blocks, such that high trait anxious participants 

were unable to inhibit attentional monitoring for threat cues, despite being explicitly 

informed that if threat cues were present, they had little capacity to control the aversive 

experience signaled by the threat cues. As this effect was observed in short SOA 

duration conditions but not long SOA duration conditions, this may suggest that trait 

anxiety-linked impairment of attentional bias alignment shown by high trait anxious 

participants is specific to the alignment of automatic attentional bias to threat. This 

effect may thus reflect an involuntary allocation of attention to potential threat cues that 

signal aversive experiences that participants had little control over. Theoretically, the 

failure to align ABT with variability in the controllability of the threatened aversive 

experience is maladaptive. This attentional pattern would likely interfere with everyday 

functioning by distracting individuals from goal-directed activity (such as work or 

school performance), and increasing state anxiety under circumstances that permit no 

opportunity to mitigate the threatened aversive experience.  

The results also showed that the relationship between trait anxiety and the 

alignment of attentional monitoring for threat was moderated by executive functioning, 

with the decreased attentional bias alignment observed in High Trait Anxious 

participants being restricted to only those with low executive functioning. This suggests 

that high executive functioning may act as a protective buffer against the trait anxiety-

linked impairment of attentional bias alignment. High executive functioning may enable 



134 
 

High Trait Anxious participants to quickly overcome the tendency to monitor for threats 

when there is little control over the aversive experiences they signal, or to exert enough 

cognitive control to prevent such monitoring to occur in the first place. While previous 

literature has shown that showed anxiety-linked attentional impairments are pronounced 

in those with poor executive functioning (Ho et al., 2017), this finding extends upon this 

and provides the first evidence that executive functioning moderates the relationship 

between elevated trait anxiety and impairment of attentional bias alignment. 

 This trait anxiety-linked impairment was not observed in the alignment of 

attentional monitoring for threat when more strategic influences on attentional bias were 

permitted, by using the longer SOA of 1000ms. It may be the case that when strategic 

processing was permitted, High Trait Anxious participants were able to strategically 

shift their attention away from whatever candidate threat may have automatically drawn 

their attention and back to the central subtask. The results suggest that High Trait 

Anxious participants can recover from failing to inhibit attention to potential threat 

stimuli, and continue with a central subtask when time for strategic control of attention 

is permitted. It appears therefore, that there may be no trait anxiety-linked impairment of 

attentional bias alignment with respect to strategic attentional selectivity to threat, and 

that such impairment is specific to automatic patterns of attentional selectivity to threat. 

It is important to consider explanations for the findings in Study 5 which 

demonstrated that when strategic attentional bias was permitted using a 1000ms SOA, 

the main effect of Block Type (which, if significant, would indicate attentional bias 

alignment on average across participants) was not observed. This finding is consistent 

with those observed in Study 3 of the previous chapter, in which there was also no 
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significant main effect of Block Type for attentional monitoring for threat at 1000ms. 

The means for Threat Monitoring Bias Index scores of Study 5 in both High and Low 

Controllability blocks were close to zero when rounded to two decimals (M= .00 in Low 

Controllability and M= .00 in High Controllability). This meant that on average, 

participants did not have their performance on the central subtask interfered with by 

circle stimuli that appeared in locations that threat cues could appear, in either Block 

Type. The most likely explanation for these findings is that the 1000ms SOA provided 

enough time for participants to identify that no threat cue was present, and to 

strategically orient their attention to the central subtask. Therefore, this suggests that in 

the current paradigm long SOAs are not suitable for the examination of attentional 

monitoring for threat. 

Given the previous findings reported in Chapter 3, and the subsequent 

methodological changes made in the current chapter, it appears that increasing the 

severity of the aversive experience led to support for the TALIABA hypothesis that was 

not evident when a less aversive experience was employed. Combining money loss and 

a noise burst may represent a severe enough aversive experience that may be necessary 

to detect this trait anxiety-linked difference. The current chapter’s ABAAT therefore 

represents a paradigm capable not only of detecting an adaptive pattern of attentional 

bias alignment, but also a pattern of trait anxiety-linked impairment of attentional bias 

alignment. 

Although assessing ABT using this probe identification approach provides 

insight into attentional processes operating when the digit probe appears, this approach 

offers only a snapshot of attention at this specific point in time. For example, a trial in 
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which a threat cue was present and accuracy on the central subtask was impaired, is 

interpreted as reflecting that the participant attended to the threat cue instead of the 

central subtask at the point when the digits were presented within the circles. However, 

it is possible that multiple gaze shifts may occur prior to, and perhaps after, the 

appearance of the digit probe, without any evidence of this being recorded. Such 

evidence could be obtained using eye-tracking measures during the ABAAT. Eye-

tracking provides an ongoing, dynamic measure of attentional allocation across time (N. 

Chen & Clarke, 2017). A more detailed understanding of attentional allocation when 

trait anxiety-linked impairment of attentional bias alignment is manifested would 

provide more insight into the nature of the impairment.  

To summarise, the current chapter yielded findings that supported the hypothesis 

that heightened trait anxiety is associated with impairment of attentional bias alignment. 

Findings were also observed which supported the hypothesis that executive functioning 

has a moderating effect on the relationship between trait anxiety and impairment of 

attentional bias alignment. The next chapter will aim to replicate these findings. 

Additionally, the next chapter will utilise eye-tracking technology in order to obtain a 

continuous measure of trait anxiety-linked impairment of attentional bias alignment. 
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Footnotes 

1: F = 68.06, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

2: F = .65, p = .42 (While this effect was significant in the untransformed analysis, it fell 

short of significance in the transformed analysis) 

3: F = .84, p = .36 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

4: F = .01, p = .93 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

5: F = .19, p = .67 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

6: F = 10.83, p = .002 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

7: t = 7.85, p = .01 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

8: t = 4.17, p = .048 (While this effect was not significant in the untransformed analysis, 

it is significant in the transformed analysis) 

9: F = 76.28, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

10: F = .08, p = .78 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 

11: F = 3.98, p = .05 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

12: F = 1.95, p = .17 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 

13: F = .01, p = .93 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 
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Chapter 5: Study 6 

The two studies conducted in the previous chapter showed that participants on 

average demonstrated attentional bias alignment, exhibiting greater attentional capture 

by threat in High Controllability blocks relative to Low Controllability blocks. 

Furthermore, in Study 4 but not Study 5 reported in the previous chapter, it was 

observed that heightened trait anxiety was associated with impaired attentional bias 

alignment of automatic attentional monitoring for threat, measurement of which was 

enabled by using a short 250ms stimulus onset asynchrony (SOA) between circle stimuli 

presentation and digit presentation. Measurement of executive functioning provided 

additional information, showing that executive functioning moderated the relationship 

between trait anxiety and attentional bias alignment, such that this trait anxiety-linked 

impairment of attentional bias alignment was most evident in those who exhibited lower 

levels of executive functioning. These findings provide the first demonstration of an 

association between trait anxiety and impaired attentional bias alignment, and in doing 

so they support the trait anxiety-linked impairment of attentional bias alignment 

(TALIABA) hypothesis. These findings are also the first to indicate that executive 

functioning moderates the relationship between trait anxiety and attentional bias 

alignment, therefore providing support for the executive functioning as a moderator 

(EFM) hypothesis.  

As the TALIABA and EFM hypotheses are novel, it is important to replicate the 

study which provided support for these hypotheses to examine whether the findings are 

reliable across studies. It is also important to obtain more detailed information regarding 

the attentional allocation process occurring during completion of the Attentional Bias 
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Alignment Assessment Task (ABAAT). Eye-tracking measures would provide this, by 

yielding a measure of where participants’ gaze was allocated across time. The findings 

that supported the TALIABA hypothesis occurred only in the study using a 250ms SOA 

and not the study using a 1000ms SOA, and this was taken to mean that automatic 

attentional bias to threat (ABT) was associated with trait anxiety-linked impairment of 

attentional bias alignment, while strategic ABT was not. As such, the 1000ms SOA was 

not used in the current study. Thus, the present chapter, which reports upon a study 

intended to determine whether the previous support for the TALIABA and EFM 

hypotheses is replicable, differs from the previous chapter in this research program in 

the following two ways: the study reported below includes the addition of eye-tracking 

measures, and a parallel study using the 1000ms SOA has not been conducted. These 

considerations will now be discussed. 

Replication is a vital principle of science. It is critical to repeat experiments in 

order to determine whether findings are consistent and reliable (S. Schmidt, 2009). 

Without replication, it is possible that initial findings can become influential because of 

the assumption that they are reliable, without evidence that they manifest in a reliable 

manner. This has led to what many researchers refer to in psychological science and 

other scientific disciplines as a Replication Crisis (Franco, Malhotra, & Simonovits, 

2014). This refers to the widespread effect of significant initial findings relating to a 

novel hypothesis being preferentially published in scientific journals, without any 

evidence of replicability. This also results in very few attempts at replication being 

published (Makel, Plucker, & Hegarty, 2012). A recent study conducted 100 replications 

of psychological experimental findings in order to clarify the nature of this effect. The 
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results showed a significant decrease in the number of studies with statistically 

significant results, as well as a significant decrease in effect sizes (Open Science 

Collaboration, 2015). This further highlighted the need for replication before making 

conclusions about significant experimental findings.  

 The study presented in the current chapter thus aimed to determine whether the 

findings from Study 4 that supported the TALIABA hypothesis and the EFM 

hypothesis, are replicable. This aim was achieved by closely adhering to the 

methodology adopted in Study 4. Specifically, the ABAAT was used, with a 250ms 

SOA, and both money loss and noise bursts combined were used as the aversive 

experience. Executive functioning was again measured using the n-back task, and High 

and Low Trait Anxious groups were again selected using the same STAI-T criteria 

(Spielberger et al., 1983). This study differed from Study 4 however, by including eye-

tracking measures. Obtaining eye-tracking measures required participants to complete 

the study in a specialist eye-tracking laboratory, with their head in a chin rest. As such, 

in this study participants were not able to move their head freely during their completion 

of the ABAAT, as doing so would cease the recording of eye movements and require re-

calibration, thereby disrupting task flow. Additionally, operation of the eye-tracker 

required an experimenter to be present in the room during testing, which was not the 

case with other studies in this research programme. These were unavoidable differences 

between the current study and Study 4, but the methodologies were otherwise identical. 

While reaction time and response accuracy measures have demonstrated utility 

in the assessment of attentional bias, additional information can be garnered from eye-

tracking technology, alone or in combination with existing measures. Reaction time and 
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accuracy provide only an attentional snapshot at one timepoint, and cannot measure the 

multiple attentional shifts that may occur across any given experimental trial (B. P. 

Bradley, Mogg, & Millar, 2010). An example of this shortcoming relating to the 

ABAAT is that a participant could initially attend to a threat cue, only to then disengage 

their attention from the threat cue and be attending to the central subtask when the digit 

probe appears. If a participant allocated their attention to a threat cue and processed this 

information, but then moved their attention to the central subtask before the digit probe 

appeared, they would correctly enter the central grey digit, but interference measures 

would fail to document this attentional allocation to threat. This limitation has led to an 

increase in the utilization of eye-tracking technology within experimental attentional 

paradigms (N. Chen & Clarke, 2017). Eye-tracking provides a continuous measure of 

visual attention, and so facilitates the detection of attentional phenomena across the full 

duration of exposure to a particular stimulus type (Armstrong & Olatunji, 2012).  

Some researchers purport that eye gaze is a direct index of attentional allocation 

(Henderson, 2003) while others propose that visual attention is discreet and separate 

from cognitive attention, such that eye gaze towards a stimulus does not necessarily 

indicate cognitive attention toward it, and a lack of gaze towards a stimulus does not 

necessarily mean that cognitive attention has not been paid to it (Lamme, 2003). 

Evidence for the potential dissociation of these constructs comes from inattentional 

blindness studies, in which participants are unable to report stimuli that were presented 

to them in an unexpected manner (Mack & Rock, 1998; Simons, Franconeri, & Reimer, 

2000). While eye-tracking represents another measure of attention that is not direct 

(along with interference measures), it can infer attention in the same way that 
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interference measures can, but with greater detail (Rinck, Reinecke, Ellwart, Heuer, & 

Becker, 2005). Coupling together eye-tracking measures and interference measures can 

thus further inform whether the findings that support the TALIABA and EFM 

hypothesis are reliable. 

Eye tracking technology typically samples gaze direction at a rate of between 60 

Hz and 2000 Hz (Armstrong & Olatunji, 2012). Both temporal and spatial orientation of 

eye gaze is recorded, providing spatially and temporally precise information about 

visual attentional allocation within a single trial. The eye-tracker works by casting out 

infrared light onto the eyes of a participant. This infrared light is then reflected off of the 

participant’s eyes, onto the computer screen. The eye-tracker identifies this reflection, 

and based on filtering algorithms an indication of where the participant is looking on the 

screen is obtained. The process also involves calibration, which must occur for each 

participant. Calibration involves a participant looking at targets on the screen, to provide 

the eye-tracker information about how the reflections should look when the participant 

is looking at particular locations on the screen. Combined, these processes culminate in 

a detailed representation of visual attention. 

Several researchers have used eye tracking to investigate anxiety-linked ABT. 

For example, a study by Wang and Xie (2011) presented high and low trait anxious 

participants with emotionally negative faces while examining their gaze patterns. They 

observed that high trait anxious participants were faster to fixate upon emotionally 

negative faces than low trait anxious participants (Wang & Xie, 2011). Another study 

used eye-tracking measures to examine high, medium, and low trait anxious 

participants’ response to threatening images, paired with benign images (Nelson, 
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Purdon, Quigley, Carriere, & Smilek, 2015). It was shown that trait anxiety was not 

associated with eye-tracking measures of ABT, but the degree of state anxiety 

participants were experienced was, with high state anxious participants more frequently 

fixating firstly on threatening images than low state anxious participants. Further to this, 

a recent meta-analysis by Armstrong and Olatunji (2012) examined data of 33 eye-

tracking experiments, and observed that trait anxious individuals generally showed 

increased threat vigilance as well as difficulty shifting attention away from threat, as 

evidenced by eye-tracking data. However, Armstrong and Olatunji (2012) cautioned the 

use of eye-tracking exclusively, when examining ABT. They highlight that attentional 

resources can be allocated covertly, without eye movement or eye fixation upon threat 

cues. Such a conclusion suggests that eye-tracking measures in combination with 

response measures would provide the optimal measure of attention. However this 

requires further experimental examination, as eye-tracking ABT studies infrequently 

combine traditional measures with eye-tracking measures. 

The current eye-tracking literature frequently distinguishes two dependent 

variables that can be derived from eye-tracking measures. The first such variable is 

derived from assessing fixations (N. Chen & Clarke, 2017). This is described as visual 

attentional alignment with a stimulus, maintained over time. Studies typically index this 

by calculating a fixation count on a particular stimulus of interest (i.e. the number of 

trials of a particular trial type in which threat was fixated upon) (N. Chen & Clarke, 

2017). This calculation combines the fixations that can occur within a particular trial, 

with multiple fixations possible within a particular exposure duration. A greater number 

of fixations represents greater attentional allocation to that particular stimulus or region.  
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A second variable that can be obtained from the assessment of eye movement is 

initial gaze shift direction. This is the frequency with which a participant makes an 

initial eye movement from a starting point towards a given stimulus, thus facilitating the 

engagement of visual attention with said stimulus (Armstrong & Olatunji, 2012). This 

measure is typically recorded in displays presenting multiple stimuli. It is measured by 

determining the proportion of trials in which the initial eye movement was towards a 

particular stimulus. This may also be referred to in the literature as attentional 

engagement (Hayhoe & Ballard, 2005). Therefore, as well as taking the interference 

measures of ABT already assessed in the previous studies within this research 

programme, the present study will also use eye-tracking technology to index fixations 

on peripheral stimuli, and eye movements towards peripheral stimuli. This provides a 

more sensitive measure of attentional allocations during the ABAAT compared to the 

behavioural measures. 

