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Abstract 

Several studies have found that elevated trait anxiety is associated with impaired inhibitory 

attentional control. However, evidence for this association has been inconsistent across the 

literature, with many studies also failing to observe reduced inhibitory attentional control in high 

trait anxious participants. The present research program was designed to empirically test the 

validity of two candidate explanations for this inconsistency. The Component Process Account 

proposes that inconsistency in the observed association between trait anxiety and inhibitory 

attentional control reflects that fact that elevated trait anxiety is associated with a deficit in only 

one of two component processes that underlie, and contribute to variance in, inhibitory 

attentional control. The State Anxiety Account proposes that inconsistency in the observed 

association between trait anxiety and inhibitory attentional control reflects the fact that reduced 

inhibitory attentional control is driven by elevated of state anxiety, which will often, but not 

always, accompany high levels of trait anxiety. Across a series of four studies, the differing 

predictions generated by the two accounts were systematically tested. This research program 

yielded no support for the Component Process Account. However, the findings were consistent 

with the State Anxiety Account. Thus, the pattern of obtained findings suggests that 

inconsistency across studies concerning whether or not high trait anxious participants 

demonstrate impaired inhibitory attentional control may reflect cross-study variation in terms of 

whether such participants were experiencing elevated state anxiety at the time of attentional 

assessment. Drawing upon Attentional Control Theory (Eysenck, Derakshan, Santos & Calvo, 

2007), it is proposed that worry could be the cognitive process elicited by elevated state anxiety 

that serves to compromise inhibitory attentional control in high trait anxious individuals. 
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Chapter 1: General Introduction 

Prevalence and costs of dysfunctional anxiety 

Several studies have demonstrated varying, but high, prevalence rates of clinical levels of 

anxiety in western countries. In an Australian adolescent sample, 13.2% of individuals had some 

anxiety disorder (rising to 17.5% for girls; Boyd, Gullone, Kostanski, Ollendick, & Shek, 2000). 

Other studies have found anxiety disorder prevalence rates of 25.4% in a sample of young adults 

in the United States (Moffitt et al., 2010), and lifetime rates of 16.6% in a systematic review of 

adult populations in multiple countries (Somers, Goldner, Waraich, & Hsu, 2006). The World 

Health Organization (2017) estimates that 264 million individuals lived with an anxiety disorder 

in 2015, and that anxiety is the 6th largest cause of non-fatal health loss across the globe. 

Affective-Anxiety disorders have been found to cause reduced work output on one in every four 

days and anxiety caused absence from work on between 1.2 and 1.9 days every four weeks 

(which equates to approximately 15-24 days per year; Lim, Sanderson, & Andrews, 2000). These 

figures, however, only account for those with anxiety severe enough to be classified as clinically 

anxious, and fail to account for those with elevated, but subclinical, levels of anxiety. This 

suggests that the prevalence and impact of anxiety may be much greater than the above figures 

imply.  

Distinguishing between state and trait anxiety 

The term state anxiety refer to a person’s anxious mood, which can be elevated by 

situational stressors, whereas the term trait anxiety refers to the personality dimension that 

determines an individual’s propensity to experience elevations in state anxiety in response to 

situational stressor. Both are typically elevated in those with anxiety disorders. State anxiety, a 

transitory form of anxiety, is highly fluid, fluctuating in response to situational factors, and is 
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related to a person’s interpretation of a particular situation (Pacheco-Unguetti, Acosta, Callejas, 

& Lupiáñez, 2010).  State anxiety is a potentially debilitating negative emotion, characterised by 

muscle tension and increased vigilance for threat, as a result of the anticipation of future threat 

(American Psychiatric Association, 2013). Although definitions vary, state anxiety can be 

broadly understood as an unpleasant, future directed and negative subjective emotional response 

that can lead to physiological changes, such as increased heart rate and blood pressure (Endler & 

Kocovski, 2001). Elevations in state anxiety are usually a response to a particularly stressful 

situation (Spielberger, 2013) and are often characterised by feelings of apprehension, tension and 

dread, perceived at a conscious level. Such an elevation in state anxiety is also often associated 

with physiological arousal (Endler & Kocovski, 2001). However, while physiological changes 

might be the most obvious and directly measurable signs of state anxiety, these changes do not 

alone constitute state anxiety, as there are other causes of this physiological arousal. For 

example, the increase in blood pressure experienced in state anxiety is also present during the 

experience of other emotional states, including increased anger (Ax, 1953). Thus, any definition 

of anxiety must incorporate a substantive subjective component; provided an individual is 

capable of distinguishing between different emotional feelings, an individual who states they are 

feeling anxious, is, by definition, anxious (Spielberger, 2013). 

Trait anxiety reflect the degree to which an individual is likely respond with an elevated 

state of anxiety in response to situational stressors (Spielberger, 2013). Elevated trait anxiety 

implies that a person has a heightened predisposition to consistently respond to potentially 

threatening circumstances with elevated state anxiety (Endler & Kocovski, 2001), and is related 

to a person’s attitudes and coping strategies (Pacheco-Unguetti et al., 2010). It is important to 

note that those with elevated trait anxiety will only react with greater state anxiety than those 
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with lower levels of trait anxiety in situations that are stressful or threatening, and not in those 

situations without the presence of stress or threat (Spielberger, 2013). Trait anxiety is therefore a 

relatively stable personality characteristic reflecting proneness to anxious states (Spielberger, 

2013). While state and trait anxiety are highly related (Stanley, Beck, & Zebb, 1996), with 

Endler & Kocovski (2001) describing the relationship between the two as “analogous to the 

distinction between potential and kinetic energy” (p. 233), particular interest has been paid to the 

relationship between trait anxiety and everyday functioning.  

The association between elevated trait anxiety and impaired cognitive functioning 

Elevated trait anxiety has been linked with deficits in everyday functioning. One such 

area of trait anxiety linked impairment is in academic performance (Seipp, 1991). Trait anxiety is 

associated with impairment in mathematical ability, reading comprehension and musical 

performance (Hopko, Crittendon, Grant, & Wilson, 2005). Outside of academic domains, trait 

anxiety is also associated with risky driving behaviours, such that individuals with high trait 

anxiety are more likely to make driving errors (Shahar, 2009). Even sporting performance has 

been shown to be impaired by moderate and high levels of trait anxiety (Weinberg & Genuchi, 

2016). Thus, trait anxiety is associated with multiple real-world outcomes that directly affect an 

individual’s daily functioning. 

Trait anxiety is associated with a number of other cognitive deficits that can cause serious 

impairments in day-to-day functioning (Hopko et al., 2005). For example, it has been shown that 

elevated trait anxiety is highly linked to deficits in the important executive functions of 

cognition. Children with elevated trait anxiety have been found to perform worse than non-

anxious peers on the Wisconsin Card Sort Task, generally seen as a measure of working memory 

and cognitive flexibility (otherwise known as set shifting; Toren et al., 2000), and show less 
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activation in the dorsolateral prefrontal cortex, an area of the brain thought to control the 

allocation of attentional resources, during processing conflict (Bishop, 2009). Furthermore, it has 

been found that individuals with elevated trait anxiety show impaired reasoning, particularly in 

uncertain situations (Bensi & Giusberti, 2007), and risk-avoidant decision making (Maner et al., 

2007). Thus, it is clear that high levels of trait anxiety are associated with deficits in critical 

higher order cognitive functions. 

Critically, these real-world outcomes are underpinned by these higher order cognitive 

functions known to be associated with trait anxiety. For example, it has been found that 

inhibitory attentional control positively predicts academic performance in mathematics and 

science, while cognitive flexibility positively predicts reading and science ability, and those with 

poorer higher order functioning show worse academic performance (Latzman, Elkovitch, Young, 

& Clark, 2010). It has also been demonstrated that reduced working memory capacity is 

associated with reduced hazard perception during driving (G. Wood, Hartley, Furley, & Wilson, 

2016). This suggests that these higher order functions (conventionally referred to as executive 

functions), play a critical role in real world outcomes for individuals.  

Of the many critical higher order executive functions that may be impaired in people with 

elevated trait anxiety, one that has been the focus of much recent research, and theoretical focus, 

is inhibitory attentional control (Eysenck & Derakshan, 2011; Eysenck, Derakshan, Santos, & 

Calvo, 2007). The next section will consider this specific executive function in more detail. 

Inhibitory Attentional Control. Inhibitory attentional control underpins the ability to 

inhibit attention to salient stimuli that are not task relevant (MacLeod, 2001; Friedman & 

Miyake, 2015; Miyake et al., 2000). This ability to direct attention away from potential 
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distracting stimuli has been argued as an essential to maintaining the types goal-oriented 

behaviour required in daily tasks (Kane, Bleckley, Conway, & Engle, 2001).   

Some researcher have argue that elevated trait anxiety is characterised by impaired 

inhibitory attentional control (Ansari & Derakshan, 2010; Bishop, 2009; Derakshan, Ansari, 

Hansard, Shoker, & Eysenck, 2009; Pacheco-Unguetti et al., 2010), though there is inconsistent 

evidence concerning whether this is the case (Booth, 2014; Judah, Grant, Mills, & Lechner, 

2014; Osinsky, Gebhardt, Alexander, & Hennig, 2012; J. Wood, Mathews, & Dalgleish, 2001). 

The relationship between trait anxiety and inhibitory attentional control is an important avenue 

of inquiry, and has been widely examined (for review see; Eysenck & Derakshan, 2011), and 

training inhibitory attentional control has been proposed as a being of therapeutic benefit to those 

with dysfunctional anxiety (Sari, Koster, Pourtois, & Derakshan, 2016). As the present research 

program will focus on the association between inhibitory attentional control and trait anxiety, it 

is appropriate to consider the manner by which inhibitory attentional control can be measured, 

before returning to examine the available evidence regarding whether elevated trait anxiety is 

characterised by impairment of  inhibitory attentional control. 

Measuring Inhibitory Attentional Control 

 Several different techniques have been used by researchers interested in measuring 

inhibitory attentional control. These techniques include self-report measures, neurological 

measures and task-based measures. This section will examine some of the more widely-used 

measures of inhibitory attentional control and how they purport to measure this process. 

 Self-Report Measures. While a number of self-report measures have been designed to 

assess, or include scales designed to assess, inhibitory attentional control, the most widely used 
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self-report measure of inhibitory attentional control is the Attentional Control Scale (ACS; 

Derryberry & Reed, 2002). The ACS has been adapted into multiple languages (Fajkowska & 

Derryberry, 2010; Verwoerd, De Jong, & Wessel, 2008) and for children (Muris, de Jong, & 

Engelen, 2004). The ACS is a 20 item questionnaire that combines two scales thought to 

measure an individual’s control over attentional focusing and shifting of attention (Derryberry & 

Reed, 2002). This factor structure has been supported using both exploratory and confirmatory 

factor analysis (Judah et al., 2014). The ACS has been widely used (e.g. Birk, Opitz, & Urry, 

2015; Morillas-Romero, Tortella-Feliu, Balle, & Bornas, 2015; Muris et al., 2004; Ólafsson et 

al., 2011), likely a result of its brevity and ease to administer. 

 Despite this widespread use, recently, some researchers have raised doubts about the 

ability of the ACS to measure the processes it intends to measure. Quigley, Wright, Dobson, & 

Sears (2017) for example, examined both the factor structure and the convergent validity for the 

ACS, and found that, while the factor structure was supported, there was no evidence of any 

associations between the ACS and behavioural measures of attentional control or working 

memory. Similarly, Williams, Rau, Suchy, Thorgusen, & Smith (2017) conducted a similar 

analysis using different measures of attentional control and also found no association between 

the ACS and behavioural measures of attentional control. This has lead researchers to conclude 

that the ACS may be measuring different constructs to other measures of attentional control 

(Reinholdt-Dunne et al., 2012). Specifically, it has been argued that the ACS may be a better 

measure of beliefs about inhibitory attentional control ability, than it is of actual inhibitory 

attentional control ability (Quigley et al., 2017). 

 Neurological Measures 
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 Some researchers have sought to assess variation in inhibitory attentional control using 

measures of activity in brain regions thought to be implicated in inhibitory attentional control. 

Three brain regions have been identified as potentially relevant to the inhibitory control of 

attention, the Anterior Cingulate Cortex (ACC; Agam, Joseph, Barton, & Manoach, 2010), the 

Frontal Eye Field (FEF; Paus, 1996) and the dorsolateral Pre-Frontal Cortex (dlPFC). While 

there has been debate within the literature regarding the exact functions of the ACC 

(MacDonald, Cohen, Andrew Stenger, & Carter, 2000; Milham, Banich, Claus, & Cohen, 2003; 

Paus, 2001) and the FEF (Paus, 1996), the dlPFC is widely thought to be implicated in inhibitory 

attentional control (Clarke, Browning, Hammond, Notebaert, & MacLeod, 2014; MacDonald et 

al., 2000). 

 A number of studies have therefore sought to assess inhibitory attentional control by 

measuring the activation of the dlPFC using neuroimaging techniques such as 

electroencephalograms (EEG; Ansari & Derakshan, 2011b, 2011a). Typically, these studies find 

greater activation in the dlPFC when participants are completing tasks that require the use of 

inhibitory attentional control (Müri et al., 1998; Pierrot-Deseilligny, Rivaud, Gaymard, & Agid, 

1991). Other studies have experimentally manipulated activity in the dlPFC using transcranial 

direct current stimulation, finding improvements on tasks thought to require inhibitory 

attentional control, whilst this this region was being activated by electrical stimulation (Clarke et 

al., 2014; Soltaninejad, Nejati, & Ekhtiari, 2019). However, while there is considerable evidence 

that the dlPFC is associated with inhibitory attentional control, other research has observed 

associations between the dlPFC and a broad range of other cognitive functions, including moral 

judgement (Glenn, Raine, Schug, Young, & Hauser, 2009), temporal discounting (Hare, Hakimi, 

& Rangel, 2014) and visual sexual stimulation (Leon-Carrion et al., 2007). Thus, although 
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assessment of the dlPFC via neurological techniques can be a useful method of examining 

inhibitory attentional control, the results of these techniques should be corroborated with 

performance-based measures of inhibitory attentional control in order to ensure that variation in 

dlPFC activation is reflecting changes in inhibitory attentional control, rather than other 

cognitive processes. 

 Task Performance Measures 

Researchers seeking to measure variation in inhibitory attentional control also have used 

a wide-variety of cognitive-experimental assessment tasks. The Stroop (Stroop, 1935), Simon 

(Simon & Rudell, 1967) and Go-No Go (L. Wright, Lipszyc, Dupuis, Thayapararajah, & 

Schachar, 2014) tasks have been used widely to measure not only inhibitory attentional control, 

but broad working memory functions. While these tasks are useful tools to measure inhibitory 

attentional control, recently researchers interested specifically in inhibitory attentional control 

have focused on two tasks that purport to directly assess the inhibitory control of attention, the 

Flanker Task and the Anti-Saccade Task. Each of these five assessment approaches will be 

considered in turn. 

The Stroop Task. In the Stroop task participants must ignore a task irrelevant dimension 

of a stimulus in order to identify a task relevant dimension (Stroop, 1935). While this task has 

many variants, the most common version of this is the colour-word Stroop task, in which 

participants must quickly name the ink colour of a word that is itself a colour name (e.g. “RED”). 

The ink colour may be congruent or incongruent with meaning of the word (A. Roelofs, 2003). 

The conflict between the presented word and the task-irrelevant dimension is believed to require 

inhibitory attentional control to resolve, and thus on trials where the presented word is 

incongruent with the task-irrelevant dimensions, participants are typically slower (A. Roelofs, 
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2003). As such, an index of inhibitory attentional control can be obtained by comparing the 

speed and accuracy of responses when the presented word is incongruent with the task-irrelevant 

dimension (e.g. the word “Green” written in red ink), to the speed and accuracy of response 

when the presented word is congruent with the task-irrelevant dimension (e.g. the word “Green” 

written in green ink). Thus participants with greater inhibitory attentional control, will 

demonstrate a smaller difference in speed and accuracy of responses on incongruent trials 

compared to congruent trials. 

The Simon Task. In the Simon task (Simon & Rudell, 1967), participants must respond 

to a presented stimulus in a manner that is congruent or incongruent with its location. 

Specifically, participants are required to respond to a peripherally presented stimulus on a task 

relevant attribute (e.g. discriminating the letter presented) by pressing a button that is in a 

position that is either congruent or incongruent to the location in which the target stimulus was 

presented (Simon, 1990). It is believed that the conflict between the required response and the 

target location on incongruent trials is resolved by utilising executive control to inhibit the task-

irrelevant information (i.e. the location of the target) during response selection (Soutschek, 

Müller, & Schubert, 2013). As such, an index of inhibitory attentional control can be obtained by 

comparing the speed and accuracy of responses when the response required is incongruent with 

the location of the to-be-discriminated stimulus (e.g. when the stimulus is located on the right, 

but requires a button positioned on the left to be pressed), to when the response required is 

congruent with the location of the to-be-discriminated (e.g. when the stimulus is located on the 

right and requires a button positioned on the right to be pressed). Thus participants with greater 

inhibitory attentional control will demonstrate a smaller difference in speed and accuracy of 

responses on incongruent trials compared to congruent trials. 
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The Go-No Go and Stop Signal Tasks. In the Go-No Go task, participants are presented 

with a series of stimuli that they are required to provide a response to (e.g. pressing a designated 

button). Interspersed within the presentation of this series of stimuli are stimuli of a different 

kind that the participant is instructed to not provide a response for (Gomez, Ratcliff, & Perea, 

2009). For example, participants may be asked to respond on trials where a real word is 

presented and avoid responding on trials where a non-word is presented. Usually, more trials on 

which a response is required (go trials) are presented, compared to trials where no response is 

required (no go trials). This is believed to turn providing a response into a habitual action. 

Therefore, on no-go trials, this habitual action must be inhibited (Redick, Calvo, Gay, & Engle, 

2011), which typically increases response times and decreases task accuracy. Thus magnitude of 

the increase in response latency, and decrease in response accuracy, on no-go trials, compared to 

go trials, can be used as an index of inhibitory attentional control, with greater increases in 

response latency, and decreases in response accuracy, on no-go trials, compared to go trials, 

indicating worse inhibitory attentional control. 

The Stop Signal Task is a variant of the Go-No Go Task (Zheng, Oka, & Bokura, 2008). 

Similarly to the Go No Go Task, in the Stop Signal Task participants are presented with a series 

of stimuli to which they have to respond. However, in this task inhibition is required when a 

signal is given shortly after the stimulus is presented, which informs the participant they must not 

respond on that trial (Zheng et al., 2008). As in the Go-No Go Task, participants must inhibit the 

habitual response on stop trials, and the response latency and accuracy is recorded (Wessel, 

2017). The length of the delay between the presentation of the stimulus and the stop signal can 

be altered throughout the task, with the length of the delay at which participants achieve an 

accuracy rate of 50% used to determine the time needed to inhibit a response (the stop signal 
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reaction time; Zheng et al., 2008). This stop signal reaction time is thought to be a measure of the 

inhibitory attentional control (Band, van der Molen, & Logan, 2003). 

The Flanker Task. One widely-used task-based measure of inhibitory attentional control 

is the Flanker Task (Eriksen & Eriksen, 1974). In this task participants must respond, typically 

using a computer keyboard, to a target presented in a central fixation point, in the form of an 

arrow pointing either left or right. This target is flanked by several other arrows that are either 

congruent with the central target, incongruent to the central target, or by neutral stimuli. Several 

variants of this task exist, including the widely employed Attentional Network Task (Reinholdt-

Dunne, Mogg, & Bradley, 2009), which uses a version of the flanker task to measure the 

inhibitory attentional control. Across all variants of the flanker task, it is believed that the 

incongruent trials (where the direction of the arrows surrounding the target do not match the 

direction of the target arrow) require additional inhibitory control of attention than the congruent 

trials (where the arrows flanking the target match the direction of the target arrow). Thus, a 

measure of inhibitory attentional control, known as the flanker task interference effect, is 

obtained by comparing the target response time for trials where the flankers are incongruent with 

the direction of the target, against trials where the flankers are congruent with the direction of the 

target (A. Chen, Tang, & Chen, 2013). Greater flanker task inference (as indicated by the 

magnitude of the difference in response latency on incongruent trials compared to congruent 

trials) therefore indicates poorer inhibitory attentional control.  

The Anti-Saccade Task. While the flanker task relies on typical keyboard response 

times, other tasks have utilised the direct measurement of oculomotor movements to measure 

inhibitory attentional control. The ability to inhibit and redirect oculomotor movements is 

essential for the control of attention, as, although the orienting of attention is not dependent on 
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gaze (Posner, Snyder, & Davidson, 1980), it is very difficult for someone to shift their gaze to 

one location while maintaining attending to another location (Hoffman & Subramaniam, 1995; 

Shepherd, Findlay, & Hockey, 1986). This makes the assessment of eye-movements an ideal tool 

for the direct assessment of attention.  

The anti-saccade task is one of the most widely utilised eye-tracking measures of 

inhibitory attentional control. This task requires participants to complete an eye-movement (a 

saccade) in response to an emotionally neutral peripherally presented visual stimulus. In one 

condition, the saccadic response is required to be congruent with the location of this visual 

stimulus (also known as pro-saccade trials). In the other, the saccadic response is required to be 

incongruent with the location to the presentation of this visual stimulus (also known as anti-

saccade trials). In order to perform the incongruent trials correctly, the reflexive congruent 

attentional response to the visual stimulus must be inhibited while attention is redirected towards 

to alternate location (Olincy, Ross, Young, & Freedman, 1997). Thus the additional latency cost 

to initiate a correct saccadic response on the anti-saccade trials, over and above the latency to 

initiate a correct saccadic response on the pro-saccade trials provides a measure of the additional 

inhibitory attentional control processes required in the anti-saccade trials (known as anti-saccade 

cost). A greater anti-saccade cost index would therefore indicate a greater impairment on anti-

saccade trials compared to pro-saccade trials, and thus poorer inhibitory attentional control. 

Evidence that inhibitory attentional control may be impaired in those with elevated trait 

anxiety 

 Returning to the association between trait anxiety and inhibitory attentional control, there 

is a growing body of studies that have investigated whether elevated trait anxiety is associated 

with deficits in inhibitory attentional control, though the evidence remains inconsistent. Pacheco-
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Unguetti et al. (2010), for example, found that individuals with elevated trait anxiety 

demonstrated greater flanker task interference, and thus poorer inhibitory attentional control. 

Bishop (2009) obtained converging evidence of impairments in inhibitory attentional control in 

individuals with elevated trait anxiety, finding that elevated trait anxiety was associated with 

deficient recruitment of the dlPFC, indicating poor inhibitory attentional control processing. 

Furthermore, a number of anti-saccade task-based studies have observed that individuals with 

elevated trait anxiety show greater anti-saccade cost (Ansari & Derakshan, 2010, 2011a; 

Derakshan et al., 2009). Thus, there is growing evidence that elevations in trait anxiety can be 

associated with inhibitory attentional control deficits. 

 However, these findings have not always been observed. For example, Avila & Parcet 

(2001) observed no correlation between trait anxiety and stop signal reaction times on the Stop-

Signal Task. Similarly, other studies have failed to observe a relationship between trait anxiety 

and anti-saccade cost (Booth, 2014; Judah et al., 2014), flanker interference (Caparos & Linnell, 

2012), Stroop interference (Osinsky et al., 2012) and others measures of inhibitory attentional 

control. There is currently no established theoretical explanation for the observed inconsistency 

concerning whether people with elevated trait anxiety exhibit impaired inhibitory attentional 

control. Thus, there appears to be a genuine inconsistency in the relationship between inhibitory 

attentional control and trait anxiety. 

 Given the core role inhibitory attentional control plays in every-day functioning, it is 

important to determine the factors that may contribute to such inconsistency in the relationship 

between elevated trait anxiety and inhibitory attentional control deficits. The present research 

program therefore seeks to examine two candidate explanations for this inconsistency. The next 

section will therefore outline two candidate explanations for this inconsistency. Following this, 
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this chapter will examine how these two candidate explanations could be tested, before providing 

an outline of the entire research program conducted.  

Candidate Explanations for inconsistent findings concerning the association between 

inhibitory attentional control deficits and elevated trait anxiety 

 There are two candidate explanations of the observed inconsistency concerning whether 

people with elevated trait anxiety exhibit impaired inhibitory attentional control that the present 

research program will examine. These will be labelled the Component Process Account and the 

State Anxiety Account, and each will now be considered in turn. While each of these explanations 

may potentially account for the observed inconsistencies concerning whether individuals with 

elevated trait anxiety exhibit impaired inhibitory attentional control deficits, the two candidate 

explanations are not mutually exclusive alternative. Potentially, both accounts may contribute to 

the explanation of this inconsistency. 

 The Component Process Account.  

One potential explanation of the observed inconsistency concerning whether people with 

elevated trait anxiety exhibit impaired inhibitory attentional control could be that such 

impairment reflects the impairment of only one specific component process underlying 

inhibitory attentional control. This explanation will be referred to as the Component Process 

Account of the observed inconsistency concerning whether people with elevated trait anxiety 

exhibit impaired inhibitory attentional control. 

Several researchers have pointed out that inhibitory attentional control does not result 

from a single process, but from the combined effect of several subsidiary component processes. 

Ansari & Derakshan (2010), for example, separated inhibitory attentional control, as measured 
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by the anti-saccade task, into the component processes of volitional saccade generation and 

inhibitory control. Using a novel variant of the anti-saccade task, it was found that individuals 

with elevated trait anxiety demonstrated deficits in inhibitory control but not volitional saccade 

generation (Ansari & Derakshan, 2010). Thus Ansari & Derakshan (2010) were able to parse out 

the inhibitory component of inhibitory attentional control and demonstrate that impairments in 

this component process were associated with elevated trait anxiety. 

An alternate conception of the processes underlying inhibitory attentional control propose 

that this inhibitory control is required across two component processes during inhibitory 

attentional control. The first of these component process involves identifying the appropriate 

attentional goal, and the second component process involves executing the attentional response 

consistent with this goal (Crawford, Parker, Solis-Trapala, & Mayes, 2011; Olk & Kingstone, 

2015; Roberts, Hager, & Heron, 1994). On all tasks that require inhibitory control of attention in 

response to a stimulus, a person must first identify their attentional goal (by deciding upon the 

attentional response that they need to make). They must then execute this attentional goal by 

shifting their attention in this decided manner, which may involve shifting attention either 

towards or away from the locus of the presented stimulus (Olincy et al., 1997). For example, on 

the anti-saccade task, successful completion of each trial requires that the participant must first 

decide whether to shift their attention to the left or to the right, based upon the location of the 

presented visual stimulus and the instructions given (pro-saccade or anti-saccade), and then the 

participant must execute an attentional shift in that chosen direction. Where inhibitory control is 

required to supress task-irrelevant stimuli while utilising attentional goal identification and 

attentional goal execution (e.g. on the anti-saccade trials of the anti-saccade task), these 

processes can be termed inhibitory attentional goal identification and inhibitory attentional goal 
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execution. Thus the anti-saccade cost effect could result from impairment in either of these two 

component processes. That is, poor inhibitory attentional control may result from impaired 

inhibitory goal identification, from impaired inhibitory goal execution, or both.  

It is therefore plausible that the association between trait anxiety and inhibitory 

attentional control are observed on only one of these underlying component processes of 

inhibitory attentional control. This would mean that the deficits in inhibitory attentional control 

that are sometimes observed in individuals with elevated trait anxiety may result from 

impairments either in inhibitory attentional goal identification alone, or in inhibitory attentional 

goal execution alone. Given that it has been shown that high trait anxious participants make 

greater use of compensatory strategies to maintain performance than do those with low trait 

anxiety (Berggren & Derakshan, 2013), it is plausible that deficits in one of these processes 

alone may sometimes be masked by high trait anxious individuals investing greater effort in the 

other component of inhibitory attentional control. For example, it might be the case that elevated 

trait anxiety is characterised by impairment only in the identification of inhibitory attentional 

goals, and not in inhibitory attentional goal execution, but the increased compensatory effort 

high trait anxious individuals invest in this unimpaired inhibitory goal execution process can 

potentially mask the deficit in inhibitory attentional goal identification. Alternatively, elevated 

trait anxiety may be characterised by impairment only in inhibitory attentional goal execution, 

and not in inhibitory attentional goal identification, but the increased compensatory effort high 

trait anxious individuals invest in this unimpaired inhibitory goal identification process can 

potentially mask the deficit in inhibitory attentional goal execution.   

 The State Anxiety Account.  
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 An alternate candidate explanation of the observed inconsistency, concerning whether 

people with elevated trait anxiety exhibit impaired inhibitory attentional control, is that such 

impairment is direct function of state anxiety, and that inconsistently in whether inhibitory 

attentional control deficits are observed in high trait anxious individuals is because high trait 

anxious individuals will often, but not always, be experiencing heightened levels of state anxiety. 

This will be referred to as the “State Anxiety Account” of the observed inconsistency concerning 

whether people with elevated trait anxiety exhibit impaired inhibitory attentional control. 

 By definition, individuals with elevated trait anxiety more readily experience elevations 

in state anxiety. Thus, trait anxiety is typically correlated with state anxiety, but imperfectly so 

(Lau, Eley, & Stevenson, 2006).  If impairment of inhibitory attentional control is a characteristic 

of elevated state anxiety, then it will not be exhibited by high trait anxious individual unless their 

state anxiety levels are elevated. This will often, but not always, be the case, and will likely 

depend upon whether or not the participants find the assessment session to be stressful. As most 

studies that have found inhibitory attentional control deficits in individuals with elevated trait 

anxiety have failed to assess state anxiety (e.g. Ansari & Derakshan, 2011b, 2011a; Derakshan et 

al., 2009), it is plausible that high trait anxious participants in these studies may also have 

exhibited higher levels of state anxiety that were experienced by low trait anxious individuals. 

One study that did measure both trait and state anxiety while examining inhibitory attentional 

control found a correlation between state and trait anxiety of .86, and noted that it was 

consequently not possible to differentiate the degree to which impaired inhibitory attentional 

control was associated with elevated of state anxiety, or with elevated trait anxiety, using this 

type of correlational design (C. A. Wright, Dobson, & Sears, 2014). It also is possible that when 

all participants are comfortable with the testing situation, perhaps reflecting their familiarity 
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gained through past experience of experimental participation, then all may experience low levels 

of state anxiety regardless of trait anxiety level, which may explain why, in some studies, no trait 

anxiety-linked difference in inhibitory attentional control has been observed.  

Methodological approach to testing the two proposed candidate explanations 

 The previous sections have outlined two plausible accounts that may explain the observed 

inconsistency concerning whether people with elevated trait anxiety exhibit impaired inhibitory 

attentional control. In order to test and compare these accounts it is important to adopt a 

consistent methodological approach to measuring inhibitory attentional control. Thus a single 

assessment technique will need to be employed across all studies of the present research 

program. Many of the task-based measures previously discussed would be suitable for this 

purpose, however in the interests of consistency, only one of these can be adopted. The anti-

saccade task was therefore chosen due to its excellent reliability (Klein & Fischer, 2005), 

established construct validity (Miyake et al., 2000), and due to practical testing considerations. 

Specifically, the fact that the anti-saccade task requires fewer blocks containing fewer trials in 

order to measure inhibitory attentional control than other measures (c.f. Derakshan et al., 2009; 

Nieuwenhuis, Yeung, van den Wildenberg, & Ridderinkhof, 2003). 

While many measures of inhibitory attentional control have been well established, to 

date, no assessment approach has been employed to appropriately (a) differentiate the association 

between trait anxiety and the two component processes of inhibitory attentional control, 

inhibitory attentional goal identification and inhibitory attentional goal execution, or (b) 

differentiate the association between inhibitory attentional control and state and trait anxiety. The 

following sections will consider how each of these can be done, in turn. 
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 Methodological requirements necessary to assess the Component Process Account 

The Component Process Account proposes that the observed inconsistency, concerning 

whether people with elevated trait anxiety exhibit impaired inhibitory attentional control, may be 

the result of an association between trait anxiety and only one of two component processes that 

underlie inhibitory attentional control, inhibitory attentional goal identification or inhibitory 

attentional goal execution. This account would be supported by either of two patterns of results. 

Firstly, the Component Process Account would be supported by a finding that demonstrated that 

individuals with elevated trait anxiety demonstrate impairments in inhibitory attentional goal 

identification and not inhibitory attentional goal execution. Alternatively, the Component 

Process Account would be supported by a finding that demonstrated that individuals with 

elevated trait anxiety demonstrate impairments in inhibitory attentional goal execution and not 

inhibitory attentional goal identification.  

Currently there is no assessment approach has been developed to differentially assess 

variation in inhibitory attentional goal identification and inhibitory attentional goal execution. 

All currently available measures of inhibitory attentional control conflate inhibitory attentional 

goal identification and inhibitory attentional goal execution. Therefore a new methodology will 

need to be developed in order to determine whether impairments in inhibitory attentional goal 

identification or execution are able to explain the inconsistent association between inhibitory 

attentional control deficits and elevated trait anxiety.  