 Study 6 aimed to determine whether the findings obtained in Study 4 would 

prove to be replicable. These findings showed that when attentional allocation was 

assessed using a 250ms SOA, heightened trait anxiety was associated with impaired 

attentional bias alignment, and that executive functioning moderated this relationship 

between heightened trait anxiety and impaired attentional bias alignment. Study 6 again 

aimed to test the TALIABA hypothesis and the EFM hypothesis, using a 250ms SOA, 

while also including an eye movement measure of ABT. To recap, the TALIABA 

hypothesis proposes that heightened trait anxiety is associated with impairment of 

attentional bias alignment, and the EFM hypothesis proposes that the relationship 

between heightened trait anxiety and attentional bias alignment is moderated by 
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executive functioning. The results of Study 6 will determine whether the findings 

obtained in Study 4 are reliable on the interference measure, while also revealing 

whether these hypotheses gain converging support from the newly-introduced eye-

tracking measure of ABT. Apart from the addition of the eye-tracking measure, all 

aspects of the methodology were identical to Study 4.  

Method 

Participants 

One hundred and three participants from the University of Western Australia’s 

School of Psychological Science undergraduate participant pool completed the study in 

exchange for partial course credit. To obtain high and low trait anxiety groups, a large 

group of candidate participants completed the State Trait Anxiety Inventory Trait 

subscale (STAI-T) (Spielberger et al., 1983). Scores on this subscale were divided into 

tertiles, and candidate participants in the top and bottom thirds (score of <37 and >48) 

were invited to participate via email. Half of the final sample were drawn from the 

bottom tertile, and half from the top tertile. There were 71 females and 32 males; the 

mean age was 20.14 years (SD = 4.94). The Low Trait Anxious group had 33 females 

and 18 males, with a mean age of 20.65 (SD = 6.26). The High Trait Anxious group had 

38 females and 14 males, with a mean age of 19.63 (SD = 3.14). Participants were 

required to have normal or corrected-to-normal vision, and to report no colour blindness, 

and no hearing issues. All participants gave informed consent, and were provided the 

option to end the experiment at any point. None made use of this option.  
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Materials 

 The materials and tasks used in this study were identical to those employed in 

Study 4, with the exception that eye-tracking was now also employed. For ease of 

comprehension, these materials and tasks are described again below, but with greater 

brevity than was the case in previous chapters. 

Digital Demographic Form  

Participants completed a digital form that collected demographic information, 

including age and gender. 

Spielberger State Trait Anxiety Inventory Trait Subscale 

 The State Trait Anxiety Inventory Trait subscale (STAI-T) (Spielberger et al., 

1983) was used to screen levels of participant trait anxiety to allow recruiting extreme 

groups, and was used to assess trait anxiety levels at the time of testing. A higher score 

on this measure indicates a greater tendency to experience state anxiety. 

Circle Stimuli 

 The circle stimuli of the current study were identical to Study 4. The display 

consisted of a central grey circle sometimes surrounded by a peripheral ring of coloured 

circles. Each participant was allocated one of these five colours to represent a threat cue, 

and this assignment was counterbalanced across participants. Threat cue circles always 

appeared in the medium shade of the assigned colour, and the other peripheral circles 

appeared in either the dark or light shade of each of the remaining four colours. 

Aversive Experience  

As in Study 4, a 10 cent money loss combined with a noise burst was utilised as 

the aversive experience. The possibility of this aversive experience occurring was 
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signaled by the presence of the threat cue circle. For each trial in which a threat cue 

circle was presented, there was a 50% chance that the aversive experience would occur. 

Experimental hardware  

Gaze fixations and movements were recorded using an EyeLink 1000 that 

recorded monocular gaze at 1000Hz, using pupil centre corneal reflection computed 

from a nine-point calibration procedure. Gaze fixations, movements, and spatial regions 

of interest were calculated in real time. Fixations were defined as gaze samples that 

were below a 30°s-1 velocity threshold and an 8000°s-2 acceleration threshold. There was 

up to 25 degrees of accuracy and .01 degrees of spatial resolution.  

Tasks 

The N-Back Task. As in Study 4, the n-back task (Jaeggi et al., 2010) was used 

to assess executive functioning. The dependent measure was the number of correct 

responses (pressing the spacebar when there was a match) minus false alarms (pressing 

the spacebar when there was no match), averaged across all levels. A higher score 

represents better executive functioning (Jaeggi et al., 2010). 

Attentional Bias Alignment Assessment Task. Apart from the addition of eye-

tracking methodologies, The ABAAT used in the current study was identical to that 

used in Study 4. Below the main measures derived from the task are described, divided 

into interference measures (which make use of behavioural performance data) and eye 

tracking measures (which make use of data provided by the eye tracker).  

Interference measures  

A Threat Capture Bias Index (interference) was computed for each participant 

by subtracting accuracy rates of identifying the central grey circle digit on Distractors 
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With Threat Not Including Digit trials from accuracy rates on Distractors Without 

Threat trials (Distractors Without Threat trials - Distractors With Threat Not Including 

Digit trials = Threat Capture Bias Index (interference)). A higher Threat Capture Bias 

Index (interference) score indicated a greater attentional capture by threat cues. A 

Threat Monitoring Bias Index (interference) was computed for each participant by 

subtracting accuracy rates of identifying the central grey circle digit on Distractors 

Without Threat trials from accuracy rates on No Distractors trials (No Distractors trials 

- Distractors Without Threat trials = Threat Monitoring Bias Index (interference)). A 

higher Threat Monitoring Bias Index (interference) score indicated greater attentional 

monitoring for threat cues than lower Threat Monitoring Bias Index (interference) 

scores.  

Eye-tracking measures  

From the eye-tracking technology, a Threat Capture Bias Index (fixation) score 

was computed for each participant by averaging the number of Distractors With Threat 

Not Including Digit trials in which a gaze fixation on the threat cue occurred. A higher 

Threat Capture Bias Index (fixation) score indicated greater attentional capture by 

threat. Additionally, a Threat Capture Bias Index (movement) score was computed for 

each participant by averaging the number of Distractors With Threat Not Including 

Digit trials in which an eye movement was made towards the threat cue during the trial. 

A higher Threat Capture Bias Index (movement) score indicated greater attentional 

capture by threat. 

A Threat Monitoring Bias Index (fixation) score was computed for each 

participant by averaging the number of Distractors Without Threat trials in which a gaze 
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fixation on any distractor occurred. A higher Threat Monitoring Bias Index (fixation) 

score indicated greater attentional monitoring for threat. Furthermore, a Threat 

Monitoring Bias Index (movement) score was computed for each participant by 

averaging the number of Distractors Without Threat trials in which an eye movement 

was made towards any distractor during the trial. A higher Threat Monitoring Bias Index 

(movement) score indicated greater attentional monitoring for threat. 

Procedure  

The study was approved by the University of Western Australia’s Human 

Research Ethics Committee. Participants were tested in an eye-tracking laboratory, one 

at a time. They were seated at a computer, which in front of it had a chin rest designed 

to hold the participant’s forehead in place. They completed the digital demographic 

form, before completing a digital STAI-T. They then completed the n-back task. Next, 

participants placed their chin in the chin rest, and the experimenter adjusted it to 

comfort. Eye-tracking was then calibrated. Participants were instructed that to calibrate, 

a white dot was to appear on the screen in 5 different spatial locations, and that they 

were to fix their gaze on this white dot wherever it was located. This occurred, and 

calibration was examined using a calibration check. If calibration was not effective, the 

calibration process was repeated. After successful calibration, participants were 

provided the instructions for the ABAAT onscreen. The fact that they would earn real 

money was emphasised. The ABAAT then began with 10 practice trials (made up of 5 

No Distractors trials and 5 Distractors Without Threat trials); this allowed participants 

to practice entering the central grey circle digit and performing the action that would 

gain them money in the main task. After these practice trials, participants were 
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instructed as to which colour predicted the aversive experience at the end of the trial. 

Following this, another 16 practice trials were completed, with the threat cue being 

present on eight of those 16 trials, and the aversive experience occurring after four of 

those eight trials. These practice trials provided participants the opportunity to 

experience the threat cue predicting the aversive experience. After this, participants 

were provided information about controlling the aversive experience by entering the 

digit within the threat cue. They were also informed whether the block that was about to 

commence was a High or Low Controllability block. Participants then completed the 8 

blocks of 48 trials. While no specific probabilities of aversive experience controllability 

were given to participants, they were instructed prior to task commencement whether 

they would be provided a “high chance” of being able to avoid the aversive experience 

by entering the digit in the threat cue circle, or a “low chance” of being able to avoid the 

aversive experience by entering the digit in the threat cue colour, depending on the 

Block Type. At the end of each block, participants were informed as to how much 

money they had earned in that block. Between blocks, a fixation cue appeared that 

triggered the next block when gaze on it was detected. If this detection did not occur, 

recalibration was conducted. Once the 384 trials had been completed, participants were 

then debriefed and given the money they had earned. 

Results 

Participant Characteristics 

Table 5.1 shows the descriptive statistics for age, gender, trait anxiety, and n-

back scores. Before conducting the analysis, it was considered appropriate to verify that 

the assignment of participants to the High Trait Anxious and Low Trait Anxious groups 
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was reliable. All participants assigned to the High Trait Anxious group remained above 

the median (43) of STAI-T scores obtained at the time of testing, and all participants 

assigned to the Low Trait Anxious group remained below the median of STAI-T scores 

obtained at the time of testing. Therefore, the statistical analyses were conducted on all 

one hundred and three participants. 

 A t-test that compared STAI-T scores at time of testing between the two groups 

showed that STAI-T scores of participants in the High Trait Anxious group (M = 53.69, 

SD = 6.61) were significantly higher than the STAI-T scores of participants in the Low 

Trait Anxious group (M = 32.57, SD = 5.91), t(101) = 17.09, p < .001. This indicated 

trait anxiety groups differed significantly as intended in levels of trait anxiety at the time 

of the experimental session. A t-test comparing Age between High and Low Trait-

anxious experimental groups was not significant, t(101) = 1.04, p = .30, meaning that 

the two experimental groups did not differ significantly in mean age. A Pearson Chi-

Square test was also conducted to compare Gender between High and Low Trait-

anxious groups. This was not significant, X2(101) = 11.89, p = .69, meaning that the two 

experimental groups did not differ significantly in gender distribution. A t-test 

comparing n-back scores between High and Low Trait Anxious experimental groups 

was not significant, t(95) = .09, p = .93, meaning that the two experimental groups did 

not differ significantly in n-back scores. Thus, the two experimental groups differed in 

trait anxiety, and were not confounded by age or gender differences, or differences in 

executive functioning. 

Table 5.1. Trait anxiety scores, gender ratio, mean (SD) age, and n-back scores for the 

trait anxiety groups. 



152 
 

 Low Trait Anxious (N = 51) High Trait Anxious (N = 52) 

STAI-T 32.57 (5.91) 53.69 (6.61) 

Age  20.65 (6.26) 19.63 (3.14) 

Gender (F/M) 33/18 38/14 

N-back score 2.67 (1.51) 2.70 (1.52) 

 

Attentional Bias Alignment 

Interference Measures  

Threat Capture Bias Index (interference) scores and Threat Monitoring Bias 

Index (interference) scores, on each Trial Type and Block Type, are presented in Table 

5.2. These Threat Capture Bias Index (interference) scores and Threat Monitoring Bias 

Index (interference) scores were analysed for normality, and it was observed that Threat 

Capture Bias Index (interference) scores and Threat Monitoring Bias Index 

(interference) scores (in both High Controllability blocks and in Low Controllability 

blocks) were characterized by skew and kurtosis outside the range of -1 and 1. Given 

that researchers are divided with respect to whether violation of normality is best dealt 

with by using data transforms (as discussed in previous chapters), analyses were carried 

out with and without a logarithmic transform being applied to data. The main text will 

report statistical outcomes from analyses on untransformed data, while significance 

values of effects obtained from analysis of transformed data will be reported in 

footnotes at the end of the chapter. 
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Table 5.2. Interference measures (central digit accuracy) on all trial types, and ABT 

measures, of High and Low Trait Anxious participants on High and Low Controllability 

blocks. 

 Low Trait Anxious High Trait Anxious 

 High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

 M SD M SD M SD M SD 

No Distractors 0.99 0.02 0.99 0.02 0.98 0.08 0.97 0.09 

Distractors Without Threat 0.94 0.11 0.96 0.12 0.94 0.09 0.96 0.08 

Distractors With Threat 

Including Digit 

0.56 0.25 0.76 0.23 0.60 0.27 0.76 0.27 

Distractors With Threat Not 

Including Digit 

0.80 0.18 0.89 0.16 0.83 0.14 0.88 0.16 

Threat Monitoring Bias 

Index (interference) 
0.05 0.11 0.03 0.12 0.04 0.04 0.01 0.03 

Threat Capture Bias Index 

(interference) 
0.14 0.16 0.07 0.120 0.11 0.13 0.09 0.14 

 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment for 

Attentional Capture by Threat (Interference)  

The hypothesis under test is that trait anxiety is associated with impairment of 

attentional bias alignment. To test this hypothesis in relation to the interference measure 
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of attentional capture by threat, Threat Capture Bias Index (interference) scores were 

subjected to a 2 x 2 mixed-design ANOVA, with Block Type (High Controllability and 

Low Controllability) as a within-subjects factor, and Trait Anxiety Group (High Trait 

Anxious and Low Trait Anxious) as a between-subjects factor. The TALIABA 

hypothesis predicts that the Low Trait Anxious group’s Threat Capture Bias Index 

(interference) scores will be greater in High Controllability blocks compared to Low 

Controllability blocks, while the High Trait Anxious group’s Threat Capture Bias Index 

(interference) scores will demonstrate an attenuated difference between High 

Controllability blocks and Low Controllability blocks. Such a pattern of results would 

give rise to a significant two-way interaction between Block Type and Trait Anxiety 

Group. 

 There was a significant main effect of Block Type: F(1, 101) = 19.84, p < .0011, 

partial eta2 = .16, reflecting lower Threat Capture Bias Index (interference) scores in 

Low Controllability blocks (M = .08, SE = .01) as compared to High Controllability 

blocks (M = .13, SD = .01). The only other significant effect was the predicted 

interaction between Block Type and Trait Anxiety Group: F(1, 101) = 4.09, p = .0462, 

partial eta2 = .04, indicating that there was a significant difference in attentional bias 

alignment between High and Low Trait Anxious participants. Computation of simple 

main effects revealed that this interaction reflected the fact that Low Trait Anxious 

participants demonstrated significantly higher Threat Capture Bias Index (interference) 

scores in High Controllability blocks than on Low Controllability blocks (M = .81, SD = 

.14 vs M = .73, SD = .07), t(1, 51) = 18.03, p < .0013, while for High Trait Anxious 

participants Threat Capture Bias Index (interference) scores did not differ significantly 
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between High Controllability (M = .55, SD = .11) and Low Controllability blocks (M = 

.73, SD = .09), t(1,51) = 3.51, p = .074. Therefore, for Threat Capture Bias Index 

(interference) scores, the results supported the TALIABA hypothesis with respect to the 

alignment of attentional capture by threat. 

 To determine whether this trait anxiety-linked impairment of attentional bias 

alignment was disproportionally evident in participants with poorer executive 

functioning, a moderation analysis was conducted using PROCESS (Hayes, 2012). In 

order to conduct this, a Threat Capture Alignment Index (interference) was created for 

each participant. This was done by subtracting participants’ Threat Capture Bias Index 

(interference) scores in Low Controllability blocks from Threat Capture Bias Index 

(interference) scores in High Controllability blocks (Threat Capture Bias Index 

(interference) scores in High Controllability blocks – Threat Capture Bias Index 

(interference) scores in Low Controllability blocks = Threat Capture Alignment Index 

(interference)). Thus a higher Threat Capture Alignment Index (interference) score was 

indicative of better attentional bias alignment. Once Threat Capture Alignment Index 

(interference) scores were obtained for each participant, this variable was used as a 

dependent variable in a moderation analysis, with STAI-T scores used as a predictor 

variable and n-back scores used as a moderating variable. The overall moderation model 

was not significant: F(3, 93) = 1.31, p = .28, MSE = .01. Therefore, the results did not 

provide evidence that trait anxiety-linked impairment of attentional bias alignment was 

disproportionally evident in participants with poor executive functioning. 
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Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment for Threat 

Monitoring Bias Index (Interference) Scores 

To test the TALIABA hypothesis with respect to the interference measure of 

attentional monitoring for threat, Threat Monitoring Bias Index (interference) scores 

were subjected to a 2 x 2 mixed-design ANOVA, with Block Type (High Controllability 

and Low Controllability) as a within-subjects factor and Trait Anxiety Group (High 

Trait Anxious and Low Trait Anxious) as a between-subjects factor. The TALIABA 

hypothesis predicts that the Low Trait Anxious experimental group’s Threat Monitoring 

Bias Index (interference) scores will be greater in High Controllability blocks compared 

to Low Controllability blocks, while the High Trait Anxious experimental group’s 

Threat Monitoring Bias Index (interference) scores will demonstrate an attenuated 

difference between High Controllability blocks and Low Controllability blocks. Such a 

pattern of results would give rise to a significant two-way interaction between Block 

Type and Trait Anxiety Group. 

There was a significant main effect of Block Type: F(1, 101) = 22.76, p < .0015, 

partial eta2 = .18, reflecting greater Threat Monitoring Bias Index (interference) scores 

in High Controllability blocks (M = .04, SE = .01) than in Low Controllability blocks (M 

= .02, SD = .01). There were no other significant effects (all p > .05). Of greatest 

relevance to the hypothesis under consideration, there was no significant two-way 

interaction between Block Type and Trait Anxiety Group: F(1,101) = 2.47, p = .126, eta2 

= .02, meaning that there was no significant difference in attentional bias alignment 

between High Trait Anxiety and Low Trait Anxiety participants. Thus, these results did 
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not support the TALIABA hypothesis, with respect to the alignment of attentional 

monitoring for threat. 

 Given that it was observed that there was no trait anxiety-linked impairment of 

attentional bias alignment when considering Threat Monitoring Index (interference) 

scores, it seems unlikely that further analysis of these data would support the EFM 

hypothesis. Nevertheless, the prediction generated by the EFM hypothesis that variation 

in executive functioning would moderate the relationship between trait anxiety and 

attentional bias alignment observed within Threat Monitoring Bias Index (interference) 

scores, was tested as planned. PROCESS (Hayes, 2012) was used to perform a 

moderation analysis. A Threat Monitoring Alignment Index (interference) score was 

created for each participant, by subtracting Low Controllability Threat Monitoring Bias 

Index (interference) scores from High Controllability Threat Monitoring Bias Index 

(interference) scores (Threat Monitoring Bias Index (interference) scores in High 

Controllability blocks – Threat Monitoring Bias Index (interference) scores in Low 

Controllability blocks = Threat Monitoring Alignment Index(interference)). This meant 

that higher Threat Monitoring Alignment Index (interference) scores were indicative of 

better attentional bias alignment. Threat Monitoring Alignment Index (interference) 

scores were used as a dependent variable, with STAI-T scores used as a predictor 

variable and n-back scores as a moderating variable. The moderation model was not 

significant, F(3, 93) = 1.2, p = .32, MSE = .0. Therefore, the pattern of findings was not 

consistent with the predictions generated by the EFM hypothesis. However, given that 

the EFM hypothesis is a potential explanation for a difference of trait anxiety-linked 

impairment of attentional bias alignment that was not observed with this measure, the 
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appropriate conclusion would be that the EFM hypothesis is not adequately tested on a 

measure that does not reveal trait anxiety-linked differences in attentional bias 

alignment. 

Eye-tracking Measures 

 Threat Capture Bias Index (fixation) scores, Threat Monitoring Bias Index 

(fixation) scores, Threat Capture Bias Index (movement) scores, and Threat Monitoring 

Bias Index (movement) scores, on each Trial Type and Block Type, are presented in 

Table 5.3. All of these scores were analyzed for normality, and it was observed that all 

scores (in High Controllability blocks and in Low Controllability blocks) were 

characterized by skew and kurtosis outside the range of -1 and 1. Consequently, as was 

the case with the interference measures, these data were analyzed with and without 

logarithmic transform. Again, the main text will report statistical outcomes from 

analyses on untransformed data, while significance values of effects obtained from 

analysis of transformed data will be reported in footnotes at the end of the chapter. 

Table 5.3. ABT measures of eye-tracking fixation and movement, of High and Low Trait 

Anxious participants on High and Low Controllability Blocks. 

 Low Trait Anxious High Trait Anxious 

 High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

High 

Controllability 

Blocks 

Low 

Controllability 

Blocks 

 M SD M SD M SD M SD 

Attentional 

Capture By 

Threat (fixation) 

0.03 0.04 0.01 0.02 0.03 0.05 0.03 0.04 

Attentional 

Capture By 

0.08 0.12 0.03 0.06 0.08 0.13 0.07 0.12 
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Threat 

(movement) 

Attentional 

Monitoring For 

Threat (fixation) 

0.71 3.79 0.61 3.5 0.23 0.55 0.06 0.31 

Attentional 

Monitoring for 

Threat 

(movement) 

0.05 0.05 0.05 0.05 0.04 0.04 0.03 0.03 

 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment for 

Attentional Capture by Threat (Fixation) 

To test the TALIABA hypothesis with respect to the eye fixation measure of 

attentional capture by threat, the proportion of Distractors With Threat Not Including 

Digit trials that presented a threat cue that was fixated on by the participant (detected 

with eye-tracking technology) was examined. This proportion provided Threat Capture 

Bias Index (fixation) scores. These Threat Capture Bias Index (fixation) scores were 

subjected to a 2 x 2 mixed design ANOVA, in which Block Type (High Controllability 

and Low Controllability) was a within-subjects factor, and Trait Anxiety Group (High 

and Low Trait Anxiety) was a between-subjects factor. There was a main effect of 

Block Type (F(1, 101) = 8.6, p = .0047), reflecting greater average Threat Capture Bias 

Index (fixation) scores in High Controllability blocks (M = .03, SD = .04) than in Low 

Controllability blocks (M = .02, SD = .03). The only other significant effect was the 

two-way interaction of Block Type and Trait Anxiety Group predicted by the TALIABA 

hypothesis: F(1, 101) = 4.45, p = .0378. Computation of simple main effects showed that 

the simple main effect of Block Type was significant only for Low Trait Anxious 

participants; t(50) = 11.19, p = .0029, partial eta2 = .18 reflecting higher Threat Capture 

Bias Index (fixation) scores in High Controllability blocks (M = .03, SE = .00) compared 
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to Low Controllability blocks (M = .01, SE = .00), while the simple main effect of Block 

Type was not significant for High Trait Anxious participants; t(51) = .39, p = .5410, 

partial eta2 = .01. Therefore, the nature of this interaction is consistent with the 

TALIABA hypothesis, suggesting that that Low Trait Anxious participants 

demonstrated greater attentional bias alignment than High Trait Anxious participants 

did. 

To determine whether the trait anxiety-linked impairment of attentional bias 

alignment, revealed by the fixation measure of attentional capture by threat, was 

disproportionally evident in participants with poorer executive functioning, a 

moderation analysis was conducted using PROCESS (Hayes, 2012). In order to conduct 

this, a Threat Capture Alignment Index (fixation) was first created for each participant. 

This was done by subtracting participants’ Threat Capture Bias Index (fixation) scores 

in Low Controllability blocks from Threat Capture Bias Index (fixation) scores in High 

Controllability blocks (Threat Capture Bias Index (fixation) scores in High 

Controllability Blocks – Threat Capture Bias Index (fixation) scores in Low 

Controllability Blocks = Threat Capture Alignment Index (fixation)). Thus a higher 

Threat Capture Alignment Index (fixation) score was indicative of higher attentional 

bias alignment. This variable was used as a dependent variable in a moderation analysis, 

with STAI-T scores used as a predictor variable and n-back scores used as a moderating 

variable. The overall moderation model was not significant: F(3, 93) = .57, p = .64, MSE 

= .00. Therefore, the results did not support the EFM hypothesis. 
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Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment for 

Attentional Monitoring for Threat (Fixation) 

To test the TALIABA hypothesis with respect to the eye fixation measure of 

attentional monitoring for threat, the proportion of Distractors Without Threat trials in 

which a distractor was fixated on by the participant (detected with eye-tracking 

technology) was examined. This proportion provided Threat Monitoring Bias Index 

(fixation) scores. Threat Monitoring Bias Index (fixation) scores were subjected to a 2 x 

2 mixed design ANOVA, in which Block Type (High Controllability and Low 

Controllability) was a within-subjects factor, and Trait Anxiety Group (High and Low 

Trait Anxiety) was a between-subjects factor. There was a main effect of Block Type 

(F(1, 98) = 5.36, p = .0211), reflecting a greater average number of fixations on 

distractors in High Controllability blocks (M = .47, SE = .25) than in Low 

Controllability blocks (M = .34, SE = .25). However, no other effects were significant. 

Of greatest relevance to the hypothesis under test, there was no significant interaction 

between Block Type and Trait Anxiety Group: F(1, 98) = .33, p = .5712. Hence, the 

TALIABA hypothesis was not supported, with respect to the eye fixation measure of 

attentional capture by threat. 

Given that no trait anxiety-linked impairment of attentional bias alignment was 

observed when considering Threat Monitoring Index (fixation) scores, it seems unlikely 

that analysis of these results would support the EFM hypothesis. Nevertheless, the 

prediction generated by the EFM hypothesis that the trait anxiety-linked impairment of 

attentional bias alignment, revealed by the fixation measure of attentional monitoring for 

threat, would be disproportionately evident in participants with poorer executive 
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functioning, was tested using a moderation analysis as planned. This was conducted 

using PROCESS (Hayes, 2012). In order to conduct this, a Threat Monitoring Alignment 

Index (fixation) was first created for each participant. This was done by subtracting 

participants’ Threat Monitoring Bias Index (fixation) scores in Low Controllability 

blocks from Threat Monitoring Bias Index (fixation) scores in High Controllability 

blocks (Threat Monitoring Bias Index (fixation) scores in High Controllability Blocks – 

Threat Monitoring Bias Index (fixation) scores in Low Controllability Blocks = Threat 

Monitoring Alignment Index (fixation)). This meant that a higher Threat Monitoring 

Alignment Index (fixation) score was indicative of higher attentional bias alignment. 

This variable was used as a dependent variable in a moderation analysis, with STAI-T 

scores used as a predictor variable and n-back scores used as a moderating variable. The 

overall moderation model was not significant: F(3, 90) = .02, p = .99, MSE = .32. 

Therefore, the pattern of findings was not consistent with those predicted by the EFM 

hypothesis. However, given that the EFM hypothesis is a potential explanation for a 

difference of trait anxiety-linked impairment of attentional bias alignment that was not 

observed with this measure, the appropriate conclusion would be that the EFM 

hypothesis is not adequately tested on a measure that does not reveal trait anxiety-linked 

differences in attentional bias alignment. 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment for 

Attentional Capture by Threat (Movement) 

 To test the TALIABA hypothesis with respect to the eye movement measure of 

attentional capture by threat, the proportion of Distractors With Threat Not Including 

Digit trials on which the initial eye movement detected was towards the threat cue was 
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examined. This proportion provided Threat Capture Bias Index (movement) scores. 

Threat Capture Bias Index (movement) scores were subjected to a 2 x 2 mixed design 

ANOVA, in which Block Type (High Controllability and Low Controllability) was a 

within-subjects factor, and Trait Anxiety Group (High and Low Trait Anxious) was a 

between-subjects factor.  

There was a significant main effect of Block Type; F(1, 101) = 13.07, p < .00113, 

partial eta2 = .12)  reflecting a greater number of trials on which initial eye movement 

was toward threat in High Controllability blocks (M = .08 , SE = .01) than in Low 

Controllability blocks (M = .05, SE = .01). Consistent with the TALIABA hypothesis, 

there was also a significant interaction between Block Type and Trait Anxiety Group: 

F(1, 101) = 5.52, p = .0214, partial eta2 = .05, which was the only other significant effect 

to emerge from the analysis. Computation of the simple main effects within this 

interaction revealed that the simple main effect of Block Type was significant for Low 

Trait Anxious participants, t(50) = 15.62, p < .00115, partial eta2 = .24, reflecting higher 

Threat Capture Bias Index (movement) scores in High Controllability blocks (M = .08, 

SE = .02) than in Low Controllability blocks (M = .03, SE = .01). In contrast, the simple 

main effect of Block Type was not significant for High Trait Anxious participants, t(51) 

= .93, p = .3416, partial eta2 = .02. This pattern of effects suggests that Low Trait 

Anxious participants demonstrated greater attentional bias alignment than did High Trait 

Anxious participants. 

To determine whether trait anxiety-linked impairment of attentional bias 

alignment, revealed by the eye movement measure of attentional capture by threat, was 

disproportionately evident in participants with poorer executive functioning, as 
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predicted by the EFM hypothesis, a moderation analysis was conducted using 

PROCESS (Hayes, 2012). In order to conduct this, a Threat Capture Alignment Index 

(movement) score was first created for each participant. This was done by subtracting 

participants’ Threat Capture Bias Index (movement) scores in Low Controllability 

blocks from Threat Capture Bias Index (movement) scores in High Controllability 

blocks (Threat Capture Bias Index (movement) scores in High Controllability Blocks – 

Threat Capture Bias Index (movement) scores in Low Controllability Blocks = Threat 

Capture Alignment Index (movement)). This meant that a higher Threat Capture 

Alignment Index (movement) score was indicative of higher attentional bias alignment. 

This variable was used as a dependent variable in a moderation analysis, with STAI-T 

scores used as a predictor variable and n-back scores used as a moderating variable. The 

overall moderation model was not significant: F(3, 93) = 2.31, p = .08, MSE = .01. 

Therefore, the results did not support the EFM hypothesis. 

Examining Trait Anxiety-linked Impairment of Attentional Bias Alignment for 

Attentional Monitoring for Threat (Movement) 

To test the TALIABA hypothesis with respect to the eye movement measure of 

attentional monitoring for threat, the proportion of Distractors Without Threat trials on 

which the initial eye movement was towards a distractor, was examined. This proportion 

provided Threat Monitoring Bias Index (movement) scores. Threat Monitoring Bias 

Index (movement) scores were subjected to a 2 x 2 mixed design ANOVA, in which 

Block Type (High Controllability and Low Controllability) was a within-subjects factor, 

and Trait Anxiety Group (High and Low Trait Anxious) was a between-subjects factor.  
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There was a significant main effect of Block Type; F(1, 101) = 6.64, p < .0117, 

partial eta2 = .06) reflecting a greater average number of trials on which initial eye 

movements were toward distractors in High Controllability blocks (M = .05 , SE = .00) 

than in Low Controllability blocks (M = .04, SE = .00). There were no other significant 

effects, including a non-significant interaction between Block Type and Trait Anxiety 

Group: F (1, 101) = 1.71, p = .1918, partial eta2 =.02.  

Given that it was observed that there was no trait anxiety-linked impairment of 

attentional bias alignment when considering Threat Monitoring Index (movement) 

scores, it seems unlikely that analysis of these results would support the EFM 

hypothesis. Nevertheless, the prediction generated by the EFM hypothesis that trait 

anxiety-linked impairment of attentional bias alignment, revealed by the eye movement 

measure of attentional monitoring for threat, was disproportionately evident in 

participants with poorer executive functioning, was tested as planned. This was done 

using a moderation analysis conducted with PROCESS (Hayes, 2012). In order to 

conduct this, a Threat Monitoring Alignment Index (movement) score was first created 

for each participant. This was done by subtracting participants’ Threat Monitoring Bias 

Index (movement) scores in Low Controllability blocks from Threat Monitoring Bias 

Index (movement) scores in High Controllability blocks (Threat Monitoring Bias Index 

(movement) scores in High Controllability Blocks – Threat Monitoring Bias Index 

(movement) scores in Low Controllability Blocks = Threat Monitoring Alignment Index 

(movement)). This meant that a higher Threat Monitoring Alignment Index (movement) 

score was indicative of higher attentional bias alignment. This variable was used as a 

dependent variable in a moderation analysis, with STAI-T scores used as a predictor 
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variable and n-back scores used as a moderating variable. The overall moderation model 

was not significant:  F(3, 93) = .68, p = .57, MSE = .00. Therefore, the pattern of 

findings was not consistent with those predicted by the EFM hypothesis. However, 

given that the EFM hypothesis is a potential explanation for a difference of trait anxiety-

linked impairment of attentional bias alignment that was not observed with this measure, 

the appropriate conclusion would be that the EFM hypothesis is not adequately tested on 

a measure that does not reveal trait anxiety-linked differences in attentional bias 

alignment. 