Guidance on how this might be achieved can be sought from those researchers who have 

previously attempted to parse out the component processes that may be underlying inhibitory 

attentional control. Ansari & Derakshan (2010) utilised two novel versions of the anti-saccade 

task that enabled the separate measurement of the two components they had identified, volitional 
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saccade generation and inhibitory control. The first of these was designed to measure inhibitory 

control when a tone-based delay mechanism allowed for differences in volitional saccade 

generation to be accounted for (Ansari & Derakshan, 2010). The second task was designed to 

measure volitional saccade generation without inhibition and used a guided saccade task where 

each side of the screen was designed to have equal capacity to draw attention (Ansari & 

Derakshan, 2010). Thus, by measuring each component process on a separate variant of the anti-

saccade task where a participant would be required to only use one component processes at a 

time Ansari & Derakshan (2010) were able to successfully measure these two component 

processes of inhibitory attentional control. 

Consistent with this approach taken by Ansari & Derakshan (2010), it is essential that 

such a methodology is capable of separately assessing the two identified component processes, in 

this case, inhibitory attentional goal identification and inhibitory attentional goal execution, 

without inference from the other component process (e.g. executing an attentional goal without 

requiring inhibitory attentional goal identification). Adopting a similar approach in the present 

research program, would enable each component process to be independently assessed, thus 

making it possible to independently assess the association between elevated trait anxiety and 

impairments in inhibitory attentional goal identification and inhibitory attentional goal execution. 

Thus this research program will develop such a novel task to measure inhibitory attentional goal 

identification and inhibitory attentional goal execution separately, and assess the association 

between deficits in each and elevated trait anxiety. 

Methodological requirements necessary to assess the State Anxiety Account 

The State Anxiety Account proposes that elevated state anxiety is necessary to elicit 

inhibitory attentional control deficits in individuals. Logically, there are two possible 
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observations that would be consistent with the State Anxiety account. Firstly, this account would 

be supported by a finding that elevated state anxiety is directly associated with impairments in 

inhibitory attentional control, without the influence of trait anxiety. This pattern of results would 

suggest that, due to the highly correlated nature of state and trait anxiety (Endler, Magnusson, 

Ekehammar, & Okada, 1976), previously observed associations between elevated trait anxiety 

and impairments in inhibitory attentional control were due only to the fact that variation in trait 

anxiety was confounded with variation in state anxiety, and the direct association was between 

elevated state anxiety and impaired inhibitory attentional control.   

An alternative observation, that would also support the State Anxiety Account, would be 

that elevated state anxiety is associated with impairments in inhibitory attentional control, but 

that this is only the case for high trait anxious individuals. A finding of this nature would indicate 

that elevations in both trait anxiety and state anxiety are required for an individual to 

demonstrate deficits in inhibitory attentional control. If found this would suggest that, in 

previous studies where inhibitory attentional control deficits were observed, individuals with 

elevated trait anxiety were also experiencing elevations in state anxiety, resulting in the 

inhibitory attentional control deficits. Thus any finding that observes an association between 

elevated state anxiety either alone or in conjunction with elevated trait anxiety, would support 

the State Anxiety Account of the observed inconsistency concerning whether people with 

elevated trait anxiety exhibit impaired inhibitory attentional control. 

Testing State Anxiety Account requires the delineation the individual associations 

between state and trait anxiety and inhibitory attentional control. Any experimental paradigm 

that was designed to do this would need to (a) measure trait anxiety, (b) experimentally 

manipulate state anxiety, such that the effects of state anxiety can be decoupled from the stable 
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personality-based trait anxiety, to which it would otherwise be highly correlated, and (c) assess 

inhibitory attentional control follow such a state anxiety manipulation. 

Outline of the current research program 

The present research program consisted of four experiments intended to determine 

whether there is support for either of these two proposed explanations the observed inconsistency 

concerning whether people with elevated trait anxiety exhibit impaired inhibitory attentional 

control. It is important to note that these two explanations, the Component Process Account and 

the State Anxiety Account, are not mutually exclusive. Thus, support for one of these two 

accounts will not cast doubt on the validity of the other account. Rather, the distinctive 

predictions generated by each of these two accounts must be tested before conclusions are drawn 

concerning whether one, or both, plausibly contributes to the explanation of previously observed 

inconsistency concerning the association between elevated trait anxiety and impaired inhibitory 

attentional control.  

 Prior to assessing the validity of the two candidate explanations for the inconsistent 

nature of the association between elevated trait anxiety and impairments in inhibitory attentional 

control, it was first important to ensure that the specific variant of anti-saccade task employed in 

this research program was sensitive measure to inhibitory attentional control within the target 

participant cohort. Study 1 therefore sought to confirm that it was possible to demonstrate the 

typical anti-saccade cost effect (i.e. longer latencies on anti-saccade trials compared pro-saccade 

trials) in the participant cohort that will be employed across the main experiments reported in 

this thesis (who are high and low trait anxious first year students at the University of Western 

Australia). Observing this in this student cohort would provide confidence that the anti-saccade 

task is suitable for use in the samples used throughout this research program. Furthermore, as a 
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secondary consideration, this study sought to determine whether it was possible to observe 

impairments in this measure, as indicated by increased anti-saccade cost, in those participants 

with elevated trait anxiety. 

 This first study found that participants did demonstrate the expected slowing on anti-

saccade trials compared to pro-saccade trials, suggesting that this task was suitable for the 

samples used throughout this research program. Furthermore, no association between elevated 

trait anxiety and impairments in inhibitory attentional control, as measured using anti-saccade 

cost, further demonstrating that the association between inhibitory attentional control and trait 

anxiety is not always observed. 

 Having verified that this participant cohort did indeed demonstrate the established anti-

saccade cost effect on this implementation of the anti-saccade task, Study 2 proceeded to test the 

Component Process Account. The separate assessment of variation inhibitory attentional goal 

identification and inhibitory attentional goal execution required development of a novel task, 

based on the anti-saccade task, called the Goal Identification Versus Execution Task (GIVE 

Task). This task was completed by participants high and low in trait anxiety, along with the 

standard anti-saccade task, to test the prediction, generated by the account under scrutiny, that 

elevated trait anxiety would be associated with impairment in only one of these two component 

processes. 

 It was observed that individuals with elevated trait anxiety did not demonstrate 

impairments in either inhibitory attentional goal identification or inhibitory attentional goal 

execution, relative to low trait anxious individuals. This finding was therefore not consistent with 

the Component Process Account. 
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 Study 3 sought to the test the State Anxiety Account of the inconsistent nature of the 

association between elevated trait anxiety and impairments in inhibitory attentional control. To 

test this accounts, high and low trait anxious participants were exposed to a mood induction 

procedure designed to induce either a high anxious mood state or a low anxious mood state.  

Participants then completed the anti-saccade task immediately following this induction 

procedure.  

 It was observed that individuals with elevated trait anxiety demonstrated inhibitory 

attentional control impairments relative to low trait anxious individuals, but only in the condition 

designed to elicit elevated state anxiety. This finding is consistent with the State Anxiety 

Account. 

 The final study of this research program sought to determine whether the impairment in 

inhibitory attentional control observed in high trait anxious individuals compared to low trait 

anxious individuals, within the condition designed to elicit elevated state anxiety, in Study 3, was 

differentially evident on measures of inhibitory goal identification and inhibitory goal execution. 

This study therefore utilised both the mood manipulation procedure used in Study 3 and the 

GIVE Task designed to measure inhibitory attentional goal identification and inhibitory 

attentional goal execution used in Study 2. 

 Study 4 revealed no evidence that this effect differentially implicates deficits in inhibitory 

goal identification, and in inhibitory goal execution. These findings therefore demonstrate no 

support for the Component Process Account of previously observed inconsistency in the 

observation of inhibitory attentional control deficits in individuals with elevated trait anxiety. 
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Chapter 2: Study 1 

It will be recalled from the preceding chapter that the anti-saccade task delivers two trial 

types, pro-saccade trials and anti-saccade trials. Anti-saccade trials are more difficult than pro-

saccade trials, as the participant must inhibit their prepotent response in order to direct their 

attention to the desired goal location on anti-saccade trials, while on pro-saccade trials no such 

inhibitory response is required (Li et al., 2012). Typically, the increased difficulty on anti-

saccade trials compared to pro-saccade trials is indexed by the magnitude of the slowing to 

initiate a correct saccadic movement on anti-saccade trials relative to pro-saccade trials (anti-

saccade cost; Zeligman & Zivotofsky, 2017). Thus anti-saccade cost provides a measure of the 

additional processing associated with deployment of inhibitory attentional control on anti-

saccade trials, compared to pro-saccade trials. 

The anti-saccade cost effect has been shown to be sensitive the specific experimental 

parameters employed in a given study (Antoniades et al., 2013; Zeligman & Zivotofsky, 2017). 

Thus, it will be important to determine, using the software, experimental apparatus, physical and 

temporal characteristics, and participant cohort that was intended to be used throughout this 

research program, whether this well-established effect can be sensitively detected. The 

reassurance that the experimental parameters employed are capable of detecting the anti-saccade 

effect in the population of interest, and so potentially revealing individual differences in its 

magnitude, will be provided by the observation that the initiation of saccadic movements are 

slower on anti-saccade trials compared to pro-saccade trials. Of course, this study will also 

permit determination of whether, using these parameters, an anxiety-linked difference in anti-

saccade cost is or is not present. Given past inconsistency, there is no basis to assume that this 

association will be observed, but the analysis will nonetheless be conducted. However, it must be 
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noted that the purpose of this study is not to assess the relationship between elevated trait anxiety 

and increased anti-saccade cost. As a result of the inconsistency in past findings regarding this 

relationship, the presence or absence of this effect in the present study cannot change or explain 

this inconsistency. Instead, this study’s focus is on demonstrating the anti-saccade cost effect, 

thought to measure inhibitory attentional control, as without the ability to measure this effect, 

future efforts to discriminate the basis of this inconsistency will be unfounded. 

Establishing an anti-saccade cost effect is therefore essential in order to then examine 

individual differences in the magnitude of anti-saccade cost. All of the studies reported in this 

research program will use a custom programed task on a set of equipment that is different from 

other researchers such as Derakshan et al. (2009), and most importantly, will involve an 

Australian undergraduate student population, in which this effect has not been demonstrated. 

Caution, therefore, dictates that the first step should be to establish the presence of this anti-

saccade cost effect, using the equipment, program and participants intended to be used 

throughout the research program. Thus, the present study was designed to determine whether it is 

possible to sensitively detect the anti-saccade cost effect using the apparatus and parameters 

intended to be used throughout this research program within a sample from the population of 

being sampled in this research program, high and low trait anxious Australian undergraduate 

students. 

As Derakshan et al. (2009) were able to successfully measure the anti-saccade cost effect 

in a sample of high and low trait anxious participants, the present study was heavily based on 

their methodology. Derakshan et al. (2009) found that participants demonstrated longer latencies 

on anti-saccade, compared to pro-saccade trials, on both an eye-movement and probe-based 

measures of anti-saccade cost, consistent with the anti-saccade cost effect. However, it should be 
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noted that the effect size obtained was much greater on their eye-movement measure (Cohen’s dz 

= 2.601) compared to probe-based measure (Cohen’s dz = .601), suggesting that the latter may be 

a less sensitive measure of this effect. Despite some reservations about the capacity of the probe 

to sensitively measure the anti-saccade cost effect as well as eye-movement measures, it was 

include to ensure consistency with Derakshan et al. (2009), and to determine whether, in the 

intended population, apparatus and parameters, it was also less sensitive to the anti-saccade cost 

effect than the eye-movement measure. The present study will therefore employ an anti-saccade 

task closely modelled on that employed by Derakshan et al. (2009). 

Method 

Participants 

 A sample of participants drawn from the cohort that this research program intends to 

examine throughout this research program, high and low trait anxious Australian undergraduate 

students, was needed. The opportunity to assess to assess whether in this particular study, anxiety 

was associated with variation in the anti-saccade effect was taken by inviting participants from 

the top and bottom third of the trait anxiety distribution. These participants were screened on 

their trait anxiety scores using the trait sub-scale of the Spielberger State-Trait Anxiety Inventory 

(STAI-T; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). Thus, 49 undergraduate 

students from the University of Western Australia, who were high and low in trait anxiety, with 

normal or corrected-to normal vision, were recruited to participate in this study.   

                                                 

 

1 As no effect size or correlation between variables was provided in this paper, Cohen’s dz was calculated instead of 

a paired-samples Cohen’s d. This represents the standardised mean difference effect size and is calculated as 

Cohen’s dz = t/√n, where t is the t-value of the difference test an n is the number of participants in the paired test 

(Lakens, 2013). The t value was calculated from the reported F value using the t2 = F formula (Brožek & Alexander, 

1950). 
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The mean age of the recruited participants was 20.49 years old (SD = 6.12) and 31 of 

these participants were women. It will be recalled that participants were recruited from the top 

and bottom thirds of the trait anxiety distribution, and therefore a factor was created based upon 

their STAI-T scores at screening. Twenty-nine participants were included in the High Trait 

Anxiety Group (Mage = 21.15, SD = 8.01, 21 women) and 20 participants were included the Low 

Trait Anxiety Group (Mage = 20.03, SD = 4.48, 10 women). These groups did not significantly 

differ in terms of age or gender (p’s > .05).  

Apparatus 

Stimuli presentation was controlled using the Experiment Builder software package (SR 

Research Ltd, Mississauga, Canada) and was presented on a 24ʺ widescreen LCD monitor 

connected to an EDsys Computers (Model number: EDXSI3W7P) desktop computer, with a 

3.1GHz Intel Core i3 processor, running Windows 7, with attached mouse and standard 

QWERTY keyboard. Participant eye-gaze was monitored using a desk mounted Eye-Link 1000 

Plus eye-tracking system, running at 1000 Hz. Eye-tracking functions were controlled using a 

Dell OptiPlex 7010 computer, running a 3.3 GHz Intel Core i5 processor.  

Questionnaire Measures 

 Spielberger State Trait Anxiety Inventory – Trait Scale. In order to measure trait 

anxiety and assign participants into their respective groups, the STAI’s trait scale (STAI-T; 

Spielberger et al., 1983) was used to screen participants. The STAI-T was re-administered at the 

commencement of the experimental session to confirm this allocation. The STAI-T is a 20 item 

self-report questionnaire that asks participants to assess anxiety-related symptoms, based on how 

often they occur generally. The STAI-T has been used widely, and has been shown to be both a 

reliable and valid measure of trait anxiety (Barnes, Harp, & Jung, 2002). 
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Anti-Saccade Task 

 The anti-saccade task used in this study was closely based on the parameters reported by 

Derakshan et al. (2009). On each trial, participants were presented with a fixation cross located at 

the centre of a black screen for 2000ms. A visual object, specifically a grey oval shape 

(H=63mm, W=35mm), appeared immediately after fixation offset, centred either 130mm to the 

left or the right of the fixation point, with equal probability. The visual object remained on screen 

for 600ms. Immediately upon presentation of this oval stimulus, participants were instructed to 

make a saccadic movement, the direction of which was determined by instructions delivered 

prior to each block of trials. On pro-saccade trial blocks, participants were instructed to make a 

saccade towards the oval stimulus (i.e. shift their gaze left or right when the stimulus appeared 

left and right respectively). On anti-saccade trial blocks, participants were required to make a 

saccade away from the oval stimulus (i.e. shift their gaze right or left when the stimulus appeared 

left and right respectively).  

In order to preserve the same parameters used by Derakshan et al. (2009), a visual probe 

of the same type as Derakshan et al. (2009), an arrow, was presented for 100ms, 600ms after the 

onset of the visual object, and participants were required to respond by pressing the arrow key on 

a keyboard corresponding to the direction of the arrow . The screen remained blank until such 

time as the participant provided this response, at which point the following trial commenced. The 

anti-saccade task consisted of a total of 16 blocks of 12 trials, eight blocks of pro-saccade trials 

and eight blocks anti-saccade trials. Task instructions prior to each block emphasised the 

importance of speed and accuracy on an equal number of trials. The order of pro-saccade and 

anti-saccade blocks was counterbalanced across participants. 
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 The latency and accuracy to perform the required saccadic movement, and to 

discriminate the probe identity, was recorded. The mean saccadic and probe response latency for 

pro-saccade and anti-saccade trials where a correct response was provided were the dependent 

variables.  

Procedure 

 The experiment was conducted in a room with a single, central, constant light source. 

Participants completed the STAI, provided demographic information and were positioned in a 

headrest 60cm from the display screen. Participants were then given 16 practice trials (eight pro-

saccade, eight anti-saccade). The eye-tracker was then calibrated to the participant using nine 

calibration points. Participants then completed the anti-saccade task. Prior to each block of trials, 

participants received on-screen instructions regarding the required saccadic response, pro-

saccade or anti-saccade, and a reminder of the general task instructions. Recalibration of the eye-

tracker was performed between blocks as required. Upon completion of the anti-saccade task, 

participants were debriefed as to the purpose of the study and thanked for their participation. 

Results 

Data Preparation 

 Participants. It was first necessary to ensure that the trait anxiety scores of these 

participants at testing reflected their allocation based on screening scores. At the time of testing, 

participants in the High Trait Anxiety Group were therefore required to display trait anxiety 

scores in the top half of the sample, and those in the Low Trait Anxiety Group were required to 

display trait anxiety scores in the bottom half of the sample. Thirteen recruited participants (nine 

from the High Trait Anxiety Group) were found to not meet this requirement, and were therefore 
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eliminated. Thus 20 participants remained in the High Trait Anxiety Group, 16 participants 

remained in the Low Trait Anxiety Group. 

In order to ensure that participants in the High Trait Anxiety Group significantly differed 

in terms of trait anxiety scores at testing compared to participants in the Low Trait Anxiety 

Group, an independent samples t-test was performed with STAI-T as the dependent variable and 

Anxiety Group as the between-subjects factor. As required, this analysis showed that participants 

in the High Trait Anxiety Group (M = 49.70, SD = 8.45) scored significantly higher on the 

STAI-T than those in the Low Trait Anxiety Group (M = 30.47, SD = 4.67), t(33) = 7.94, p < 

.001, Cohen’s d = 2.822.  

Anti-saccade task 

This study adopted the data inclusion criteria used by Derakshan et al. (2009). A saccade 

was defined as an eye-movement with a velocity of greater than 30°/s and had an amplitude 

greater than 3°. Only the first saccade after the presentation of the visual object was used. Trials 

that were anticipatory (occurred within 83ms of the visual object presentation) or occurred after 

the offset of the visual object (600ms) were excluded. This led to the removal of 6.4% of trials. 

Only trials where the correct saccade was made were included, removing a further 8.4% of trials.   

                                                 

 

2 One participant failed to respond to one question of the STAI-T and thus the missing data was approximated using 

the average imputation method. One further participant did not complete the STAI-T at testing and was therefore 

excluded from this analysis, but was otherwise included based on trait anxiety data at screening. 
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 Further, it is important to ensure that participants were performing the task accurately, 

and it was required that participants provide a correct response on at least 75% trials. Therefore, 

each participant’s accuracy across the task was computed, and, reassuringly, an average accuracy 

of 84.8% (SD = 11.1%) was observed, indicating that participants generally understood and 

complied with task instructions. However, seven participants did not meet the 75% accuracy 

threshold, and were therefore excluded from the analysis, thus the data of 36 participants was 

analysed. Of the participants included in the analysis, mean accuracy was 89.2% (SD = 6.6%). 

Are participant’s saccadic responses slower on anti-saccade trials compared to pro-saccade 

trials?  

 The aim of the present study is to demonstrate that the anti-saccade task utilised here is 

capable of sensitively measuring the anti-saccade cost effect. Table 2.1 demonstrates the average 

latencies of participants on pro-saccade and anti-saccade trials, and the associated anti-saccade 

cost index. If this anti-saccade task was capable of providing a sensitive assessment of inhibitory 

attentional control, it would be expected that participants demonstrate longer latencies on anti-

saccade trials compared to pro-saccade trials3.  

 

 

 

                                                 

 

3 While the present research program is focused on saccadic latencies, saccadic accuracy was examined to ensure 

that results observed using saccadic latencies were not the result of differences in speed/accuracy trade-off. Reassuringly, 

no trait anxiety linked impairment in saccadic accuracy was observed (p > .05). 
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Table 2.1 

Average saccadic latencies for pro-saccade and anti-saccade trials (in ms), and the associated 

anti-saccade cost, for participants, split by Trait Anxiety Group. 

 Pro-Saccade Latency Anti-Saccade 

Latency 

Anti-Saccade Cost 

Index 

Low Trait Anxiety 163.53 (22.60) 262.50 (38.87) 98.96 (37.49) 

High Trait Anxiety 164.62 (19.79) 274.05 (22.19) 109.43 (23.96) 

Total 164.13 (20.71) 268.87 (30.75) 104.74 (30.63) 

 

A 2x2 mixed design ANOVA was performed on the saccadic latencies, with Trait 

Anxiety Group (High Trait Anxiety Group vs Low Trait Anxiety Group) as the between groups 

factor and Trial Type (Pro-Saccade vs Anti-Saccade) as the within groups factor. Critically, 

however, a significant main effect of Trial Type was observed, F(1,27) = 330.07, p < .001,  

partial η2 = .924, such that participants were generally slower to initiate a correct saccade on 

anti-saccade trials compared to pro-saccade trials. All other effects were found to be non-

significant (p’s > .05). Of most interest to the present research program, this meant that no 

interaction between Task and Trait Anxiety Group was observed, F(1,27) = .83, p = .370,  partial 

η2 = .030. This indicates that trait anxiety was not found to be associated with anti-saccade cost 

in the present sample. This indicates that the saccadic measures of the anti-saccade task used was 

able to sensitively detect the anti-saccade cost index in the recruited sample. 
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Are participant’s probe-based responses slower on anti-saccade trials compared to pro-

saccade trials?  

Having demonstrated that this anti-saccade task was capable of detecting the expected 

anti-saccade cost using saccadic data, the probe-based data will now be considered. Table 2.1 

demonstrates the average probe-response latencies of participants on pro-saccade and anti-

saccade trials, and the associated anti-saccade cost index. If the probe-based measure of this anti-

saccade task is capable of providing a sensitive assessment of inhibitory attentional control, it 

would be expected that participants demonstrate longer probe-response latencies on anti-saccade 

trials compared to pro-saccade trials. 

Table 2.2 

Average probe response latencies for pro-saccade and anti-saccade trials, and the associated 

anti-saccade cost, for participants, split by Trait Anxiety Group. 

 Pro-Saccade Latency Anti-Saccade 

Latency 

Anti-Saccade Cost 

Index 

Low Trait Anxiety 416.51 (91.12) 439.73 (107.58) 23.22 (30.34) 

High Trait Anxiety 412.09 (59.32) 427.37 (64.45) 15.28 (26.41) 

Total 414.07 (73.81) 432.91 (85.16) 18.84 (28.01) 

 

A 2x2 mixed design ANOVA was performed on the probe response latencies, with Trait 

Anxiety Group (High Trait Anxiety Group vs Low Trait Anxiety Group) as the between groups 

factor and Trial Type (Pro-Saccade vs Anti-Saccade) as the within groups factor. As was the case 
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in the previous analysis, a significant main effect of Trial Type was observed, F(1,27) = 13.35, p 

= .001,  partial η2 = .331, such that participants were generally slower to provide a keyboard 

response on anti-saccade trials compared to pro-saccade trials. All other effects were found to be 

non-significant (p’s > .05). In particular, no interaction between Trial Type and Trait Anxiety 

Group was observed, F(1,27) = .57, p = .458,  partial η2 = .021. This indicates that trait anxiety 

was not found to be associated with probe-based anti-saccade cost in the present sample. This 

indicates that the probe-based measure of the anti-saccade task was able to detect the anti-

saccade cost index in the recruited sample. Analysis of this effect demonstrated that the effect 

obtained using probes response latencies was significantly smaller than that obtained using 

saccadic latencies (z = 3.52, p < .001). 

Discussion 

The aim of this study was to determine whether the anti-saccade task employed was 

capable of detecting the expected anti-saccade cost effect in a sample of participants from the 

population of interest for the present research program (i.e. high and low trait anxious Australian 

undergraduate students). In order to meet this, the present study closely replicated the reported 

methodology of Derakshan et al. (2009), who was able to find the typical anti-saccade cost effect 

with both a saccadic measure and a probe-based measure of anti-saccade cost. Critically, the 

present study was able to successfully replicate this finding and thus demonstrate the typical anti-

saccade cost effect.  

The results of the present study show that the anti-saccade task used was capable of 

successfully capturing the predicted slowing on anti-saccade trials compared to pro-saccade trials 

that is thought to reflect the additional cognitive processes required for the application of 

inhibitory attentional control. This finding provides confidence that the experimental paradigm 
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employed is capable of providing a sensitive measurement of the anti-saccade cost effect, as has 

been demonstrated by numerous researchers (Belyusar et al., 2013; N. T. M. Chen, Clarke, 

Watson, MacLeod, & Guastella, 2015; Derakshan et al., 2009; Godijn & Kramer, 2008), in a 

sample from target population of this research program. Therefore, it is suitable for use 

throughout the present research program, which will investigate two plausible explanations for 

the inconsistency in the observation of a relationship between elevated trait anxiety and 

impairments in inhibitory attentional control, the Component Process Account and the State 

Anxiety Account.  

Furthermore, similarly to Derakshan et al. (2009), the study demonstrated the anti-

saccade cost effect in both eye-movement and probe-response measures. Importantly though, the 

present study found that the size of this effect was significantly greater for eye-movement 

responses than probe responses, similar to (Derakshan et al., 2009). It is possible that this may be 

due to the delay between the presentation of the visual object and the presentation of the probe 

providing greater opportunity to orient attention in the correct location, meaning that participants 

had time to correct incorrect saccades and thus diluting the importance of inhibitory attentional 

control in this measure. Alternatively, this may reflect the different sources of error variance 

introduced through eye-tracking vs probe response measures on this task. For example probe 

measures introduce variance as a result of speed to execute key-press response that is not present 

in eye-tracking based measures. Regardless of the exact explanation, this finding demonstrates 

that eye-movement measures is more sensitive to the anti-saccade cost effect than probe-based 

measures. Thus, subsequent studies will make use of the eye-movement measure only. 

The recruitment of high and low trait anxious participants, to match the population of 

interest in future studies, also made it possible to examine the association between elevated trait 
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anxiety and inhibitory attentional control impairments. It is interesting to note that, in the present 

study, an impairment in inhibitory attentional control was not observed in individuals with 

elevated trait anxiety, on either measure of anti-saccade cost. These findings are inconsistent 

with those of Derakshan et al. (2009) and others (Ansari & Derakshan, 2010, 2011a; C. A. 

Wright et al., 2014), who demonstrated inhibitory attentional control deficits in those with 

elevated trait anxiety, and are consistent with Booth (2014) and Judah et al. (2014), who found 

no such association. This is unsurprising, as a study that replicates other research where there is 

inconsistency can only serve to contribute to this inconsistency. Thus, the presence or absence of 

this effect in the present study could not have resolved this inconsistency, however the lack of 

association between measures of trait anxiety and inhibitory attentional control in the present 

study further highlights the importance of explaining the inconsistency in these findings. 

Having now demonstrated that the anti-saccade cost effect is able to be captured using 

these experimental parameters, it becomes possible to examine the first of the two candidate 

explanations of the observed inconsistency, concerning whether people with elevated trait 

anxiety exhibit impaired inhibitory attentional control, outlined in the previous chapter. The first 

possible explanation is the Component Process Account. It will be recalled that this explanation 

proposes that trait anxiety may impair only one of the component processes (Munoz & Everling, 

2004; Olincy et al., 1997; Sweeney, Rosano, Berman, & Luna, 2001) underlying inhibitory 

attentional control. If the inhibitory attentional control impairment associated with elevated trait 

anxiety is limited to only specific component process of inhibitory attentional control, it is 

plausible that variation in this one component is not sensitively assessed by the types of task that 

have been employed to measure inhibitory attentional control, which are likely to measure a 

range of these sub-ordinate processes. Thus according to this account, the observed 
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inconsistency, concerning whether people with elevated trait anxiety exhibit impaired inhibitory 

attentional control, can be explained by the insensitivity of traditional measures of inhibitory 

attentional control to directly assess inhibitory attentional control’s underlying component 

processes. 

 The following chapter therefore seeks to assess this candidate explanation by presenting 

participants who differ in terms of their trait anxiety with a novel measure of two component 

processes of inhibitory attentional control, inhibitory attentional goal identification and 

inhibitory attentional goal execution. This measure will be based upon the anti-saccade task, 

whose measure of inhibitory attentional control was validated in the present study.  
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Chapter 3: Study 2 

In the previous chapter, while the anti-saccade task was successfully validated as a 

measure of inhibitory attentional control, the previously observed deficit in inhibitory attentional 

control that has been associated with elevated trait anxiety (Ansari & Derakshan, 2011a; 

Derakshan et al., 2009) was not observed. Importantly, this lack of observed relationship 

between inhibitory attentional control and trait anxiety is emblematic of a wider inconsistency in 

the reported associations between elevated trait anxiety and impairments in inhibitory attentional 

control. This broad inconsistency leads to a need to determine the factors that may account for 

the observed inconsistency, concerning whether people with elevated trait anxiety exhibit 

impaired inhibitory attentional control.  

However, as will be recalled from Chapter 1, measures of inhibitory attentional control, 

including the anti-saccade task, fail to discriminate between the component processes with 

underlie inhibitory attentional control, in particular, inhibitory attentional goal identification and 

inhibitory attentional goal execution. If it were the case that individuals with elevated trait 

anxiety exhibited impairments in all of the processes underlying inhibitory attentional control, 

then it would be expected that an association between inhibitory attentional control impairments 

and elevated trait anxiety would be consistently observed. However, if the association between 

elevated trait anxiety and impairments in inhibitory attentional control were isolated to a single 

process, this may account for the observed inconsistency concerning whether people with 

elevated trait anxiety exhibit impaired inhibitory attentional control. Therefore, one plausible 

account of the observed inconsistency, concerning whether people with elevated trait anxiety 

exhibit impaired inhibitory attentional control, is that trait anxiety may only be associated with 

impairments in one of the component processes underlying inhibitory attentional control, either 
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inhibitory attentional goal identification or inhibitory attentional goal execution (the Component 

Process Account). This single impaired component process may not always account for 

sufficient variation in currently available measures inhibitory attentional control, such as the 

anti-saccade task, for a deficit in inhibitory attentional control to be observed. Therefore, in order 

to explain the observed inconsistency concerning whether people with elevated trait anxiety 

exhibit impaired inhibitory attentional control, it is essential to examine the component processes 

underlying inhibitory attentional control and, critically, determine whether deficits in one of 

these processes are present in individuals with elevated trait anxiety. 

Investigators agree that performance on the anti-saccadic task must logically involve two 

key components processes (Munoz & Everling, 2004; Olincy et al., 1997; Sweeney et al., 2001). 

Specifically, performing this task requires participants to: i. correctly identify whether to saccade 

to the right or to the left (i.e. attentional goal identification); and ii. swiftly and successfully 

execute this attentional goal (i.e. attentional goal execution). In the anti-saccade task, as soon as 

the visual object appears, the participant must first identify whether their goal is to saccade to the 

left or to the right (which will depend on where this visual object appears, and whether the trial is 

given on the pro-condition or anti-condition). Then the participant must swiftly execute this 

attentional goal, by making a saccade either to the left or to the right side as required. Thus, the 

slowing observed in the conventional anti-saccade task, on anti-condition relative to pro-

condition blocks, could reflect a combination of two quite differing effects; slowing to formulate 

the correct inhibitory attentional goal, or slowing to implement this inhibitory attentional goal, in 

the former relative to the latter condition. It follows from this that elevations in anti-saccade cost 

could be driven by a deficit in inhibitory attentional goal identification, or a deficit in inhibitory 

attentional goal execution, or both. 
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Critically, impairments in inhibitory attentional control that are associated with elevated 

trait anxiety may be the result of the effects of elevated trait anxiety on either inhibitory 

attentional goal identification or inhibitory attentional goal execution. If elevated trait anxiety 

affects only one of these component processes of inhibitory attentional control, this may explain 

the observed inconsistency concerning whether people with elevated trait anxiety exhibit 

impaired inhibitory attentional control. Specifically, this would indicate that trait anxiety impairs 

only a specific element of inhibitory attentional control, which may not account for sufficient 

variation in inhibitory attentional control to always manifest as inhibitory attentional control 

deficits. This account would explain why inhibitory attentional control deficits are not always 

observed in individuals with elevated trait anxiety, and logically leads to two possible candidate 

loci of trait anxiety related deficits. Firstly, trait anxiety induced inhibitory attentional control 

deficits may result from deficits in only the inhibitory attentional goal identification component 

of inhibitory attentional control that are associated with elevations in trait anxiety, with no such 

deficit observed within the inhibitory attentional goal execution component of inhibitory 

attentional control (goal identification impairment hypothesis). Alternatively, the inhibitory 

attentional goal execution component of inhibitory attentional control may be the locus of 

impairments caused by elevated trait anxiety that are inconsistently observed as impairments in 

inhibitory attentional control (goal execution impairment hypothesis). 