Discussion 

The aim of Study 6 was to test the TALIABA hypothesis and the EFM 

hypothesis, in a manner that would determine the replicability of Study 4, and reveal 

whether the hypotheses were also supported by eye movement measures of attentional 

bias.  

 The study yielded a number of findings consistent with the predictions generated 

by the TALIABA hypothesis. Support for the hypothesis was obtained from the 

interference measure of attentional capture by threat, on which High Trait Anxious 

participants demonstrated impaired attentional bias alignment relative to Low Trait 

Anxious participants. Support for the TALIABA hypothesis was also obtained from 

both the eye fixation measure, and the eye movement measure, of attentional capture by 

threat. Once again, on both these eye gaze measures of attentional capture by threat, 

High Trait Anxious participants demonstrated impaired attentional bias alignment 

relative to Low Trait Anxious participants. Hence across all three measures of 

attentional capture by threat, the TALIABA hypothesis was supported.  
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Additionally, Study 6 observed attentional bias alignment of attentional capture 

by threat across all participants on average, when considering all measures of attentional 

capture by threat (interference, fixations on threat, and eye movements towards threat). 

This was also the case for attentional monitoring for threat. While unrelated to any 

hypotheses, this finding is also consistent with the findings of Study 4. A more thorough 

discussion of the implications of this finding will be conducted in the General 

Discussion.  

 None of the three measures of attentional monitoring for threat yielded support 

for the TALIABA hypothesis in the present study. Regardless of whether attentional 

monitoring for threat was assessed using the interference measure, the eye fixation 

measure, or the eye movement measure, it was never the case that High Trait Anxious 

participants demonstrated significantly less evidence of attentional bias alignment than 

did the Low Trait Anxious participants. Across participants, these measures indicated 

greater attentional monitoring for threat in the condition that afforded greater 

controllability of the aversive experience signaled by the threat, thereby showing the 

presence of attentional bias alignment on the attentional monitoring for threat measures. 

However, the evidence for such attentional bias alignment did not differ for low and 

high trait anxious participants.  

 The fact that Study 6 obtained support for the TALIABA hypothesis, albeit only 

on the attentional capture by threat measures, when replicating Study 4’s methodologies 

as closely as possible, with identical methodologies and task parameters (including a 

250ms SOA) with the addition of eye-tracking measures, justifies some confidence that 

the support obtained for this hypothesis in Study 4 itself is reliable. The replication of 
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this support for the hypothesis suggests that trait anxiety-linked impairment of 

attentional bias alignment may be a relatively robust effect that can be consistently 

demonstrated using this methodology. Specifically, it appears that when money loss and 

a noise burst are combined and utilised as an aversive experience signaled by a threat 

cue, trait anxiety-linked impairment of attentional bias alignment is observed. When 

controllability of the aversive experience signaled by threat cues varies, Low Trait 

Anxious participants appear better able to align their attentional capture by threat to this 

variation in controllability, in that they demonstrated greater attention to threat cues 

signaling more controllable aversive experiences. This attentional bias alignment 

appeared impaired in High Trait anxious participants, as they demonstrated no 

significant difference in attention to threat cues signaling more or less controllable 

aversive experiences. This trait anxiety-linked difference in attentional bias alignment 

appears to be evident on automatic patterns of attentional selectivity, given that it is 

evident within 250ms of threat cue onset.   

 The support for the TALIABA hypothesis in the present study was provided by 

the measure of a facet of ABT different to that which provided support for the 

hypothesis in Study 4. In Study 4, support for the TALIABA hypothesis was obtained 

from the measure of attentional monitoring for threat, on which Low Trait Anxious 

participants demonstrated significantly greater attentional monitoring for threat in High 

Controllability than in Low Controllability blocks, whereas High Trait Anxious 

participants did not. In the current study, support for the TALIABA hypothesis was 

instead obtained from the measures of attentional capture by threat, on which Low Trait 

Anxious participants demonstrated significantly greater attentional capture by threat in 
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High Controllability than in Low Controllability blocks, whereas High Trait Anxious 

participants did not. This discrepancy might potentially be attributed to features of Study 

6 that were not present in Study 4. Specifically, the addition of eye-tracking measures 

meant that the testing environment of Study 6 differed from that of Study 4. The 

presence of an experimenter in the room during Study 6 (as required to monitor eye 

tracker calibration), and the lack of freedom for the participant to move their head in 

Study 6 (due to the need to fix head position in order to carry out eye tracking), could 

have increased state anxiety during the completion of the ABAAT, relative to Study 4. 

The General Discussion will consider the possibility that increased state anxiety in 

Study 6 compared to Study 4 may account for the fact that trait anxiety-linked 

impairment of attentional bias alignment was observed on attentional monitoring for 

threat in Study 4, but on attentional capture by threat in Study 6.  

 While trait anxiety-linked impairment of attentional bias alignment was evident 

in the current study, as well as in Study 4, the present study did not replicate that 

findings in Study 4 that supported the EFM hypothesis. Specifically, in the current study 

there was no evidence that the relationship between trait anxiety and impairment of 

attentional bias alignment was moderated by variation in executive functioning. It is 

important to consider whether the EFM hypothesis should be considered invalid, given 

that Study 6 did not replicate the support for this hypothesis found in Study 4. An 

alternative possibility is that methodological differences between the studies may 

account for this discrepancy between their findings. Again, it is possible that elevated 

levels of state anxiety in Study 6 compared to Study 4 represent a possible explanation. 

As participants in Study 6 completed the n-back task with an experimenter in the room, 
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and participants in Study 4 completed the n-back task without an experimenter present, 

it may be the case that participants’ perception of performance scrutiny from the 

experimenter drove state anxiety, which impacted upon their performance on the task. 

The possibility that the negative impact of elevated state anxiety on executive 

functioning (Eysenck & Calvo, 1992) may account for the failure to replicate in Study 6 

the support for the EFM hypothesis obtained in Study 4, will be considered in the 

General Discussion. 

 In contrast to Study 4, the present study also employed eye-tracking measures 

which provided converging evidence for trait anxiety-linked impairment of attentional 

bias alignment. However, there was evidence of missing data, as the raw data revealed 

there were trials in the current study in which a participant had correctly entered the 

threat cue digit, but did not register an eye-tracked fixation on threat or movement 

toward threat. This suggests that cognitive attention and eye gaze are not perfectly 

coupled, as these findings imply that participants can be aware of stimuli without 

looking directly at them (Armstrong & Olatunji, 2012). This raises the possibility that in 

the ABAAT, participants might have been able at times to process threat cues, 

distractors, and the digits they contained without moving their gaze towards or fixating 

on these stimuli, but instead maintaining eye gaze on the centre circle. There is evidence 

to suggest that the human visual field extends to approximately 100 degrees of visual 

angle laterally, 60 degrees upward and 75 degrees downward (R. Spector, 1990). While 

visual clarity of a stimulus becomes poorer the further from central gaze it is presented, 

it may be possible to identify coloured circles and digits presented within the visual 

field, as in the ABAAT. When completing the ABAAT, participants were situated 60cm 
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from the computer screen. Given the ring of peripheral circles extended 9cm from one 

side to the other, this meant the ring of circles had a visual angle of 8.5 degrees. Such a 

degree of visual angle could reasonably be visually observed with some degree of 

clarity, and could therefore explain this missing eye-tracking data. Despite the missing 

eye-tracking data, the effect of trait anxiety-linked impairment of attentional bias 

alignment was observed on both eye-tracking measures of attentional capture by threat. 

 Future experiments investigating extensions of this research may increase their 

power, if they delivered eye-tracking study in a manner that lost less data. Given the 

missing eye-tracking data, the relative proximity and size of stimuli in the ABAAT can 

be seen as a limitation of this study. Distancing stimuli further, reducing the amount of 

stimuli onscreen, or simplifying the paradigm so that gaze responses can be categorized 

in a binary way (e.g. fixation on threat or fixation on benign cue; movement toward 

threat or movement toward benign cue) could provide an eye-tracking measure of 

attention to threats signaling more or less controllable aversive experiences, that does 

not result in missing data as was the case in the current study.  

 To summarise, like Study 4, the present study also obtained evidence consistent 

with the TALIABA hypothesis, according to which elevated trait anxiety is 

characterized by impairment of attentional bias alignment. Whereas evidence supporting 

this hypothesis was provided by measures of attentional monitoring for threat in Study 

4, in the present study this support was provided by measures of attentional capture by 

threat. Interference measures and eye tracking measures provided converging evidence, 

in this study, that elevated trait anxiety is characterized by a reduction in the degree to 

which attentional capture by threat cues is aligned with variation in the degree to which 



172 
 

the aversive experience signaled by these threat cues is controllable. However, there was 

missing eye-tracking data which can be explained by the relative size and proximity of 

the stimuli in the ABAAT. The next chapter will provide a general discussion of the 

findings obtained across this program of research that considers their theoretical and 

applied implications, highlight pertinent methodological limitations, and offer 

suggestions concerning potential future extensions of this work. 
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Footnotes 

1: F = 19.78, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

2: F = 3.63, p = .06 (While this effect was significant in the untransformed analysis, it 

fell marginally short of significance in the transformed analysis. However, the strength 

of the support here for the strong trend towards this effect provides no strong grounds 

for concern of the discrepancy of the findings) 

3: t = 17.59, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

4: t = 3.77, p = .06 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

5: F = 24.93, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

6: F = 2.44, p = .12 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 

7: F = 8.47, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

8: F = 4.54, p = .04 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

9: t = 11.23, p = .002 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

10: t = .35, p = .56 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

11: F = 4.58, p = .04 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

12: F = 1.01, p = .32 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 

13: F = 13.57, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

14: F = 5.75, p = .02 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

15: t = 15.69, p < .001 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

16: t = 1, p = .32 (The non-significance of this effect matches the result obtained in the 

untransformed analysis) 

17: F = 7.01, p = .01 (The significance of this effect matches the result obtained in the 

untransformed analysis) 

18: F = 1.72, p = .19 (The non-significance of this effect matches the result obtained in 

the untransformed analysis) 
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Chapter 6: General Discussion 

 The final chapter of this thesis will firstly review the experimental findings of 

the current research programme. Then, consideration will be given to the conclusions 

that can be drawn from these findings regarding the overarching hypotheses that 

heightened trait anxiety is associated with impairment of attentional bias alignment, and 

that executive functioning has a moderating effect on this relationship. The theoretical, 

methodological, and applied implications of these findings on current understanding of 

attentional bias alignment and its relationship with trait anxiety will then be discussed. 

Finally, suggestions will be offered concerning potential pathways for future research.  

Summary and Discussion of Experimental Findings 

Summary of Experimental Findings 

 The first aim of the current research program was to test the validity of the trait 

anxiety-linked impairment of attentional bias alignment (TALIABA) hypothesis, that 

heightened trait anxiety is associated with impairment of attentional bias alignment. 

Attentional bias alignment, in the present context, refers to a pattern of attentional bias 

to threat (ABT) that is greater for threats signaling more controllable aversive 

experiences than for threats signaling less controllable aversive experiences. This 

hypothesis was based on various theories and research findings that suggest ABT can be 

either adaptive or maladaptive, depending on the degree of controllability over the 

aversive experience signaled by threat, and offered a candidate explanation for the 

phenomenon that some people experience heightened trait anxiety while others do not. 

This research program was also designed to determine whether this hypothesized 

relationship between heightened trait anxiety and attentional bias alignment was 
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moderated by executive functioning, should such a relationship be confirmed. High trait 

anxiety is associated with poor executive functioning, and good executive functioning 

would be required to flexibly shift ABT patterns between situations in which it is more 

or less adaptive to attend to threats. Therefore, a second hypothesis, the executive 

functioning as a moderator (EFM) hypothesis, proposed that the relationship between 

trait anxiety and impaired attentional bias alignment would be moderated by executive 

functioning. Specifically, this hypothesis predicts that the relationship between trait 

anxiety and impairment of attentional bias alignment would be attenuated at higher 

levels of executive functioning.  

Testing these two hypotheses was important to advance understanding about the 

nature of the relationship between heightened trait anxiety and ABT. Support for these 

two hypotheses would invite speculation that the impairment of attentional bias 

alignment may potentially contribute causally to heightened trait anxiety, and the 

functional impairments associated with trait anxiety. Moreover, such support would 

suggest that poor executive functioning is an additional risk factor for impaired 

attentional bias alignment. As such, a more detailed understanding of the factors that 

characterize, and so potentially contribute to, heightened trait anxiety, could lead to 

more effective interventions designed to reduce trait anxiety and its associated 

functional impairments.  

  The experiments employed in the current research programme utilised a novel 

task designed to determine the validity of the proposed hypotheses, referred to here as 

the Attentional Bias Alignment Assessment Task (ABAAT). Each experiment utilised 

the ABAAT, with minor modifications to the methodologies of the ABAAT employed 
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in each study being made after having reflected on the findings obtained in the 

preceding study. In the ABAAT, participants engage in a central subtask that requires 

them to identify a centrally-located digit. Sometimes, a threat cue that signals an 

aversive experience is presented peripherally to the central subtask, and interference on 

performance of the central subtask in the presence of threat cues indicates ABT. 

Critically, the aversive experiences signaled by threat cues were either high or low in 

controllability, meaning that participants did or did not have the opportunity to engage 

in adaptive action that had a high likelihood of mitigating the aversive experience. To 

assess variation in individuals’ ability to flexibly align their attentional bias to threats 

that signaled more controllable aversive experiences, each experiment compared ABT 

on blocks in which threats signaled more or less controllable aversive experiences. Two 

manifestations of ABT, attentional capture by threat (which occurs in the presence of 

threat) and attentional monitoring for threat (which occurs in the absence of threat) were 

measured and examined. Each experiment designed to test the proposed hypotheses 

recruited individuals with high and low levels of trait anxiety, and the analysis of the 

data generated by each experiment involved statistical tests that determined whether trait 

anxiety groups differed in attentional bias alignment. The findings yielded from these 

experiments will now be reviewed. 

Evidence that the ABAAT is Suitable for the Measurement of Attentional Bias 

Alignment  

Study 1 was designed to confirm the suitability of the ABAAT for the 

measurement of attentional bias alignment. Doing so required a comparison between 

two candidate aversive experiences (money loss and noise bursts), to select the one best 
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suited for use within the ABAAT. For either of these particular aversive experiences to 

be considered appropriate for use in the ABAAT, it was necessary to empirically verify 

three key assumptions. These assumptions were: 

i) participants actually engaged in the candidate behavioural action (entering the threat 

cue digit) that controlled the aversive experience, by reducing the probability of its 

occurrence; 

ii) the behavioural action that controlled the aversive experience was performed more in 

High Controllability blocks compared to Low Controllability blocks, and; 

iii) ABT measures were higher in High Controllability blocks than in Low 

Controllability blocks.  

 It was observed that all three assumptions were confirmed only when money 

loss was the aversive experience, and not when noise bursts were the aversive 

experience. Regardless of whether the aversive experience was money loss or noise 

bursts, participants were inclined to perform the action that reduced the probability of its 

occurrence, satisfying the first assumption. Again, regardless of whether the aversive 

experience was money loss or noise bursts, ABT measures were higher in High 

Controllability blocks than in Low Controllability blocks, satisfying the third 

assumption. However, the second assumption was only met when the aversive 

experience was money loss, as participants took action to avoid money loss to a greater 

degree in High Controllability blocks than in Low Controllability. This difference 

between blocks types in the degree of action taken to avoid the aversive experience was 

not evident when the aversive experience was noise bursts. Thus, only money loss met 

all three assumptions, and was therefore considered to be more suitable an aversive 
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experience for the ABAAT than noise bursts. This led to the utilization of money loss as 

an aversive experience in Study 2 and Study 3, which aimed to test the hypothesis that 

heightened trait anxiety is associated with impairment of attentional bias alignment. 

Evidence that heightened trait anxiety is associated with impairment of attentional 

bias alignment 

In all studies assessing attentional bias alignment (Studies 2, 3, 4, 5, and 6) there 

was evidence of attentional bias alignment on average across all participants, when 

considering attentional capture by threat. All participants on average demonstrated 

greater attentional capture by threat in High Controllability blocks than in Low 

Controllability blocks. As noted, this effect was observed when the SOA was both 

250ms and when it was 1000ms. This was not the case for attentional monitoring for 

threat, with mixed attentional bias alignment effects across these studies (see Table 6.1). 

Of the five subsequent experiments reported in this research programme in 

which testing of the TALIABA hypothesis was a focus, Study 4 and Study 6 

demonstrated significant evidence of trait anxiety-linked impairment of attentional bias 

alignment (through a significant Block Type by Trait Anxiety Group interaction), 

supporting the hypothesis. Study 2, Study 3, and Study 5 did not show evidence of trait 

anxiety-linked impairment of attentional bias alignment, and so did not support the 

hypothesis. Table 6.1 summarises the pattern of findings observed on the two measures 

of attentional bias to threat, across Studies 2, 3, 4, 5, and 6. 

Table 6.1. Summary of findings across the reported studies, on the measures of 

attentional capture by threat (AC), and attentional monitoring for threat (AM). 
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 Study 2 

(Short 

SOA) 

Study 3 

(Long 

SOA) 

Study 4 

(Short 

SOA) 

Study 5 

(Long 

SOA) 

Study 6 

(Short 

SOA) 

Aversive 

experience: 

Money loss Money 

loss 

Money 

loss + 

noise 

burst 

Money 

loss + 

noise 

burst 

Money loss 

+ noise 

burst 

Interference Eye 

tracking 

Main effect 

of Block 

Type: AC 

 

      

Main effect 

of Block 

Type: AM 

 

      

Main effect  

of Trait 

Anxiety 

Group: AC 

 

      

Main effect 

of Trait 

Anxiety 

Group: AM 

 

      

Block Type 

x Trait 

Anxiety 

Group 

Interaction 

AC 

 

      

Block Type 

x Trait 

Anxiety 
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Group 

Interaction 

AM 

       
  

 Study 4 assessed attentional bias alignment using a 250ms SOA between 

peripheral circle onset and digit probe onset. The aversive experience was money loss 

combined with a noise burst. Statistical analyses determined that low trait anxious 

participants demonstrated a greater elevation of ABT in High Controllability blocks, 

relative to Low Controllability blocks, than was the case for high trait anxious 

participants. This pattern of results is consistent with the presence of trait anxiety-linked 

impairment of attentional bias alignment, and because this was evident using a 250ms 

SOA, this trait anxiety-linked impairment of attentional bias alignment appears to have 

its origins in automatic attentional processing. These results were observed for 

attentional monitoring for threat, but not for attentional capture by threat. 

 Study 6 assessed ABT using a procedure identical to that employed in Study 4 

(again using the 250ms SOA between peripheral circle onset and digit probe onset), but 

now also included eye-tracking measures. Statistical analyses conducted on interference 

data collected in Study 6 demonstrated further evidence that elevation of ABT in High 

Controllability blocks relative to Low Controllability blocks was more pronounced in 

low trait anxious participants than in high trait anxious participants, on the measure of 

attentional capture by threat. Data obtained from eye-tracking measures in Study 6 

demonstrated this pattern of results also, on the measure of attentional capture by threat. 

Once again, this pattern of results is consistent with the presence of trait anxiety-linked 

impairment of attentional bias alignment. However, while Study 4 delivered its support 
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of the TALIABA hypothesis through the measure of ABT alignment reflecting 

attentional monitoring for threat, Study 6 delivered its support through the measure of 

ABT alignment reflecting attentional capture by threat.  

 While these two studies demonstrated evidence of trait anxiety-linked 

impairment of attentional bias alignment, three studies in the current research 

programme did not demonstrate evidence of this effect. Study 2 assessed ABT in a 

similar manner to Study 4 and Study 6, again using a 250ms SOA, but employed a less 

severe aversive experience (money loss alone). This study did not provide evidence of 

trait anxiety-linked impairment of attentional bias alignment in either attentional capture 

by threat or in attentional monitoring for threat. Study 3 measured attentional bias 

alignment using the same methodologies as Study 2, but used a 1000ms SOA between 

peripheral circle onset and digit probe onset to allow the influence of strategic 

attentional allocation. This study likewise demonstrated no trait anxiety-linked 

impairment of attentional bias alignment in either attentional capture by threat or 

attentional monitoring for threat. As the findings of Study 2 and Study 3 did not support 

the TALIABA hypothesis, this led to an increase in severity of the aversive experience 

used in Study 4, 5, and 6, by combining money loss with a loud noise burst. 

Finally, Study 5 measured attentional bias alignment in an identical manner to 

Study 4 (which did find evidence to support the TALIABA hypothesis), using the more 

severe aversive experience than in Study 2 and 3 that involved combining money loss 

with a loud noise burst. The only difference between Study 4 and Study 5 was that a 

1000ms SOA between peripheral circle onset and digit probe onset was used in Study 5 
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to allow the influence of strategic attentional allocation. This study did not yield 

evidence of trait anxiety-linked impairment of attentional bias alignment.  

To test the TALIABA hypothesis across all studies, a mini meta-analysis was 

conducted. Firstly, Threat Monitoring Bias Index scores from studies 2, 3, 4, 5, and 6 

were subjected to a 2 x 2 mixed-design ANOVA, with Block Type (High Controllability 

and Low Controllability) as a within-subjects factor and Trait Anxiety Group (High 

Trait Anxious and Low Trait Anxious) as a between-subjects factor. The TALIABA 

hypothesis predicts that the Low Trait Anxious experimental group’s Threat Monitoring 

Bias Index scores will be greater in High Controllability blocks compared to Low 

Controllability blocks, while the High Trait Anxious experimental group’s Threat 

Monitoring Bias Index scores will demonstrate an attenuated difference between High 

Controllability blocks and Low Controllability blocks. Such a pattern of results would 

give rise to a significant two-way interaction between Block Type and Trait Anxiety 

Group. 

There was a significant main effect of Block Type: F(1, 437) = 14.95, p < .001, 

partial eta2 = .03, reflecting greater Threat Monitoring Bias Index scores in High 

Controllability blocks (M = .02, SD =.05) than in Low Controllability blocks (M = .01, 

SD = .05). There were no other significant effects (all p > .05). Of greatest relevance to 

the hypothesis under consideration, there was no significant two-way interaction 

between Block Type and Trait Anxiety Group: F(1, 437) = .15, p = .7, partial eta2 = .00, 

meaning that there was no significant difference in attentional bias alignment between 

High Trait Anxiety and Low Trait Anxiety participants. Thus, these results did not 
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support the TALIABA hypothesis, with respect to the alignment of attentional 

monitoring for threat across studies 2, 3, 4, 5, and 6.  

The same analysis was conducted on Threat Monitoring Bias Index scores from 

studies that featured a 250ms SOA (studies 2, 4, and 6). There was a significant main 

effect of Block Type: F(1, 268) = 19.9, p < .001, partial eta2 = .07, reflecting greater 

Threat Monitoring Bias Index scores in High Controllability blocks (M = .02, SD =.06) 

than in Low Controllability blocks (M = .01, SD = .06). There were no other significant 

effects (all p > .05). Of greatest relevance to the hypothesis under consideration, there 

was no significant two-way interaction between Block Type and Trait Anxiety Group: 

F(1, 268) = .10, p = .76, partial eta2 = .00, meaning that there was no significant 

difference in attentional bias alignment between High Trait Anxiety and Low Trait 

Anxiety participants. Thus, these results did not support the TALIABA hypothesis, with 

respect to the alignment of attentional monitoring for threat across all studies with a 

250ms SOA. 

Finally, the same analysis was conducted on Threat Monitoring Bias Index 

scores from studies that featured a 1000ms SOA (studies 3 and 5). There were no 

significant main effects (all p > .05). Of greatest relevance to the hypothesis under 

consideration, there was no significant two-way interaction between Block Type and 

Trait Anxiety Group: F(1, 167) = 2.09, p = .15, partial eta2 = .01, meaning that there 

was no significant difference in attentional bias alignment between High Trait Anxiety 

and Low Trait Anxiety participants. Thus, these results did not support the TALIABA 

hypothesis, with respect to the alignment of attentional monitoring for threat across all 

studies with a 1000ms SOA. 
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A mini meta-analysis was then conducted on Threat Capture Bias Index scores 

from studies 2, 3, 4, 5, and 6. These scores were subjected to a 2 x 2 mixed-design 

ANOVA, with Block Type (High Controllability and Low Controllability) as a within-

subjects factor and Trait Anxiety Group (High Trait Anxious and Low Trait Anxious) as 

a between-subjects factor. Again, the TALIABA hypothesis predicts that the Low Trait 

Anxious experimental group’s Threat Capture Bias Index scores will be greater in High 

Controllability blocks compared to Low Controllability blocks, while the High Trait 

Anxious experimental group’s Threat Capture Bias Index scores will demonstrate an 

attenuated difference between High Controllability blocks and Low Controllability 

blocks. Such a pattern of results would give rise to a significant two-way interaction 

between Block Type and Trait Anxiety Group. 

There was a significant main effect of Block Type: F(1, 437) = 323.94, p < .001, 

partial eta2 = .43, reflecting greater Threat Capture Bias Index scores in High 

Controllability blocks (M = .29, SD =.19) than in Low Controllability blocks (M = .16, 

SD = .18). There were no other significant effects (all p > .05). Of greatest relevance to 

the hypothesis under consideration, there was no significant two-way interaction 

between Block Type and Trait Anxiety Group: F(1, 437) = 1.63, p = .20, partial eta2 = 

.00, meaning that there was no significant difference in attentional bias alignment 

between High Trait Anxiety and Low Trait Anxiety participants. Thus, these results did 

not support the TALIABA hypothesis, with respect to the alignment of attentional 

capture by threat.  

The same analysis was conducted on Threat Capture Bias Index scores from 

studies that featured a 250ms SOA (studies 2, 4, and 6). There was a significant main 
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effect of Block Type: F(1, 268) = 172.21 p < .001, partial eta2 = .39, reflecting greater 

Threat Capture Bias Index scores in High Controllability blocks (M = .27, SD =.21) than 

in Low Controllability blocks (M = .15, SD = .18). There was a significant two-way 

interaction between Block Type and Trait Anxiety Group: F(1, 268) = 4.11, p = .04, 

partial eta2 = .02, meaning that there was a significant difference in attentional bias 

alignment between High Trait Anxiety and Low Trait Anxiety participants across all 

studies that featured a 250ms SOA. Computation of simple main effects revealed that 

this interaction reflected the fact that Low Trait Anxious participants demonstrated 

significantly higher Threat Capture Bias Index scores in High Controllability blocks 

than on Low Controllability blocks (M = .28, SD = .21 vs M = .14, SD = .16), t(1, 127) = 

-10.01, p <.001, and also that High Trait Anxious participants demonstrated 

significantly higher Threat Capture Bias Index scores in High Controllability blocks 

than on Low Controllability blocks (M = .26, SD = .21 vs M = .16, SD = .2), t(1, 127) = 

-8.4, p <.001. The significant interaction between Block Type and Anxiety Group 

reflects the fact that the alignment effect was greater in Low Trait Anxious participants 

(M = .14, SD = .15) than in High Trait Anxious participants (M = .10, SD = .14, p = .04, 

Cohen’s d = .28). In other words, across studies 2, 4, and 6, High Trait Anxious 

participants showed impaired alignment of attentional capture by threat, as compared to 

Low Trait Anxious participants, supporting the TALIABA hypothesis. 

Finally, a repeated measures ANOVA was conducted on Threat Capture Bias 

Index scores from studies that featured a 1000ms SOA (studies 3 and 5), with Block 

Type (High Controllability and Low Controllability) as a within-subjects factor, and 

Trait Anxiety (High Trait Anxiety and Low Trait Anxiety) as a between-subjects factor. 
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There was a significant main effect of Block Type: F(1, 167) = 159.91, p < .001, partial 

eta2 = .49, reflecting greater Threat Capture Bias Index scores in High Controllability 

blocks (M = .32, SD =.16) than in Low Controllability blocks (M = .17, SD = .14). There 

were no other significant effects (all p > .05). Of greatest relevance to the hypothesis 

under consideration, there was no significant two-way interaction between Block Type 

and Trait Anxiety Group: F(1, 167) = .36, p = .55, partial eta2 = .00, meaning that there 

was no significant difference in attentional bias alignment between High Trait Anxiety 

and Low Trait Anxiety participants. Thus, these results did not support the TALIABA 

hypothesis, with respect to the alignment of attentional capture by threat across all 

studies with a 1000ms SOA. 

To summarize, elevated trait anxiety was associated with impaired attentional 

bias alignment, but only when the aversive experience signaled by the threat cue was 

highly aversive, and the assessment approach used assessed automatic rather than 

strategic attentional allocation.  

 Evidence that executive functioning moderates the relationship between trait 

anxiety and attentional bias alignment  

Of the three studies that measured executive functioning as well as attentional 

bias alignment, only Study 4 revealed significant evidence of executive functioning 

moderating the relationship between trait anxiety and attentional bias alignment. Study 5 

and Study 6 did not reveal such evidence. As noted, Study 5 used the 1000ms SOA that 

demonstrated no sensitivity to trait anxiety-linked impairment of attentional bias 

alignment in this research programme.  
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 Studies 4, 5, and 6 measured executive functioning using the n-back task in 

which participants were required to hold in mind a series of abstract shapes, and respond 

when the shape being presented to them matched with the shape that was presented n (1, 

2, or 3) shapes prior in the sequence. The n-back task is thought to index the executive 

functions of working memory and attentional control (Jaeggi et al., 2010). Analyses 

conducted on data collected in Study 4 revealed that heightened trait anxiety was 

associated with impairment of attentional bias alignment, but only in those high trait 

anxious participants who demonstrated poor executive functioning. In other words, for 

high trait anxious participants, as executive functioning increased, so too did attentional 

bias alignment. This is consistent with executive functioning having a moderating effect 

on the relationship between trait anxiety and impairment of attentional bias alignment. 

While Study 4 revealed evidence of such a moderating effect, two studies that 

examined executive functioning and attentional bias alignment did not obtain evidence 

of this effect. Study 6 measured attentional bias alignment and executive functioning in 

an identical manner to Study 4, only with the addition of eye-tracking measures. This 

study also did not reveal evidence of a moderating relationship between executive 

functioning and trait anxiety-linked impairment of attentional bias alignment. 

In summary, as can be observed, the current research programme was 

inconsistent in its demonstration of a moderating relationship between executive 

functioning and trait anxiety-linked impairment of attentional bias alignment.  

Discussion of Experimental Findings 

In the current research programme, attentional bias alignment was seen across 

participants on average, in all studies, for attentional capture by threat. Trait anxiety-
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linked impairment of attentional bias alignment was only observed once the severity of 

the aversive experience was increased, by combining money loss with a noise burst. It 

seems to be the case then, that aversive experiences signaled by threat must be severe to 

a particular degree, before impaired attentional bias alignment is elicited in high trait 

anxious individuals. The findings suggest that if the aversive experience being signaled 

is not severe enough, then the default attentional pattern of both high and low trait 

anxious individuals is attentional bias alignment.  

The findings suggesting that trait anxiety-linked impairment of attentional bias 

alignment only occurs under specific experimental conditions is in line with previous 

observations that methodological variations in assessment approach can serve to 

decrease the strength of, or eliminate, trait anxiety-linked differences in ABT. For 

example, researchers have observed that variation in the severity of signaled aversive 

experiences results in variation in the degree of attentional bias towards threats signaling 

these aversive experiences (Koster, Crombez, Verschuere, & De Houwer, 2006; Wilson 

& MacLeod, 2003). Other researchers have observed that as the severity of aversive 

experiences increased, so too does the ABT displayed by high trait-anxious participants 

(Yiend & Mathews, 2001). Yiend and Mathews (2001) found that when high-threat 

images were presented for 500ms, high trait anxious participants showed difficulty 

disengaging from the picture, but this effect became less pronounced when mild-threat 

images were presented. This type of finding was also reported by Mogg, Bradley, Miles, 

& Dixon (2004) for threatening videos that varied in severity, with more threatening 

videos associated with greater attentional disengagement difficulty in high trait anxious 

participants than was the case for less threatening videos. Similarly, in the current 
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research programme, the pattern of trait anxiety-linked differences in ABT that support 

the TALIABA hypothesis were observed only for threats signaling the most aversive 

experience (i.e. the combination of money loss and noise burst), and were not evident 

when they signaled a more mild aversive experience (noise burst alone). 