However, our ability to differentiate these two candidate loci of variation in the 

magnitude of the anti-saccade effect has been hindered by the fact that current assessment 

approaches cannot yield independent and sensitive measures of variation in inhibitory attentional 

goal identification and in inhibitory attentional goal execution components of anti-saccade task 

performance. Thus, it remains unknown whether previously observed trait anxiety linked 
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elevations in anti-saccade cost result from inflated anti-saccade goal identification cost, or from 

inflated anti-saccade goal execution cost. The capacity to independently assess individual 

differences in these two facets of anti-saccade cost would enable the independent assessment of 

the impact of trait anxiety on each of these component processes. In addition to advancing 

understanding by illuminating underlying mechanisms of this trait anxiety linked impairment in 

inhibitory attentional control, this may also yield applied benefits, by identifying the precise 

mechanism(s) that could most usefully be targeted in therapeutic interventions designed to 

enhance cognitive control in individuals with elevated trait anxiety. 

The present study therefore had two key aims. The first aim of this study was to develop 

a novel assessment task that was capable of independently and sensitively assessing individual 

differences in inhibitory attentional goal identification and inhibitory attentional goal execution. 

The second aim of this experiment was to utilise this new technique to explain the observed 

inconsistency concerning whether people with elevated trait anxiety exhibit impaired inhibitory 

attentional control, by determining which of the two component processes of inhibitory 

attentional control, inhibitory attentional goal identification and execution, is impaired in 

individuals with elevated trait anxiety. 

 This study therefore first sought to develop a novel assessment task capable of 

independently and sensitively assessing individual differences in inhibitory attentional goal 

identification and inhibitory attentional goal execution, labelled the Goal Identification Vs. 

Execution (GIVE) task. The GIVE task comprises two subtasks. One subtask, labelled the 

Inhibitory Attention Goal Identification Assessment Subtask, is designed to measure the speed 

with which participants can identify, when the visual object stimulus appears, whether the 

appropriate goal is to saccade to the left or to the right. Similar to keyboard based versions of the 
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anti-saccade task, such as that employed by Hunt & Klein (2002) and others (Roberts et al., 

1994), or visual Simon tasks (X. Liu, Banich, Jacobson, & Tanabe, 2004), participant responses 

depended on the position of the visual object. However, in this Inhibitory Attentional Goal 

Identification Assessment Subtask, participants did not make a saccadic response. Instead they 

were required to keep their gaze fixed on the centre of the screen, and to respond only by 

indicating the direction in which they would move their eyes if they were completing the 

equivalent trial on the conventional anti-saccade task. This subtask permits assessment of the 

degree to which correct Inhibitory Attentional Goal Identification is slowed in anti-condition 

blocks compared to pro-condition condition blocks, without the measure being contaminated by 

variation in speed of Inhibitory Attentional Goal Execution, as no saccade is executed in this 

subtask.   

The other subtask, labelled the Inhibitory Attentional Goal Execution Assessment 

Subtask, is designed to measure the speed with which participants can execute a predetermined 

attentional goal (implementing a preceding instruction to saccade to the left or to the right), at the 

time point when the visual object appears, regardless of its location. By varying the object 

position, it is sometimes the case that the execution of this predetermined goal of saccading 

either left or right will involve the participants making a saccade towards the visual object (pro-

condition), and sometimes it will involve making a saccade away from the visual object (anti-

condition). Hence, this subtask permits assessment of the degree to which Inhibitory Attentional 

Goal Execution is slowed in anti-condition blocks compared to pro-condition condition blocks, 

without the measure being contaminated by variation is speed of formulating the goal of 

saccading left or right, as this attentional goal is formulated prior to trial onset in this subtask.  
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By developing a measure of the component processes of inhibitory attentional control, it 

is possible to determine the effects of trait anxiety on each component process independently of 

each other and inhibitory attentional control. With such a measure available it is possible to 

assess the Component Process Account of the observed inconsistency concerning whether people 

with elevated trait anxiety exhibit impaired inhibitory attentional control. As previously 

described, there are two variants of this hypothesis; (1) inhibitory attentional control deficits 

associated with elevated trait anxiety are the result of trait anxiety linked impairments in only 

inhibitory attentional goal identification, or (2) inhibitory attentional control deficits associated 

with elevated trait anxiety are the result of trait anxiety linked impairments in only inhibitory 

attentional goal execution. Thus, the assessment of these two variants of the Component Process 

Account represents the second aim of the present study. 

The GIVE task was therefore delivered, along with a conventional anti-saccade task, to a 

sample of undergraduate student participants selected based on their trait anxiety scores. This 

experiment first sought to determine whether our participant sample displayed the expected 

slowing of response latencies on anti-condition blocks, relative to pro-condition blocks, on the 

conventional anti-saccade task. Next this experiment sought to determine whether our 

participants displayed slowing of response latencies on anti-condition blocks, relative to pro-

condition blocks, on the Inhibitory Attentional Goal Identification Assessment and the Inhibitory 

Attentional Goal Execution Assessment subtasks of the GIVE. Then, this experiment went on to 

empirically evaluate: i. whether slowing observed on anti-condition blocks compared to pro-

condition blocks, in the two subtasks of the GIVE, were independent of one another, and ii. 

whether slowing observed on anti-condition blocks compared to pro-condition blocks, in the two 

GIVE subtasks, predicted independent variance in the anti-saccade cost effect observed on the 
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conventional anti-saccade task. In order to meet the second aim, the latency costs of anti-

condition trials compared to pro-condition trials were then compared between participants 

selected on the basis of high trait anxiety scores and participants selected on the basis of low trait 

anxiety scores for our measures of attentional goal identification and attentional goal execution. 

Method 

Participants 

First year undergraduate students from the University of Western Australia were screened 

using the trait scale of the Spielberger State-Trait Anxiety Inventory (STAI-T; Spielberger et al., 

1983). Students with screening scores ≤ 37 were invited to participate as part of the Low Trait 

Anxiety Group, and participants with screening scores ≥ 47 were invited to participant as part of 

the High Trait Anxiety Group. Twenty-six participants were recruited to the Low Trait Anxiety 

Group (Mage = 21.00, SD = 6.16, 69% female) and 24 participants were recruited to the High 

Trait Anxiety Group (Mage = 19.21, SD = 1.96, 83% female). These groups did not differ in 

terms of age or gender (p’s > .05). All participants had normal or corrected-to-normal vision at 

the time of completing the experiment and received partial course credit for their participants. 

Apparatus 

As in Study 1, stimuli presentation was controlled using the Experiment Builder software 

package (SR Research Ltd, Mississauga, Canada) and was presented on a 24ʺ widescreen LCD 

monitor connected to an EDsys Computers (Model number: EDXSI3W7P) desktop computer, 

with a 3.1GHz Intel Core i3 processor, running Windows 7, with attached mouse and standard 

QWERTY keyboard. Participant eye-gaze was monitored using a desk mounted Eye-Link 1000 

Plus eye-tracking system, running at 1000 Hz. Eye-tracking functions were controlled using a 

Dell OptiPlex 7010 computer, running a 3.3 GHz Intel Core i5 processor.  
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Questionnaires 

 As in the previous study, the Spielberger State-Trait Anxiety Inventory’s trait subscale 

(STAI-T; Spielberger et al., 1983) was used in order to measure the trait anxiety of participants 

and allocate participants to either the High Trait Anxiety Group or the Low Trait Anxiety Group. 

The STAI-T was re-administered at the commencement of the experimental session to confirm 

this allocation.  

Assessment Tasks 

Conventional Anti-Saccade Task. The present anti-saccade task was closely based on 

the approaches employed by Derakshan and colleagues (Ansari & Derakshan, 2010; Derakshan 

et al., 2009). Each trial commenced with the presentation of a fixation cross in the centre of the 

screen, for either 1000ms, 1500ms, or 2000ms, with equal probability. Participants were required 

to maintain continuous eye-gaze on this fixation cross in order for the fixation cross to disappear, 

and the trial to proceed. Following fixation cross offset, a single visual object stimulus was 

presented for 600ms, positioned with equal frequency either 130mm to the left or right of screen 

centre. This visual object stimulus was a solid white oval (H = 63mm; W = 35mm). Immediately 

upon presentation of this oval stimulus, the participant was required to make a saccadic 

movement. The specific saccadic movement required was determined by instructions delivered 

prior to each block of trials. On pro-condition trial blocks, participants were required to shift 

their gaze left or right when the stimulus appeared left and right respectively (i.e. to make a 

saccade towards the oval stimulus). On anti-condition trial blocks, participants were required to 

shift their gaze right or left when the stimulus appeared left and right respectively (i.e. to make a 

saccade away from the oval stimulus). The response latency to successfully perform the required 

saccadic movement was recorded. The next trial commenced 500ms later. In total, six blocks of 
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12 trials were presented across the anti-saccade task. Half of the blocks were delivered in the 

pro-condition, and the other half were delivered in the anti-condition. These blocks of trials were 

delivered in a random order. Speed and accuracy of responses were recorded. As in Study 1, 

participants were required to provide an accurate response on at least 75% of trials across all 

tasks. It was expected that participants would be slower to make the required saccadic response 

on anti-condition blocks than on pro-condition blocks. The magnitude of this slowing is the 

conventional anti-saccade measure of inhibitory attentional control, and is expressed by the 

following formula: 

Anti-Saccade Cost Index = Response latency to shift attention to correct location on anti-

condition trial blocks – Response latency to shift attention to correct location on pro-condition 

trial blocks. 

 Goal Identification Vs. Execution (GIVE) Task. 

Inhibitory Attentional Goal Identification Assessment Subtask. This subtask was 

designed to assess individual differences in the relative speed to correctly identify whether the 

goal was to execute a saccadic to the left or to the right, on anti-condition trial blocks compared 

to pro-condition trial blocks, without the need to actually execute these attentional goals. The 

physical and temporal characteristics of each trial were the same as in the conventional anti-

saccade task. However, in this subtask, participants had to keep their eye-gaze fixed in the centre 

of the screen for the duration of the trial, and were required only to indicate the direction of the 

saccadic movement that would have been required had this trial been delivered in that condition 

of the conventional anti-saccade task (which they had just completed). On half the blocks, 

participants were told to indicate the direction that their gaze would have been required to move 

in the pro-condition of the conventional anti-saccade task. On the other half of the blocks, 
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participants were told to indicate the direction that their gaze would have been required to move 

in the anti-condition of the conventional anti-saccade task. They responded using the keyboard, 

by pressing the left or right arrow button to indicate the direction of the saccade goal they 

identified as being the requirement. The latency and accuracy of this keyboard response was 

recorded. In total, six blocks of 12 trials were presented across this subtask, three blocks 

delivered in the pro-condition and three in the anti-condition trials. These blocks of trials were 

delivered in a random order.  

The latency and accuracy of responses were recorded and participants were required to 

meet the same accuracy criteria as Study 1. It was expected that participants would be slower to 

correctly identify the attentional goal in anti-condition blocks, than to correctly identify the 

saccade goal in the pro-condition blocks. An index reflecting Inhibitory Attentional Goal 

Identification Cost on anti-condition trials, compared to pro-condition trials, was expressed by 

computing the degree to which each participant was slower to correctly identify the direction of 

the required attentional shift on anti-condition trial blocks, relative to pro-condition trial blocks, 

as indicated by the following formula: 

Inhibitory Attentional Goal Identification Cost Index = Response latency to identify the 

direction of required attentional shift on anti-condition trial blocks – Response latency to identify 

the direction of required attentional shift on pro-condition trial blocks. 

 Inhibitory Attentional Goal Execution Assessment Subtask. This subtask was designed 

to assess individual differences in relative slowing to correctly execute the predetermined 

attentional goal of making a saccade either to the left or right, when this happened to result in a 

saccade away from a presented oval stimulus (anti-condition blocks) or a saccade towards a 

presented oval stimulus (pro-condition blocks).  Again, the physical and temporal characteristics 
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of each trial were the same as those in the conventional anti-saccade task. The key 

methodological difference was that, in this subtask, prior to the commencement of each trial, 

participants were explicitly told whether their goal was to make a saccadic shift to the left or to 

the right as soon as the oval appeared (regardless of its position on screen). On half of the blocks, 

participants were instructed that their goal was to make a saccade to the left as soon as the oval 

appeared. On the other half of the blocks, they were instead instructed that their goal was to 

make a saccade to the right as soon as the oval appeared. On half of the trials within a block, the 

oval stimulus appeared in the opposite side of the screen to the location that participants had the 

goal of saccading towards (anti-condition trials). On the other half of the trials within a block, the 

oval stimulus appeared in the same location that participants had the goal of saccading towards 

(pro-condition trials). In total, six blocks of 12 trials were presented across this subtask, and 

these blocks of trials were delivered in a random order.  

The latency and accuracy of responses were recorded and participants were required to 

meet the same accuracy criteria as Study 1. It was expected that participants would be slower to 

correctly execute their predetermined goal of shifting their gaze to the left or right screen 

location on anti-condition trials than on pro-condition trials. An index reflecting Inhibitory 

Attentional Goal Execution Cost on anti-condition trials, compared to pro-condition trials, was 

expressed by computing the degree to which each participant was slower to correctly execute 

their predetermined attentional shift on anti-condition trials, relative to pro-condition trials, as 

indicated by the following formula: 

Inhibitory Attentional Goal Execution Cost Index = Response latency to execute 

predetermined attentional shift on anti-condition trials – Response latency to execute 

predetermine attentional shift on pro-condition trials. 
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Procedure 

This study was approved by the UWA Human Research Ethics Committee 

(RA/4/1/5243). Participants provided written consent and were tested individually. To ensure 

that participants were assigned to the correct Trait Anxiety Group, at the commencement of the 

experimental session participants completed the STAI-T. To minimise head movements during 

eye-tracking, the participant was positioned in a head-rest affixed 60 cm from the computer 

monitor. The Eyelink 1000 Plus was calibrated for each new participant. Calibration was 

conducted using nine calibration points, and drift correction was performed prior to each block 

of trials. Participants were then given instructions for the conventional anti-saccade task, before 

completing two blocks of six practice trials (six pro-condition trials and six anti-condition trials), 

with corrective feedback. Upon completion of these practice trials, the assessment trials for the 

conventional anti-saccade task were delivered. Next, participants were given instructions for the 

GIVE task. Participants always completed one of the GIVE subtasks before the other, with the 

order of these subtasks counter-balanced across participants. Two blocks of six practice trials 

(six pro-condition trials and six anti-condition trials) of the upcoming subtask were always 

delivered prior to the participant completing the assessment trials of that subtask. Eye-tracker 

calibration was checked after each block of trials, and corrections to the calibration ma de as 

required. Upon completion of the GIVE task, participants were thanked for their participation 

and debriefed. 

Results 

 Two participants were excluded from data analysis due to difficulties in tracking their 

eye-movements. As in the previous study, it was important to ensure that the trait anxiety scores 

of the participants at testing reflected their allocation based on screening scores. At the time of 
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testing, participants in the High Trait Anxiety Group were therefore required to display trait 

anxiety scores in the top half of the sample, and those in the Low Trait Anxiety Group were 

required to display trait anxiety scores in the bottom half of the sample. One participant (from 

the Low Trait Anxiety Group) did not meet this criteria, and was therefore eliminated. In order to 

ensure that our trait anxiety group demonstrated significantly different STAI-T scores at the time 

of testing, an independent samples t-test was performed with STAI-T score has the dependent 

variable and Trait Anxiety Group as the between-subjects variable. This analysis confirmed that 

participants in the High Trait Anxiety Group had significantly higher STAI-T scores than those 

in the Low Trait Anxiety Group, t(44) = 12.01, p < .001, Cohen’s d = 3.57.4 

In keeping with data cleaning approach adopted by Derakshan et al. (2009), a saccade 

was defined as an eye-movement with a velocity of greater than 30°/s and had an amplitude 

greater than 3°. Additionally, for each experimental task, only the first response made by the 

participant was included in the data analysis, and responses that were incorrect, anticipatory 

responses5, or responses that occurred after the oval stimulus was cleared from the screen, were 

eliminated from analysis. Across the tasks, this led to the exclusion of 7.9% of responses6. As it 

was important to ensure that participants were performing the tasks accurately, it was required 

that participants provide a correct response on at least 75% trials. Therefore, each participant’s 

accuracy across the tasks was computed, and, reassuringly, an average accuracy of 92.74% (SD = 

                                                 

 

4 Two participants missed a question on the STAI-T and thus the average imputation method was used to estimate 

their STAI-T scores. A further two participants did not complete the STAI-T at testing, and thus scores were 

assigned to a category based upon scores taken from a mass screening exercise. These participants were excluded 

from these means and this analysis. 
5 Anticipatory responses were defined, using Derakshan et al.'s (2009) criterion, as responses less than 83ms.   
6 On the Anti-Saccade Goal Identification subtask, trials on which the participant failed to comply with the 

instruction to keep their eye-gaze fixed in the centre of the screen for the duration of the trial were eliminated. This 

led to the exclusion of 2.1% of responses. 
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5.62%) was observed, indicating that participants generally understood and complied with task 

instructions. Furthermore, all participants were found to have reached the 75% accuracy 

threshold and, as such, all 48 participants not previously excluded remained in the analysis. 

 Having confirmed the suitability of our selected groups, an analysis was conducted that 

sought to confirm that the GIVE task was able to independently and sensitively assess the 

attentional goal identification and attentional goal execution components of inhibitory attentional 

control. To achieve this, it was determined whether each task demonstrated significantly slower 

responses on anti-condition trials compare to pro-condition trials, as required. Then, it was 

determined whether the measures of inhibitory attentional goal identification and inhibitory 

attentional goal execution were significantly correlated with each other, and assessed whether 

these measures predicted unique variance in anti-saccade cost. Finally a mediation analysis was 

conducted to ensure that this effect was not mediated by individual differences in general 

processing efficiency. Upon confirming the suitability of the GIVE task measure, the analysis 

then sought to determine whether elevated trait anxiety was associated with impairments in 

either attentional goal identification or attentional goal execution. 

Is the GIVE task able to independently and sensitively measure the attentional goal 

identification and execution components of inhibitory attentional control? 

Table 3.1 presents the mean pro- and anti-condition costs for each task, as well as the 

computed anti-condition cost index. For the conventional anti-saccade task, response times on 

both pro-condition trials and on anti-condition trials were found to demonstrate high reliability, 

indicated by Spearman-Brown split-half reliability coefficients of .95 and .97, respectively. A 

paired-samples t-test revealed that the slowing on anti-condition trials compared to pro-condition 

trials on the conventional anti-saccade task was statistically significant, t(47) = 16.52, p < .001, 
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confirming that participants demonstrated the usual anti-saccade cost on the conventional anti-

saccade task. 

Table 3.1 

Means (SD) of response latencies and latency costs for the conventional anti-saccade task and 

the GIVE task measures of attentional goal identification and execution, across pro- and anti-

condition trials. 

 Anti-Saccade Task 

Mean (SD) 

Goal Identification 

Sub-Task Mean 

(SD) 

Goal Execution Sub-

Task Mean (SD) 

Pro-Condition  177.78 (26.89) 391.31 (45.28) 175.81 (26.39) 

Anti-Condition  253.92 (36.17) 410.92 (41.51) 220.62 (30.85) 

Anti-Condition Cost  76.14 (31.94) 19.61 (26.67) 44.81 (16.74) 

 

In the Inhibitory Attentional Goal Identification Assessment Subtask, response times 

again demonstrated high reliability both in the pro-condition trials and in the anti-condition trials, 

demonstrated by Spearman-Brown split-half reliability coefficients of .93 and .94, respectively. 

A paired-samples t-test demonstrated that participants were significantly slower to respond on 

anti-condition trials compared to pro-condition trials, t(47) = 5.09, p < .001. Thus, participants 

were generally slower to correctly identify whether their goal was to shift their gaze to the left or 

right, when this Inhibitory Attentional Goal Identification Assessment Subtask was delivered in 

the anti-condition than when it was delivered in the pro-condition.   
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In the Inhibitory Attentional Goal Execution Assessment Subtask, the response times also 

demonstrated high reliability both in the pro-condition trials and the anti-condition trials, with 

Spearman-Brown split-half reliability coefficients of .93, and .94, respectively. A paired-samples 

t-test confirming that participants were significantly slower to respond on anti-condition trials 

than on pro-condition trials, t(47) = 18.55, p < .001. This indicates that participants were, in 

general, relatively slower to execute the predetermined goal of making a saccadic to the right or 

left, when such saccadic goal execution required making a saccade away from the oval stimulus 

rather than towards it.  

Together, these findings confirm that participants exhibited the expected patterns of 

response slowing, in the anti-condition compared to the pro-condition, not only on the 

conventional anti-saccade task, but also on both sub-tasks of the GIVE, respectively assessing 

Inhibitory Attentional Goal Identification and Inhibitory Attentional Goal Execution. It was then 

determined whether individual differences in the magnitude of this response slowing in the anti-

condition compared to the pro-condition were independent across the two GIVE subtasks. To do 

this, an index of the anti-condition cost not only on the conventional Anti-Saccade Task (anti-

saccade cost), but also on the Inhibitory Attentional Goal Identification Assessment Subtask of 

the GIVE (Inhibitory Attentional Goal Identification Cost) and on the Inhibitory Attentional 

Goal Execution Assessment Subtask of the GIVE (Inhibitory Attentional Goal Execution Cost) 

was computed, as described in the Method section. Pearson’s correlation analysis revealed no 

evidence of an association between these two index scores, r = -.11, p = .458, suggesting that 

these two GIVE sub-task cost indices vary independently of each other.  

Next, as planned, an examination of whether variation in each of these two cost indices 

yielded by the GIVE, respectively reflecting Inhibitory Goal Identification Cost and Inhibitory 
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Goal Execution Cost, accounted for independent variance in the anti-saccade cost observed on 

the conventional anti-saccade task was conducted. Specifically, the Anti-Saccade Cost Index 

scores obtained using the conventional anti-saccade task scores were entered as the dependent 

variable in a regression analysis, with the Inhibitory Goal Identification Cost Index scores and 

Inhibitory Goal Execution Cost Index scores obtained using the GIVE sub-tasks simultaneously 

entered as independent variables. The overall model was significant, F(2,47) = 7.67, p = .001, R2 

= .254. This indicates the overall model accounted for 25.4% of the variance in anti-saccade cost. 

Moreover, the Inhibitory Goal Identification Cost Index scores, t(47) = 2.39, p = .021, β = .310, 

and the Inhibitory Goal Execution Cost Index scores, t(47) = 3.35, p = .002, β = .433, each did 

indeed predict independent variance in the Anti-Saccade Cost Index scores obtained using the 

conventional anti-saccade task, accounting for 8.2% and 17.3% of the variance in anti-saccade 

cost respectively. This pattern of results supports the capacity of the GIVE tasks to measure 

independent variance in the Inhibitory Attentional Goal Identification component and in the 

Inhibitory Attentional Goal Execution component of anti-saccade task performance. 

Furthermore, this demonstrates that individual differences in both component processes assessed 

by the GIVE contribute to variation in the anti-saccade cost effect commonly observed on the 

conventional anti-saccade task.  

 It is possible that the cost indices yielded by the conventional anti-saccade task, and by 

the two GIVE sub-tasks, might all be greater in people who have slower overall processing 

speed, and such differences in processing speed could potentially drive the observed association 

between these cost measures. In order to address this possibility, two mediation analyses were 

conducted, to determine whether the association between the anti-saccade cost index scores, and 

each of the GIVE sub-task cost index scores, reflected the mediating influence of overall 
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response speed, as indexed by average response latency across all trial types. The outcome of 

these analyses revealed that the association between the Anti-Saccade Cost Index scores and the 

Inhibitory Goal Identification Cost Index scores was not significantly mediated by overall 

processing speed (Sobel test = -.74, p = .458, bootstrap confidence interval4 = -.14 to .14). 

Further, the association between the Anti-Saccade Cost Index and the Inhibitory Goal Execution 

Cost Index also was not significantly mediated by overall processing speed (Sobel test = -.42, p 

= .672. bootstrap confidence interval7 = -.52 to .31). Thus, this pattern of findings suggest that 

the observed association between these cost measures is not driven by individual differences in 

overall processing speed. 

Does elevated trait anxiety impair attentional goal identification or attentional goal 

execution? 

As can be seen in Table 3.2, participants in the Low Trait Anxiety Group had higher Cost 

Index scores than those in the High Trait Anxiety Group, across all three index measures. To test 

whether this difference was statistically significant on the conventional anti-saccade task, an 

independent samples t-test was performed, with Anti-Saccade Cost as the dependent variable and 

Trait Anxiety Group as the independent variable. No significant difference in Anti-Saccade Cost 

Index was observed between the Low Trait Anxiety Group and the High Trait Anxiety Group, 

                                                 

 

7 Bootstrap confidence intervals of the indirect effect were obtained using 5000 bootstrap samples 
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t(46) = 1.86, p = .069, indicating that no inhibitory attentional control impairments were 

observed in high trait anxious participants compared to low trait anxious participants8.  

Table 3.2 

Mean anti-saccade and anti-condition costs (SD) for the conventional anti-saccade task and two 

GIVE sub-task measures split by trait anxiety group. 

 Anti-Saccade Cost 

(SD) 

Inhibitory Goal 

Identification Cost 

(SD) 

Inhibitory Goal 

Execution Cost (SD) 

Low Trait Anxiety 84.50 (32.13) 22.77 (24.87) 46.31 (17.50) 

High Trait Anxiety 67.78 (30.10) 16.45 (28.54) 43.33 (16.18) 

 

Having established that inhibitory attentional control deficits were not observed in 

individuals with elevated trait anxiety, but were instead found in those with low trait anxiety, 

attention was then directed towards the relationship between trait anxiety and attentional goal 

identification and attentional goal execution. In order to test the relationship between trait 

                                                 

 

8 As in the previous study, saccadic and response accuracy was examined to ensure that results observed using 

saccadic latencies were not the result of differences in speed/accuracy trade-off. As in the previous study, no trait 

anxiety linked impairment in accuracy was observed on either the anti-saccade task, or the GIVE sub-tasks (p’s > 

.05). 
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anxiety and each of the GIVE sub-task measures, two independent samples t-tests were 

performed, with trait anxiety as the independent variable, and the anti-cost score of each sub-task 

as the dependent variables. Examining inhibitory attentional goal identification, it was found that 

there were no-significant differences between the High Trait Anxiety Group and Low Trait 

Anxiety Group on the Inhibitory Goal Identification Cost Index, t(46) = .82, p = .418. Similarly, 

there was no observed difference between the High Trait Anxiety Group and the Low Trait 

Anxiety Group on the Inhibitory Goal Execution Cost Index, t(47) = .61, p = .543. This indicates 

that there was no association between elevated trait anxiety and impairments on either 

component process of inhibitory attentional control. 

Discussion 

 This study had two major aims. The first aim of this study was to develop and evaluate a 

new assessment approach, capable of independently assessing variation in inhibitory attentional 

goal identification and inhibitory attentional goal execution. The second aim of the present study 

was to test the Component Process Account of the observed inconsistency concerning whether 

people with elevated trait anxiety exhibit impaired inhibitory attentional control. To do this the 

effects of trait anxiety on two component processes underlying inhibitory attentional control to 

determine if trait anxiety impaired only one of these processes were examined. This discussion 

will therefore consider each of these aims in turn. 

The GIVE Task as a measure of attentional goal identification and attentional goal 

execution 

The first aim of this study was to develop and evaluate a new assessment methodology 

that is capable of independently and sensitively measuring the inhibitory attentional goal 

identification and execution components of inhibitory attentional control. The results of the 
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present study showed that both our measure of inhibitory attentional goal identification and our 

measure of inhibitory attentional goal execution were found the exhibit the same pattern of 

slowing on anti-condition trials compared to pro-condition trials that is typically observed on the 

conventional anti-saccade task, a pre-requisite to using the anti-condition cost indices to measure 

inhibitory attentional goal identification and execution. Critically, it was also observed that the 

anti-condition cost index produced by each measure significantly predicted independent variance 

in the conventional anti-saccade cost index, thought to measure inhibitory attentional control.  

Furthermore, our findings show that the measures of inhibitory attentional goal 

identification cost and inhibitory attentional goal execution cost yielded by our newly developed 

GIVE task were uncorrelated with one another. The absence of an association between these two 

cost indices cannot be attributed to the insensitivity of one or other measure, perhaps reflecting 

reduced sensitivity when a key press response or eye-tracking is used to compute the cost index. 

Such an explanation is incompatible with the observation that each cost measure yielded by the 

GIVE task accounted for statistically significant independent variance in the anti-saccade cost 

effect observed on the conventional anti-saccade task. Thus, taken together, this pattern of 

findings suggests that the GIVE task is capable of differentiating and sensitively assessing the 

individual differences in inhibitory attentional goal identification, and in inhibitory attentional 

goal execution, that independently contribute to inhibitory attentional control as measured by the 

widely-used anti-saccade task.  

Having demonstrated that our novel GIVE task is capable of sensitive and independent 

assessment of inhibitory attentional goal identification and inhibitory attentional goal execution, 

it is possible to assess individual differences in these processes. In particular, it is possible to 

assess the relationship between deficits in attentional goal identification and execution and trait 
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anxiety, in order to explain the inconsistent relationship between impaired inhibitory attentional 

control and elevated trait anxiety. The next section will therefore examine the observed 

relationships between trait anxiety and attentional goal identification and attentional goal 

execution. 

The effects of elevated trait anxiety on inhibitory attentional control and its component 

processes 

The second aim of the present study was to test the Component Process Account of the 

observed inconsistency concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control. In order to meet this aim, the present study assessed two accounts 

of the relationship between trait anxiety and the component processes of inhibitory attentional 

control which may explain the observed inconsistency concerning whether people with elevated 

trait anxiety exhibit impaired inhibitory attentional control; (1) trait anxiety induced inhibitory 

attentional control deficits are the result of trait anxiety linked impairments in only inhibitory 

attentional goal identification, or (2) trait anxiety induced inhibitory attentional control deficits 

are the result of trait anxiety linked impairments in only inhibitory attentional goal execution. 

The findings of the present study do not support either of these accounts. As neither inhibitory 

attentional goal identification nor inhibitory attentional goal execution demonstrated 

impairments in individuals with elevated trait anxiety.  

 This study has again demonstrated the inconsistency concerning whether people with 

elevated trait anxiety exhibit impaired inhibitory attentional control. While previous research has 

demonstrated inhibitory attentional control impairments linked to elevations in trait anxiety 

(Ansari & Derakshan, 2010; Derakshan et al., 2009), this study demonstrated no relationship 

between inhibitory attentional control and trait anxiety, replicating the result of Study 1. 
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Importantly, the lack of any observable impairment in either inhibitory attentional goal 

identification or inhibitory attentional goal execution in individuals with elevated trait anxiety 

suggest that it is unlikely that this inconsistency results from the differential impacts of trait 

anxiety on individual component processes of inhibitory attentional control. This therefore 

suggests that other factors must underlie the observed inconsistency concerning whether people 

with elevated trait anxiety exhibit impaired inhibitory attentional control. 

 An alternate explanation is the effect of state anxiety on the association between elevated 

trait anxiety and impairments in inhibitory attentional control. Individuals with elevated trait 

anxiety are more likely to experience elevations in state anxiety (Spielberger, 2013). It is 

therefore plausible that individuals selected on the basis of elevated trait anxiety may also be 

experiencing increased levels of state anxiety during an experimental session, compared to 

individuals selected on the basis of low trait anxiety. Previous studies which have observed 

impaired inhibitory attentional control in individuals selected on the basis of elevated trait 

anxiety may have therefore, inadvertently, created an additional distinction between their high 

and low trait anxiety groups, representing differing levels of state anxiety. If this were to occur, 

inhibitory attentional control deficits elicited by elevations in state anxiety, either alone, or in 

combination with trait anxiety, amongst those individuals with elevated trait anxiety, may be 

interpreted as trait anxiety linked deficits. Such a proposal would suggest that within the samples 

presented in this study and that presented in the preceding chapter, no such elevation in state 

anxiety occurred within the groups selected on the basis of their trait anxiety scores. This may 

have occurred due to the recruitment of our sample, which came from an undergraduate 

participant pool where participants complete multiple experiments, and thus are likely to find 

each experiment more familiar and less anxiety-inducing than a community sample. Thus the 
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degree to which the experimental session induces state anxiety at the time of testing may help to 

explain the inconsistent nature of inhibitory attentional control deficits in individuals with 

elevated trait anxiety. 

 As outlined in Chapter 1, there are two plausible variants of this State Anxiety Account. 