Evidence supporting the TALIABA hypothesis was obtained in both Study 4 and 

Study 6. However, the specific measure of ABT on which this evidence was obtained 

differed between the two studies. In Study 4, the effect was observed on the measure of 

attentional monitoring for threat, while in Study 6 it was observed on the measure of 

attentional capture by threat. This inconsistency suggests there may be boundary 

conditions under which the trait anxiety-linked impairment of attentional bias alignment 

can be observed on these different facets of attentional bias to threat. In the Discussion 

section of Study 6, the possibility was raised that the methodological differences 

between studies 4 and 6 may have contributed to this difference in findings between 

these two studies. One such methodological difference is that an experimenter was 

present in the room during testing in Study 6, but not in Study 4. Additionally, 

participants in Study 6 but not Study 4 were required to keep their head on a chin rest, 

and they were unable to move their head freely during the task. Head movements caused 

the eye-tracker to stop working, and then calibration was required. As such, the 

experimenter was observing participants’ performance on the ABAAT and was 

observing whether they moved their head or not. Considering this, it is possible that 

participants were more state anxious during testing in Study 6 than in Study 4. The 

phenomenon of “choking under pressure” has been experimentally examined, in which 

performance outcomes on a task vary depending on whether the participant is being 
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watched or not (Beilock, 2010). This is typically examined by manipulating 

experimental conditions in which participants either complete a task alone, or with an 

experimenter observing them. Models of choking under pressure purport that when 

participants are observed completing a task by an experimenter, participant attention is 

unintentionally moved from the task to task-irrelevant thoughts and worries concerning 

the scrutiny of the experimenter (Gimmig, Huguet, Caverni, & Cury, 2006). 

Additionally, participants may have found the noise burst more aversive in Study 6 

compared to Study 4, as they were observed by the experimenter when they experienced 

a physically obvious startle response. Given their heightened worries concerning the 

experimenter’s scrutiny and the expectation that they would not move their head, state 

anxiety could have therefore been heightened in Study 6 compared to Study 4. This 

increase in state anxiety may have resulted in the expression of impaired attentional bias 

alignment changing from attentional monitoring for threat, to attentional capture by 

threat. It has been demonstrated that state anxiety can affect attentional bias patterns, 

such that ABT is increased when state anxiety is elevated (Mogg et al., 1997). However, 

the specific effect of state anxiety on attentional bias alignment has not been examined, 

nor has previous research contrasted the impact of elevated state anxiety on attentional 

monitoring for threat and attentional capture by threat. Unfortunately, state anxiety was 

not assessed during the test session, therefore there is not data which can be analysed to 

support the assertion highlighted here. The findings of the current research program 

justify future experimental examination of such potential effects. 

 It was also observed that the moderating effect executive functioning had on the 

relationship between trait anxiety and attentional bias alignment was restricted to Study 
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4, but and was not evident in Study 6. There are several possible interpretations of this 

inconsistency in findings. One possibility is the significant effect observed in Study 4 

was a Type 1 error that occurred by chance, and there is actually no moderating effect of 

executive functioning on the relationship between trait anxiety and attentional bias 

alignment. Another interpretation is that executive functioning only moderates the effect 

of trait anxiety on alignment of attentional monitoring for threat, and not attentional 

capture by threat. Alignment of attentional monitoring for threat and alignment of 

attentional capture by threat may involve differing levels of executive functioning 

capacity, making this interpretation a possibility. Finally, it may be the case that 

executive functioning does moderate the relationship between trait anxiety and 

alignment of attentional capture by threat, but Study 6 failed to observe this, again 

possibly because of heightened state anxiety caused by the presence of the experimenter 

during testing. A recent study examined the effect of an experimenter being present and 

watching participants performing an executive functioning task, by assigning 

participants to conditions in which they were alone during task completion, or being 

observed (Belletier et al., 2015). It was demonstrated that participants high in executive 

functioning on other measures performed far worse on a task assessing executive 

functioning when their performance was being observed by an experimenter, compared 

to when they were alone. Heightened state anxiety as a result of being observed may 

have therefore impacted on performance on the n-back task in a negative manner, 

compromising the assessment of executive functioning and consequently precluding 

detection of the moderating effect of executive functioning on the relationship between 

trait anxiety and attentional bias alignment. Once again, determining the plausibility of 
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this account would require further experimentation. For example, if Study 4 was 

repeated, with a new between-subjects factor reflecting whether the experimenter does 

or does not remain with the participant during testing, this proposed post-hoc 

explanation would predict that the moderating effect of the executive functioning 

measure would be observed when the participant is tested in isolation, but not when the 

experimenter remains with them. 

Trait anxiety-linked impairment of attentional bias alignment was observed only 

in studies employing assessment tasks that had a short SOA between peripheral circle 

onset and digit probe onset, and not in studies using a long SOA. Hence, it is important 

to consider why trait anxiety-linked impairment of attentional bias alignment may be 

evident on relatively automatic patterns of ABT, but not on patterns of ABT that reflect 

strategic allocation of attention. The lack of support for the TALIABA hypothesis 

associated with strategic attentional allocation is in line with the ‘vigilance-avoidance’ 

pattern of attentional responding to threat, proposed by a model put forward by Mogg, 

Mathews, and Weinman (1987). According to this model, when trait anxious individuals 

are exposed to threat stimuli, their attention is initially directed towards this threat in an 

automatic manner, but they then make a strategic attempt to avoid continuing attention 

to the threat stimuli (Rinck & Becker, 2006). This strategic disengagement of attention 

from threat is argued to serve the purpose of avoiding the elaborative processing of 

threat material, in order to reduce the unpleasant experience of state anxiety (Williams, 

Watts, MacLeod, & Mathews, 1988). Thus, high trait anxious participants in the studies 

examining strategic ABT may have attended to threat cues or distractor circles that 

could have been threat cues in a fast manner, but longer SOAs permitting, then 
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strategically attended away from the threat cues or distractor circles. This could explain 

the lack of support for the TALIABA hypothesis observed in Study 5 in which a 

1000ms SOA was used, relative to the evidence supporting this hypothesis in Study 4 in 

which a 250ms SOA was used.  

It is also plausible that participants in studies examining strategic ABT were able 

to use the additional time afforded by the longer SOA to prepare for the aversive 

experience of the noise burst. When exposed to a noise burst, it is arguably the 

unpleasant physiological startle response that is aversive. What causes this startle 

response to be so unpleasant is that it is unexpected. Research has long demonstrated 

that unexpected stimuli are experienced as more arousing and aversive than expected 

stimuli (Sokolov, 1963). Therefore, if participants were able to prepare for the noise 

burst by anticipating it, and perhaps even physically bracing themselves for it, then it is 

likely this was experienced as less startling. In the current research program, studies in 

which a longer SOA was used provided a threat cue that informed participants the noise 

burst was likely to occur, along with ample time to prepare for it and reduce the startle 

response. Preparing for the noise burst represents an adaptive action taken to reduce the 

severity of the aversive experience, with a cue signaling when to engage in this adaptive 

action. Thus, it may be that attending to the threat cue in Low Controllability blocks 

became adaptive. This provides a candidate explanation for the findings of Study 5, in 

which no trait anxiety-linked impairment of attentional bias alignment was observed. 

This contrasted with Study 4 and Study 6, in which a 250ms SOA was used, and 

evidence of trait anxiety-linked impairment of attentional bias alignment was observed.    
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The findings of the mini meta-analysis conducted across all studies showed that 

there was a significant trait anxiety-linked impairment of attentional bias alignment 

effect when analysing all studies with a 250ms SOA. This finding provides further 

support for the TALIABA hypothesis. Additionally, this finding demonstrates further 

that trait anxiety impairs automatic attentional bias alignment. Future studies examining 

this trait anxiety-linked effect should therefore focus on automatic attentional bias 

alignment by utilizing short SOAs in laboratory studies. 

The findings of Study 6 suggested that using interference measures and eye-

tracking measures combined to examine attentional bias alignment is a fruitful method 

of gaining supplementary information about the process. This was evidenced by eye-

tracking results that demonstrated the same pattern shown by the interference measures, 

confirming that when participants did not respond to the central digit, they were indeed 

attending to the peripheral circles (if monitoring for threat), or to the threat cue (if 

captured by threat). However, despite eye-tracking measures and interference measures 

demonstrating a similar pattern of results, the eye-tracking data showed many instances 

of missing data in Study 6. Specifically, on many trials participants correctly entered the 

threat cue digit as their response without eye-tracked evidence of either gaze fixation on 

the threat cue, or eye movement towards the threat cue. When discussing this aspect of 

Study 6, it was suggested that this may have been due to a methodological limitation 

arising from the desire to replicate closely the Study 4 stimulus layout, resulting in a 

visual display not optimal for eye-tracking assessment, perhaps because stimuli were too 

small, too varied, and/or too close together. Research has shown that visual attention and 

cognitive attention diverge somewhat, with individuals capable of perceiving and 
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processing information without applying direct visual attention to them (Armstrong & 

Olatunji, 2012). Further to this, the visual field extends from a center point outwards, 

with visual information becoming less clearly defined but still observable the farther 

from this center point they are spatially located (R. Spector, 1990). Given this, threat cue 

digits could have been perceived and processed without direct visual engagement with 

them.  

The findings of Study 6 suggest the eye-tracking measures do indeed provide 

supplementary information to the examination of attentional bias alignment in concert 

with interference measures. Nevertheless, certain methodological enhancements could 

improve the design of future eye-tracking studies of this nature. Specifically, the spatial 

distancing of stimuli is important. Future eye-tracking research should involve 

separating the central subtask from the threat cue with greater spatial distance, to reduce 

the possibility of participants perceiving both the central subtask digit and the threat cue 

digit. Additionally, the number of stimuli in such a small visual space should be limited. 

Therefore, it may be ideal for future researchers to present fewer stimuli onscreen during 

an attentional bias alignment task that uses eye-tracking technology, for example, 

presenting only two stimuli (the central subtask and a threat cue/distractor cue). With 

such an assessment approach, eye-tracked movements towards or fixations on threat 

would be binary, either occurring or not occurring. This methodology may provide ideal 

circumstances for eye-tracked attentional bias alignment to manifest, and reduce the 

possibility of the confounding effects of participants perceiving stimuli without visually 

attending to them.  
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Summary 

The current research programme provides tentative and qualified support for the 

hypotheses that heightened trait anxiety is associated with impairment of attentional bias 

alignment under certain conditions, and that this relationship between attentional bias 

alignment and trait anxiety may be moderated by executive functioning. Support for the 

first hypothesis was observed in the two studies where use of the 250ms SOA meant that 

effects reflected more automatic patterns of attentional selectivity, and where the 

combined use of money loss and noise bursts meant that the aversive experience was 

most severe. Across these two studies, this support was observed on differing facets of 

ABT, in one case being evident on a measure of attentional monitoring for threat and in 

the other being evident on a measure of attentional capture by threat. Support for the 

second hypothesis was observed on one of these two studies, but not the other. Clearly, 

it is appropriate to be cautious about drawing firm conclusions concerning the veracity 

of these two hypotheses, prior to verifying the reliability of these effects through future 

replications and extensions of the present research programme. Nevertheless, these 

findings may have important theoretical, methodological, and applied implications 

which the following section will now consider. 

Implications and Future Research Directions 

Attentional Bias Alignment  

In all studies conducted within the current research programme, attentional bias 

alignment was evident across participants in all studies, such that participants on 

average demonstrated greater attenuated attentional capture by threat in Low 

Controllability blocks compared to High Controllability blocks. This highlights that 
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patterns of attentional responding to threat are generally adaptive on average in samples 

of undergraduate students, in that people prioritize attending to threat stimuli that signal 

aversive experiences that can be mitigated by adaptive action. Adaptive patterns of 

attentional selectivity, that may reduce the prospect of an aversive experience, have also 

been reported by other investigators. For example, a design utilised by Vogt, Koster, and 

De Houwer (2017) presented participants simultaneously with stimuli predicting 

aversive experience and stimuli providing an opportunity to reduce aversive experience. 

It was observed across several studies that selective attention was more likely to 

prioritize the stimuli that provided an opportunity to reduce aversive experience, over 

other stimuli including those that predicted aversive experiences. These findings were 

taken to mean that attentional allocation prioritizes information that can be instrumental 

in attaining safety. Further to this, it has been evidenced that attention is preferentially 

focused upon stimuli that are relevant for guiding action (Wentura et al., 2000). 

Evidence for this has been observed in visual search paradigms, such as in a study by 

Bacon and Egeth (1997), in which participants demonstrated attention that prioritized 

goal-relevant targets over goal-irrelevant distractors. Individuals have also been 

observed to inhibit attention towards action-irrelevant stimuli (Tipper et al., 1992). 

Additionally, attention has been shown to be captured by stimuli when these stimuli 

signal an outcome that is of opposite valence to the individual’s current motivational 

state (Rothermund, 2011; Rothermund, Gast, & Wentura, 2011), such as money loss 

during completion of the money gain central subtask in the ABAAT. 

This overall tendency to prioritize attention towards information that can enable 

adaptive action has long been linked to emotional wellbeing (Rodin & Langer, 1977). 
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None of the studies reviewed above, however, examined these patterns in high and low 

trait anxious participants, as was the focus of the current research programme.  

The Causal Relationship Between ABT and Heightened Trait Anxiety 

It has been shown previously that ABT causally contributes to anxiety 

vulnerability (MacLeod et al., 2002; Van Bockstaele et al., 2014). This was 

demonstrated using paradigms that trained attentional bias towards or away from threat, 

then assessed participants’ state anxiety responses to a stressor. Participants trained to 

attend toward threat subsequently demonstrated heighted state anxiety in response to a 

stressor, in comparison to those trained to attend away from threat (MacLeod & 

Mathews, 2012). Studies that have sought to modify selective attentional responding to 

threat using such training paradigms have not consistently been successful in doing so 

(Grafton et al., 2017). However, when training is successful, this typically results in a 

change of emotional vulnerability (Jones & Sharpe, 2017). While these findings have 

been seen by some researchers as evidence that ABT causally contributes to anxiety 

vulnerability, the manner in which ABT heightens anxiety vulnerability remains a topic 

of discussion (Van Bockstaele et al., 2014). Some researchers have proposed that more 

frequent threat processing, relative to less frequent threat processing, leads to more 

frequent awareness of potential aversive experience, and therefore more frequent 

elevated state anxiety (MacLeod et al., 1986). Such ideas concerning the causal 

involvement of ABT in elevated anxiety vulnerability cast an image of a high trait 

anxious individual, moving through the world, consistently attending to threat cues more 

than low trait anxious individuals. For example, a fast-moving car may be attended to by 

a high trait anxious pedestrian walking on the footpath, while the same car is not 
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allocated attention by a low trait anxious pedestrian on the same footpath. This 

attentional processing of threat cues heightens the high trait anxious individual’s 

awareness of the possibility of an aversive experience, perhaps because the high trait 

anxious individual is more focused on the possibility of the car losing control and hitting 

them, than is the low trait anxious individual. This heightened ongoing awareness of the 

heightened possibility of aversive experiences, signaled by threat cues that are 

selectively attended to, can potentially explain the more frequent and sustained 

elevations of state anxiety experienced by high trait anxious individuals, compared to 

low trait anxious individuals. Such heightened awareness of possible aversive 

experiences may distract from current goals, and disrupt social, occupational, or 

academic functioning. The findings of the current research programme suggest a more 

detailed account of the attentional bias that characterizes, and may causally contribute 

to, heightened trait anxiety.   

Specifically, the present evidence that heightened trait anxiety is associated with 

impaired attentional bias alignment suggests that it may not just be more frequent 

attention to threat that contributes to heightened trait anxiety. Rather, these findings 

invite speculation that it may be increased attention to threats signaling aversive 

experiences which cannot be mitigated that heighten state anxiety in the manner 

demonstrated by high trait anxious individuals, by increasing their awareness of 

potential future aversive experiences that they cannot mitigate by adaptive action. This 

would extend the duration of state anxiety symptoms, as these symptoms could not be 

attenuated by undertaking adaptive action to reduce the probability of the aversive 

experience. Conversely, although attending to threats signaling aversive experiences 
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which can be mitigated would also likely heighten state anxiety, once action is taken to 

mitigate the aversive experience this state anxiety would attenuate. Therefore, attending 

to threats regardless of whether the aversive experiences they signal can be mitigated or 

not may be more likely to result in heightened trait anxiety, than attending to threats 

signaling aversive experiences that can be mitigated.  

The present support for the hypothesis that heightened trait anxiety is associated 

with impaired attentional bias alignment highlights the possibility that modification of 

this trait anxiety-linked difference in attentional bias alignment may be a potential 

avenue for changing trait anxiety. While there is a significant body of literature 

suggesting that the reduction of ABT contributes to a reduction in trait anxiety 

(Hakamata et al., 2010; Mathews & MacLeod, 2002), it is difficult to consistently 

change patterns of attentional bias (Carlbring et al., 2012; Emmelkamp, 2012), 

especially in studies not conducted in a laboratory setting. It may be the case that 

because ABT can be adaptive in some circumstances, training intended to reduce bias to 

all threats is unlikely to be maintained once participants interact with real world 

environments. Specifically, attentional bias to threats signaling aversive experiences that 

can be mitigated may be difficult to eliminate through such training approaches. The 

current research programme’s findings suggest the possibility that the reduction of trait 

anxiety may better be achieved by modification of the attentional processes involved in 

impaired attentional bias alignment. Specifically, a training procedure that modifies 

automatic attentional bias in ways that restrict attention to threat cues signaling more 

controllable aversive experiences, and trains attentional avoidance of threat cues 

signaling less controllable aversive experiences, would heighten attentional bias 
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alignment, potentially attenuating trait anxiety. Given that researchers have highlighted 

the need for training procedures that are more effective at reducing trait anxiety 

(Mogoase, David, & Koster, 2014), it would be appropriate to test this possibility in 

future research.  

 Investigating such a proposal would require an experimental design that 

allocated trait anxious participants to the following alternative conditions. One condition 

would engage participants with a procedure designed to heighten attentional bias 

alignment, one condition would involve a procedure that operates to attenuate 

attentional bias alignment, and one condition would involve no training. The first two of 

these conditions would involve a training paradigm in which participants are instructed 

to exclusively attend to threats signaling aversive experiences which are either high in 

controllability (to heighten attentional bias alignment) or low in controllability (to 

decrease attentional bias alignment), and are rewarded for doing so, with money gain or 

positive feedback. Following such training, participants would then be exposed to a state 

anxiety-inducing stressor task, to determine whether the training conditions affect the 

magnitude of the state anxiety response to this stressor. The proposed hypothesis 

suggests that participants whose attentional bias alignment was heightened would 

demonstrate lower state anxiety responses to the stressor, compared to participants 

whose attentional bias alignment was attenuated, or those in the no training control 

condition. This finding would further strengthen the proposal that impairment of 

attentional bias alignment causally contributes to heightened trait anxiety. Additionally, 

such an alignment training could be compared to traditional attentional bias 

modification conditions designed to trait attention towards or away from threat, to 
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examine whether alignment training produces more long-lasting effects on attentional 

patterns, and a greater reduction in anxiety vulnerability. 

 Despite the findings of the current research programme and their implication for 

ABM training tasks, it is important to first establish whether the effects observed are 

robust. It is critical that this research is extended and converging support is observed, 

before considering the relevance of these findings for ABM task methodologies. If these 

findings are shown to be robust, the implications for ABM task methodologies depend 

not just on an association between heightened trait anxiety and impaired attentional bias 

alignment, but on the causal nature of the association. Only then could clinical 

implications be inferred. One way this causal relationship could be explored is by 

measuring attentional bias alignment in a prospective design, to examine whether early 

alignment scores predict later higher trait anxiety. Alternatively, state anxiety could be 

measured at multiple points across a task, to determine anxiety vulnerability relative to 

attentional bias misalignment.  

 Exploration of the potential causal relationship between heightened trait anxiety 

and poor attentional bias alignment may demonstrate no effects. If this were the case, 

the findings of the current research programme would suggest that poor attentional bias 

alignment could be utilized as a marker for anxiety vulnerability. This marker could then 

be used to determine the effectiveness of a particular psychological treatment, for 

example, by demonstrating whether a particular intervention worked to diminish some 

of the maladaptive cognitive processes associated with heightened trait anxiety. 

The present findings supporting the TALIABA hypothesis may also hold 

significant implications for the application of cognitive behavioural therapy (CBT) to 
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treat generalized anxiety disorder. It is well-established that clinically anxious 

individuals pay greater attention to threat cues in their environment than do non-

clinically anxious individuals, and it is commonly supposed that this maintains their 

anxiety disorder (Legerstee et al., 2010). CBT techniques are utilised to help anxious 

clients gain a meta-cognitive awareness that they are attending to information which is 

contributing to their anxiety symptoms, and shift it elsewhere (Barlow, 2004). Thought 

challenging is also used to teach clients to question the accuracy and usefulness of 

thoughts and cognitive styles (Wells & Leahy, 1998), such as attending to threat. The 

findings of the current research programme suggest that it may in fact be attention to 

threat cues signaling aversive experiences people suffering from generalized anxiety 

disorder cannot control, and that contribute to their dysfunctional anxiety symptoms. 

Thus, it may prove beneficial to clinically anxious individuals undergoing CBT to 

develop an awareness of their tendency to attend to threats in general, but specifically 

their tendency to attend to threats signaling dangers they cannot control, and to focus 

their thoughts on appraising the degree to which threats signal dangers that are 

uncontrollable with the aim of ignoring such threat. Future research can determine 

whether doing so improves clinical outcomes for such anxious clients.  

One way this clinical hypothesis could be tested is by a randomized control trial 

in which individuals diagnosed with generalized anxiety disorder are randomly assigned 

to either CBT as usual for the treatment of GAD, or CBT including thought challenging 

that focuses specifically on the controllability of aversive experiences causing distress. 

Pre and post measures of anxiety symptoms would provide a direct group comparison to 

determine whether reducing heightened attention to threat cues signaling less 
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controllable aversive experiences results in improved outcomes for GAD clients 

compared to CBT as usual. Pre and post measures of attentional bias alignment would 

also be useful to examine whether clinical change is driven by a change in the proposed 

underlying mechanism of attentional bias alignment. 

Of course, it is important to consider alternative explanations for the findings 

obtained within the current research program. While the findings are consistent with the 

hypothesis that impaired attentional bias alignment could contribute to heightened trait 

anxiety, it is possible that the relationship may reflect the reverse causal direction. That 

is, heightened trait anxiety may contribute causally to impaired attentional bias 

alignment. High trait anxiety may lead to the attentional system becoming more 

sensitive to threats, resulting in a lower threshold of threat stimuli severity to be 

exceeded before attention is captured by such threatening stimuli (Cisler & Koster, 

2010). Mogg and Bradley’s (1998) cognitive-motivational model of anxiety purports 

that individuals enter a ‘danger mode’ when a threat is detected in the environment, and 

this ‘danger mode’ is not activated unless threat severity is above a particular threshold. 

Trait anxiety is believed to affect this process, such that lower levels of threat severity 

become sufficient to initiate this danger mode when trait anxiety becomes elevated 

(Mitte, 2008; Mogg & Bradley, 1998). Moreover, it has been suggested that trait anxiety 

detrimentally impacts upon attentional control, such that high trait anxious individuals 

are less able to inhibit attentional capture by threat cues than low trait anxious 

individuals (Richards et al., 2014). If high trait anxious participants do indeed have 

attentional captures by threats of lower severity than is the case for low trait anxious 

participants, then it may be the case that threats signaling aversive experiences high or 
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low in controllability both exceed this severity threshold for high trait anxious 

participants, whereas only threats signaling aversive experiences high in controllability 

do so for low trait anxious participants. This would be consistent with the proposal that 

trait anxiety causes impaired attentional bias alignment. Given that the causal nature of 

the association between trait anxiety and impaired attentional bias alignment cannot be 

determined by the present findings, this should be a focus in future extension of this 

research programme. 

When seeking to explain why high trait anxiety may be characterized by 

impaired attentional bias alignment, it is worth considering whether, despite explicit 

instructions that High Controllability and Low Controllability blocks differed in terms 

of the controllability of the aversive outcomes signaled by the threat cues, high trait 

anxious participants may have subjectively perceived the controllability of the aversive 

experiences differently from the way this was perceived by low trait anxious 

participants. Anxiety is associated with cognitive distortions, that impact upon anxious 

individuals’ subjective perception of events (Barlow, 2004). Anxious individuals have a 

tendency to demonstrate negative predictions about outcomes, often without evidence 

that such outcomes would be likely (Miranda & Mennin, 2007). They also demonstrate 

heightened distrust, particularly if the information to be trusted runs contrary to a 

negative prediction they currently hold (Frick, Lilienfeld, Ellis, Loney, & Silverthorn, 

1999). Given this, it is possible that high trait anxious participants did not perceive high 

controllability blocks to be providing as much controllability over aversive experiences 

as low trait anxious participants did. Such an interpretation could lead to reduced 

attention to threats signaling more controllable aversive experiences, and can explain the 
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attenuated attentional bias alignment of high trait anxious participants relevant to low 

trait anxious participants, observed in Study 4 and Study 6. Future researchers could 

examine participant perceptions of controllability over the aversive experiences signaled 

by threat cues, using a self-report measure of how controllable they perceived such 

aversive experiences to be. Evidence of distorted perceptions of aversive experience 

controllability affecting attentional bias alignment would provide new potential avenues 

of clinical intervention that may increase attentional bias alignment through challenging 

anxiety-linked distorted perceptions of aversive experience controllability.  

Given that the functional impairments associated with heightened trait anxiety 

are even more pronounced in clinically anxious individuals, it is possible that the 

observed trait anxiety-linked impairment of attentional bias alignment could potentially 

be even more pronounced in clinically anxious individuals. However, as the current 

research programme was aimed to examine the impact of individual differences in trait 

anxiety and therefore recruited non-clinical participants high and low in trait anxiety, the 

validity of this proposal cannot presently be determined. One clear direction for future 

research will involve determining support for this proposal, by contrasting attentional 

bias alignment in clinically anxious populations, high trait anxious non-clinical 

populations, and low trait anxious populations. This would require recruiting 

participants diagnosed with a clinical anxiety disorder, to complete a task capable of 

measuring ABT to threats signaling more or less controllable aversive experiences, with 

the methodological criteria outlined in Chapter 2. Evidence garnered from this would be 

helpful in the development of ABT training methodologies that aim to reduce clinical 
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anxiety through the modification of attentional biases (Owens, Koster, & Derakshan, 

2013). 

While the current research programme did not recruit clinically anxious 

participants, it is important to note that the STAI-T means in the High Trait Anxious 

participant groups for all studies were comparable to those of clinically anxious 

participants in other studies. For example, in Spielberger et al. (1983), neuropsychiatric 

patients presenting with elevated anxiety reaction had a STAI-T mean of 49.02 (SD = 

11.62). In Fisher and Durham (1999), the mean STAI-T score of 404 individuals 

diagnosed with Generalised Anxiety Disorder was reported to be 57 (SD = 9.45). STAI-

T score of the High Trait Anxious participant groups from studies 2, 3, 4, 5, and 6 of the 

current research programme ranged from a mean of 53.69 (SD = 6.61) to 55.25 (SD = 

5.42). Additionally, Spielberger et al. (1983) report that among college students, only 

7% of males and 11% of females will have a STAI-T score of 53 or above. This report 

also describes the STAI-T mean of a normative sample of college students to be 36.47 

for males (SD = 10.02) and 38.76 for females (SD = 11.95). The Low Trait anxious 

participants groups from studies 2, 3, 4, 5, and 6 of the current research programme had 

STAI-T means ranging from 32.34 (SD = 6.13) to 35.30 (SD = 5.98). While these 

comparisons do not suggest that the High Trait Anxious participants in the current 

research programme would meet diagnostic criteria for anxiety disorders, they do 

suggest that exploration of the significant findings of this thesis with clinically anxious 

participants may yield similar findings.  
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The Moderating Effect of Executive Functioning on the Relationship Between Trait 

Anxiety and Impairment of Attentional Bias Alignment 

The findings from this research programme provided some evidence that 

executive functioning had a moderating effect on the relationship between trait anxiety 

and impairment of attentional bias alignment. This implicates poor executive 

functioning in the expression of the impaired attentional bias alignment exhibited by 

high trait anxious individuals. Elevated trait anxiety has been associated with poor 

executive functioning (Eysenck & Derakshan, 2011), and robust executive functioning, 

including working memory and attentional control, could be required to inhibit attention 

to cues potentially signaling aversive experiences low in controllability. Robust 

executive functioning is also associated with effective emotional regulation abilities 

(Zelazo & Cunningham, 2007), with poor executive functioning likely contributing to 

distressing psychological symptoms associated with poor emotional regulation. Poor 

executive functioning is also related to various negative outcomes, including distorted 

social cognitions (Payne, 2005), development of Attention Deficit Hyperactivity 

Disorder and Oppositional Defiant Disorder (Hummer et al., 2011), and even substance 

misuse (Peeters et al., 2015). The current research programme has demonstrated further 

evidence that poor executive functioning may be a relevant risk factor for the negative 

outcomes associated with heightened anxiety vulnerability. 

The findings that heightened executive functioning statistically moderates the 

relationship between trait anxiety and attentional bias alignment highlight the important 

possibility that improvement of executive functioning could potentially reduce trait 

anxiety by improving attentional bias alignment. Therefore, future research could 
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usefully investigate whether improvement of executive functioning does improve 

attentional bias alignment, with the attendant benefit of reducing trait anxiety. Executive 

functioning training paradigms have been developed and validated as methods of 

improving executive functioning, particularly inhibitory control and task switching 

(Bomyea & Amir, 2011). Such paradigms have included modified Reading Span tasks, 

that require participants to remember items while also performing a secondary subtask. 

This makes it possible to determine whether such executive functioning training serves 

to reduce the impairment of attentional bias alignment by improving high trait anxious 

participants’ ability to inhibit attentional responses to threats signaling less controllable 

aversive experiences. If so, then this will reveal whether the improvement of attentional 

bias alignment through such enhancement of executive functioning serves to attenuate 

such individuals’ heightened trait anxiety.  

State Anxiety and its Association with Impairment of Attentional Bias Alignment 

The current research findings leave uncertain whether impaired attentional bias 

alignment is a function of elevated state anxiety or elevated trait anxiety. Study 4 and 

Study 6 showed that high trait anxiety scores were associated with impaired attentional 

bias alignment. However, given that trait anxiety scores index the frequency with which 

one experiences state anxiety, people who score high in trait anxiety are more likely to 

be experiencing elevated state anxiety. Consequently, it cannot be ascertained whether 

the impairment of attentional bias alignment exhibited by people with higher trait 

anxiety scores is a function of their elevated trait anxiety or their likely related state 

anxiety.  
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Elevations in state anxiety have been shown to affect ABT. For example, this 

was observed in a study that utilised the Stroop colour naming task after inducing state 

anxiety in spider-phobic participants (E. Chen, 1996). Compared to participants who did 

not receive this state anxiety induction, high state anxious participants demonstrated 

slower response times to name the colour of threatening words. A similar effect was 

observed by MacLeod and Matthews (1988), with high trait-anxious student participants 

demonstrating increasing ABT as their state anxiety increased with proximity to 

important examinations. These studies were among the first to show that state anxiety 

can influence attentional bias patterns. Given that this is the case, it is unclear whether 

elevated trait anxiety or state anxiety contributed to impaired attentional bias alignment 

observed in people with high trait anxiety scores in the present research programme. 

Heightened state anxiety, rather than heightened trait anxiety, could have interfered with 

participants’ ability to flexibly align their attentional bias, and inhibit attention towards 

threats signaling less controllable aversive experiences. 