In order to assess this explanation, it would not be sufficient to simply measure state and trait 

anxiety. Due to the highly correlated nature of state anxiety and trait anxiety, trait anxiety would 

heavily influence state anxiety levels, resulting in sizeable shared variance between measures of 

state anxiety and trait anxiety. Instead it would be essential to induce either a high or low anxious 

mood state in participants with high and low levels of trait anxiety. This would enable the effects 

of state and trait anxiety to be decoupled and thus support the assessment of their independent 

associations with deficits in inhibitory attentional control. 

 Thus, the following chapter presents a study that combined the conventional anti-saccade 

task, as utilised in the present study, with a mood manipulation designed to induce differing 

levels of state anxiety in individuals with high and low levels of trait anxiety. This aimed to 

assess the two variants of the State Anxiety Account, to determine whether this explanation 

could account for the observed inconsistency concerning whether people with elevated trait 

anxiety exhibit impaired inhibitory attentional control. 
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Chapter 4: Study 3 

Explanatory Note 

 The following chapter has been accepted as a paper for publication in the peer-reviewed 

journal Cognition & Emotion. In order to present the reported study as a single, stand-alone 

paper, it was recognised that justification for the study could not be exactly the same as the 

justification for the present extensive research program, which involves testing two alternative 

explanations of observed inconsistency in the association between elevated trait anxiety and 

impairments in inhibitory attentional control. Thus, the paper poses the possibility of the 

involvement of state anxiety as a plausible logical correlate of trait anxiety, and tests three 

plausible accounts of the relationship between state and trait anxiety, and inhibitory control 

impairments: i. the trait anxiety hypothesis suggests that trait anxiety alone is associated with 

impairments in inhibitory control; ii. the state anxiety hypothesis suggests that state anxiety alone 

is associated with impairments in inhibitory control; and iii. the state anxiety x trait anxiety 

hypothesis suggests that both elevated state and trait anxiety are necessary in order to observed 

inhibitory control impairments.  

 Within the context of current research program, only the state anxiety hypothesis or the 

state anxiety x trait anxiety hypothesis could explain the observed inconsistency concerning 

whether people with elevated trait anxiety exhibit impaired inhibitory attentional control. As 

mentioned previously, the presence or absence of an association between trait anxiety and 

inhibitory attentional control cannot resolve the inconsistency within the research literature of 

this effect, but could only contribute to that inconsistency. Thus a finding in support of trait 

anxiety hypothesis could only serve as a further evidence of this inconsistency, and would act as 

a rejection of the state anxiety hypothesis and the state anxiety x trait anxiety hypothesis. The 
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support for the state anxiety x trait anxiety hypothesis observed in the following study, therefore, 

demonstrates support for the State Anxiety Account.  
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Abstract 

The existence of a relationship between heightened anxiety and impaired inhibitory control is 

well established. However, it remains unknown whether such reduced inhibitory control is a 

stable characteristic of elevated trait anxiety, is driven by elevated state anxiety, or is a joint 

function of both trait and state anxiety. The present study sought to resolve this issue, by having 

high and low trait anxious participants complete an anti-saccade task, following a manipulation 

of state anxiety level using a video-based state anxiety induction procedure. We found that 

impaired inhibitory control was interactively determined by trait and state anxiety. Specifically, 

in high but not low trait anxious participants, the induction of heightened state anxiety served to 

impair inhibitory control. In addition to shedding light on how inhibitory control may potentially 

contribute to dispositional anxiety, these findings suggest that the anxiolytic benefits of 

inhibitory control training procedures may be greatest when delivered to high trait anxious 

individuals during periods of elevated state anxiety.       

 

Keywords: anti-saccade; inhibitory control; anxiety; inhibition  
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Anxiety & Inhibition: Dissociating the involvement of state and trait anxiety in inhibitory control 

deficits observed on the anti-saccade task  

  Individuals vary in their propensity to experience elevations in state anxiety, and this 

individual difference dimension is known as trait anxiety. People with high levels of trait anxiety 

are more likely to experience elevations in state anxiety (Kabacoff, Segal, Hersen, & Van 

Hasselt, 1997). It is well established that individuals selected on the basis of scoring highly on 

measures of trait anxiety are characterised by deficits in inhibitory control. It has been argued 

that such deficits may increase the risk of anxiety dysfunction by compromising the ability to 

effectively regulate anxiety, for example, through inhibition of symptomatology such as worry 

(White, Helfinstein, Reeb-Sutherland, Degnan, & Fox, 2009). 

One of the most common methods of assessing inhibitory control is the anti-saccade task. 

On each trial of this task, participants are first required to attend to a centrally located fixation 

cross. A visual stimulus is then presented, either to the left or the right of this fixation point, and 

the participant is required to make a saccadic response, the nature of which depends upon trial 

condition. On pro-saccade trials, participants must make a saccade towards the presented visual 

stimulus, while on anti-saccade trials they must make a saccade away from the visual stimulus. 

Because it is more difficult for participants to inhibit the prepotent response to the visual 

stimulus, slower saccadic latencies are typically observed on anti-saccade trials than on pro-

saccade trials (Olk & Kingstone, 2015). This slowing, commonly referred to as the “anti-saccade 

cost”, will be greatest in people who have the most difficulty exercising inhibitory control. Thus, 

variation in the magnitude of this anti-saccade cost serves to index individual differences in 

people’s ability to demonstrate inhibitory control.  
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An association between heighted trait anxiety and impaired inhibitory control, assessed 

using the anti-saccade task, was first reported by Derakshan et al. (2009). These researchers 

observed that a group of participants selected on the basis of their high trait anxiety scores 

demonstrated a significantly greater anti-saccade cost than a group of participants selected on the 

basis of having low trait anxiety scores. While not always obtained (e.g. Booth, 2014), similar 

patterns of results have subsequently been reported by other investigators (e.g. Ansari & 

Derakshan, 2010, 2011; Wright, Dobson, & Sears, 2014), and have been taken as evidence that 

heightened trait anxiety is characterised by a deficit in inhibitory control. 

While this represents a plausible inference, it must be recognised that people selected 

based on reporting elevated levels of trait anxiety also tend to report elevated levels of state 

anxiety compared to people who score low on measures of trait anxiety. Therefore, the finding 

that high trait anxious individuals exhibit deficits in inhibitory control on the anti-saccade task 

does not permit the attribution of this impaired inhibitory control to trait anxiety.  

Several alternative accounts can be distinguished that are all consistent with these 

experimental observations. First, it is indeed possible that this inhibitory control deficit is an 

exclusive function of elevated trait anxiety, that would remain unaffected whether or not state 

anxiety was manipulated (trait anxiety hypothesis). A second possibility is that it is, instead, an 

exclusive function of elevated state anxiety, such that the induction of elevated state anxiety 

would serve to impair inhibitory control to an equivalent degree in both high and low trait 

anxious individuals (state anxiety hypothesis). Of course, the above two possibilities are not 

mutually exclusive, and both hypotheses may be valid. However, a third possibility is that trait 

and state anxiety may interactively impact on inhibitory control, such that the induction of 

elevated state anxiety would serve to impair inhibitory control, but only in people with high trait 
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anxiety (trait anxiety x state anxiety hypothesis). Given the possibility that deficits in inhibitory 

control could functionally contribute to elevated trait anxiety (Derakshan et al., 2009), 

discriminating the empirical validity of these hypotheses has important theoretical and applied 

implications. 

The aim of the present study was to empirically discriminate these alternative hypotheses 

concerning the involvement of trait and state anxiety in the anxiety-linked impairment of 

inhibitory control, revealed using the anti-saccade task. To do so, we recruited participants who 

were either high or low in trait anxiety, and tested them on the anti-saccade task following a 

video state anxiety manipulation in which participants either viewed suspenseful video clips that 

were intended to induce high state anxiety (Suspenseful Video Presentation Condition), or 

relaxing video clips that were intended to induce low state anxiety (Relaxing Video Presentation 

Condition). The trait anxiety hypothesis predicts that high trait anxious participants will display 

greater anti-saccade cost than low trait anxious participants, regardless of Video Presentation 

Condition. The state anxiety hypothesis predicts that the Suspenseful Video Presentation 

Condition will lead to an increase in anti-saccade cost that will be equivalent for high and low 

trait anxious participants. The trait anxiety x state anxiety hypothesis predicts that the 

Suspenseful Video Presentation Condition will lead to an increase in anti-saccade cost, but only 

for high trait anxious participants. 

Method 

Participants.  

Approximately 850 first year undergraduate students from the University of Western 

Australia were screened using the trait scale of the Spielberger State-Trait Anxiety Inventory 
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(STAI-T; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). Thirty-eight participants with 

screening scores in the upper tercile (STAI-T scores ≥ 47) of the STAI-T distribution 

participated, designated the “High Trait Anxiety” group, and 40 participants from the bottom 

tercile (STAI-T scores ≤ 37) of the STAI-T distribution participated, designated the “Low Trait 

Anxiety” group, for a total of 78 participants. Power analysis indicated this sample size would 

permit detection of medium effects (of at least f = .33) with > .80 probability. These participants 

were randomly allocated to either a Suspenseful Video Presentation Condition or a Relaxing 

Video Presentation Condition. Of those in the High Trait Anxiety group, 19 participants were 

assigned to the Suspenseful Video Presentation Condition (M STAI-T = 49.89, M Age = 19.1, 74% 

female) and 19 participants were assigned to the Relaxing Video Presentation Condition (M STAI-

T = 51.37, M Age = 20.6, 68% female). Of those in the Low Trait Anxiety group, 20 participants 

were assigned to the Suspenseful Video Presentation Condition (M STAI-T = 31.15, M Age = 22.5, 

65% female) and 20 participants were assigned to the Relaxing Video Presentation Condition (M 

STAI-T = 31.65, M Age = 19.7, 60% female). These groups did not significantly differ in terms of 

gender ratio or age (p’s > .05).  

Questionnaire Measures.  

Spielberger State Trait Anxiety Inventory (STAI). As a measure of trait anxiety, 

participants completed the 20 item trait-subscale of the Spielberger State-Trait Anxiety Inventory 

(STAI-T; Spielberger et al., 1983). The STAI-T has been shown to have good reliability and 

validity (Barnes et al., 2002). 

STAI-6. In order to verify the efficacy of the state anxiety manipulation, we employed a 

computerised version of the STAI-6, which is a six question measure of state anxiety based on 

the state anxiety scale of the STAI (Marteau & Bekker, 1992). The STAI-6 has been shown to 
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have high levels of internal reliability and good convergent validity (Bij, Weerd, Cikot, Steegers, 

& Braspenning, 2003). 

Apparatus 

The anti-saccade task and STAI-6 were presented on a 24-inch widescreen LCD monitor 

at 1024 x 786 resolution. Participant’s eyes were tracked using a desk-mounted Eyelink 1000 

Plus eye-tracking device. The presentation of stimuli was controlled using a custom program 

developed using the SR Research Experiment Builder software package (SR Research Ltd, 

Mississauga, Canada). 

Video Clip Stimuli 

Twelve two-minute video clips, taken from popular media (e.g. film and television), were 

used in the video state anxiety manipulation. Six of these clips were chosen with the aim of 

inducing high state anxiety (suspenseful clips) and included suspenseful scenes from the horror 

and thriller movie genres (e.g. Paranormal Activity, The Shining.). A further six videos were 

chosen with the aim of inducing low anxious mood state (relaxing clips) and included scenes 

from the educational and documentary movie genres (e.g. How It’s Made, Outrageous Acts of 

Science). Six undergraduate students rated each video on how anxiety provoking they found it, 

on an 11 point scale ranging from 0 (“not at all anxiety provoking”) to 10 (“extremely anxiety 

provoking”). The suspenseful clips were rated as significantly more anxiety provoking than the 

relaxing clips (M = 7.25, SD = .89 vs M = .33, SD = .45, respectively; t(5) = 18.59, p < .001). 

Additionally, the former video clips were rated significantly more anxiety provoking than zero, 

t(5) = 19.89, p < .001, while the relaxing clips were not, t(5) = 1.83, p = .13.  

Anti-Saccade Task 
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The present anti-saccade task was closely based on Derakshan et al (2009). Trials 

commenced with a white fixation cross, presented in the centre of the computer screen for either 

1000ms, 1500ms or 2000ms, with equal probability. Participants were required to attend to the 

fixation point. Upon offset of this fixation cross, a solid grey oval shape (H = 63mm, W = 

35mm) was presented either 130mm to the left or 130mm to the right of the fixation point, with 

equal frequency. This oval shape remained on screen for 600ms, during which time participants 

were required to execute a saccade in response to the oval shape, based upon on instructions 

delivered prior to each block of trials. On pro-saccade trial blocks, participants were instructed to 

look towards the shape as soon as it was presented. On anti-saccade blocks, they were instructed 

to look away from the shape as soon as it was presented. The direction and initiation latency of 

the participants’ first eye movement, after the onset of the oval shape, was recorded on each trial. 

In total, six blocks of 12 trials (72 total trials) were delivered. Three were pro-saccade trial 

blocks (36 total trials) and three were anti-saccade trial blocks (36 total trials). The presentation 

order of these blocks was randomised.  

It was assumed that participants would be slower to initiate the instructed saccadic 

movement on anti-saccade trials than on pro-saccade trials. An index of this saccadic cost was 

computed as follows, such that a higher anti-saccade cost index score represents poorer 

inhibitory control: 

Anti-Saccade Cost Index = Latency to initiate correct saccadic shift on anti-saccade trials 

– Latency to initiate correct saccadic shift on pro-saccade trials. 

Video State Anxiety Manipulation. In order to induce either low state anxiety or high 

state anxiety, each block of trials in the anti-saccade task was preceded by presentation of one of 

the video clips. For participants in the Suspenseful Video Presentation Condition, these videos 
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were all from the suspenseful clip set, whereas for participants in the Relaxing Video 

Presentation Condition the videos came from the relaxing clip set. Before and after presentation 

of each video, participants completed the STAI-6, which revealed the impact of these video clips 

on state anxiety level. 

Procedure  

The experimental session began with the participant giving informed consent and 

providing demographic information. Participants then placed their heads in a head rest at a 

distance of 60cm from the display screen. The eye-tracker was then calibrated to track the 

participant’s gaze, utilizing a 9 point calibration procedure. Next, participants were given 12 

practice trials of the anti-saccade task (six pro-saccade trials, six anti-saccade trials). Participants 

then completed the anti-saccade task. Prior to each block of trials, a drift correction was 

performed to ensure a high quality track of the participant’s eye movements, and recalibration 

was performed as required. Upon completion, participants were debriefed and thanked for their 

participation.  

Results 

Verification of the State Anxiety Manipulation. 

 In order to verify that the video-based state anxiety manipulation procedure successfully 

induced differing levels of state anxiety as intended, the STAI-6 state anxiety scores were 

subjected to a 6 x 2 x 2 x 2 mixed-design ANOVA9. Block Number (Block 1 - Block 6) and 

                                                 

 

9 For this analysis, three participants were excluded due to errors in questionnaire delivery on some presentations of 

the STAI-6 
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Assessment Point (Pre-Video Presentation vs Post-Video Presentation) were included as within-

subjects factors, and Video Presentation Condition (Suspenseful Video Presentation Condition vs 

Relaxing Video Presentation Condition) and Trait Anxiety Group (High Trait Anxiety vs Low 

Trait Anxiety) were included as between-groups factors. Internal consistency of the STAI-6 was 

high across all administrations (Cronbach’s αmean = .82), as was the internal consistency of the 

STAI-T (Cronbach’s α = .89).  

 As would be expected, there was a significant main effect of Trait Anxiety group, F(1,70) 

= 31.15, p < .001, partial eta2 = .308, reflecting the fact that participants in the high trait anxiety 

group had significantly higher state anxiety scores than did those in the low trait anxiety group. 

A significant main effect of Assessment Point also was observed, F(1,70) = 40.98, p < .001, 

partial eta2 = .369, such that participants had higher state anxiety scores Post-Video Presentation 

compared to Pre-Video Presentation. Crucially, there was a significant main effect of Video 

Presentation Condition, F(1,70) = 23.77, p < .001, partial eta2 = .254, due to participants in the 

Suspenseful Video Presentation Condition having higher state anxiety scores than those in the 

Relaxing Video Presentation Condition, which verifies the success of the video mood induction 

procedure. As would be expected, this effect of Video Presentation Condition was moderated by 

Assessment Point, F(1,70) = 80.04, p < .001, partial eta2 = .533, reflecting its greater magnitude 

Post-Video Presentation than Pre-Video Presentation. All other effects were found to be non-

significant (p’s > .05). 

Anti-Saccade Task Performance 

 Three participants from the High Trait Anxiety Group (all from the Suspenseful Video 

Presentation Condition) were eliminated due to eye-tracking recording failures. In addition, one 

participant (Suspenseful Video Presentation Condition), who reported a STAI-T score that fell 



CHAPTER 4: STUDY 3         76 

 

within the upper tercile of the STAI-T distribution at recruitment, was excluded from analysis 

due to their STAI-T score falling within the lower tercile of the STAI-T distribution at test time. 

For the remaining participants, in keeping with Derakshan et al (2009), trials were excluded if 

saccadic response was incorrect, or occurred either within 83 ms of the onset of the visual 

stimulus or after its offset. This led to the exclusion of 6.8% of trials. The Anti-Saccade Cost 

Index was then calculated, for each participant, as described in the Method section. Saccadic 

latencies, and anti-saccade cost index scores, observed under each experimental condition, are 

shown in Table 1. Internal reliabilities for pro and anti-saccade latencies, and of the anti-saccade 

cost index were high, with Spearman-Brown split half reliabilities of .95, .95 and .92 

respectively. 

Table 1.  

Means (Standard deviations) for pro and anti-saccade latencies and the anti-saccade cost index 

across all groups (in ms). 

 Relaxing Video Presentation 

Condition 

Suspenseful Video Presentation 

Condition 

 Low Trait High Trait Total Low Trait High Trait Total 

Pro-Saccade 176.62 

(27.42) 

170.29 

(23.12) 

173.54 

(25.28) 

180.40 

(26.89) 

170.14 

(22.77) 

176.00 

(25.38) 

Anti-Saccade 253.19 

(36.77) 

240.00 

(32.73) 

246.75 

(35.05) 

254.89 

(33.55) 

271.72 

(37.74) 

262.10 

(35.87) 
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Anti-Saccade Cost 76.56 

(30.57) 

69.71 

(29.65) 

73.22 

(30.08) 

74.49 

(31.86) 

101.59 

(33.82) 

86.10 

(33.82) 

 

A 2 x 2 between-groups ANOVA was performed on the Anti-Saccade Cost Index scores, 

with Trait Anxiety Group (High Trait Anxiety Group vs Low Trait Anxiety Group) and Video 

Presentation Condition (Suspenseful Video Presentation Condition vs Relaxing Video 

Presentation Condition) as the factors. No main effect of Trait Anxiety Group was observed, 

F(1,70) = 1.97, p = .165, partial eta2 = .027. However, there was a significant main effect of 

Video Presentation Condition, F(1,70) = 4.26, p = .043, partial eta2 = .057, due to participants in 

the Suspenseful Video Presentation Condition having higher Anti-Saccade Cost Index scores 

than those in the Relaxing Video Presentation Condition. Of critical importance, this main effect 

of Video Presentation Condition was moderated by Trait Anxiety, as evidenced by a significant 

two-way interaction between these factors, F(1,70) = 5.53, p =.022, partial eta2 = .073. The 

nature of this interaction, shown in Figure 1, was fully consistent with the predictions generated 

by the trait anxiety x state anxiety hypothesis. Specifically, there was no simple main effect of 

Video Presentation Condition in the Low Trait Anxiety group, t(38) = .21, p = .836, Cohen’s d = 

.07. However, there was a significant simple main effect of Video Presentation Condition in the 

High Trait Anxiety group, t(32) = 3.06, p = .004, Cohen’s d = 1.05, reflecting larger anti-saccade 

cost index scores in the Suspenseful Video Presentation Condition (M = 101.59, SD = 33.82) 

compared to the Relaxing Video Presentation Condition (M = 69.71, SD = 29.65), for these high 
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trait anxious participants. Thus, state anxiety induced impairments in inhibitory control in 

participants with high levels of trait anxiety, but not low levels of trait anxiety10.  

 

                                                 

 

10 As in the previous studies, saccadic accuracy was examined to ensure that results observed using saccadic latencies were 

not the result of individual differences in speed/accuracy trade off. Reassuringly, no trait anxiety linked impairment in 

accuracy was observed on either the anti-saccade task, or the GIVE sub-tasks (p’s > .05). Additionally, the percentage of 

corrective saccades was also examined, with no main effects or interaction effect of state or trait anxiety on the percentage 

of corrective saccades observed (p’s > .05) [Note: this footnote was not included within the published manuscript] 
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Figure 1. Mean anti-saccade cost index scores (in ms) for each group. Error bars reflect standard 

error. * indicates a significant difference at the p < .05 level, n.s. indicates the difference is non-

significant (p > .05) 

Discussion 

 This study was designed to discriminate the validity of several alternative theoretical 

accounts of the relationship between anxiety and impaired inhibitory control, respectively 

implicating trait anxiety, implicating state anxiety, or implicating both facets of anxiety in an 

interactive manner. The findings obtained demonstrate that in high but not low trait anxious 

participants, the induction of elevated state anxiety served to impair inhibitory control. Thus, 

these findings support the interactive hypothesis.   

Previous studies assessing the relationship between anxiety and inhibitory control have 

generally failed to dissociate the relative involvement of state anxiety and trait anxiety in 

observed anxiety-linked impairments in inhibitory control. Theorists have consistently assumed 

that restricted cognitive capacity is likely to underpin such impairment. However, some theorists 

have argued that this impaired functioning is a stable characteristic of elevated trait anxiety 

alone, reflecting the restriction of cognitive capacity in high trait anxious relative to low trait 

anxious individuals (Macleod & Donnellan, 1993). Others have instead argued that this impaired 

functioning is a consequence of transient elevations in state anxiety, reflecting the temporary 

consumption of cognitive capacity by state anxiety symptomatology such as worry (Hadwin, 

Brogan, & Stevenson, 2005; Sari, Koster, & Derakshan, 2017). The present findings show that 

both state and trait anxiety are implicated in the determination of impaired inhibitory control. 

Specifically, they indicate that transient elevations in state anxiety result in impaired inhibitory 

control in high trait anxious individuals but not low trait anxiety individuals. The most plausible 
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explanation is that induced state anxiety does temporarily consume cognitive capacity through 

symptomatology such as worry, but this serves to impair inhibitory control only in those 

individuals exhibiting the stable restriction of cognitive capacity that is characteristic of elevated 

trait anxiety.  

The fact that we observed trait anxiety-linked impairment of inhibitory control in the 

present study only within the video manipulation condition designed to elevate state anxiety may 

appear inconsistent with the findings reported in some previous studies, where trait anxiety-

linked impairment of inhibitory control has been observed in the absence of an experimental 

manipulation designed to elevate state anxiety. One possible explanation for this is that, in these 

previous studies, the unfamiliar experience of being experimentally assessed may have served to 

transiently elevate participants’ state anxiety, thereby giving rise to the trait anxiety-linked 

impairment of inhibitory control also observed in the present study when participants were 

experiencing elevated state anxiety. The absence of this trait-anxiety linked effect in the present 

study was observed only within the video manipulation condition designed to induce low levels 

of state anxiety. This does not contradict prior findings, as previous studies have not employed 

any manipulation to attenuate state anxiety. Hence this finding, that the trait anxiety-linked 

impairment of inhibitory control observed when state anxiety is elevated no longer remains 

evident when low levels of state anxiety are induced, represents a new contribution to 

knowledge. 

Consider how this new knowledge may contribute to our understanding of the cognitive 

factors underpinning elevated anxiety vulnerability. It has previously been argued that impaired 

inhibitory control may compromise effective emotion regulation (Green, Cahill, & Malhi, 2007). 

Our findings show that elevated state anxiety serves to impair inhibitory control in high trait, but 



CHAPTER 4: STUDY 3         81 

 

not in low trait, anxious individuals. Thus, the former people alone will experience a feed-

forward loop, whereby the decline in inhibitory control triggered by state anxiety will 

compromise the ability to regulate this emotion, thereby enabling it to intensify and persist. Of 

course, it is this tendency to experience such a pattern of intense and prolonged state anxiety that 

results in such individuals being classified as high trait anxious. Such an account lends weight to 

the possibility that training improved inhibitory control may potentially contribute to the 

therapeutic attenuation of trait anxiety (Sari et al., 2016). However, it is commonly argued that 

the efficacy of training interventions will be most pronounced when delivered under conditions 

that elicit the target deficit in cognitive functioning (Driskell & Johnston, 1998; Sari, Koster, 

Pourtois, & Derakshan, 2016). Therefore, the present findings also suggest that inhibitory control 

training may yield greatest benefits when it is delivered to high trait anxious individuals during 

periods of elevated state anxiety, as this is when the inhibitory control deficits associated with 

heightened trait anxiety are evident. Consistent with this possibility, Sari, Koster, Pourtois, & 

Derakshan (2016) have demonstrated that training-induced improvements in inhibitory control 

are greater when high state anxiety, relative to low state anxiety, is induced during training.  

It is important to note that the present study compared healthy individuals who reported 

either high or low levels of trait anxiety, and did not assess people with a clinical anxiety 

diagnosis. It is plausible that individuals with clinical anxiety may demonstrate different patterns 

of inhibitory control deficits than those with sub-clinical elevations in trait anxiety. Therefore, 

our findings do not permit conclusions concerning the involvement of state and trait anxiety in 

the patterns of impaired inhibitory control associated with clinical anxiety (Jazbec, McClure, 

Hardin, Pine, & Ernst, 2005). Further, because we recruited participants who were either high or 

low in trait anxiety, and exposed them to an experimental manipulation that induced either high 
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or low state anxiety, we are unable to determine the relative involvement of state and trait 

anxiety in inhibitory control deficits, when these are considered as continuous variables. Such 

issues remain to be addressed by future research. 

While we have demonstrated that a transient, experimentally induced, episode of elevated 

state anxiety serves to impair inhibitory control in high trait anxious individuals alone, it is 

possible that more prolonged elevations of state anxiety may have a more pervasive negative 

impact on inhibitory control. Specifically, inhibitory control deficits on the anti-saccade task may 

potentially be amplified, and be evidenced by both high and low trait anxious people, by the 

longer term elevations is state anxiety induced by protracted stressors. It is suggested that future 

research should directly examine whether this is the case.  

For the moment, the reported findings indicate that a combination of elevated state 

anxiety and elevated trait anxiety was necessary to elicit impairments in inhibitory control, as 

assessed by our anti-saccade task. These findings advance understanding regarding the 

detrimental effects of anxiety on inhibitory control, by providing greater clarity concerning the 

relative contribution of state and trait anxiety to this previously established anxiety-linked 

cognitive impairment.   
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Chapter 5 – Study 4 

The aim of this research program was to empirically evaluate the validity of two 

candidate explanations of the observed inconsistency concerning whether people with elevated 

trait anxiety exhibit impaired inhibitory attentional control. In this thesis, these two candidate 

explanations, which are not mutually exclusive, have been termed the Component Process 

Account and the State Anxiety Account.  

According to the Component Process Account, such inconsistency reflects the fact that 

trait anxiety-linked deficits in inhibitory attentional control may be restricted to only one of two 

component processes involved in inhibitory attentional control: inhibitory attentional goal 

identification or inhibitory attentional goal execution. In Study 2, two variants of this hypothesis 

were tested, that elevated trait anxiety would be associated with deficits in inhibitory attentional 

goal identification and that elevated trait anxiety would be associated with deficits in inhibitory 

attentional goal execution. If either of these hypotheses were supported it would have provided 

evidence for this candidate explanation. To test these hypotheses a novel task was developed that 

measured these component process of inhibitory attentional control, the GIVE Task. Critically, 

despite the GIVE task independently measuring both component processes, no evidence of trait 

anxiety-linked deficits in either inhibitory attentional goal identification or inhibitory attentional 

goal execution was found. Thus, no evidence for the Component Process Account was found in 

Study 2.  

According to the State Anxiety Account, trait anxiety-linked deficits in inhibitory 

attentional control may be observed only when state anxiety is also elevated, or such deficits may 

be a direct function of state anxiety alone. Study 3 tested two variants of this hypothesis, the state 

anxiety only hypothesis and the state x trait anxiety hypothesis. Using the conventional anti-
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saccade task and a video-based state anxiety induction procedure, it was observed that 

individuals with elevated trait anxiety did demonstrate inhibitory attentional control deficits 

relative to those with low levels of trait anxiety, but only when state anxiety was also elevated 

(by exposed to a state anxiety induction procedure). This finding supported the state x trait 

anxiety variant of the State Anxiety Account. 

The evidence from these studies suggests that the observed inconsistency concerning 

whether people with elevated trait anxiety exhibit impaired inhibitory attentional control may 

partly reflect the fact that such trait-linked effects will be observed only when participants in 

prior studies have been experiencing elevated state anxiety. This may have varied across these 

prior studies depending on the testing protocols used and the degree to which participants had 

prior experience of, and so were not stressed by, engagement in experimental testing. However, 

this does not mean that the trait anxiety-linked deficit in inhibitory attentional control, observed 

when participants are state anxious, necessarily is equally evident on both the inhibitory 

attentional goal identification and the inhibitory attentional goal execution components of 

inhibitory attentional control. It is possible that the inhibitory attentional control deficits 

exhibited by individuals with elevated trait anxiety, who are experiencing elevated state anxiety, 

may reflect only impairment in inhibitory attentional goal identification alone. Alternatively, it is 

possible that the inhibitory attentional control deficits exhibited by individuals with elevated trait 

anxiety, who are experiencing elevated state anxiety, may reflect only impairment in inhibitory 

attentional goal execution alone. The validity of these alternative possibilities could not be 

discriminated in Study 2, as the fact that elevated state anxiety was not induced in that study 

meant that no trait anxiety-linked impairment in inhibitory attentional control was observed. Nor 

could the validity of these alternative possibilities be discriminated in Study 3, because the two 
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component processes of inhibitory attentional goal identification and inhibitory attentional goal 

execution were not independently assessed in that study. The fourth and final study will, 

therefore, take the steps necessary to distinguish the validity of these alternative possibilities, by 

assessing high and low trait anxious participants when state anxiety is either elevated or 

attenuated (as in Study 3), but now using the GIVE task to separately assess individual 

differences in inhibitory attentional goal identification and in inhibitory attentional goal 

execution (as in Study 2).  

Specifically, in Study 4 participants completed the experimental procedure used in Study 

2, allowing the assessment of inhibitory attentional goal identification and execution using the 

GIVE task, with the addition of the video mood manipulation procedure used in Study 3, 

allowing the manipulation of participants’ state anxiety levels. This combined methodology 

enables this study to act as a replication of both Study 2 and Study 3, enabling the validation of 

the previous findings which showed that the GIVE task provides an independent and sensitive 

measure of inhibitory attentional goal identification and inhibitory attentional goal execution, 

and that trait anxiety-lined deficits in inhibitory attentional control are only following a mood 

induction designed to elicit elevations in state anxiety. The replication of Studies 2 and 3 was 

therefore an additional aim of the present study. 

It will be recalled from Chapter 3 that there were two variants of the Component Process 

Account of the observed inconsistency concerning whether people with elevated trait anxiety 

exhibit impaired inhibitory attentional control. The inhibitory attentional goal identification 

impairment hypothesis predicts that high trait anxious participants will display greater anti-

condition cost for goal identification than low trait anxious participants, with no increased anti-

condition cost for inhibitory attentional goal execution. Given the support for the State Anxiety 
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Account in the previous study, suggesting that inhibitory attention control is impaired in 

individuals with elevated trait anxiety only when state anxiety is also elevated, it is plausible that 

this deficit in inhibitory attentional goal identification is only observed in individuals with 

elevated trait anxiety when state anxiety is elevated. If this is the case then it will be observed 

that elevate state anxiety will result in greater inhibitory attentional goal identification cost, then 

low levels of state anxiety, but only for individuals with elevated trait anxiety.  

Further, it will be recalled that the inhibitory attentional goal execution impairment 

hypothesis predicts that high trait anxious participants will display greater anti-condition cost for 

inhibitory attentional goal execution than low trait anxious participants, with no anti-condition 

cost for inhibitory attentional goal identification. Similarly, to the inhibitory attentional goal 

identification impairment hypothesis, the findings of Study 3 mean that it is plausible that these 

deficits in inhibitory attentional goal execution are only observed in high trait anxious 

individuals when state anxiety is also elevated. If this is the case then it will be observed that 

elevated state anxiety will result in greater inhibitory attentional goal execution cost than low 

state anxiety, but only for those with elevated trait anxiety. 