Dreisbach & Goschke (2004) provided a model of the manner in which state 

anxiety interferes with the pursuit of current goals. They proposed that goal-directed 

behaviour is affected by an interaction between two cognitive modes: one that ensures 

distractors are ignored and goals are pursued, and one that allows for sensitivity to 

alternate strategies, disengagement from fruitless goals, and updating of behaviour based 

on changes in the environment (Dreisbach & Goschke, 2004; Goschke, 2003). Adaptive 

functioning is characterised by a balance between these two modes, with imbalances 

likely to cause impairments across a range of domains (Dreisbach & Goschke, 2004). 

While the optimal pattern of functioning would balance these two modes such that goals 
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can be pursued while also processing goal-irrelevant information sufficiently to enable 

appropriateness of changing cognitive focus and engaging with new goals, state anxiety 

has been shown to interfere with this balance (Hommel & Colzato, 2017). Specifically, 

elevated state anxiety heightens attentional focus on goal-irrelevant distractors, and is 

associated with difficulty disengaging from such distractors (Eysenck & Calvo, 1992; 

Eysenck & Keane, 2002). The attenuated difference between attentional bias to threats 

signaling more and less controllable aversive experiences evidenced by high trait 

anxious participants in the present research programme could potentially be attributed, 

therefore, to an inability to inhibit attention towards threats signaling less controllable 

aversive experiences, resulting from heightened state anxiety symptoms which interfere 

with goal-directed activity. 

The possibility that elevated state anxiety may interfere with goal-directed 

activity is also a potential explanation for other functional impairments associated with 

high trait anxiety. A heightened awareness of potential aversive experiences that cannot 

be controlled by adaptive action is likely to drive increases in state anxiety, which is 

known to cause poor concentration (Eysenck & Calvo, 1992), poor information 

retention (Miyake et al., 2000), and affect interpersonal relationships negatively (Kessler 

et al., 1994). Therefore, the functional impairment in various domains associated with 

high trait anxiety may be explained by the impaired attentional bias alignment that 

characterizes high trait anxiety serving to drive heightening state anxiety severity and 

frequency, which in turn underpins such functional impairments.  

One way to experimentally determine whether impaired attentional bias 

alignment is more directly associated with heightened trait anxiety or with heightened 
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state anxiety would be to recruit high and low trait anxious participants, and subject half 

the participants in each group to a mood manipulation designed to heighten state 

anxiety, and the other to a mood manipulation designed to reduce state anxiety. This 

manipulation of state anxiety could be achieved using various manipulations such as 

success vs failure on anagram tasks (Hazen, Vasey, & Schmidt, 2009), or through 

having participants perform other verbal tasks (Putman, Verkuil, Arias-Garcia, Pantazi, 

& van Schie, 2014). By then assessing attentional bias alignment, it would be possible to 

dissociate the involvement of state and trait anxiety in impaired attentional bias 

alignment. A significant difference in such alignment between high and low trait 

anxious groups, regardless of mood induction condition, would suggest that impairment 

of attentional bias alignment is a function of elevated trait anxiety. In contrast, a 

significant difference in such alignment between participants in the high and low state 

anxiety induction conditions, regardless of trait anxiety group, would suggest that 

impairment of attentional bias alignment is a function of elevated state anxiety. In this 

way, future researchers could clarify the involvement of heightened trait and state 

anxiety in the impairment of attentional bias alignment.  

Further Manipulation of aversive experience characteristics 

The findings support the TALIABA hypothesis, according to which variation in 

the characteristics of aversive experiences which render threat cues signaling them more 

or less adaptive to attend to, affect patterns of trait anxiety-linked ABT. It is important 

for future research to consider further manipulation of aversive experience 

characteristics that influence how adaptive it is to attend to threats signaling these 

aversive experiences. Even amongst examples of controllable aversive experiences, 
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there are characteristics that, when manipulated, cause variation in how adaptive it is to 

attend to threats signaling such aversive experiences. For example, preventing infections 

in the workplace is controllable (by adhering to social distancing protocols, wearing 

masks, and washing hands regularly). However, the severity of the aversive experience 

associated with becoming infected with, for example, COVID-19 can make it more 

adaptive to attend to threat cues when these signal the possibility of a COVID-19 

infection, compared to when these threat cues signal the possibility of catching a 

common cold. It is therefore important to determine the effect further manipulations of 

how adaptive it is to attend to threat cues have on patterns of attentional bias alignment.  

As mentioned, one such characteristic that could be focused on is the severity of 

the aversive experience. Within the current research programme, it was shown that 

increasing the severity of the aversive experience resulted in a trait anxiety-linked 

impairment of attentional bias alignment. Indeed, manipulation of threat severity has 

been shown to heighten ABT for high trait anxious individuals (Wilson & MacLeod, 

2003). Additionally, clinical manuals of CBT for the amelioration of clinical anxiety 

suggest that if an aversive experience brings a higher perceived cost to the individual, 

then the prospect of this aversive experience heightens state anxiety for the individual 

(Barlow, 2004). While changing the severity of aversive experiences was seen to impact 

upon patterns of attentional bias alignment in the current research programme, this was 

not manipulated within-subjects. Given the effects observed when severity of aversive 

experiences was increased, future research should examine the effect of manipulating 

aversive experience severity within-subjects. Such a manipulation could be achieved by 

implementing into a task similar to the ABAAT blocks in which the aversive experience 



214 
 

(e.g. noise bursts and money loss) was severe (increased decibels, higher amount of 

money loss) compared to other blocks.  

Another way to manipulate aversive experience severity would be to consider 

the personal relevance of the aversive experience to the individual. An aversive 

experience which is personally relevant is more likely to carry a higher cost to the 

individual, should it occur. Personally relevant aversive experiences have been observed 

to have an impact on ABT. For example, in a study using dot probe methodologies, 

participants with a cancer diagnosis were more likely to attend to cancer-related words 

than generally negative words (Glinder, Beckjord, Kaiser, & Compas, 2007). The same 

effect has been observed for participants experiencing chronic pain, showing greater 

attentional allocation to words relating to pain (Boyer et al., 2006). Further to this, a 

recent meta-analysis showed that personal relevance of threat heightened attentional bias 

to such threats (Pergamin-Hight, Naim, Bakermans-Kranenburg, van IJzendoorn, & 

Bar-Haim, 2015). Experimental manipulation of the personal relevance of aversive 

experiences could be achieved by tailoring an experimental paradigm such as the 

ABAAT to a particular cohort that is sensitive to a particular aversive experience. For 

example, spider-phobic individuals could be recruited to complete a task similar to the 

ABAAT, only with the aversive experience involving either exposure to spiders, or 

exposure to other aversive experiences such as money loss or noise bursts.  

As well as aversive experience severity, it is important to consider other 

potential characteristics of aversive experiences that could be manipulated to determine 

their impact upon attentional bias alignment. Another such manipulation could be the 

likelihood of the aversive experience. Given the limited capacity of our cognitive 
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resources, attending to threats signaling controllable, but more likely aversive 

experiences would be more adaptive than attending to threats signaling controllable, but 

less likely aversive experiences. Attending to threats signaling less likely aversive 

experiences would heighten state anxiety and distract from currently held goals, despite 

the low likelihood of the aversive experience actually occurring. Indeed, there is clinical 

evidence to suggest that the perceived high likelihood of aversive experiences 

contributes to state anxiety (Barlow, 2004). This is often a focus of cognitive 

behavioural therapy, in which clinicians aim to reduce high trait anxious clients’ 

perception of how likely an aversive experience is, in order to reduce anxiety 

vulnerability (Wells & Leahy, 1998). It may be the case that high trait anxious 

individuals attend to threats signaling aversive experiences, regardless of whether the 

aversive experiences are likely to occur or not. However, this has not been 

experimentally examined. Examining this would require delivery of the ABAAT, 

providing high and low controllability blocks in which the aversive experience 

occurrence can also either be high or low in likelihood. 

Further experimental manipulation of aversive experience characteristics that 

alter how adaptive attending to threat cues is, would provide greater understanding of 

trait anxiety-linked impairment of attentional bias alignment. Additionally, this would 

give experimental paradigms greater ecological validity, as aversive experiences in the 

real world vary in many characteristics other than in just their degree of controllability. 

Methodological Implications of the Current Research Program’s Findings 

If trait anxiety-linked impairment of attentional bias alignment, and its 

attenuation by heightened levels of executive functioning, operated consistently across 
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all circumstances, then such effects would have been evident on Studies 2, 3, 4, 5, and 6 

of the present programme. However, as these effects were observed in some, but not all, 

of these studies, it follows that trait anxiety-linked impairment of attentional bias 

alignment, and its moderation by heightened executive functioning, is evident only 

under specific methodological conditions.  

Evidence suggesting trait anxiety-linked impairment of attentional bias 

alignment only occurs when the aversive experience is sufficiently severe holds 

important implications for future researchers regarding the design of methodologies 

assessing a trait anxiety-linked impairment of attentional bias alignment. Specifically, 

the findings indicate that in such future studies, designed to illuminate the basis of trait 

anxiety-linked impairment of attentional bias alignment, it will be important to ensure 

that the aversive experience signaled by a threat cue is sufficiently severe to elicit 

impairment of attentional bias alignment in high trait anxious individuals. The current 

research programme provided evidence that money loss alone was not severe enough to 

do so, but when money loss was combined with a white noise burst, this effect was 

observed. There are many potential aversive experiences in the world that can be 

categorized as differentially aversive. Physical pain, emotional response, a loss of 

resources, or social exclusion, are all distinctly different forms of aversive experience, 

and each has been utilised in experimental studies (M. Bradley, Zlatar, & Lang, 2018; 

Jang & Lustig, 2019; Liao, Yoneya, Kidani, Kashino, & Furukawa, 2016; Notebaert, 

Crombez, Vogt, et al., 2011; Syrjämäki, Lyyra, Peltola, & Hietanen, 2017). These 

experiences are aversive in different ways. A loss of resources is aversive as this can 

threaten wellbeing, while a noise burst is aversive as it causes the unpleasant physical 
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and emotional response of startle and fear. Thus, a loss of resources and an unpleasant 

physical and emotional response represent multiple different forms of aversive 

experience. It is possible that participants find each of these experiences differentially 

aversive, and so combining them increases the probability that the experience will be 

aversive for all participants in the study. Hence, combining different types of aversive 

experiences may be a useful experimental approach in future methodologies assessing 

anxiety-linked differences in attentional bias to threat cues signaling aversive 

experiences.  

The current research programme utilised an experimental paradigm that 

manipulated the critical factors that enable an empirical test of the TALIABA and EFM 

hypotheses. However, threat cues in these studies are rather different from those people 

typically experience in the real world. Thus, low ecological validity is a potential 

limitation of the current paradigm, and of many experimental paradigms examining 

ABT. Nevertheless, the ABAAT methodology enabled exquisite experimental control 

over the variables of interest, which provided a clean measure of ABT when threat cues 

signaled more and less controllable aversive experiences, under laboratory conditions 

that minimized the influence of theoretically irrelevant variables that may influence 

attentional responses to threat cues in unconstrained real-world settings. The ABAAT 

avoided such influence by using tightly-controlled methodologies that presented 

aversive experiences which were objectively high or low in controllability. The 

disadvantage of this is attenuated ecological validity. Given this trade-off between tight 

experimental control and ecological validity, it will be important to balance these 

appropriately in future studies. One way that ecological validity could be improved is by 
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utilizing realistic digital 3D paradigms that appear and operate in a similar manner to 

modern video games. The use of such paradigms has become more frequent, with 

researchers recognizing the increased ecological validity associated with a rich, vibrant, 

and realistic digital environment providing the setting for experiments (Boot, 2015). 

One such paradigm was used to improve perspective-taking in individuals with 

personality disorders, by allowing participants to interact with other characters in the 

game, and then requiring them to consider the internal state of these characters within 

the paradigm (Spiers & Maguire, 2006). A similar paradigm could incorporate threat 

cues that signal a negative outcome for the player, again with manipulation of whether 

the player can do anything to control the negative outcome or not. Measurement of 

attentional bias to such signals using eye-tracking measures would then provide a way to 

examine the TALIABA hypothesis with heightened ecological validity. 

 The validity of the TALIABA hypothesis could also be tested using other 

measures of ABT, such event-related potentials (ERPs), to determine whether the 

hypothesis gains converging support from alternative assessment approaches. ERPs are 

measured brain responses that result directly from a specific event, be it sensory or 

cognitive (Eder, Leuthold, Rothermund, & Schweinberger, 2012). It serves as a non-

invasive way of examining brain functioning. ERPs have been utilised in ABT studies to 

determine an attentional response to the presence of threat, with attentional engagement 

with threat demonstrating an ERP response called a P3 (Herrmann & Knight, 2001). A 

P3 is a positive deflection that peaks at 300ms after a stimulus has been attended to 

(Herrmann & Knight, 2001). These ERP measures provide more detailed information 

regarding the temporal process of ABT than behavioural measures. ERP operates as an 
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indicator of attention by demonstrating the amplitude of postsynaptic potentials 

occurring in response to visual stimuli (Luck, Woodman, & Vogel, 2000). This measure 

has yielded results demonstrating greater ABT in high trait anxious participants 

compared to low trait anxious participants, through greater ERP responses. For example, 

Bar-Haim, Lamy, and Glickman (2005) showed that high trait anxious participants 

showed faster latencies, and ERPs of greater amplitude, in response to emotionally 

negative information compared to low trait anxious participants. Utilising ERP measures 

in conjunction with standard behavioural measures could provide supplementary 

physiological information about the nature and time course of attentional bias alignment 

in conjunction with interference measures.  

Concluding Comments 

 The current research programme was designed to test the validity of two 

hypotheses. The first hypothesis was that higher levels of trait anxiety are characterized 

by reduced attentional bias alignment. The second hypothesis was that higher levels of 

executive functioning would attenuate this relationship between trait anxiety and 

impaired attentional bias alignment. In all studies, across participants, attentional bias 

alignment was consistently evident, indicated by greater attention to threat cues 

signaling aversive experiences that participants could take action to control, than to 

threat cues signaling aversive experiences that participants could not take action to 

control. Results supporting the validity of the first hypothesis was obtained in two 

studies, both yielding evidence of trait anxiety-linked impairment of attentional bias 

alignment. Support for the validity of the second hypothesis was observed in one study, 

which did indeed find evidence that executive functioning moderates the relationship 
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between trait anxiety and impairment of attentional bias alignment. The pattern of 

findings across the six studies conducted within this research programme hold important 

methodological, theoretical, and practical implications regarding the assessment and 

understanding of this trait anxiety-linked difference in attentional bias alignment. 

Among these implications, the pattern of findings suggests trait anxiety-linked 

differences in attentional bias alignment may be evident only in automatic patterns of 

attentional selectivity, and may arise only when the severity of the aversive experiences 

signaled by threat cues exceeds a critical severity threshold.  

  Suggestions have been offered concerning how future research could extend 

upon this research programme in a variety of future ways. The ideas put forward for 

consideration include the manipulation of other characteristics of aversive experiences, 

the interrogation of the causal relationship between attentional bias alignment and trait 

anxiety, and the examination of ABAAT performance in clinically anxious individuals. 

Such research would further understanding of the attentional processes that characterize, 

and potentially contribute to, heightened trait anxiety, by adopting novel methodologies 

to assess trait anxiety-linked differences related to specific facets of alignment of 

attentional bias to threats signaling aversive experiences. Additionally, extending this 

research to include the recruitment of clinically anxious participants would provide 

valuable insight into the attentional processes that contribute to clinical anxiety 

disorders, and would highlight potential areas of clinical focus in order to ameliorate 

specific clinical anxiety disorder symptoms. Moreover, enhanced understanding of the 

relationship between trait anxiety and impairment of attentional bias alignment would 

likely hold significant implications for the design of interventions to reduce such 
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heightened trait anxiety. Hopefully, in addition to providing insight into trait anxiety-

linked impairment of attentional bias alignment, and prompting further investigation 

into the mechanisms that underpin the relationship between trait anxiety and impaired 

attentional bias alignment, the current research programme has also established a 

methodological foundation that fellow researchers can now build upon to pursue such 

future lines of experimental inquiry. 
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