Method 

Participants 

Approximately 850 first year undergraduate students from the University of Western 

Australia were screened using the trait scale of the Spielberger State-Trait Anxiety Inventory 

(STAI-T; Spielberger et al., 1983). Fifty-two participants with screening scores in the upper 

tercile (STAI-T scores ≥ 47) of the STAI-T distribution participated, designated the “High Trait 

Anxiety” group, and 50 participants from the bottom tercile (STAI-T scores ≤ 37) of the STAI-T 

distribution participated, designated the “Low Trait Anxiety” group, for a total of 102 
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participants. These participants were randomly assigned to either a Suspenseful Video 

Presentation Condition or a Relaxing Video Presentation Condition. Of those in the High Trait 

Anxiety group, 25 participants were assigned to the Suspenseful Video Presentation Condition 

(M STAI-T = 52.48, M Age = 19.8, 72% female) and 27 participants were assigned to the Relaxing 

Video Presentation Condition (M STAI-T = 52.37, M Age = 19.85, 63% female). Of those in the 

Low Trait Anxiety group, 25 participants were assigned to the Suspenseful Video Presentation 

Condition (M STAI-T = 32.40, M Age = 22.48, 56.0% female), and 25 participants were assigned to 

the Relaxing Video Presentation Condition (M STAI-T = 29.52, M Age = 21.83, 54.2% female). 

These groups did not significantly differ in terms of gender ratio or age (p’s < .05). All 

participants were required to have normal or corrected to normal vision at the time of testing and 

were granted course credit for their participation.  

Questionnaire Measures 

 As in the previous studies, the Spielberger State-Trait Anxiety Inventory’s trait subscale 

(STAI-T; Spielberger et al., 1983) was used in order to measure the trait anxiety of participants 

and allocate participants to either the High Trait Anxiety Group or the Low Trait Anxiety Group. 

The STAI-T was re-administered at the commencement of the experimental session to confirm 

this allocation. The six-item version of the Spielberger State-Trait Anxiety Inventory’s state sub-

scale was used to measure state anxiety, as in Study 3 (STAI-6; Marteau & Bekker, 1992). 

Apparatus 

 The apparatus used in the present study matches exactly those used in all previous studies 

within the present research program.  
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Video Stimuli  

In this study it was necessary to extend the set of video stimuli that were used in Study 3 

to enable delivery of the increased number of mood induction top-ups required. Thus, 24 two-

minute video clips were taken from popular media (e.g. film and television), for use in the state 

anxiety manipulation procedure. Twelve of these clips were chosen with the aim of inducing 

high state anxiety (suspenseful clips) and included suspenseful scene from the horror and thriller 

genres (e.g. Paranormal Activity, The Shining etc). A further 12 videos were chosen with the aim 

of inducing low anxious mood state (relaxing clips) and included clips from the educational and 

documentary genres (e.g. How It’s Made, Outrageous Acts of Science, etc). Seven adults rated 

each video on how anxiety provoking they found it, on an 11 point scale ranging from 0 (“not at 

all anxiety provoking”) to 10 (“extremely anxiety provoking”). The high state anxiety clips were 

rated as significantly more anxiety provoking than the low state anxiety clips (M = 6.85, SD = 

.03 vs M = .47, SD = .16, respectively; t(6) = 13.83, p < .001, d = 5.22). Additionally, the former 

videos were rated significantly more anxiety provoking than zero, t(6) = 19.27, p < .001.  

Tasks 

 Anti-Saccade Task. The anti-saccade task used in the present study was virtually 

identical to that used in Studies 2 and 311. As in previous studies, the order of the presentation of 

the blocks of trials were randomised across participants. Also as in previous studies, it was 

                                                 

 

11 The only difference between the present study and that used previously was that the trials for the anti-saccade 

task and two GIVE sub-tasks in the present study were arranged into four blocks of 18 trials, rather than 6 block of 

12 trials. If the same number of blocks were used as in previous studies this would have resulted in 18 blocks of 

trials across the experiment. Increasing the number of video presentations to 18, from six in Study 3, led to concerns 

about the efficacy of repetitive mood inductions. Given the reassuring results from Study 3, that have shown that the 

mood induction was effective in blocks containing 12 trials, it is likely that increasing the number of trials in each 

block will not undermine the efficacy of the mood induction. Thus the 18 trial blocks represent a compromise 

between reducing the number of blocks whilst maintain the efficacy of the mood induction across the blocks. 
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assumed that participants would be slower to initiate the instructed saccadic movement on anti-

saccade trials than on pro-saccade trials, and that greater anti-saccade cost represents poorer 

levels of inhibitory attentional control. Thus, the accuracy and latency of responses were 

recorded. Participants were required to meet the same accuracy criteria as previous studies. The 

index of anti-saccade cost was calculated using the following formula: 

Anti-Saccade Cost Index = Latency to initiate correct saccadic shift on anti-saccade trials 

– Latency to initiate correct saccadic shift on pro-saccade trials. 

GIVE Task. The GIVE task used in the present study was virtually identical to that used 

in Study 27. The order of the presentation of blocks within each sub-task, and the order to the 

GIVE sub-tasks within the GIVE task, were randomised across participants. 

 As in Study 2, it was assumed that participants would be slower to provide the correct 

response on anti-condition trials than on pro-condition trials, that greater slowing cost on the 

inhibitory attentional goal identification assessment subtask represents poorer identification of an 

inhibitory attentional goal, and greater slowing cost on inhibitory attention goal execution 

assessment subtask represents poorer execution of an inhibitory attentional goal. Thus, the 

accuracy and latency of responses were recorded. Participants were required to meet the same 

accuracy criteria as previous studies. The cost indices were calculated via the following 

formulas: 

Inhibitory Attentional Goal Identification Cost Index = Latency to input the correct 

directional response on anti-condition trials – Latency to input the correct directional response on 

pro-condition trials. 
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Inhibitory Attentional Goal Execution Cost Index = Latency to initiate correct saccadic 

shift on anti-condition trials – Latency to initiate correct saccadic shift on pro-condition trials. 

Video State Anxiety Manipulation  

In order to induce either low state anxiety or high state anxiety, each block of trials in 

both the anti-saccade task and the GIVE task was proceeded by presentation of one of the video 

clips. For participants in the Suspenseful Video Presentation Condition, these videos all came 

from the suspenseful clips, whereas for participants in the Relaxing Video Presentation 

Condition the came from the relaxing clips. Before and after presentation of each video, 

participants completed the STAI-6, which revealed the impact of these video clips on state 

anxiety level. 

Procedure 

Participants completed the STAI-T and provided demographic information at the 

commencement of the experimental session. Participants then positioned their head in the 

headrest and the Eyelink 1000 Plus was calibrated for the participant using nine calibrations 

points. An additional drift correction was conducted prior to each block of trials to ensure 

tracking quality was maintained. Participants were given the instructions for the anti-saccade 

task and completed six pro-condition practice trials and six anti-condition practice trials with 

corrective feedback. Participants then completed the anti-saccade task. Prior to each block of 

assessment trials participants completed the Video State Anxiety Manipulation. Upon 

completion of the anti-saccade task, participants completed one of the GIVE sub-tasks followed 

by the other sub-task, with the order counter-balanced across participants. Prior to each sub-task, 

participants received two blocks of six practice trials (six pro-condition trials and six anti-

condition trials). As in the anti-saccade task, each block of assessment trials was preceded by the 
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Video State Anxiety Manipulation. Eye-tracker calibration was checked between each block of 

trials and corrections to the calibration were made as required.  

Results 

Participant Exclusion Criteria 

 Three participants were excluded from the analysis due to eye-tracking recording failures. 

As in previous studies, it was important to ensure that the trait anxiety scores of the participants 

at testing reflected their allocation based on screening scores. At the time of testing, participants 

in the High Trait Anxiety Group were therefore required to display trait anxiety scores in the top 

half of the sample, and those in the Low Trait Anxiety Group were required to display trait 

anxiety scores in the bottom half of the sample. Six participants were found to not meet this 

criteria and they were therefore eliminated.  

 Prior to assessing the role of state and trait anxiety on the component processes of 

inhibitory attentional control, it was thought useful to determine whether the basic assumptions 

verified in Studies 2 and 3 were also found to be supported in the present study. The first of these 

assumptions, verified in Study 2, was that the GIVE task would independently measure variation 

in the inhibitory attentional goal identification and inhibitory attentional goal execution 

components of inhibitory attentional control, and show that both contribute to variation in the 

anti-saccade cost index yielded by the conventional anti-saccade task. The second assumption, 

verified in Study 3, was that the Video State Anxiety Manipulation would serve to induce 

differential levels of state anxiety between the participants groups receiving each Video 

Presentation Condition. The validity of these two assumption will be tested, in turn, before 

proceeding to the main analysis. 
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Verifying that the GIVE task sensitively and independently assess the inhibitory attentional 

goal identification and inhibitory attentional goal execution 

 Firstly, this analysis sought to verify that the GIVE task served to independently and 

sensitively measure inhibitory attentional goal identification and inhibitory attentional goal 

execution. To verify this, it was first necessary to demonstrate that participants respond slower 

on anti-condition trials, compared to pro-condition trials. This would demonstrate that the task is 

able to capture the additional processing required on anti-condition trials compared to pro-

condition trials to both identify and execute the inhibitory attentional goal. Secondly, it was 

necessary to demonstrate that the GIVE Task measures of inhibitory attentional goal 

identification and inhibitory attentional goal execution predict independent variance in inhibitory 

attentional control. This would demonstrate that each measure is successfully capturing an 

independent process underlying inhibitory attentional control. Thus it was first investigated 

whether participants demonstrate the expected slowing on anti-condition trials compared to pro-

condition trials, and then assess whether the Inhibitory Attentional Goal Identification Cost 

Index and Inhibitory Attentional Goal Execution Cost Index predict significant independent 

variance in anti-saccade cost. 

In keeping with the preceding chapters, a saccade was defined as an eye-movement with 

a velocity of greater than 30°/s and had an amplitude greater than 3°. Additionally, for each 

experimental task, only the first response made by each participant was analysed. Incorrect, 

anticipatory (occurring within 83ms of cue onset) or responses that occurred after the oval 

stimulus was cleared from the screen were eliminated from the analysis. Across all tasks, this led 

to the exclusion of 8.5% of trials. Additionally, for the Inhibitory Attentional Goal Identification 

Assessment subtask, trials in which the participant executed an eye-movement response, contrary 
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to instructions, were also eliminated, resulting in the removal of an additional 2.6% of trials from 

that subtask (9.4% of all experimental trials). Further, it is important to ensure that participants 

were performing the task accurately, and thus, as in previous studies, it was required that 

participants provide a correct response on at least 75% trials. Therefore, each participant’s 

accuracy across the task was computed, and reassuringly, average accuracy was high at 90.28% 

(SD = 6.75%). However, three participants were observed to have not met the 75% accuracy 

threshold and were therefore excluded from the analysis. Of the participants included in the 

analysis, average accuracy was 90.78% (SD = 5.90%). Thus, a total of 90 participants were 

included in the analysis, 45 participants from the Low Trait Anxiety Group (MSTAI-T = 29.82, SD 

= 5.60) and 45 participants from the High Trait Anxiety Group (MSTAI-T = 53.98, SD = 7.46). As 

intended, the High Trait Anxiety group was found to have significantly higher STAI-T scores 

than the Low Trait Anxiety group, t(88) = 17.37, p < .001, Cohen’s d = 3.67. 

 Did participants display an anti-condition cost on all tasks? To determine whether 

participants showed the expected slowing on anti-condition trials compared to pro-condition 

trials, three within-samples t-tests were conducted comparing pro-condition trials to anti-

condition trials in the anti-saccade task and the two GIVE sub-tasks. Response times on both 

pro-condition trials and on anti-condition trials are presented in Table 5.1. Participants were 

found to have longer anti-condition latencies than pro-condition latencies on the conventional 

anti-saccade task, t(89) = 24.72, p < .001. This same result was obtained in both the Inhibitory 

Attentional Goal Identification Assessment Sub-Task, t(89) = 6.09, p < .001, and the Inhibitory 

Attentional Goal Execution Assessment Sub-Task, t(89) = 14.32, p < .001. This indicated that 

participants demonstrated the expected slowing in anti-condition trials, compared to pro-

condition trials, across tasks. 
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Table 5.1 

Mean correct response latencies (SD) for the conventional anti-saccade task and two GIVE sub-

tasks on pro- and anti- condition trials, with the mean cost indices for each. 

 Conventional Anti-

Saccade Task 

IAGI Assessment 

Sub-Task 

IAGE Assessment 

Sub-Task 

Pro-Condition 174.02 (24.85) 386.54 (49.04) 176.11 (26.95) 

Anti-Condition 253.96 (31.57) 403.28 (48.33) 216.88 (29.48) 

Anti-Condition Cost 79.94 (30.68) 16.74 (26.09) 40.77 (27.00) 

Note: IAGI = Inhibitory Attentional Goal Identification, IAGE = Inhibitory Attentional Goal 

Execution 

 Did inhibitory attentional goal identification cost and inhibitory attentional goal 

execution cost each account for independent variance anti-saccade cost? To determine 

whether inhibitory attentional goal identification and inhibitory attentional goal execution 

contribute significant variance in anti-saccade task performance, an index of the anti-cost was 

calculated for the anti-saccade task and both GIVE sub-tasks in an identical manner to Study 2. 

The average response latency for pro-condition trials was subtracted from the average latency of 

anti-condition trials for each task, producing the anti-condition cost index for each task and 

subtask. A correlation analysis investigating whether there was a relationship between the 

Inhibitory Attentional Goal Identification Cost Index and the Inhibitory Attentional Goal 

Execution Cost Index found no significant correlation between the two variables, r = .012, p = 

.911.  
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It was next important to ensure that both the Inhibitory Attentional Goal Identification 

Cost Index and the Inhibitory Attentional Goal Execution Cost Index predicted variance in anti-

saccade cost. A regression analysis was therefore performed with the Anti-Saccade Cost Index as 

the dependent variable, and Inhibitory Attentional Goal Identification Cost Index and Inhibitory 

Attentional Goal Execution Cost Index as predictor variables. Overall the model significantly 

predicted variance in the Anti-Saccade Cost Index, F(2,89) = 25.49, p < .001, R2 = .369. 

Additionally both the Inhibitory Attentional Goal Identification Cost Index, t(89) = 2.00, p = 

.049, β = .170, and Inhibitory Attentional Goal Execution Cost Index, t(89) = 6.83, p < .001, β = 

.582, predicted independent variance in the anti-saccade cost index. Thus the measures of both of 

the component processes of inhibitory attentional control were found to independently predict 

variance in inhibitory attentional control, demonstrating that the GIVE task successfully 

measured independent variance in inhibitory attentional goal identification and execution. 

Did the Video State Anxiety Manipulation induce differential state anxiety levels between 

manipulation conditions?  

Verification was next sought to determine that initial state anxiety did not differ between 

the two Video Presentation Conditions prior to the Video State Anxiety Manipulation. To do 

this, an independent samples t-test was conducted with STAI-6 scores prior to first video 

exposure as the dependent variable and Video Presentation Condition (Suspenseful Video 

Presentation Condition v Relaxing Video Presentation Condition) as the independent variable. It 

was observed that there was no significant difference between participants in the Suspenseful 

Video Presentation Condition (M = 10.04, SD = 2.61) and those in the Relaxing Video 

Presentation Condition (M = 9.33, SD = 2.73) in terms of STAI-6 scores, t(88) = 1.26, p = .210, 
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Cohen’s d = .27. Thus the initial state anxiety levels of the recruited participants was equivalent 

across the Video Presentation Conditions. 

To verify that the Video State Anxiety Manipulation successfully induced differential 

anxious mood state between the two Video Presentation Conditions, as required, and was 

maintained across each block of trials, the STAI-6 scores were subjected to a 2x2 mixed design 

ANOVA was conducted that considered Assessment Point (Post-Induction vs Post-Block) as a 

within-subjects factor, and Video Presentation Condition (Suspenseful Video Presentation 

Condition vs Relaxing Presentation Condition). A significant main effect of Assessment Point 

was observed, F(1,86) = 80.07, p < .001, such that participants had significantly higher STAI-6 

scores Post-Induction (M = 11.38, SD = 4.29) compared to Post-Block (M = 10.30, SD = 3.28). 

Consistent with efficacy of the state anxiety manipulation, a significant main effect of Video 

Presentation Condition was found, F(1,86) = 41.64, p < .001, showing that participants in the 

Suspenseful Video Induction Condition (M = 12.87, SD = 3.57) obtained significantly higher 

STAI-6 scores than those in the Relaxing Video Presentation Condition (M = 8.77, SD = 2.13). 

As would be expected if this effect of Video Presentation Condition on state anxiety was greatest 

immediately after delivery of the videos, there was a significant interaction of Video Presentation 

Condition and Assessment Point, F(1,86) = 153.42, p < .001. 

 As can be seen in Figure 5.1, this two-way interaction reflected the fact that participants 

in the Relaxing Video Presentation Condition, participants reported significantly lower state 

anxiety Post-Induction (M = 8.53, SD = 2.08) compared Post-Block (M = 8.95, SD = 2.30), t(43) 

= 4.64, p < .001. This was not the case for participants in the Suspenseful Video Presentation 

Condition, who reported higher state anxiety Post-Induction (M = 14.23, SD = 4.03) compared to 

Post-Block (M = 11.65, SD = 3.57), t(43) = 11.48, p < .001. Thus, it was observed that the effect 
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of the Video State Anxiety Manipulation was stronger immediately following each video than at 

the end of each experimental block. 

 Therefore, it was necessary to ensure that the Video State Anxiety Manipulation was able 

to successful induce differential mood between the two Video Presentation Conditions across the 

length of the experimental blocks. Therefore two within-subjects t-tests were conducted with 

average STAI-6 scores Post-Induction and Post-Block as dependent variables and Video 

Presentation Condition (Relaxing Video Presentation Condition v Suspenseful Video 

Presentation Condition). It was found that participants in the Suspenseful Video Presentation 

Condition reported significantly higher STAI-6 scores than participants in the Relaxing Video 

Presentation Condition when measured at both Post-Induction, t(88) = 8.51, p < .001, and at 

Post-Block, t(86) = 4.23, p < .001. This result suggests that although state anxiety diminished 

across the length of each block, it was always significantly greater in the Suspenseful Video 

Presentation Condition than in the Relaxing Video Presentation Condition, as intended. Thus the 

Video State Anxiety Manipulation successfully induced differential mood across the Video 

Presentation Conditions. 
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Figure 5.1. The interaction between Video Presentation Condition and Assessment Point on 

mean STAI-6 scores, with error bars reflecting standard error. 

Were impairments in the anti-condition cost on the GIVE sub-tasks induced by the 

Suspenseful Video Presentation observed for individuals with elevated trait anxiety? 

 Having determined that the Video State Anxiety Manipulation successfully induced 

differential levels of state anxiety across Video Presentation Conditions, and that the GIVE task 

provides an independent and sensitive measure of the component processes of inhibitory 

attentional control, it was possible to test the three alternative hypotheses. If the Inhibitory 

Attentional Goal Identification Impairment Hypothesis is supported, that the Suspenseful Video 

Presentation Condition will induce greater anti-condition cost for inhibitory attentional goal 

identification than the Relaxing Video Presentation Condition, but only for High Trait Anxious 

Individuals, with no anti-condition cost for inhibitory attentional goal execution. If the Inhibitory 

Attentional Goal Execution Impairment Hypothesis is supported, this would predict that the 

Suspenseful Video Presentation Condition will induce greater anti-condition cost for inhibitory 
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attentional goal execution than the Relaxing Video Presentation Condition, but only for High 

Trait Anxious Individuals, with no anti-condition cost for inhibitory attentional goal 

identification.  

 The Inhibitory Attentional Goal Identification Cost and Inhibitory Attentional Goal 

Execution Cost Indices observed under each experimental condition are shown in Table 5.2. In 

order to determine the effects of state and trait anxiety on inhibitory attentional goal 

identification, a 2x2 between-groups ANOVA was conducted, with the Inhibitory Attentional 

Goal Identification Cost Index as the dependent variable, and with Trait Anxiety Group (High 

Trait Anxiety Group vs Low Trait Anxiety Group) and Video Presentation Condition 

(Suspenseful Video Presentation Condition vs Relaxing Video Presentation Condition) as the 

between-subject factors. No significant effects emerged from this analysis. This means that the 

Inhibitory Attentional Goal Identification Cost Index was not affected by either Trait Anxiety 

Group, F(1,86) = .31, p = .582,  partial η2 = .004, Video Presentation Condition, F(1,86) = .40, p 

= .530,  partial η2 = .005, nor by the interaction between Trait Anxiety Group and Video 

Presentation Condition, F(1,86) = .85, p = .358,  partial η2 = .010.  Thus, no anxiety-linked 

impairment in inhibitory attentional goal identification was observed12.  

 

 

                                                 

 

12 As in previous chapter, saccadic and response accuracy was examined to ensure that results observed using 

latencies were not the result of individual differences in speed/accuracy trade-off. Reassuringly, accuracy was not 

observed to be related to state anxiety, trait anxiety, nor the interaction of state and trait anxiety (p’s > .05). 



CHAPTER 5: STUDY 4         100 

 

 

 

 

 

 

Table 5.2 

Mean Cost Indices in milliseconds (SD) for the GIVE Task sub-tasks, split by Trait Anxiety 

Group and Video Presentation Condition 

 Low Trait Anxiety Group High Trait Anxiety Group 

 Relaxing VPC Suspenseful VPC Relaxing VPC Suspenseful VPC 

IAGI Cost Index 16.08 (18.22) 14.45 (25.67) 14.02 (32.33) 22.64 (26.75) 

IAGE Cost Index 39.83 (28.25) 36.60 (33.43) 43.85 (20.60) 43.83 (25.17) 

Note: IAGI = Inhibitory Attention Goal Identification, IAGE = Inhibitory Attentional Goal 

Execution, VPC = Video Presentation Condition 

Next, the effect of state and trait anxiety of inhibitory attentional goal execution was 

examined. A 2x2 between-groups ANOVA was therefore conducted, with the Inhibitory 

Attentional Goal Execution Cost Index as the dependent variable, and with Trait Anxiety Group 

(High Trait Anxiety Group vs Low Trait Anxiety Group) and Video Induction Condition 

(Suspenseful Video Presentation Condition vs Relaxing Video Presentation Condition) as the 

between-subject factors. Examination of the Inhibitory Attentional Goal Execution Cost Index 

found no significant effects. Thus the Inhibitory Attentional Goal Execution Cost Index was not 

affected by Trait Anxiety Group, F(1,86) = 1.14, p = .290,  partial η2 = .013, Video Presentation 
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Condition was observed, F(1,86) = .04, p = .846,  partial η2 < .001, nor by the interaction 

between Video Presentation Condition and Trait Anxiety Group, F(1,86) = .04, p = .848,  partial 

η2 < .001. Thus, no anxiety-linked impairment in inhibitory attentional goal execution was 

observed.  

Were trait anxiety-linked differences in anti-saccade cost restricted to the Suspenseful 

Video Presentation Condition alone? 

Next, the question of whether the results of Study 3 had been replicated was examined. 

The results of Study 3 demonstrated that high trait anxious individuals demonstrated increased 

anti-saccade cost, but only for participants in the Suspenseful Video Presentation Condition. A 

2x2 between-groups ANOVA was therefore performed on the Anti-Saccade Cost Index scores, 

as displayed in Table 5.3, with Trait Anxiety Group (High Trait Anxiety Group vs Low Trait 

Anxiety Group) and Video Presentation Condition (Suspenseful Video Presentation Condition vs 

Relaxing Video Presentation Condition) as the between-groups factors. No significant effects 

emerged from this analysis. Thus the Anti-Saccade Cost Index was not affected by Trait Anxiety 

Group, F(1,86) = .09, p = .771,  partial η2 = .001, Video Presentation Condition, F(1,86) = .23, p 

= .636,  partial η2 = .003, nor, critically, by the interaction between Trait Anxiety Group and 

Video Presentation Condition, F(1,86) = 1.11, p = .294,  partial η2 = .013. This indicates that 

elevations in state and trait anxiety did not lead to impairments in inhibitory attentional control, 

as measured by the anti-saccade cost index.  
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Table 5.3 

Mean Cost Indices in milliseconds (SD) for the anti-saccade task, split by Trait Anxiety Group 

and Video Presentation Condition 

 Low Trait Anxiety Group High Trait Anxiety Group 

 Relaxing VPC Suspenseful VPC Relaxing VPC Suspenseful VPC 

Anti-Saccade 

Cost Index 

85.97 (30.79) 75.97 (31.00) 77.17 (24.79) 80.96 (36.41) 

Note: VPC = Video Presentation Condition 

Discussion 

 While the present study aimed to determine whether there is an association between 

elevations in both state and trait anxiety and impairments in the component processes of 

inhibitory attentional control, the present study also provided the opportunity to replicate the core 

findings of Studies 2 and 3. Thus, this study also sought validate the findings of Study 2, which 

found that the GIVE task is capable of providing an independent and sensitive measurement of 

inhibitory attentional goal identification and inhibitory attentional goal execution. It also sought 

to replicate the observation from Study 3, that inhibitory attentional control deficits in 

individuals with elevated trait anxiety are only observed when the individual is experiencing 

elevated state anxiety. This discussion will first consider the findings of the present study 
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regarding the replication of Study 2, before then discussing the main aim of the present study, 

and will conclude by examining the results of this study regarding the replication of Study 3. 

Examining the data obtained from the GIVE task, the observed results support the 

findings of Study 2. As in Study 2, it was observed that participants demonstrated the typical 

slowing on the anti-condition, compared to the pro-condition, of each subtask, as is typically 

found on the conventional anti-saccade task. This indicates that these measure are capturing the 

additional difficulty associated with using inhibitory attentional control. Critically, it was further 

observed that the anti-condition cost measures of both inhibitory attentional goal identification 

and inhibitory attentional goal execution were uncorrelated and accounted for significant unique 

variance in anti-saccade cost measure from the anti-saccade task. This result provides converging 

validity for the GIVE task measures and indicates that the GIVE task provides an independent, 

sensitive and reliable measure of inhibitory attentional goal identification and inhibitory 

attentional goal execution. These results, combined with those of Study 2, may have implication 

for the measurement of inhibitory attentional control deficits in a range of clinical disorders, 

which will be discussed further in the next chapter. 

Turning next to the core aim of the present study, this study sought to determine whether 

trait anxiety-linked deficits in inhibitory attentional control, observed, in Study 3, to be present 

when participants have elevated state anxiety result from specific impairments in either 

inhibitory attentional goal identification or inhibitory attentional goal execution, when under a 

high anxious mood state. Two hypotheses were tested which proposed that high trait anxious 

participants who received an anxiety-provoking video induction would demonstrate impairments 

in either inhibitory attentional goal identification or inhibitory attentional goal execution. The 

findings of the present study show that when individuals with elevated trait anxiety experience 
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elevations in state anxiety they do not demonstrate impairments in either inhibitory attentional 

inhibitory attentional goal identification or inhibitory attentional goal execution. Furthermore, as 

in Study 2, the present study revealed no evidence elevated trait anxiety, irrespective of state 

anxiety, is associated with deficits in inhibitory attentional goal identification or inhibitory 

attentional goal execution. The repeated failure to observe any trait anxiety-linked impairments 

in either inhibitory attentional goal identification or inhibitory attentional goal execution 

provides some additional confidence in the conclusion that the observed inconsistency 

concerning whether people with elevated trait anxiety exhibit impaired inhibitory attentional 

control cannot be explained by the trait-anxiety-linked impairments in only one of these 

component processes of inhibitory attentional control. Thus, this study, along with Study 2, has 

failed to find evidence in support of the Component Process Account. The implications of this 

finding will be discussed in further detail in the next chapter. 

 It is interesting to note that an impairment in inhibitory attentional control in individuals 

with elevated trait anxiety, only under conditions designed to elevate state anxiety, was not 

observed in the present study. This result is inconsistent with both the findings of Study 3, and 

the State Anxiety Account of previous inconsistency in the findings observed in studies assessing 

whether there is an association between elevated trait anxiety and inhibitory attentional control 

deficits. This inconsistency in the findings of the present research program may reflect one of 

two possibilities. Firstly, it may reflect a genuine discrepancy between the findings obtained in 

Study 3 and the present study. Such a discrepancy could be the result of the effect of an 

additional, unaccounted for, variable or may simply reflect a Type 1 error within Study 3. 

Alternatively, this inconsistency between the findings of this research program may instead 

simply reflect natural variation without reflecting a genuine discrepancy, causing one result 
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falling within the bounds of statistical significance and one to fail to meet that criterion. Thus, in 

order to draw a firm conclusion regarding whether the present research program has found 

support for the State Anxiety Account, it is important to test whether the pattern of these results 

significantly differ across studies. 

 A post-hoc supplementary analysis was therefore conducted using the existing data that 

sought to establish some rudimentary insight into: 1) whether the observed interactive 

relationship between state and trait anxiety and inhibitory attentional control observed in Study 3 

was statistically different from the non-significant pattern of results observed in Study 4; and 2) 

if not, what pattern of effects were observed when both Studies 3 and 4 were combined. The 

datasets from Study 3 and Study 4 were combined for these analyses, enabling the analysis of a 

total of 180 participants across both studies. Participants were excluded from the analyses if they 

were initially excluded from their respective study’s analysis.  

 A 2x2x2 between-subjects ANOVA was conducted with Anti-Saccade Cost as the 

dependent variable and Video Presentation Condition (Suspenseful Video Presentation Condition 

v Relaxing Video Presentation Condition), Trait Anxiety Group (High Trait Anxiety Group v 

Low Trait Anxiety Group) and Study (Study 3 v Study 4) as between subjects’ factors. A 

significant two-way interaction was also observed between Study and Video Presentation 

Condition, F(1,156) = 4.31, p = .039,  partial η2 = .027, such that Anti-Saccade Cost was 

significantly higher in the Stressful Video Presentation Condition compared the Relaxing Video 

Presentation Condition in Study 3, F(1,70) = 5.54, p = .021,  partial η2 = .073, but not in Study 4, 

F(1,86) = .23, p = .771,  partial η2 = .001. Importantly, a significant interaction was observed 

between Video Presentation Condition and Trait Anxiety Group, F(1,156) = 5.92, p = .016, 

partial ƞ2 = .037, which is illustrated in Figure 6.1. As can be seen, participants in the High Trait 
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Anxiety Group scored higher than those in the Low Trait Anxiety Group only in the Suspenseful 

Video Presentation Condition, F(1,79) = 1.92, p = .170,  partial η2 = .024, and not in the 

Relaxing Video Presentation Condition, F(1,77) = 4.03, p = .048,  partial η2 = .050.  

 

Figure 6.1. Interaction between Video Presentation Condition and Trait Anxiety Group on the 

anti-saccade cost index in milliseconds (error bars reflect standard error). 

Of critical importance to the issue under consideration, the two way interaction between 

Trait Anxiety Group and Video Presentation Condition was not moderated by the Study factor, 

as evidenced by the fact that the three-way interaction of Video Presentation Condition, Trait 

Anxiety Group and Study did not approach significance, F(1,156) = 1.05, p = .307, partial ƞ2 = 

.007. These results indicate that in high but not low trait anxious participants, the induction of 

elevated state anxiety served to impair inhibitory attentional control, and that this pattern of 

results did not significantly differ between the two experiments.  All other effects were found to 

be non-significant (p’s > .05) 
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This analysis, while rudimentary, provides some evidence that inhibitory attentional 

control deficits are observed in individuals with elevated trait anxiety, but only when they are 

experiencing elevations in state anxiety. Further, it demonstrates that this pattern of results does 

not differ significantly between Study 3 and Study 4. Combined, these results indicate that 

inhibitory attentional control deficits do exist in individuals with elevated trait anxiety, but only 

when state anxiety is elevated, and that, although the present study did not reach the threshold for 

statistical significance, this did not differ significantly from the previous finding, in Study 3, 

supporting this relationship. This finding supports the State Anxiety Account and raises 

possibility that variation in participant state anxiety levels across laboratory experiments could 

explain the observed inconsistency concerning whether people with elevated trait anxiety exhibit 

impaired inhibitory attentional control.  

It is critical to note, however, that post-hoc analyses of this nature combine independent 

studies by pretending that they are a single study. This leads to the introduction of variance to the 

analysis that the standard ANOVA procedures do not account for. This kind of analysis can 

cause effects not present in one study to appear present within the combined dataset as a result of 

a single strong effect in another study. This analysis was intended only to enable some informed 

speculation about the difference between the studies conducted and should not be interpreted as 

additional evidence for the existence of any anxiety-liked effects. However, this analysis does 

enable the conclusion to be draw that there was no difference in the pattern of results across the 

two experiments. 

In summary, although both inhibitory attentional goal identification and inhibitory 

attentional goal execution account for significant variance in measures of inhibitory attentional 

control, there is no relationship between impairment in either of these component processes, and 
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elevation in trait and state anxiety. However, the alternative account offered to the observed 

inconsistency concerning whether people with elevated trait anxiety exhibit impaired inhibitory 

attentional control gains support when the data from the anti-saccade task employed in the 

present study are analysed together with the data from the anti-saccade task employed in Study 3. 

Specifically, this analysis demonstrates that although high trait anxious individual exhibit 

impaired inhibitory attentional control compared to low trait anxious individuals, this is the case 

only when state anxiety is elevated. Thus, it seem most plausible that the observed inconsistency, 

concerning whether people with elevated trait anxiety exhibit impaired inhibitory attentional 

control, may reflect variation across prior studies in the degree to which the testing experience 

served to elevate participants’ state anxiety. The following chapter will provide a general 

discussion of the research program, critically evaluating the limitations of the work, identifying 

the theoretical and applied implications of the present findings, and offering suggestions 

concerning how future research should build on these foundations to strengthen experimental 

designs, to further extend theoretical understanding, and to evaluate the benefits delivered by 

applications of this new knowledge.   
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Footnotes 

1 The only difference between the present study and that used previously was that the trials for 

the anti-saccade task and two GIVE sub-tasks in the present study were arranged into four blocks 

of 18 trials, rather than 6 block of 12 trials. If the same number of blocks were used as in 

previous studies this would have resulted in 18 blocks of trials across the experiment. Increasing 

the number of video presentations to 18, from six in Study 3, led to concerns about the efficacy 

of repetitive mood inductions. Given the reassuring results from Study 3, that have shown that 

the mood induction was effective in blocks containing 12 trials, it is likely that increasing the 

number of trials in each block will not undermine the efficacy of the mood induction. Thus the 

18 trial blocks represent a compromise between reducing the number of blocks whilst maintain 

the efficacy of the mood induction across the blocks. 
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Chapter 6 – General Discussion 

The four studies described in the preceding chapters were designed to enable the 

assessment of two candidate explanations, the Component Process Account and the State 

Anxiety Account, of observed inconsistency concerning whether people with elevated trait 

anxiety exhibit impaired inhibitory attentional control. As described previously, the Component 

Process Account proposes that the observed inconsistency concerning whether people with 

elevated trait anxiety exhibit impaired inhibitory attentional control reflects the restriction of the 

association between trait anxiety and inhibitory attentional control to only one of two component 

processes underlying inhibitory attentional control. The State Anxiety Account proposes that the 

observed inconsistency concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control reflects the fact that it is the elevation of state anxiety (which often, 

but not always accompanies high trait anxiety) that drives impairment of inhibitory attentional 

control. 

The evidence obtained from these experiments demonstrates support for only the State 

Anxiety Account. Initial evidence supporting this hypothesis was obtained in Study 3, which 

manipulated state anxiety for high and low trait anxious individuals, and assessed their inhibitory 

attentional control via the anti-saccade task, which was found in Study 1 to provide a suitable 

measure of inhibitory attentional control in the student population under test. The findings in 

Study 3 demonstrated that elevated state anxiety was necessary to elicit impairments in 

inhibitory attentional control, though it did so only in individuals with high trait anxiety. While 

Study 4 did not replicate this effect, as a stand-alone experiment, further support for the 

hypothesis was obtained from the combined analysis of Studies 3 and 4, which demonstrated that 

across the data from both studies, elevated state anxiety elicited impairments in inhibitory 
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attentional control, but only in high trait anxious individuals, and not in low trait anxious 

individuals. The magnitude of this effect did not significantly differ between Studies 3 and 4. 

Thus support was found for the State Anxiety Account. 

Prior to examining the Component Process Account, a critical assumption of the present 

research program, that the novel GIVE Task, developed in this research program to assess 

inhibitory attentional goal identification and inhibitory attentional goal execution, was capable of 

independently and sensitively measuring these component processes of inhibitory attentional 

control, needed to be tested. This research program has found support for this assumption, as 

demonstrated in Studies 2 and 4, which both found that the measures produced by the GIVE task 

when assessing inhibitory attentional goal identification and inhibitory attentional goal execution 

were uncorrelated with one another, and accounted for independent variance in the measure of 

inhibitory attentional control, anti-saccade cost. This finding made it possible to independently 

and sensitively assess inhibitory attentional goal identification and inhibitory attentional goal 

execution, which was necessary in order to determine the validity of the component process 

explanation. 

 Using the GIVE task, no support was found for the Component Process Account, 

according to which the observed inconsistency concerning whether people with elevated trait 

anxiety exhibit impaired inhibitory attentional control results from the association between trait 

anxiety and only one of the two component processes underlying inhibitory attentional control: 

inhibitory attentional goal identification or inhibitory attentional goal execution. Specifically, in 

Studies 2 & 4, individual differences in inhibitory attentional control were assessed using the 

anti-saccade task, and individual differences in each of these two putative component processes 

of inhibitory attentional control were assessed using the newly developed GIVE Task. Across 
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these two experiments no association was observed between elevated trait anxiety or either 

inhibitory attentional goal identification or inhibitory attentional goal execution, either when 

state anxiety was elevated, or when no manipulation of state anxiety occurred. 

The following chapter will consider each of these key findings, beginning with the 

findings concerning the assumption that the GIVE task provides independent and sensitive 

measures inhibitory attentional goal identification and inhibitory attentional goal execution. The 

two accounts, the Component Process Accounts and the State Anxiety Account, and the 

implications of the findings in regards to these accounts, will then be discussed. Finally, the 

factors that limit the interpretability of the present findings will be examined, and three possible 

areas of future research described. 

Findings regarding the assumption that the GIVE task provides an independent and 

sensitive measure of the component processes of inhibitory attentional control. 

 As mentioned previously, researchers have argued that an individual’s ability to utilise 

inhibitory attentional control is underpinned by several component processes  (Munoz & 

Everling, 2004; Olincy et al., 1997; Sweeney et al., 2001), with researchers specifically 

highlighting inhibitory attentional goal identification and inhibitory attentional goal execution in 

inhibitory attentional control as key component processes underpinning inhibitory attentional 

control. For example, both Olincy et al. (1997) and Sweeney et al. (2001) argued that successful 

performance on the anti-saccade task requires participants to utilise inhibitory attentional goal 

identification and inhibitory attentional goal execution. While this conceptualisation has been 

widely accepted, prior to this research program, no method of independently measuring these 

processes existed. This research project therefore developed and tested the GIVE task as a 
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method of assessing these two component processes within Studies 2 and 4. Critically, the 

assessment of the Component Process Account was reliant on this assumption being supported. 

 In line with this assumption, the developed GIVE task was found, in Study 2, to 

independently and sensitively assess these component processes, with the measures of both 

processes found to be uncorrelated and to predict independent variance in overall inhibitory 

attentional control. Reassuringly, this key finding was replicated in Study 4, which also 

employed the GIVE methodology. This replication allows confidence in the conclusion that the 

GIVE task provides an independent and sensitive measure of inhibitory attentional goal 

identification and inhibitory attentional goal execution; the first assessment approach to do so. 

Furthermore, the finding that both of these component processes account for independent 

variance in anti-saccade cost therefore provides the first verification for this conceptualisation of 

inhibitory attentional control widely accepted throughout the research literature.  

Of course, while these findings do indicate that it is possible to separately measure 

inhibitory attentional goal identification and inhibitory attentional goal execution, the findings of 

the present research program do not imply when these component processes may occur within 

the completion of inhibitory attentional control processes. Specifically, it is not possible to 

determine from this data whether such processes occur simultaneously or sequentially. Current 

research suggests that successful completion of the anti-saccade task is the result of multiple 

processes simultaneously racing to meet a required threshold (Munoz & Everling, 2004). It 

therefore seems likely that component processes of inhibitory attentional control, such as 

inhibitory attentional goal identification and execution, are also conducted in parallel. Critically, 

however, these present research program does not enable any conclusions to be drawn regarding 

the sequential nature of these component processes. 
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It seems likely that each of these two component processes will themselves reflect the 

operation of subsidiary cognitive mechanisms that, in time, may be empirically distinguished and 

independently assessed. For example, it seems reasonable to suppose that the process of 

inhibitory attentional goal identification within the anti-saccade task could be further broken 

down into the sub-components of coding the location of the visual object stimulus, retrieving the 

task instruction for that trial block (concerning whether to shift gaze towards or away from the 

displayed object), and computing from these two sources of information whether the correct 

saccadic goal on the current trial is to saccade left or saccade right. Inhibitory attentional goal 

execution, on the other hand, may plausibly be broken down into the initiation of the oculomotor 

response (i.e. the conversion of the determined visual vector into an oculomotor signal) and an 

error checking process, whereby the motor response is checked for accuracy against the 

attentional goal. Hence, individual differences in the inhibitory attentional goal identification and 

inhibitory attentional goal execution components of inhibitory attentional control could 

potentially reflect the independent contributions of variability in each of these subsidiary 

processes.  

As one example of how this might be examined by future researchers, the coding of the 

location of the relevant stimuli that occurs as part of inhibitory attentional goal identification 

may be assessed using a paradigm that presents a neutrally valanced stimulus (e.g. a simple 

shape) in two possible locations that are peripheral to a central fixation point. Participants would 

simply have to indicate the location using a similarly arranged response box, or keyboard, as 

quickly and accurately as possible. The time taken to do so, averaged across both possible 

locations of the stimulus, would provide a measure of the individual’s ability to identify the 
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location of the stimulus, and thus the person’s ability to code the location of a task-relevant 

stimulus.  

 As a second example, in order to measure an individual’s ability to retrieve a desired 

task-relevant instruction, required as part of inhibitory attentional goal identification, participants 

could complete a task where they are required to make a saccade based on information presented 

in a central location. For example, a series of shapes may be coded such that each shape instructs 

participants to saccade in a specific direction (e.g. a square means saccade left, a circle means 

saccade right). The average reaction time to initiate this response would therefore act as a proxy 

of the time taken to retrieve this instruction from working memory. In order to control for the 

effects of inhibitory attentional goal execution, this could be completed in two conditions, one 

where the presentation of these shape cues is blocked (e.g. only squares), thus requiring only one 

response (e.g. a saccade to the left), and one where multiple shapes (and thus instructions) are 

presented. This difference in response times between single possible response trials and multiple 

possible response trials would therefore reflect the time taken to retrieve the competing 

instructions. Alternatively, this may be presented in a fashion similar to the N-Back Task (Kane, 

Conway, Miura, & Colflesh, 2007), with the number of possible instructions within a block 

gradually increasing in order to determine the person’s maximum goal retrieval capacity. 

The above example studies represent two possible methods for extend our understanding 

regarding the component processes underlying inhibitory attentional control. These methods 

would enable the assessment of the subsidiary cognitive mechanisms of the component processes 

of inhibitory attentional control, which may assist the development of cognitive models of 

attention and may result in additional treatments options for those with conditions that are 

characterised by impaired inhibitory attentional control. Regardless of the methodology used, it 
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would be important to demonstrate that these processes contribute independent variance in the 

component process of inhibitory attentional control they underlie, inhibitory attentional goal 

identification or inhibitory attentional goal execution.  

Of course, it would only be worth investigating these potential sub-components if 

inhibitory attentional goal identification or inhibitory attentional goal execution were found to be 

associated with some phenomena of research interest. While a reductionist approach can be 

employed ad infintum, in a general pursuit of knowledge, such an approach would not be an ideal 

use of limited resources. As processes are broken down into underlying sub-components it 

becomes increasingly difficult to ensure that measurements of these processes have acceptable 

construct validity and approach the, near impossible, standard of process purity. Instead, it is 

recommended that such approaches only be employed where theoretical grounds exist that would 

indicate that such sub-components may be meaningfully related to constructs of theoretical or 

clinical interest, and where suitable techniques can be employed that are capable to 

independently and sensitively measuring these sub-components. 

This finding provides an important verification of the major assumption that underlies 

this research program, that inhibitory attentional goal identification and inhibitory attentional 

goal execution underlie inhibitory attentional control. Having verified this assumption, it was 

then possible to examine the validity of the first of the two candidate explanations of the 

observed inconsistency concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control, the Component Process Account.  
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Findings regarding the Component Process Account of the observed inconsistency 

concerning whether people with elevated trait anxiety exhibit impaired inhibitory 

attentional control 

Having developed a task capable of measuring component processes underlying 

inhibitory attentional control, it was possible to test the first candidate explanation of the 

observed inconsistency concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control, the Component Process Account. This explanation proposed that 

trait anxiety may be associated with deficits in one of the component processes underlying 

inhibitory attentional control.   

Utilising the GIVE task methodology, it was observed, in Studies 2 & 4, that individuals 

with elevated trait anxiety demonstrated no impairment in either inhibitory attentional goal 

identification or inhibitory attentional goal execution. Furthermore, this result was found, in 

Study 4, to be true even when individuals with elevated trait anxiety received a mood induction 

procedure designed to elevate their state anxiety levels. These findings therefore demonstrate no 

support for the first candidate explanation of the observed inconsistency concerning whether 

people with elevated trait anxiety exhibit impaired inhibitory attentional control. 

As stated, the results of the present research program suggest that the observed 

inconsistency concerning whether people with elevated trait anxiety exhibit impaired inhibitory 

attentional control cannot be explained by trait anxiety linked impairments in either inhibitory 

attentional goal identification or inhibitory attentional goal execution. However, it is worth 

noting that it is likely that other component processes of inhibitory attentional control that the 

present research program did not seek to assess exist and these may be related to deficits in 

inhibitory attentional control. Thus, it is possible that the association between elevated trait 
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anxiety and one of these unexamined component processes of inhibitory attentional control may 

partly account for the inconsistency between studies regarding the association between elevated 

trait anxiety and inhibitory attentional control impairments.  

For example, one such unexamined component process may be inhibitory attentional goal 

translation, a possible process that may translate the identified attentional goal into an action plan 

for execution. While this research program has demonstrated that inhibitory attentional goal 

identification and inhibitory attentional goal execution contribute to inhibitory attentional, 

logically the identified attentional goal must be converted into a useable motor response for 

execution. Thus the ability to implement inhibitory attentional control may rely on the ability of 

an individual to efficiently convert an identified attentional goal into an executable action. It is 

therefore plausible that impairments in this inhibitory attentional goal translation may explain the 

observed inconsistency concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control. 

While the present research program was not designed to test this possibility, future 

researchers could extend the present methodology in order to do so. Similar to the design of 

Study 2 of the present research program, a sample of high and low trait anxious individuals 

would need to complete an anti-saccade task, in order to measure inhibitory attentional control, 

and a novel task designed to measure inhibitory attentional goal translation. This novel task 

could present participants with a modified version of the anti-saccade task. In this modified 

version of the anti-saccade task, during the presentation of the central fixation cross, information 

regarding where the visual stimulus will appear (on the left or right of the fixation point) will be 

presented simultaneously with information identifying the correct direction in which to make a 

saccadic response (left or right). For example, the location of the visual object presented slightly 
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above the fixation point, within the visual field, while the location of the saccadic goal presented 

slightly below the fixation point. Participants would then need to acknowledge that they are 

ready to execute the pre-identified saccade by pressing a button in front of them. The latency of 

the individual to press this button would be recorded, and, as participants have their attentional 

goal pre-identified and the measurement does not require the execution of the attentional shift, 

this latency would reflect the time taken to translate the identified attentional goal into an 

executable action. The difference in response latency on trials where the location of the visual 

object and the saccadic goal are congruent (pro-condition) and the response latency on trials 

where the location of the visual object and the saccadic goal are incongruent (anti-condition) 

would provide a measure of inhibitory attentional goal translation. To maintain consistency with 

the anti-saccade task, participants would then have to execute the instructed saccadic response. 

This task would assess variation in the efficient operation of the process that translates 

the identified attentional goal into an action plan for execution. The attentional goal is provided 

to the participant in the instructions (as in the inhibitory attentional goal execution assessment 

sub-task) and the dependent variable does not require participants to execute an attentional goal 

(as in the inhibitory attentional goal identification assessment sub-task), thus any increase in 

response times on trials where the location of the visual object and the saccadic goal are 

incongruent, compared to congruent trials, would reflect the additional time taken to translate the 

pre-identified attentional goal into an executable action on anti-condition trials compared to pro-

condition trials. If it were the case that inhibitory attentional goal translations accounted for 

inhibitory attentional control deficits observed during high state anxiety, in high trait anxious 

individuals, then it would be expected that individuals with high trait anxiety would demonstrate 



CHAPTER 6: GENERAL DISCUSSION        120 

 

a greater anti-condition, compared to pro-condition, cost than low trait anxious individuals, when 

state anxiety was elevated. 

Thus it is clear that the observed inconsistency, concerning whether people with elevated 

trait anxiety exhibit impaired inhibitory attentional control, cannot be explained by the 

Component Process Account. Next, the validity of the second candidate explanation of the 

observed inconsistency, concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control, the State Anxiety Account, is examined. 

Findings regarding the State Anxiety Account of the observed inconsistency concerning 

whether people with elevated trait anxiety exhibit impaired inhibitory attentional control  

In Studies 3 and 4, state anxiety was experimentally manipulated, inducing elevated 

levels of state anxiety in individuals who differed in trait anxiety. This manipulation allowed for 

the assessment of the State Anxiety Account, which proposes that the observed inconsistency, 

concerning whether people with elevated trait anxiety exhibit impaired inhibitory attentional 

control, can be attributed to the effects of state anxiety on inhibitory attentional control. An 

interactive relationship between state and trait anxiety on inhibitory attentional control was 

observed in Study 3, such that elevated state anxiety resulted in inhibitory attentional control 

deficits for only those with high trait anxiety. While not replicated in Study 4, a combined 

analysis of the findings of Studies 3 & 4 found that elevated state anxiety resulted in inhibitory 

attentional control deficits for only those with high trait anxiety across both studies, and that this 

pattern of results was not significantly different between the two studies. These findings lend 

support to the State Anxiety Account and suggest that elevated state anxiety results in 

impairments in inhibitory attentional control, only in high trait anxious individuals.  
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 Attentional Control Theory emphasises that the effects of anxiety on cognitive 

performance on experimental tasks requiring the use of inhibitory attentional control are focused 

around “individual differences in anxiety as a personality dimension” (i.e. trait anxiety; Eysenck 

et al., 2007, p. 336). While focusing on the role of trait anxiety, the theory argues that the effects 

of trait anxiety should be even “greater when anxiety levels are especially high (e.g. under 

stressful conditions)” (Eysenck et al., 2007, p. 338). The predictions of Attentional Control 

Theory therefore suggest that a main effect of trait anxiety would be present, alongside an 

interaction between state anxiety and trait anxiety. However, the present research program found 

that state anxiety did not increase the effect of trait anxiety of inhibitory attentional control, but 

rather was a necessary antecedent in order to elicit such an effect (i.e. there was no main effect of 

trait anxiety and only the interaction effect was observed). While subtle, this represents an 

important distinction between the findings of this research program and the predictions of 

attentional control theory and, thus, provides for further refinement of attentional control 

theory’s predictions. Specifically, this would suggest that deficits in attentional control are 

present in those with elevated trait anxious personalities only under situations where levels of 

state anxiety are elevated.  

 This finding does, however, provide some support for the pattern of causality assumed in 

Attentional Control Theory. Specifically, according to Attentional Control Theory, “anxiety 

typically reduces attentional focus on the current task unless it involves threatening stimuli. More 

specifically, anxiety impairs attentional control” (Eysenck et al., 2007, p. 338). Thus according 

to Attentional Control Theory, anxiety causally contributes to inhibitory attentional control 

deficits (Eysenck & Derakshan, 2011; Eysenck et al., 2007). While this research program was 

not specifically designed to test this assumption, these findings show that inducing state anxiety, 
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in those predisposed to experience elevations in anxiety, is associated with a reduction in 

inhibitory attentional control, which does support this direction of causality. Furthermore, this is 

supported by research, demonstrating that induced stress lead to impairments in attentional set-

shifting (Cornwell, Mueller, Kaplan, Grillon, & Ernst, 2012), and general inhibitory functioning 

(Roxburgh, Hughes, & Cornwell, 2019).  

However, it has also been shown that altering inhibitory attentional control results in 

reductions in anxiety (Sari et al., 2016), suggesting that inhibitory attentional control causally 

contributes to anxiety. Specifically inhibitory attentional control training conducted over three 

weeks has been demonstrated to lead to reductions in trait anxiety (Sari et al., 2016). 

Mindfulness training, a clinical tool for reducing emotional dysfunction and improving emotion 

regulation, has also been shown to improve inhibitory attentional control following an eight 

week mindfulness program, resulting in significantly less anxious worry at follow-up (Course-

Choi, Saville, & Derakshan, 2017). Furthermore, the magnitude of improvements in inhibitory 

attentional control were found to be marginally predictive of the magnitude improvements in 

worry (Course-Choi et al., 2017). The combination of these findings, demonstrating improved 

inhibitory attentional control can lead to reduced anxiety symptomatology, and the present 

research program, demonstrating that elevated anxiety leads to inhibitory attentional control 

impairments in high trait anxious individuals, suggests that the relationship between anxiety and 

inhibitory attentional control is bi-directional. 

As discussed in Chapter 4, this bi-directional relationship between inhibitory attentional 

control and anxiety permits the possibility that individuals with elevated trait anxiety may 

experience a feedback loop, whereby if their state anxiety becomes elevated this will impair 

inhibitory attentional control, which could in turn reduce ability to regulate anxious mood state, 
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resulting in further escalations of state anxiety. Such a feedback loop may explain why, for high 

trait anxious people, state anxiety intensifies more readily and persists for longer than is the case 

for low trait anxious people. If such a feedback loop does indeed operate, then it possible that 

improvement of inhibitory attentional control may provide an important and effective target for 

therapeutic interventions that may lead to the attenuation of anxiety symptomatology. 

 Furthermore, this account would suggest that inhibitory attentional control training to 

reduce anxiety symptomatology would be most effective if training occurs when state anxiety is 

elevated. Our evidence demonstrates that when state anxiety is elevated, high trait anxious 

individuals cannot sustain their inhibitory attentional control. When a training program seeks to 

overcome an issue where that issue is only observed under particular conditions, previous 

Human Factors research suggests that optimal training will include training under these 

conditions, rather than using training under neutral conditions and then generalising to other 

conditions (Keinan, Friedland, & Sarig‐Naor, 1990). Stress Exposure Training has been 

demonstrated to enhance task performance under stress, even where the stressor is different from 

that used in training (Driskell, Johnston, & Salas, 2001). This suggests that training of inhibitory 

attentional control may yield greatest benefits for high trait anxious individuals when it includes 

training during periods of elevated state anxiety, as this is when the inhibitory attentional control 

deficits associated with heightened trait anxiety are evident. 

Additionally, the finding that inhibitory attentional control deficits require elevations in 

both state and trait anxiety also suggests an important practical consideration for researchers 

investigating individual differences in trait anxiety. This finding demonstrates that differences in 

inhibitory attentional control originally attributed to trait anxiety, may have, in fact, been 

produced by elevations in state anxiety, though only in high trait anxious individuals. Thus this 
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result demonstrates the importance of delineating effects attributable to state anxiety from those 

attributable to trait anxiety. It is likely that in previous studies that have observed inhibitory 

attentional control deficits, in individuals with elevated trait anxiety, the experimental session 

itself served as a stressor for those participants prone to experiencing elevations in state anxiety. 

Evidence from across the Studies 3 and 4 demonstrated that when the state anxiety levels of 

individuals with elevated trait anxiety were experimentally manipulated to remain low, no 

inhibitory attentional control impairment was observed. As most authors (e.g. Ansari & 

Derakshan, 2010, 2011a; Derakshan et al., 2009) did not seek to reduce state anxiety of their 

participants during the experimental sessions, those with elevated trait anxiety would be likely to 

respond to the unfamiliar experimental situation with elevated levels of state anxiety. It is 

therefore recommended that future research examining individual differences in attentional 

control, based on trait anxiety, employ a state anxiety manipulation during research on trait 

anxiety in order to increase the consistency of detecting inhibitory attentional control 

impairments in individuals with elevated trait anxiety. 

 These findings lead to an obvious question regarding the mechanisms by which the 

suspenseful video mood induction may have led to impairments in inhibitory attentional control 

for those individuals with elevated trait anxiety. Theories of inhibitory attentional control argue 

that inhibitory attentional control is impaired in individuals when their cognitive capacity is 

depleted as a result of increased load on their working memory, as a result of increased 

processing (Berggren & Derakshan, 2013). It has previously been shown that reduced working 

memory capacity is associated with impairments in inhibitory attentional control (Kane et al., 

2001; C. A. Wright et al., 2014). Furthermore, several studies have shown that increasing 

cognitive load, which depletes cognitive resources, results in worse performance on task that 
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measure inhibitory attentional control (Roberts et al., 1994; Stuyven, Van Goten, 

Vandierendonck, Claeys, & Crevits, 2000). This position, that inhibitory attentional control is 

impaired as a result of the depletion of cognitive resources, would suggest that impairments in 

inhibitory attentional control that are observed in high trait anxious individuals, following the 

suspenseful video mood induction, are the result of elevations in state anxiety depleting cognitive 

capacity.  

There are, however, two plausible explanations for why observing the suspenseful videos 

used within the mood induction might lead to impairments in inhibitory attentional control in 

high trait anxious individuals. Firstly, as was intended in the present research program, the video 

mood induction may have induced differences in state anxiety. This elevated state anxiety may 

have then led to cognitive or somatic changes in high trait anxious individuals, causing increased 

demands on cognitive processing to which a reduction in inhibitory attentional control can be 

attributed. Alternatively, it is also possible that the suspenseful videos resulted in high trait 

anxious participants engaging in some other, state anxiety irrelevant, additional processing which 

may have carried such an effect. Such additional processing may be the result of numerous 

differences in the way in which the suspenseful videos are processed by high trait anxious 

individuals, including additional emotional processing of the video content, non-anxious 

emotional responses (including empathic and disgust responses) in high trait anxious individuals 

or difficulty disengaging from the content of the suspenseful videos in high trait anxious 

individuals. These two plausible accounts will be consider in turn. 

 Examining the first of these accounts, state anxiety induced by the suspenseful video 

mood induction may have resulted in impairments in inhibitory attentional control as a result of 

cognitive or somatic changes associated with elevated state anxiety in high trait anxious 
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individuals. Of the cognitive changes typically experienced in those with elevated trait anxiety is 

an increased tendency to engage in worry. Regarding worry, it has been demonstrated that worry 

can impair working memory capacity (Hayes, Hirsch, & Mathews, 2008; Sari et al., 2017). As 

state anxiety has been demonstrated to promote the commencement of worry (Eysenck, 1985), 

worry induced by state anxiety may serve to impair working memory capacity. This reduced 

working memory capacity may then account for the inhibitory attentional control deficits 

observed in individuals with elevated trait anxiety, who are more likely to experience worry, 

when experiencing elevated state anxiety. Such an account would be consistent with the 

explanation of inhibitory attentional control deficits in those with elevated trait anxiety provided 

by Attentional Control Theory, which suggests that anxiety impairs cognitive processing due to 

attention being diverted to task irrelevant information (including to worry), resulting in reduced 

cognitive capacity being available for inhibitory attentional control (Eysenck et al., 2007). 

However, the present research program, measuring only state and trait anxiety, was not able to 

measure the effects of worry on inhibitory attentional control. 

 For this account to be plausible the following conditions must be satisfied. Firstly, it 

would need to be demonstrated that the video state anxiety manipulation procedure used in the 

current research program results in greater state worry in high trait anxious individuals compared 

to low trait anxious individuals. Secondly, it would need to be the case that state worry results in 

impairments in working memory capacity, as this would provide the mechanism by which worry 

could affect inhibitory attentional control. Thirdly, working memory capacity must causally 

contribute to inhibitory attentional control, as otherwise worry-induced changes in working 

memory capacity would not result in inhibitory attentional control deficits. Finally, it must be the 
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case that the impairment in inhibitory attentional control associated with elevated state and trait 

anxiety be mediated by the level of worry an individual experiences. 

A study designed to test this possibility would need to manipulate state anxiety in high 

and low trait anxious individuals (as was done in Studies 3 and 4 of the present research 

program), and measure three variables, state worry, working memory capacity and inhibitory 

attentional control. A similar paradigm to Study 3 could be adopted, where high and low trait 

anxious individuals exposed to a mood induction designed to induce high or low levels of state 

anxiety. Participants could then complete the anti-saccade task, as in Study 3, as a measure of 

inhibitory attentional control. Worry could be assessed using a laboratory-based worry intrusion 

paradigm, such as that used by York, Borkovec, Vasey, & Stern (1987), and working memory 

capacity using the N-Back task (Kirchner, 1958), both following a mood induction procedure. 

The N-Back task is thought to be a measure of working memory, as successful completion of the 

task requires participants to not only store items in memory but also requires the deletion and 

insertion of new items into memory (Conway, Kane, & Engle, 2003), and requires participants to 

remember a series of letters or numbers recall on request the letter or number n items prior (Kane 

et al., 2007). It could then be determined whether; (1) high trait anxious individuals experience 

more worry in response to a stressor, (2) state worry predicts working memory capacity, (3) 

whether working memory capacity predicts inhibitory attentional control and, (4) whether the 

relationship between inhibitory attentional control and state and trait anxiety is mediated by the 

worry on working memory capacity. 

Regarding state anxiety-linked somatic changes, it has been well established that state 

anxiety can trigger behavioural changes, including the inhibition of bodily motion (i.e. the freeze 

response; Gladwin, Hashemi, van Ast, & Roelofs, 2016; Hagenaars, Stins, & Roelofs, 2012; N. 
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B. Schmidt, Richey, Zvolensky, & Maner, 2008). Theoretical accounts of inhibition suggest that 

these changes to behaviour require inhibitory control to implement and monitor (Faw, 2003). 

Thus, it is plausible these behavioural changes require an individual to allocate cognitive 

resources to the implementation and monitoring of this behavioural change, resulting in an 

abrupt and severe decline in their available cognitive capacity. The depletion of this cognitive 

capacity available may result in worse performance when this lowered capacity is reached, for 

example, when inhibitory attentional control is required. Again, the present research program 

was not designed to test this account, and was thus incapable of measuring the effects of this 

behavioural change on cognitive capacity. 

For this account to be supported the following conditions must be true. Firstly, it must be 

the case that the behavioural changes induced by a stressor (i.e. the freeze response) continues 

beyond the period of exposure to the threatening stimulus, as inhibitory attentional control was 

demonstrated within this research program to be impaired in high trait anxious individuals, when 

state anxiety was elevated from a stressor that was not present during the assessment of 

inhibitory attentional control. Secondly, it must be the case that individuals with elevated trait 

anxiety respond with a greater freeze response in response to a stressor than individuals with low 

trait anxiety. If this were not the case, then increased bodily inhibition in response to a stressor 

could not explain the finding that elevated state anxiety results in inhibitory attentional control 

impairments only for high trait anxious individuals. Finally, it must be the case that the freeze 

response draws from the same pool of cognitive resources as inhibitory attentional control, to 

allow increases in physiological inhibition to divert resources away from inhibitory attentional 

control. If this were not the case it would not be possible for an increase in physiological 

inhibition to result in deficits in inhibitory attentional control. 
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In order to test these the validity of these three key preconditions necessary for such an 

account to be plausible, a future study could expose a group of high and low trait anxious 

individuals to either a set of relaxing video clips or a set of suspenseful video clips. After each 

video clip, as in to Study 3, participants would could complete a block of anti-saccade task trials. 

To measure the behavioural change of individuals following this mood induction, a postural 

movement paradigm could be used. The paradigm measures the amount of movement an 

individual makes, and, by comparing the amplitude of body movement prior to the mood 

induction to the amplitude of body movement following the mood induction, a measure of 

behavioural change can be obtained (Hagenaars et al., 2012). This measure has been utilised in 

several studies in order to assess the extent behavioural change, in the form of bodily inhibition, 

following a exposure to a stressor (e.g. Azevedo et al., 2005; Gladwin et al., 2016; K. Roelofs et 

al., 2010). Furthermore, this paradigm enables measurements to be taken while participants 

complete another task, and so measurements can be taken as participants complete the anti-

saccade task.  

This design would enable the measurement of the three key conditions outlined above. 

Firstly it would be possible to determine whether physiological inhibition occurred following a 

stressor, by comparing the amplitude of body movement before and after the video stressors. 

Secondly, it would be possible to determine whether high trait anxious individuals demonstrate a 

greater reduction in body movement following the video stressor than low trait anxious 

individuals by comparing the magnitude of the change in body movement across these two 

groups. Finally it would be possible to determine whether increased physiological inhibition (as 

evidenced by reduced body movement in response to the video stressor) predicts inhibitory 

attentional control (as measured by anti-saccade cost), demonstrating that both share a single 
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pool of cognitive resources. Thus, if the combined effects of elevated state and trait anxiety on 

inhibitory attentional control was due to the diversion of inhibitory resources from inhibitory 

attentional control to physiological inhibition, then it would be expected that the index of body 

movement would mediate the interactive effect of elevated state and trait anxiety on inhibitory 

attentional control which was observed in Study 3. 

Turning to the possibility that the inhibitory attentional control impairments observed in 

high trait anxious individuals may have resulted from additional processing unrelated to state 

anxiety, it has been demonstrated that high trait anxious individuals respond to emotionally 

stimulating information differently from those with low state anxiety. Such processing 

differences include the additional emotional processing of emotional content (Surcinelli, 

Codispoti, Montebarocci, Rossi, & Baldaro, 2006), non-anxious emotional responses (Deardorff, 

Kendall, Finch Jr, & Sitarz, 1977) and difficulty disengaging from threatening content in high 

trait anxious individuals (Rudaizky, Basanovic, & MacLeod, 2014). Any one of these differences 

in processing of emotional content may have resulted in high trait individuals engaging in greater 

processing which may have impaired inhibitory attentional control. 

While each of these processes are distinct from the others, testing each of these accounts 

would require the same preconditions to be met for each account to be plausible. Firstly, it would 

need to be demonstrated that the suspenseful video mood induction was capable of causing the 

change in processing in high trait anxious individuals. Secondly, it would need to be the case that 

this difference in processing mediates the relationship between inhibitory attentional control and 

video mood induction condition in high trait anxious individuals.  

In order to test these preconditions, a series of studies could be conducted to test each of 

the plausible candidate explanations. In order to test whether each candidate explanation meets 
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the preconditions necessary for that account to be plausible, a series of studies could be 

conducted where participants could complete a variants of the study design used in Chapter 4, 

with an additional task or questionnaire designed to measure the candidate process. For example, 

in order to measure whether attentional disengagement may account for the association between 

elevated trait anxiety and impaired inhibitory attentional control following the suspenseful video 

mood induction, an attentional disengagement task, such as that used by Rudaizky et al. (2014), 

could be added to the design. Alternatively, to measure whether other emotional responses may 

account for this effect, emotional questionnaires could be employed, such as the Comprehensive 

State Empathy Scale used by Levett-Jones et al. (2017). Such an assessment should be taken 

both before and after the mood induction. This would allow researchers to determine whether the 

first precondition was met. In order to test the second precondition, researchers could determine 

whether the interaction between video induction condition, trait anxiety and inhibitory attentional 

control can is moderated by each of these candidate processes, as measured following the video 

mood induction. If it were the case that one of these processes changed as a result of the 

suspenseful video mood induction and that the changed process mediated the relationship 

between inhibitory attentional control and trait anxiety following the video mood induction, this 

would provide support for that mechanism underlying the relationship observed in Study 3. 

Of course these findings are not without limitations that restrict the ability of researchers 

to interpret and apply these findings. The following section examines some of these key 

limitations. Having examined these limitations, this discussion with then consider how these key 

limitations may be addressed in future research, as well as how future research may future 

explore research questions linked to the current research program. 
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Factors that may limit interpretation of the findings of this research program 

One limitation of the studies used to the conclusions drawn of the present research 

program, is the recruitment exclusively of undergraduate university students. These participants 

comprise a sample that draws from what have been termed WEIRD (Western, Educated, 

Industrialised, Rich and Democratic) samples (Henrich, Heine, & Norenzayan, 2010). It has been 

demonstrated that these WEIRD samples can vary significantly from non-WEIRD samples on 

cognitive domains, including executive functioning (Howard et al., 2020), spatial cognition, 

reasoning and cognitive biases (Henrich et al., 2010). Additionally, the mean age of the samples 

examined was in the low 20s across all studies, reflecting the ages of the undergraduate 

population. It has been demonstrated that executive control capabilities, such as inhibitory 

attentional control, are a function of the age of the individual (De Luca et al., 2003; Klein, 

Foerster, Hartnegg, & Fischer, 2005), and thus this sample may not be representative of 

individuals across all stages of the lifespan. Thus it is important that the evidence supporting 

these findings not be interpreted as representative of the general population, but a rather a first 

step in building a case for the generalisability of these results. As will be expanded upon in the 

Avenues of Future Inquiry section below, it will, therefore, be prudent to replicate these results 

with samples that vary across the human lifespan, socio-economic status, education level and 

cultural background. 

Secondly, it is appropriate to recognize the limitations inherent in the measurement of 

inhibitory attentional goal identification and in inhibitory attentional goal execution used in the 

present research program. Measures of complex psychological processes can rarely, if ever, be 

considered “process pure” (Salthouse, Toth, Hancock, & Woodard, 1997), and the same can be 

said for the measures of inhibitory attentional goal identification and inhibitory attentional goal 
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execution used here. It is clear from the results of this research program that the raw reaction 

time measures used in the present research program reflected variability in processes beyond 

those directly involved in inhibitory attentional goal identification and inhibitory goal execution. 

Specifically, it can be seen that the combined average raw reaction times for the Goal 

Identification Assessment Sub-Task and Goal Execution Assessment Sub-Task exceed that of 

the standard anti-saccade task. It is likely that this reflects the fact that each sub-task is 

measuring factors beyond the purported sub-component of inhibitory attentional control.  

In order to account for this possibility there are two key steps that researchers can take to 

ensure that conclusions drawn regarding processes measured by tasks that are not process pure 

can be justified. Firstly, researchers can compare tasks that, while not being process pure, 

measure similar irrelevant factors. This technique is employed in the measurement of inhibitory 

attentional control on the anti-saccade task by examining the anti-saccade cost (i.e. the difference 

between reaction times on pro-saccade trials and on anti-saccade trials) rather than raw reaction 

time measures. While these kinds of difference scores are not perfect (Peter, Churchill Jr., & 

Brown, 1993), the anti-saccade cost index enables researchers to account for the factors common 

to both types of trials and only examine the difference between the pro- and anti- versions of the 

task (C. L. Liu et al., 2010). This technique was applied in the GIVE task, with the cost index of 

the pro- and anti-conditions used as the primary dependent variable, thus enabling the task to 

account for the common factors across pro- and anti-condition trials and measure only the 

differences between the two trial types, and not the factors common to both. 

A second, unexamined, method researcher can employ to account for a lack of process-

purity in cognitive measures is to measure these processes in multiple ways that have separate 

irrelevant factors. In the present research program, only one measure of inhibitory attentional 
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goal identification and execution based heavily of the anti-saccade task was utilised. While this 

is a widely used measure, several other tasks also have been employed to assess individual 

difference in inhibitory attentional control. These include, for example, the Flanker Task 

(Reinholdt-Dunne et al., 2009), the Stroop Task (A. Roelofs, 2003), the Go No-Go task (Redick 

et al., 2011) and others (X. Liu et al., 2004; Soutschek et al., 2013). It remains to be seen whether 

the measures of inhibitory attentional goal identification and inhibitory attentional goal execution 

provided by the GIVE task will continue to predict independent variance in inhibitory attentional 

control as assessed by these other tasks. Demonstrating that the measures of the component 

processes of inhibitory attentional control obtained via the GIVE task are capable of predicting 

independent variance in measures of inhibitory attentional control, on tasks that measure 

different irrelevant factors than those which are measured when using the anti-saccade task, 

would ensure that these findings are not a result of the irrelevant factors captured by the anti-

saccade task and are generalizable to all measures of inhibitory attentional control. Thus this may 

be an important line of enquiry for future researchers and will be discussed further in the 

Avenues of Future Inquiry section below.  

Additionally, it is worth noting that the effects of state anxiety on inhibitory attentional 

control assessed throughout Studies 3 and 4 relied on acute state anxiety induced in a laboratory 

setting, and may therefore not generalise to elevations in state anxiety that result from long-term 

or chronic stressors. Chronic stressors have been shown to induce a differing pattern of 

physiological responses, including heart rate variability (Schubert et al., 2009) and hormonal 

responses, compared to acute stressor, which serve result in greater impairments in executive 

functions (Broverman, Klaiber, Vogel, & Kobayashi, 1974). It is therefore not possible to say 

with certainty whether the results observed with the laboratory-based stressor used in this 
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research program would generalise to chronic or long-term exposure to stress. It is recommended 

that future researchers examine whether the finding that individuals with elevated trait anxiety 

experience inhibitory attentional control deficits following an acute stressor can be generalised to 

long-term stress exposures.  

Finally, it is important to note that the present research program does not enable 

researchers to draw conclusions about the neurological implications of the present findings. 

Poldrack (2006) makes the argument that inferences regarding the association between cognitive 

functions and neural activation can only be made when activation of a particular brain region is 

observed during the completion of a cognitive processes. As the present research program did 

not examine neural activation during the tasks utilised across the four experimental paradigms, 

inferences about the brain regions associated with the observed effects, or lack thereof, cannot be 

drawn.  

It is however, possible that future researchers may find that specific brain regions may 

help to explain why state anxiety was associated with impaired inhibitory attentional control in 

high trait anxious individuals, but not with impaired inhibitory attentional goal identification or 

execution. It is, for example, plausible that the impact of state anxiety, in high trait anxious 

individuals, occurs exclusively during the preparatory phase of neural activity. Previous research 

has shown that successful completion of the anti-saccade task is reliant on neural activity in the 

Frontal Eye Field (FEF) and superior colliculus prior to stimulus onset, with activity predicting 

the latency and accuracy of responses (Ansari & Derakshan, 2011b). Furthermore, state anxiety 

invoking stimuli has been found to affect activity in the superior colliculus (Almeida, Soares, & 

Castelo-Branco, 2015) and there is some evidence that state anxiety may impact FEF functions 

(Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez, 2010). Given that the GIVE measures are 
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measuring responses following the presentation of the stimulus (i.e. after the preparatory phase), 

the lack of impairment observed on either GIVE task measure may suggest that the impact of 

state anxiety on inhibitory attentional control in high trait anxious individuals may be isolated to 

this preparatory phase of neural activity in the FEF and superior colliculus, and have no effect on 

the task-active phase. Of course, the present research program is unable to test this, or other, 

possibilities regarding what the findings of the present research program may imply for our 

understanding of the neurological basis of these effects. Future researchers interested in this area 

are encouraged to replicate the experiments presented throughout this research program whilst 

measuring neural areas such as the FEF and the superior colliculus using neural imaging 

techniques such as fMRI or EEG. The following section will examine how other potential future 

research directions may be examined. 

Avenues of Future Inquiry 

The findings of the present research program suggest several key avenues that future 

researchers may wish to pursue, some of which have been touched on briefly already within this 

chapter. In the following section will give consideration to how these previously mentioned 

future research areas, as well as some additional research areas, may be integrated into research 

programs that extend the current research in three key directions; replication and extension of the 

present research program, the examination of populations not examined in the present research 

program and research that may directly lead to applied uses of the findings of the present 

research program. Each of these will be considered in turn. 
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Research Avenues Related to Replicating and Extending of the Present Research 

Program. 

Replication of findings forms the basis of all scientific inquiry and provides evidence of 

the generalisability of data beyond the circumstances in which they were collected (S. Schmidt, 

2009). Thus the findings of this research program should be replicated by other researchers, 

ideally using a diverse range of methodologies that would enable support for these findings to be 

drawn from multiple converging sources of evidence. Additionally, the replication of these 

findings also provides opportunities to extend the research conducted within the present research 

program.  

One such opportunity to replicate and extend the present research comes using tasks that 

purport to measure inhibitory attentional control, other than the anti-saccade task. As previously 

mentioned, the present research program only examined inhibitory attentional control as 

measured by the anti-saccade task. In order to have strong converging evidence for both the 

finding that inhibitory attentional control is impaired following elevations in state anxiety, but 

only in high trait anxious individuals, and the finding that inhibitory attentional control in 

underpinned by two component processes, replication of these results with a range of tasks 

measuring inhibitory attentional control is required. 

Thus, in order to provide converging validity to the results of the present research 

program, it is recommended that future researchers replicate the methodologies of the present 

research program, utilising a range of inhibitory attentional control task in the place of the anti-

saccade task. Researchers interested in the association between elevated state anxiety and 

inhibitory attentional control impairments in high trait anxious individuals should invoke 

differential levels of state anxiety in participants and have them complete inhibitory attentional 
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control task, such as the flanker task (Eriksen & Eriksen, 1974), Stroop task (Stroop, 1935) or the 

Go-No-Go task (Donders, 1969). If any of these methodologies provide support for the findings 

of the present research program, this support would act as converging evidence, enabling greater 

confidence to be drawn in the validity of the present findings. 

Researchers interested in the association between elevated state anxiety and deficits in 

inhibitory attentional control, in high trait anxious individuals, may also wish to replicate and 

extend the findings of the present research program by examining this association in individuals 

with chronic elevations in state anxiety. As mentioned previously, acute elevations in state 

anxiety, as used in the present research program, can result in differing physiological and 

cognitive impairments than chronic, long-term, elevations in state anxiety (Broverman et al., 

1974; Schubert et al., 2009). Therefore it may be useful to replicate the current finding, of 

impairments in inhibitory attentional control during periods of elevated state anxiety in high trait 

anxious individuals, using a sample exposed to a long-term stressor. While such a consistent, 

long-term stressor may be difficult to induce using a laboratory-based paradigm, a more 

naturalistic approach may be able to enable such a replication and extension. 

A sample of this nature would need to be naturally exposed to a chronic stressor that 

could not be escaped or fully mitigated. On sample that may meet these requirements is a student 

sample in the lead up to a major examination. State anxiety experienced in the lead up to this 

event is often frequent and, while a student can study or take other action to improve their 

performance on the upcoming exam, they cannot entirely remove the upcoming threat. Changes 

in inhibitory attentional control in such a sample immediately prior to an exam, compared to 

months prior to the exam, would therefore be the result of chronic state anxiety. Sample of this 

nature have been previously employed by Clarke, Macleod, & Shirazee (2008) and MacLeod & 
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Mathews (1988), who examined both compared high and low trait anxious individuals 12 week 

prior to an exam and comparing that to the same individuals one week prior to that exam. 

Another possible sample may be military personnel deployed to an active combat zone for the 

first time. Deployments usually last multiple months and are highly stressful for those involved 

(Nibbeling, Oudejans, Ubink, & Daanen, 2014). For those deployed to combat zones, the 

constant risk of engaging in combat operations acts as a chronic stressor that cannot be escaped 

or fully mitigated, which has previously been shown to alter cognitive processes (Sipos, Bar-

Haim, Abend, Adler, & Bliese, 2014). This sample could be compared to military personnel 

deployed in non-combat zones (e.g. foreign military bases). Either of these samples would allow 

researchers to determine whether the effects of elevations in state anxiety on inhibitory 

attentional control, in high trait anxious individuals, would enable the assessment of whether 

chronic elevations in state anxiety result in the same inhibitory attentional control deficits in high 

trait anxious individuals as was observed in the present research program.  

Together, the series of studies presented here would enable future researchers to both 

replicate the effects observed in the present research program, and also to extend these findings. 

These extensions of the research done in the present research program would enable future 

researchers to further validate and break down the component processes examined in the present 

research program and to provide greater generalisability of this research program’s findings 

regarding the association between elevations in state anxiety. 

Research Avenues Related to the Examining Populations Not Examined in the 

Present Research Program. 

As previously discussed, the present research program only examined the samples of high 

and low trait anxious Australian undergraduate students. However the principles of the present 
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research program are applicable to a much broader range of potential samples, the examination 

of which would allow future researchers to draw conclusions that wold both increase the 

generalisability of the results of the present research program, but also extend these findings to 

groups not previously considered. In this section, a research program will be outlined that will be 

able to determine whether the results of the present research program can be generalised to the 

general population, beyond just undergraduate students, and beyond trait anxiety to clinical 

anxiety. It will then be able to determine whether similar findings are observed in other 

emotional disorders where inconsistency is observed concerning whether people with that 

emotional disorder exhibit impaired inhibitory attentional control. Finally it will be able to 

determine whether inhibitory attentional control impairments in non-emotional disorders are the 

result of impairments in the component processes of inhibitory attentional control. 

 The commencement point for any research seeking to extend the findings of the present 

research program to other populations would be to determine whether the findings of the present 

research program are able to be generalised beyond the Australian undergraduate student sample 

used here. Thus examination of this would represent the first phase of the proposed research 

program. As previously mentioned, the sample used was generally a young adult sample that can 

be categorised as a WEIRD sample, and WEIRD samples have been shown to differ in executive 

functioning to non-WEIRD samples (Henrich et al., 2010; Howard et al., 2020). Thus, it would 

first be essential to determine whether the results of the present study could be generalised to 

non-WEIRD samples across the lifespan. Specifically, this would involve the recruitment of 

multiple samples from across the lifespan (e.g. adolescents, middle aged and elderly samples) 

from a range of cultural, educational and socio-economic backgrounds, and repeating the 

experiments conducted as part of the present research program on these diverse samples. This 
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would enable future researchers to determine whether the findings of the present research 

program are generalizable to the entire population, and, if not, what factors may limit this 

generalisability. 

 Having determine the generalisability of the present research findings, or limits thereof, 

in the general population, it would then be useful to consider whether these results may be 

generalised to clinically anxious samples. Sari et al. (2016) and Beloe & Derakshan (2019) have 

highlighted the potential applications of research into inhibitory attentional control in high trait 

anxious individuals in treating clinical anxiety disorders. As outlined previously, the results of 

the present research program lend support for the proposition of a forward feedback loop where 

impairments in inhibitory attentional control make it more difficult for trait anxious individuals 

to regulate emotional states, resulting in higher state anxiety that impairs inhibitory attentional 

control. Such a finding may also be applicable to clinical manifestations of anxiety. However, 

prior to applying the findings of the present research program to the development of clinical 

techniques, it would be necessary to first confirm the applicability of the findings of the present 

research program to a clinical sample.  

 Thus the second phase of any research program seeking to examine the generalisability of 

the results presented here should seek to determine whether inhibitory attentional control is 

impaired in clinically anxious populations when experiencing elevated state anxiety. There is 

already some evidence that clinically anxious individuals may show impairments in inhibitory 

attentional control, as measured by the Stroop task, compared to non-clinically anxious 

individuals (Hallion, Tolin, Assaf, Goethe, & Diefenbach, 2017), however it remains unclear 

whether clinically anxious individuals always experience this impairment, or whether such an 

impairment is contingent on elevated state anxiety. It is plausible that these impairments in 
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inhibitory attentional control may be what distinguished clinical anxiety from sub-clinical 

elevated trait anxiety, with the latter requiring state anxiety to demonstrate inhibitory attentional 

control impairments, while this may not be required for clinically anxious individuals. 

Furthermore, it is unclear whether clinical anxiety may result in impairments in inhibitory 

attentional goal identification or inhibitory attentional goal execution, or whether the relationship 

between impairments in inhibitory attentional control and clinical anxiety is consistent across all 

anxiety disorders.  

Future researchers could therefore replicate Study 4 of the present research program, 

using a sample of individuals diagnosed with a diagnosed anxiety disorder (e.g. generalised 

anxiety disorder), compared to non-clinically anxious individuals. As in Study 4, these 

participants would complete an anti-saccade task and the GIVE task following either an anxious 

or relaxing mood induction. This could also be repeated using a sample of individuals with 

different anxiety disorders, to ensure that the result found in this study using individuals with 

generalised anxiety disorder could be generalised across anxiety disorders. If it were the case that 

the results observed in the present research program, specifically the finding that impairments in 

inhibitory attentional control are present when state anxiety is elevated in high trait anxious 

individuals, translated to clinically anxious individuals, this may enable to developments of new 

clinical techniques that may seek to break the self-reinforcing cycle of impairments in inhibitory 

attentional control and state anxiety in clinical populations. This possibility is discussed further 

in the next section. 

 While clinical anxiety represents the most logical pathway for research into clinical 

populations, the design of the present research program may be applicable to other emotional 

experiences. Of course, the design of the present research program would only be applicable 
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where research conducted on individuals with differential levels of that emotional trait shows 

inconsistency concerning the relationship between trait measures of that emotional experience 

and deficits in inhibitory attentional control. Depression provides one such example of this. 

Depression has been demonstrated to have both state and trait dimensions (Hansenne & Bianchi, 

2009) and trait depression has been inconsistently shown to be associated with inhibitory 

attentional control deficits. Judah et al. (2014)  Carvalho et al. (2014) and Keilp, Gorlyn, 

Oquendo, Burke, & Mann (2008) found an association between trait depression and inhibitory 

attentional control, while Smyrnis et al. (2003), Katsanis, Kortenkamp, Iacono, & Grove (1997) 

and de Lissnyder, Derakshan, De Raedt, & Koster (2011) found no such association. It may be 

useful to illuminate the reason for the observed inconsistency concerning whether people with 

elevated trait depression exhibit impaired inhibitory attentional control as, as is the case for 

anxiety, this may potentially lead a better understand of the impairments caused by this trait 

which may lead to improved treatment outcomes. 

Similarly to the present research program, this inconsistency, concerning whether people 

with elevated trait depression exhibit impaired inhibitory attentional control, may be explained 

by two plausible candidate accounts. The Component Process Account, as in the present research 

program, proposes that the inconsistency, concerning whether people with elevated trait 

depression exhibit impaired inhibitory attentional control, may be explained by the effects of trait 

depression on one of the component processes of inhibitory attentional control, inhibitory 

attentional goal identification and inhibitory attentional goal execution. The State Depression 

Account proposes that the inconsistency concerning whether people with elevated trait 

depression exhibit impaired inhibitory attentional control may be explained by the effect of state 

depression on inhibitory attentional control. Like anxiety, depression has been demonstrated to 
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be separable into state and trait components (Krohne, Schmukle, Spaderna, & Spielberger, 

2002), and thus it is plausible that differences in state depression, within trait depressed 

individuals, across studies, may account for this inconsistency. 

Future researchers seeking to examine this inconsistency, concerning whether people 

with elevated trait depression exhibit impaired inhibitory attentional control, may therefore wish 

to repeat Studies 2-4 of the present research program with a sample of high and low trait 

depressed individuals. Study 2 of the present research program could be utilised without 

amendment with a new sample of high and low trait depressed individuals replacing the sample 

of high and low trait anxious individuals used in the present study. Studies 3 and 4 of the present 

research program would need to be modified, such that the Video State Anxiety Manipulation 

would need to be replaced by a Video State Depression Manipulation. This manipulation could 

use videos that are either depressing in content (for the high state depression condition) or happy 

in content (for the low state depression condition). With these modifications it would be possible 

to complete a three study research program that would enable future researchers to determine 

whether the inconsistency, concerning whether people with elevated trait depression exhibit 

impaired inhibitory attentional control, can be explained by the Component Process Account or 

the State Depression Account. 

The above research directions are based around emotional experiences that have a state 

vs trait distinction. However the future research directions enabled by the present research 

program are not restricted to emotional experiences. Instead, the GIVE task model, as developed 

in the present research program, can be applied to a wide range of clinical and developmental 

conditions. As previously mentioned, inhibitory attentional control deficits have been associated 

with several clinical conditions, lifespan development and temperamental differences. 
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Specifically, in addition to mood disorders like anxiety and depression, impaired inhibitory 

attentional control has been associated with Parkinson’s disease (Kitagawa, Fukushima, & 

Tashiro, 2010), Asperger’s disorder and social-emotional processing disorder (Manoach, 

Lindgren, & Barton, 2004), aging (Olincy et al., 1997) and a number of other clinical and 

personality factors. However, while these factors have been demonstrated to be associated with 

impaired inhibitory attentional control, no research has been conducted on whether there these 

deficits reflect impairments within the component processes that underlie inhibitory attentional 

control.  

Thus, an additional research program would involve examining whether impairments can 

be observed in the component processes of inhibitory attentional control in people affected by 

non-emotional disorders that demonstrate inhibitory attentional control impairments. For 

example, the increased anti-saccade cost evident in people with Parkinson’s disease (Kitagawa et 

al., 2010) could reflect a deficit in inhibitory attentional goal identification due to the cognitive 

restrictions evident in this disease (Owen, Iddon, Hodges, Summers, & Robbins, 1997), or may 

result from a deficit in inhibitory attentional goal execution due to the degeneration of 

oculomotor control that accompanies the disease (Gibson, Pimlott, & Kennard, 1987). By 

employing the GIVE task in future research studies to assess anti-saccade cost in these 

populations, and in other populations also characterized by impaired inhibitory attentional 

control (e.g. individuals with autism spectrum disorders & elderly populations; Manoach et al., 

2004; Raemaekers, Vink, Heuvel, Kahn, & Ramsey, 2006), it will become possible to identify 

which of these component processes is compromised in each of these conditions. Interventions 

designed to attenuate or reverse such deterioration in cognitive control may then be developed to 

target the precise mechanisms that underpins the particular problems experienced by each 
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population of interest. Thus, the GIVE task enables the identification of the component processes 

that may causally contribute to inhibitory attentional control deficits a range of medical 

conditions, psychopathological diagnoses and non-clinical psychological factors.  

Together, this these alternate research programs may enable future researchers to examine 

the underlying component processes and emotional prerequisites involved in the experience of 

inhibitory attentional control deficits across a range of clinical and sub-clinical conditions. It is 

hoped that research in this direction will lead to opportunities to improve clinical practice to 

either improve treatment for these conditions, or enable improved coping strategies for those 

conditions where inhibitory attentional control does not play a causal role in the progression of 

that condition.  

Research Avenues Related to the Applied Uses of the Findings of the Present 

Research Program. 

While the above research directions focus primarily on the extension of knowledge about 

inhibitory attentional control, the findings of the present research program also logically lead 

towards several research projects that could produce applied outcomes across a diverse range of 

fields including clinical practice, education, employee productivity, the military and sports, 

amongst many others. In this section, focus will be given to research that may lead to practical 

applications of the findings of the present research program in three key areas which have 

recently received attention from researchers; clinical practice, education and sport. For each of 

these three key areas, it is plausible that techniques to improve inhibitory attentional control may 

produce real-world benefits to those who undertake such training. 

The practical application of the present research that flows most logically from the 

intended purpose of the present research program is the application to clinical practice. As has 
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already been discussed, evidence from the present research program and previous research 

suggest a bi-directional relationship between inhibitory attentional control and anxiety, and thus 

it seems likely that elevated state anxiety may trigger a forward feedback loop in high trait 

anxious individuals. This would suggest that inhibitory attentional control deficits elicited by the 

elevated state anxiety result in a lower capacity to direct attention away from these threats, 

resulting in the elevation or maintenance of already elevated state anxiety. While it is not yet 

clear whether this is the case for clinically anxious individuals, assuming for the moment that 

this position is supported by future research (such as that described above), this would logically 

lead to the development of clinical tools to break this forward feedback loop as a method for 

alleviating anxiety. Such tools may include the training of inhibitory attentional control, to 

overcome deficits in inhibitory attentional control associated with elevated state anxiety. 

Some researchers have already begun the examination of the therapeutic uses of 

inhibitory attentional control training. Sari et al. (2016), for example, trained working memory 

using an adaptive N-back task and found that this training resulted in reduced emotional 

vulnerability. This study, conducted using trait anxious individuals, rather than clinically anxious 

individuals represents a strong first step in determining the efficacy of such training procedures 

in reducing anxiety symptomatology. Further research should repeat this experiment with 

clinically anxious participants to ensure that Sari et al. (2016)’s results are generalizable to a 

clinical population. Furthermore, other methods of training inhibitory attentional control should 

be employed to determine the optimal training procedure. Mindfulness training has been 

demonstrated to result in increased inhibitory attentional control, compared to a control group 

(Vega et al., 2014), and thus the effects of mindfulness training may provide an alternate method 

to therapeutically improve inhibitory attentional control. If it could be demonstrated that 
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improvements in inhibitory attentional control as a result of inhibitory attentional control 

training, using adaptive N-back or mindfulness training, resulted in the alleviation of anxiety 

symptoms, this may represent a new avenue for the clinical intervention of anxiety disorders. 

It is important to note that in the present research inhibitory attentional control was only 

impaired in high trait anxious individuals when state anxiety was elevated. It has previously been 

demonstrated that where particular conditions elicit cognitive deficits, that training to overcome 

those deficits will be most effective if such training include practice under those conditions 

(Driskell & Johnston, 1998). Therefore, if inhibitory attentional control is impaired only when 

state anxiety is elevated in clinically anxious individuals, it is plausible that training to improve 

inhibitory attentional control may have the greatest therapeutic benefits when practice occurs 

under conditions that elevate state anxiety. Therefore, future researchers could also examine 

whether the conditions involved during training may contribute to the efficacy of inhibitory 

attentional control training in reducing anxiety symptoms in clinically anxious individuals.  

This possibility could be examined by recruiting a sample of clinically anxious 

individuals and having them complete an inhibitory attentional control training task, similar to 

Sari et al. (2016)’s adaptive N-back task, under conditions that either induce state anxiety or 

induce a relaxed state (e.g. the Video State Anxiety Manipulation used in the present research 

program). These participants would be compared to similar wait-list controls. Participants in all 

groups should have their inhibitory attentional control assessed using a standard inhibitory 

attentional control assessment task (e.g. the anti-saccade task) prior to commencing training. For 

those in the treatment groups, instructions and some practice trials for the training task should be 

given prior to the mood induction to ensure that state anxiety does not interfere with retention of 

the base instructions. This training should be completed regularly for multiple weeks (e.g. every 
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week day for three weeks, as in; Sari et al., 2016). Participants should then be induced to have 

the desired mood state before completing the training trials of the task. Following the completion 

of the multi-week training program, participants should be re-tested to assess their inhibitory 

attentional control and have their anxiety symptomatology assessed. A follow up session that 

also checks to see whether any changes to anxiety is maintained would also be recommended. 

This methodology would enable researchers to determine whether inhibitory attentional control 

training can result in improvements in anxious symptomatology in clinically anxious individuals, 

and whether these improvements could be enhanced by including training under conditions that 

induce high state anxiety. If it were found that inhibitory attentional control training can lead to 

improvements in clinical anxiety, this could potentially provide a new intervention avenue for 

clinicians. 

As mentioned in Chapter 1, the effects of impaired inhibitory attentional control go 

beyond emotional dysfunction and can result in impairments in real-world outcomes that have 

direct impacts on daily functioning. One of the most critical areas in which deficits in inhibitory 

attentional control may result in real-world impairments is in education. It has been demonstrated 

that performance on inhibitory attentional control tasks, including the Stroop and flanker tasks, 

predicted students grades in specific subject areas, including mathematics, as well as general 

academic performance (Bull & Scerif, 2016; Checa, Rodríguez-Bailón, & Rueda, 2008). 

Furthermore, inhibitory attentional control measures have predicted a student’s ability to adjust 

to schooling, another predictor of academic success (Rueda, Checa, & Rothbart, 2010). 

However, it is not clear which of the component processes of inhibitory attentional control 

underlie inhibitory attentional control’s predictive capacity for educational outcomes. 
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Future researchers could determine this with a series of experiments that employ the 

GIVE task. An initial study could examine the correlation between inhibitory attentional goal 

identification and inhibitory attentional goal execution and performance on standardised tests. 

This could be achieved by having students complete the GIVE task shortly before an 

examination. Ideally, such an examination would include a range of subjects so that the 

correlation between the component processes of inhibitory attentional control and individual 

subject areas could be assessed. If it were found that either inhibitory attentional goal 

identification or inhibitory attentional goal execution were correlated with the outcomes of that 

testing, further studies could then examine the predictive capacity of those components on the 

academic performance. This could be achieved by delivering the GIVE task to students prior to 

the commencement of a school year and assessing their academic performance throughout the 

school year. This would enable researchers to determine the long-term ability of inhibitory 

attentional goal identification and inhibitory attentional goal execution to predict academic 

outcomes. 

If it were found that either inhibitory attentional goal identification or inhibitory 

attentional goal execution predict educational outcomes, this may lead to improvements in 

current techniques designed to improve inhibitory attentional control in an educational setting. 

Researchers have shown that training inhibitory attentional control can be effective in improving 

educational outcomes (Bakosh, Snow, Tobias, Houlihan, & Barbosa-Leiker, 2016; Rueda et al., 

2010; Rueda, Rothbart, McCandliss, Saccomanno, & Posner, 2005). However, if only one of the 

component processes underlying inhibitory attentional control are linked with academic 

outcomes, then it is likely that training targeting that specific component process would be more 

effective than a broader training program focused on inhibitory attentional control. Thus, by 
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identifying the component processes that underlie the association between inhibitory attentional 

control and academic performance, future researchers may be able to develop new techniques to 

improve the educational outcomes for students.   

Another area in which the relationship between inhibitory attentional control and 

performance has received recent attention is elite sports. Performance anxiety (state anxiety 

linked to a major sporting event) is associated with impaired performance in sporting 

competitions (De Moja & De Moja, 1986; Patel, Omar, & Terry, 2010). This performance 

anxiety, induced by high pressure sporting situations in trait anxious individuals, can lead to 

impairments in inhibitory attentional control that may directly lead to poorer performance or 

choking under pressure (Furley & Wood, 2016). This effect has been shown in both elite athletes 

and novices (Wilson, Vine, & Wood, 2009), and has been shown in diverse sporting fields, 

including in team sports such as football/soccer (Wilson, Wood, & Vine, 2009) and basketball 

(Wilson, Vine, et al., 2009), and individuals sports, such as tennis (Ducrocq, Wilson, Vine, & 

Derakshan, 2016) and shooting (Causer, Holmes, Smith, & Williams, 2011), amongst many 

others (Vickers & Williams, 2007; Vine, Lee, Moore, & Wilson, 2013) when athletes are in 

stressful situations.  

This has led researchers to examine the possibility of training attentional control to 

reduce performance anxiety and improve performance. For example, mindfulness training has 

been shown to reduce anxiety in athletes (Scott-Hamilton & Schutte, 2016) and assist in sport 

skill acquisition of novices (Zhang et al., 2016) and improve performance in elite sporting 

shooters (John, Verma, & Khanna, 2011). However, as mentioned earlier, one implication of the 

present research program is that the benefits of inhibitory attentional control training may be 

greatest when training occurs includes conditions that evoke elevated state anxiety. This 
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possibility has yet to be explored by researchers examining the impact of inhibitory attentional 

control on sporting performance and may therefore be a useful avenue of research which could 

help to improve sporting performance. 

The avenue could be explored by comparing the state anxiety and performance of high 

and low trait anxious athletes following training inhibitory attentional control following an 

anxiety induction or under neutral conditions. The training could be mindfulness, as discussed 

above, N-back training, as used by (Sari et al., 2016), or quiet eye training, a form of inhibitory 

attentional control training designed specifically for use in sport (Vine, Moore, Cooke, Ring, & 

Wilson, 2013; Vine, Moore, & Wilson, 2011). Performance could be measured before and after 

training using statistics usually collected (e.g. free throw/penalty shootout accuracy) under real-

world conditions, with state anxiety immediately prior to a game/match also measured. This 

would enable researcher to determine whether training under stress improves performance more 

than training under neutral conditions, and whether this is mediated by a reduction in state 

anxiety. If it were found that training under stress improved performance and reduced state 

anxiety, this could lead to the inclusion of inhibitory attentional control training under stress 

within the coaching regimens of athletes. 

Together these future directions represent just some of the potential research directions in 

the practical applications of the findings of the present research program. Research into these 

areas could enable the development of improved cognitive training tools which could lead to, 

better sporting and academic performance, treatment of clinical anxiety, and a higher quality of 

life.  
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Concluding Remarks 

 The present research program was designed to assess two candidate explanations for the 

observed inconsistency concerning whether people with elevated trait anxiety exhibit impaired 

inhibitory attentional control. The findings provide no support for the hypothesis that this 

inconsistency reflects the restriction of a trait-anxiety linked deficit to only one of two 

component processes underlying inhibitory attentional control; inhibitory attentional goal 

identification and inhibitory attentional goal execution. In contrast, the findings are consistent 

with the hypothesis that such inconsistency reflects the critical role of elevated state anxiety in 

driving the impairment of inhibitory attentional control. This effect of state anxiety was not 

independent of trait anxiety, but rather elevations in state anxiety result in impaired inhibitory 

attentional control in high trait anxious individuals but not low trait anxiety individuals.  Thus, 

prior inconsistency may be due to inter-study variation in the degree to which participants were 

state anxious. On the basis of the present findings, it would be expected that in previous studies 

where participants generally experienced elevated state anxiety, a trait anxiety-linked deficit in 

inhibitory attentional control would be evident, but no such trait anxiety-linked deficit would be 

observed in previous studies where participants were generally more relaxed. This may explain 

the observed inconsistency, across prior studies, concerning whether people with elevated trait 

anxiety exhibit impaired inhibitory attentional control.  

The newly developed GIVE task methodology permitted rejection of the Component 

Process Account, because it enables, for the first time, the discrete assessment of individual 

differences in inhibitory attentional goal identification and inhibitory attentional goal execution. 

It is hoped that the power of this new task to separate and sensitivity assess such variation in 

inhibitory attentional goal identification and inhibitory attentional goal execution, will be 
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constructively exploited by future researchers to yield insight into the specific nature of the 

cognitive deficits underlying  the increased anti-saccade cost demonstrated by many other 

populations of interest, thereby contributing to the identification of appropriate cognitive targets 

in interventions designed to remediate such deficits.  

 Thus, this research program has advanced knowledge in ways that carry a significant 

number of theoretical, methodological, and applied implications. In doing so, it has not only 

served the purpose of testing the validity of the two hypotheses under present consideration, but 

also has laid a firm foundation upon which future investigators can now build in manifold ways.  

It is hoped that this will stimulate and enable further examination of the specific mechanisms 

underpinning the attentional deficits that characterise heighted anxiety, and other clinically 

significant dimensions of individual difference, to progress understanding and to inform the 

development of appropriate interventions.  
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Abstract 

The anti-saccade task is a commonly used method of assessing individual differences in 

cognitive control. It has been shown that a number of clinical disorders are characterised 

by increased anti-saccade cost. However, it remains unknown whether this reflects 

impaired goal identification or impaired goal execution, because, to date, no procedure 

has been developed to independently assess these two components of anti-saccade 

cost. The aim of the present study was to develop such an assessment task, which we 

term the Goal Identification Vs. Execution (GIVE) task. Fifty-one undergraduate students 

completed a conventional anti-saccade task, and our novel GIVE task. Our findings 

revealed that individual differences in anti-saccade goal identification costs and goal 

execution costs were uncorrelated, when assessed using the GIVE task, but both 

predicted unique variance in the conventional anti-saccade cost measure. These results 

confirm that the GIVE task is capable of independently assessing variation in the goal 

identification and goal execution components of the anti-saccade effect. We discuss how 

this newly introduced assessment procedure now can be employed to illuminate the 

specific basis of the increased anti-saccade cost that characterises various forms of 

clinical dysfunction. 

 

Introduction 

Individuals differ in their cognitive control capability [1,2]. Investigators 

interested in such individual differences have developed a shared interest in a 

widely-used assessment approach known as the anti-saccade task. In this task, 

participants must initially attend to a central fixation cross, often displayed 

for varying temporal durations across successive trials. Next, a single visual 

object stimulus (e.g. a shape such as a solid oval) is presented to either the  
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away from the visual object is challenging, and so participants are generally 

slower to make the required saccade in anti-condition blocks compared to 

pro-condition blocks, with the magnitude of this difference depending on the 

specific task parameters employed and the cognitive load carried by 

participants while performing the task [3–6]. This slowing of response times 

in the anti-condition compared to pro-condition is referred to as the anti-

saccade cost. 

It has repeatedly been demonstrated that this anti-saccade cost is increased in 

people with certain clinical disorders, including emotional disorders [7], 

neurological disorders [8], and developmental disorders [9]. For example, 

compared to healthy controls, individuals diagnosed with various forms of 

emotional dysfunction such as major depression [7] and anxiety [10,11], or 

suffering from neurological disorders such as Parkinson’s disease [8], or with 

developmental disorders such as autism spectrum disorders [9], exhibit 

heightened anti-saccade cost. Investigators have highlighted left or right side 

of the screen. Immediately upon its presentation, participants are required to 

make a saccadic response either towards or away from this visual object, 

depending on block condition. On “pro-condition” blocks, participants must 

execute a saccadic shift towards the visual object, whereas on “anti-

condition” blocks, they must instead execute a saccadic shift away from the 

visual object, towards the opposite side of the screen. Making a saccadic 

response away from the visual object is challenging, and so participants are 

generally slower to make the required saccade in anti-condition blocks 

compared to pro-condition blocks, with the magnitude of this difference 

depending on the specific task parameters employed and the cognitive load 

carried by participants while performing the task [3–6]. This slowing of 

response times in the anti-condition compared to pro-condition is referred to 

as the anti-saccade cost. 

 It has repeatedly been demonstrated that this anti-saccade cost is increased 

in people with certain clinical disorders, including emotional disorders [7], 

neurological disorders [8], and developmental disorders [9]. For example, 

compared to healthy controls, individuals diagnosed with various forms of 

emotional dysfunction such as major depression [7] and anxiety [10,11], or 

suffering from neurological disorders such as Parkinson’s disease [8], or with 

developmental disorders such as autism spectrum disorders [9], exhibit 

heightened anti-saccade cost. Investigators have highlighted the potential 

applied importance of such findings, suggesting that the assessment of anti-

saccade cost may help to improve diagnostic accuracy and/or serve as a 

marker of disease progression [12]. More important still, it has been argued 

that the cognitive anomalies that serve to increase anti-saccade cost in such 
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cohorts may also contribute to their dysfunctional symptoms [13], making 

anti-saccade cost a candidate therapeutic target in cognitively focussed 

interventions. 

Hence, there are good reasons for seeking to understand the cognitive basis 

of this anti-saccade cost effect. Many researchers argue that anti-saccade 

costs are lowest in those with the greater inhibitory attentional control [14], 

and so attribute elevated anti-saccade cost to impairments in inhibitory 

attentional control [15]. However, other investigators suggest alternative 

conceptions of the processes that underpin anti-saccade cost [16]. For 

example, some accounts are quite general in nature, such as the suggestion 

that variation in anti-saccade cost reflects individual differences in fluid 

intelligence or global processing speed [17,18]. Other accounts are more 

specific, such as the idea that performing an anti-saccade requires the time 

consuming inversion of the pre-potent saccadic movement vector, in order to 

compute and control execution of the opposing saccadic movement vector 

[19]. 

Despite the differences between alternative accounts, investigators agree 

that performance on the anti-saccadic task must logically involve two key 

components processes [3–5]. Specifically, performing this task requires 

participants to: i. correctly identify whether to saccade to the right or to the 

left (i.e. saccadic goal identification); and ii. swiftly and successfully execute 

this saccadic goal (i.e. saccadic goal execution). In the anti-saccade task, as 

soon as the visual object appears, the participant must first identify whether 

their goal is to saccade to the left or to the right (which will depend on where 

this visual object appears, and whether the trial is given on the pro-condition 

or anti-condition). Then the participant must swiftly execute this saccadic 

goal, by making a saccade either to the left or to the right side as required. 

Thus, the slowing observed in the conventional anti-saccade task, on anti-

condition relative to pro-condition blocks, could reflect a combination of two 

quite differing effects; slowing to formulate the correct saccadic goal, or 

slowing to implement this saccadic goal, in the former relative to the latter 

condition. It follows from this that elevations in anti-saccade cost could be 

driven by a deficit in anti-saccade goal identification, or a deficit in anti-

saccade goal execution, or both. 

However, our ability to differentiate these two candidate loci of variation 

in the magnitude of the anti-saccade effect has been hindered by the fact that 

current assessment approaches cannot yield independent sensitive measures 

of variation in anti-saccade goal identification and in anti-saccade goal 

execution components of anti-saccade task performance. Thus, it remains 

unknown whether previously observed clinically-linked elevations in anti-
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saccade cost result from inflated anti-saccade goal identification cost, from 

inflated anti-saccade goal execution cost, or both. The capacity to 

independently assess individual differences in these two facets of anti-

saccade cost would enable investigators to more precisely pinpoint the locus 

of the elevated anti-saccade cost that characterize different clinical disorders. 

In addition to advancing understanding by illuminating underlying 

mechanisms, this may also yield applied benefits, by identifying the precise 

mechanism(s) that could most usefully be targeted in therapeutic 

interventions designed to enhance cognitive control in such cohorts. 

The aim of the present study was to develop a novel assessment task 

capable of independently and sensitively assessing individual differences in 

anti-saccade goal identification and goal execution, which we term the Goal 

Identification Vs. Execution (GIVE) task. The GIVE task comprises two 

subtasks. One subtask, which we label the Saccadic Goal Identification 

Subtask, is designed to measure the speed with which participants can 

identify, when the visual object stimulus appears, whether the appropriate 

goal is to saccade to the left or to the right side. Similar to keyboard based 

versions of the anti-saccade task, such as that employed by Hunt & Klein [20] 

and others [5], or visual Simon tasks [21], participant responses depended on 

the position of the visual object. However, in this saccadic goal identification 

subtask, participants did not make a saccadic response, but kept their gaze 

fixed on the centre of the screen. Instead, they were required to respond only 

by indicating the direction in which they would move their eyes if they were 

completing the equivalent trial on the conventional anti-saccade task. This 

subtask permits assessment of the degree to which correct saccade goal 

identification is slowed in anti-condition blocks compared to pro-condition 

condition blocks, without the measure being contaminated by variation in 

speed of saccadic goal execution, as no saccade is executed in this subtask. 

The other subtask, which we label the Saccadic Goal Execution Subtask, is 

designed to measure the speed with which participants can execute a 

predetermined saccadic goal (implementing a preceding instruction to saccade 

to the left or to the right), at the time point when the visual object appears, 

regardless of its location. By varying the object position, it is sometimes the 

case that the execution of this predetermined goal of saccading either left or 

right will involve the participants making a saccade towards the visual object 

(pro-condition), and sometimes it will involve making a saccade away from 

the visual object (anti-condition). Hence, this subtask permits assessment of 

the degree to which saccadic goal execution is slowed in anti condition blocks 

compared to pro-condition condition blocks, without the measure being 



 

PLOS ONE | https://doi.org/10.1371/journal.pone.0222710 September 23, 2019 186 / 208 

Differentiating goal identification and goal execution components of the anti-saccade effect 

contaminated by variation is speed of formulating the goal of saccading left or 

right, as this saccadic goal is formulated prior to trial onset in this subtask. 

We delivered the GIVE task, along with a conventional anti-saccade task, 

to a sample of undergraduate student participants. We first sought to 

determine whether our participant sample displayed the expected slowing of 

response latencies on anti-condition blocks, relative to pro-condition blocks, 

on the conventional anti-saccade task. We next went on to determine whether 

our participants displayed slowing of response latencies on anti-condition 

blocks, relative to pro-condition blocks, on the saccadic goal identification 

and/or on the saccadic goal execution subtasks of the GIVE. Finally, we went 

on to empirically evaluate: i. whether slowing observed on anti-condition 

blocks compared to pro-condition blocks, in the two subtasks of the GIVE, 

were independent of one another, and ii. whether slowing observed on anti-

condition blocks compared to pro-condition blocks, in the two subtasks of the 

GIVE task, predicted independent variance in the anti-saccade cost effect 

observed on the conventional anti-saccade task. 

Method 

Participants 

Fifty-one participants were recruited from the University of Western 

Australia undergraduate participant pool, and received course credit for their 

participation (Mage = 20.10, SD = 4.65, range = 17–23, 39 female). In a 

multiple regression with two predictor variables, this number of participants 

provides the capacity to detect effects that fall above f2 = .20, with a 

probability greater than .80, at an alpha level of .05 [22]. All participants had 

normal or corrected-to-normal vision at the time of completing the 

experiment. 

Apparatus 

Task stimuli were presented on a 24@ widescreen LCD monitor. Participant 

eye-gaze was monitored using a desk mounted Eye-Link 1000 Plus eye-

tracking system, running at 1000 Hz. Stimuli presentation was controlled 

using the Experiment Builder software package (SR Research Ltd, 

Mississauga, Canada). 

Assessment tasks 

Conventional anti-saccade task. The present anti-saccade task was closely 

based on the approaches employed by Derakshan and colleagues [10,23]. 

Each trial commenced with the presentation of a fixation cross in the centre of 

the screen, for either 1000ms, 1500ms, or 2000ms, with equal probability. 

Participants were required to maintain continuous eye-gaze on this fixation 
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cross in order for the fixation cross to disappear, and the trial to proceed. 

Following fixation cross offset, a single visual object stimulus was presented 

for 600 ms, positioned with equal frequency either 130mm to the left or right 

of screen centre. This visual object stimulus was a solid white oval (H = 

63mm; W = 35mm). Immediately upon presentation of this oval stimulus, the 

participant was required to make a saccadic movement. The specific saccadic 

movement required was determined by instructions delivered prior to each 

block of trials. On pro-condition trial blocks, participants were required to 

shift their gaze left or right when the stimulus appeared left and right 

respectively (i.e. to make a saccade towards the oval stimulus). On anti-

condition trial blocks, participants were required to shift their gaze right or 

left when the stimulus appeared left and right respectively (i.e. to make a 

saccade away from the oval stimulus). The response latency to successfully 

perform the required saccadic movement was recorded. The next trial 

commenced 500ms later. In total, six blocks of 12 trials were presented across 

the anti-saccade task. Half of the blocks were delivered in the pro condition, 

and the other half were delivered in the anti-condition. These blocks of trials 

were delivered in a random order. It was expected that participants would be 

slower to make the required saccadic response on anti-condition blocks than 

on pro-condition blocks. 

Goal Identification Vs. Execution (GIVE) task. Saccadic Goal 

Identification Assessment Subtask: This subtask was designed to assess 

individual differences in the relative speed to correctly identify whether the 

goal was to execute a saccadic to the left or to the right, on anti-condition trial 

blocks compared to pro-condition trial blocks, without the need to actually 

execute these saccadic goals. The physical and temporal characteristics of 

each trial were the same as in the conventional anti-saccade task. However, in 

this subtask, participants had to keep their eye-gaze fixed in the centre of the 

screen for the duration of the trial, and were required only to indicate the 

direction of the saccadic movement that would have been required had this 

trial been delivered in that condition of the conventional anti-saccade task 

(which they had just completed). On half the blocks, participants were told to 

indicate the direction that their gaze would have been required to move in the 

pro-condition of the conventional anti-saccade task. On the other half of the 

blocks, participants were told to indicate the direction that their gaze would 

have been required to move in the anti-condition of the conventional anti-

saccade task. They responded using the keyboard, by pressing the left or right 

arrow button to indicate the direction of the saccade goal they identified as 

being the requirement. The latency and accuracy of this keyboard response 

was recorded. In total, six blocks of 12 trials were presented across this 

subtask, three blocks delivered in the pro-condition and three in the anti-

condition trials. These blocks of trials were delivered in a random order. It 

was expected that participants would be slower to correctly identify the 
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saccadic goal in anti-condition blocks, than to correctly identify the saccade 

goal in the pro-condition blocks. 

Saccadic Goal Execution Assessment Subtask: This subtask was designed 

to assess individual differences in relative slowing to correctly execute the 

predetermined saccadic goal of making a saccade either to the left or right, 

when this happened to result in a saccade away from a presented oval 

stimulus (anti-condition blocks) or a saccade towards a presented oval 

stimulus (pro-condition blocks). Again, the physical and temporal 

characteristics of each trial were the same as those in the conventional anti-

saccade task. The key methodological difference was that, in this subtask, 

prior to the commencement of each trial, participants were explicitly told 

whether their goal was to make a saccadic shift to the left or to the right as 

soon as the oval appeared (regardless of its position on screen). On half of the 

blocks, participants were instructed that their goal was to make a saccade to 

the left as soon as the oval appeared. On the other half of the blocks, they 

were instead instructed that their goal was to make a saccade to the right as 

soon as the oval appeared. On half of the trials within a block, the oval 

stimulus appeared in the opposite side of the screen to the location that 

participants had the goal of saccading towards (anti-condition trials). On the 

other half of the trials within a block, the oval stimulus appeared in the same 

location that participants had the goal of saccading towards (pro-condition 

trials). In total, six blocks of 12 trials were presented across this subtask, and 

these blocks of trials were delivered in a random order. Speed and accuracy of 

saccadic responses were recorded. It was expected that participants would be 

slower to correctly execute their predetermined goal of shifting their gaze to 

the left or right screen location on anti-condition trials than on pro-condition 

trials. 

Procedure 

This study was approved by the UWA Human Research Ethics Committee 

(RA/4/1/5243). Participants provided written consent and were tested 

individually. To minimise head movements during eye-tracking, the 

participant was positioned in a head-rest affixed 60 cm from the computer 

monitor. The Eyelink 1000 Plus was calibrated for each new participant. 

Calibration was conducted using nine calibration points, and drift correction 

was performed prior to each block of trials. Participants were then given 

instructions for the conventional anti-saccade task, before completing two 

blocks of six practice trials (six pro-condition trials and six anti condition 

trials), with corrective feedback. Upon completion of these practice trials, the 

assessment trials for the conventional anti-saccade task were delivered. Next, 

participants were given instructions for the GIVE task. Participants always 

completed one of the GIVE subtasks before the other, with the order of these 
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subtasks counter-balanced across participants. Two blocks of six practice 

trials (six pro-condition trials and six anti-condition trials) of the upcoming 

subtask were always delivered prior to the participant completing the 

assessment trials of that subtask. Eye-tracker calibration was checked after 

each block of trials, and corrections to the calibration made as required. Upon 

completion of the GIVE task, participants were thanked for their participation 

and debriefed. 

Statistical methods 

We first sought determine whether each of our sub-tasks demonstrated the 

slowing of response latencies usually observed on the conventional anti-

saccade task. This was achieved by comparing response latencies on pro-

condition trials with response latencies on anti condition trials, using a series 

of within-subjects t-test. Next, we calculated an index of the anti-condition 

cost shown by each participant on each subtask, by subtracting their average 

response time for that task delivered in pro-condition from their average 

response time when the task was delivered in anti-condition. We proceeded to 

determine whether there was a correlation between the anti-condition cost 

indices on the two sub-tasks of the GIVE, before then conducting the planned 

multiple regression analysis, to determine whether independent variance in 

anti-saccade cost observed on the conventional anti-saccade was predicted by 

the two anti-condition cost measures provided by the GIVE task, respectively 

reflecting cost in terms of saccadic goal identification and cost in terms of 

saccadic goal execution. 

Results 

One participant was excluded from data analysis due to difficulties in tracking 

their eye-movements. In keeping with data cleaning approach adopted by 

Derakshan et al [10], for each experimental task, only the first response made 

by the participant was included in the data analysis, and responses that were 

incorrect, anticipatory responses, or responses that occurred after the oval 

stimulus was cleared from the screen, were eliminated from analysis. 

Anticipatory responses were defined, using Derakshan et al.’s [10] criterion, 

as responses less than 83ms. Across the tasks, this led to the exclusion of 

7.9% of responses. On the Anti-Saccade Goal Identification subtask, trials on 

which the participant failed to comply with the instruction to keep their eye-

gaze fixed in the centre of the screen for the duration of the trial were 

eliminated. This led to the exclusion of 2.1% of responses. 

We first sought to determine whether participants in our sample exhibited 

the expected slowing on anti-condition trials, relative to pro-condition trials, 

when performing the conventional anti-saccade task. Response times on both 
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pro-condition trials and on anti-condition trials were found to demonstrate 

high reliability, indicated by Spearman-Brown split-half reliability co-

efficients of .95, p < .001, and .97, p < .001, respectively. Mean response time 

was 178.45 ms (SD = 36.56) on pro-condition trials, and 255.71 ms (SD = 

36.56), on anti-condition trials. A paired-samples t-test revealed that this 

slowing on anti-condition trials compared to pro-condition trials was 

statistically significant, t (49) = 17.15, p < .001, confirming that participants 

demonstrated the usual anti-saccade cost on this conventional anti-saccade 

task. 

We then examined response times on each of the GIVE sub-tasks. In the 

saccadic goal identification sub-task, response times again demonstrated high 

reliability both in the pro-condition trials and in the anti-condition trials, 

demonstrated by Spearman-Brown split-half reliability coefficients of .93, p < 

.001, and .94, p < .001, respectively. Mean response time was 391.58 ms (SD 

= 44.37) on pro-condition trials, and 412.27 ms (SD = 41.70) on anti-

condition trials. This difference in means was shown to be statistically 

significant, using a paired samples t-test, t (49) = 5.33, p < .001. Thus, 

participants were generally slower to correctly identify whether their goal was 

to shift their gaze to the left or right, when this saccadic goal identification 

subtask was delivered in the anti-condition than when it was delivered in the 

pro-condition. 

Next, response times obtained on the saccadic goal execution subtask of the 

GIVE were examined. Once again, the response times demonstrated high 

reliability both in the pro-condition trials and the anti-condition trials, with 

Spearman-Brown split-half reliability coefficients of .93. p < 0.001, and .95, p 

< 0.001, respectively. Mean response time on this subtask was 175.62 ms (SD 

= 25.97) in the pro-condition, and 220.75 ms (SD = 30.84), in the anti-

condition, with a paired-samples t-test confirming that this represents 

significantly slower responding on anti-condition trials than on pro-condition 

trials, t (49) = 18.87, p < .001. This indicates that participants were relatively 

slower to execute the predetermined goal of making a saccadic to the right or 

left, when such saccadic goal execution required making a saccade away from 

the oval stimulus rather than towards it. 

Together, these findings confirm that participants exhibited the expected 

patterns of response slowing, in the anti-condition compared to the pro-

condition, not only on the conventional anti-saccade task, but also on both 

sub-tasks of the GIVE, respectively assessing saccadic goal identification and 

saccadic goal execution. We went on to determine whether individual 

differences in the magnitude of this response slowing in the anti-condition 

compared to the pro-condition were independent across the two GIVE 

subtasks. To do this, we computed an index of the anti-condition cost not only 
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on the conventional anti-saccade task (anti-saccade cost; Spearman-Brown 

split-half reliability = .94), but also on the saccadic goal identification sub-

task of the GIVE (anti-saccadic goal identification cost; Spearman-Brown 

split-half reliability = .67) and on the saccadic goal execution sub-task of the 

GIVE (anti-saccadic goal execution cost; Spearman-Brown split-half 

reliability = .62), as described in the Method section. Pearson’s correlation 

analysis revealed no evidence of an association between these two index 

scores, r = -.03, p = .84, suggesting that these two GIVE sub-task cost indices 

vary independently of each other. This conclusion was supported by the 

outcome of a Bayesian correlation. The resulting Bayes Factor of BF01 = 5.56 

represents substantial support for the null hypothesis [24], and lends further 

weight to the independence of the two cost indices provided by the GIVE 

task. 

As planned, we went on to examine whether variation in each of these two 

cost indices yielded by the GIVE, respectively reflecting anti-saccadic goal 

identification cost and anti-saccade goal execution cost, accounted for 

independent variance in the anti-saccade cost observed on the conventional 

anti-saccade task. Specifically, the anti-saccade cost index scores obtained 

using the conventional anti-saccade task scores were entered as the dependent 

variable in a regression analysis, with the anti-saccadic goal identification 

cost index scores and anti-saccadic goal execution cost index scores obtained 

using the GIVE sub-tasks simultaneously entered as independent variables. 

The overall model was significant, F (2, 49) = 6.53, p = .003, R2 = .22. This 

indicates the overall model accounted for 22% of the variance in anti-saccade 

cost. Moreover, the GIVE task anti-saccade goal identification cost index 

scores, t (49) = 2.11, p = .040, β = .272, and the GIVE task anti-saccade goal 

execution cost index scores, t (49) = 3.00, p = .004, β = .387, each did indeed 

predict independent variance in the anti-saccade cost index scores obtained 

using the conventional anti-saccade task, accounting for 7% and 15% of the 

variance in anti-saccade cost respectively. The relationship between anti-

saccade cost on the conventional anti-saccade task and the GIVE task 

measures of anti-saccade goal identification cost and anti-saccade goal 

execution cost is shown in Figs 1 and 2 respectively. This pattern of results 

supports the capacity of the GIVE tasks to measure independent variance in 

the saccadic goal identification component and in the saccadic goal execution 

component of antisaccade task performance. Furthermore, this demonstrates 

that individual differences in both component processes assessed by the GIVE 

contribute to variation in the anti-saccade cost effect commonly observed on 

the conventional anti-saccade task. 

It is possible that the cost indices yielded by the conventional anti-saccade 

task, and by the two GIVE sub-tasks, might all be greater in people who have 

slower overall processing speed, and such differences in processing speed 
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could potentially drive the observed association between these cost measures. 

In order to address this possibility, we carried out mediation analyses to 

determine whether the association between the anti-saccade cost index scores, 

and each of the GIVE sub-task cost index scores, reflected the mediating 

influence of overall response speed, as indexed by average RT latency across 

all trial types. The outcome of these analyses revealed that the association 

between the anti-saccade cost index scores and the antisaccade goal 

identification cost index scores was not significantly mediated by overall 

 

Fig 1. Scatterplot of association between anti-saccade goal identification cost index and conventional anti-saccade cost index, 

showing line of best fit. 

 

https://doi.org/10.1371/journal.pone.0222710.g001 

processing speed (Sobel test = .977, p = .33, bootstrap confidence interval = -

.11 to .13). Bootstrap confidence intervals of the indirect effect were obtained 

using 5000 bootstrap samples. Further, the association between the anti-

saccade cost index and the anti-saccade goal execution cost index also was 

not significantly mediated by overall processing speed (Sobel 

https://doi.org/10.1371/journal.pone.0222710.g001
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Fig 2. Scatterplot of association between anti-saccade goal execution cost index and conventional anti-saccade cost index, 

showing line of best fit. 

 

https://doi.org/10.1371/journal.pone.0222710.g002 

test = -.36, p = .72. bootstrap confidence interval3 = -.49 to .30). Thus, this 

pattern of findings suggest that the observed association between these cost 

measures is not driven by individual differences in overall processing speed. 

Discussion 

The aim of this study was to develop and evaluate a new assessment 

approach, capable of independently assessing variation in saccadic goal 

identification and saccadic goal execution. Our findings show that the 

measures of anti-saccade goal identification cost and anti-saccade goal 

execution cost yielded by our newly developed GIVE task were uncorrelated 

with one another, and Bayesian analysis further supports the conclusion that 

no such association exists. The absence of an association between these two 

cost indices cannot be attributed to the insensitivity of one or other measure, 

perhaps reflecting reduced sensitivity when a key press response or eye-

tracking is used to compute the cost index. Such an explanation is 

incompatible with the observation that each cost measure yielded by the 

GIVE task accounted for statistically significant independent variance in the 

anti-saccade cost effect observed on the conventional anti-saccadic task. 

Thus, taken together, this pattern of findings suggests that the GIVE task is 

capable of differentiating and sensitively assessing the individual differences 

in saccadic goal identification, and in saccadic goal execution, that 

independently contribute to anti-saccade cost in the widely-used anti-saccade 

https://doi.org/10.1371/journal.pone.0222710.g002


 

PLOS ONE | https://doi.org/10.1371/journal.pone.0222710 September 23, 2019 194 / 208 

Differentiating goal identification and goal execution components of the anti-saccade effect 

task. This discussion will briefly consider the implications of the present 

demonstration that variability in goal identification and goal execution 

separately contribute to variation in anti-saccade cost, before highlighting the 

potential value of the GIVE task in pinpointing the loci of the elevated anti-

saccade costs known to characterize a number of clinical conditions. 

It will be important to ensure that the present pattern of findings can be 

replicated by other investigators. In part, this is likely to depend on the 

reliability of the GIVE task. While the present study demonstrates that 

response latencies and index measures on both GIVE sub-tasks are 

characterized by acceptable internal reliability for cognitive tasks [25], 

determining their test-retest reliability will require appropriate extensions of 

the present work, that employ multiple assessment sessions. Should future 

research confirm the replicability of the presently findings, then it is 

reasonable to suppose that understanding of the conventional anti-saccade 

effect will be enhanced by illuminating the basis of variation in saccadic goal 

identification and saccadic goal execution. It seems likely that each of these 

two component processes will themselves reflect the operation of subsidiary 

cognitive mechanisms that, in time, can be empirically distinguished and 

independently assessed. For example, it seems reasonable to suppose that the 

process of saccadic goal identification within the anti-saccade task could be 

further broken down into the sub-components of coding the location of the 

visual object stimulus, accessing the task instruction for that trial block 

(concerning whether to shift gaze towards or away from the displayed object), 

and computing from these two sources of information whether the correct 

saccadic goal on the current trial is to saccade left or saccade right. Hence, 

individual differences in the saccadic goal identification component of the 

anti-saccade cost effect could potentially reflect the independent contributions 

of variability in each of these subsidiary processes. We encourage future 

researchers to continue the conceptual delineation of such component 

processes, while also developing novel assessment methodologies that can 

differentially assess these components, in order to construct a comprehensive 

understanding of the processes that contribute to variability in anti-saccade 

cost. For the moment, by enabling the discrete assessment of individual 

differences in saccadic goal identification and in saccadic goal execution, the 

newly developed GIVE task provides researchers with the capacity to 

illuminate the basis of the elevations in anti-saccade cost observed across 

differing clinical conditions. 

Although there are a wealth of previous findings demonstrating increased 

anti-saccade cost in people with certain clinical conditions, the limitations of 

previous assessment approaches have made it impossible to determine 

whether this reflects a deficit in anti-saccadic goal identification, a deficit in 

anti-saccadic goal execution, or both. For example, the increased anti-saccade 
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cost evident in people with Parkinson’s disease [8] could reflect a deficit in 

anti-saccade goal identification due to the cognitive restrictions evident in this 

disease [26], or may result from a deficit in anti-saccade goal execution due to 

the degeneration of oculomotor control that accompanies the disease [27]. By 

employing the GIVE task in future research studies to assess anti-saccade cost 

in these populations, and in other populations also characterized by increased 

anti-saccade cost (e.g. individuals with autism spectrum disorders, anxiety & 

elderly populations [7,9,10,28], it will become possible to identify which of 

these component processes is compromised in each of these conditions. 

Interventions designed to attenuate or reverse such deterioration in cognitive 

control then can target the precise mechanisms that underpins the particular 

problems experienced by each population of interest. 

Future research of the type described will serve to pinpoint the loci of the 

elevated anti-saccade costs known to characterize different clinical 

conditions. But, for the moment, the work reported in this paper has given rise 

to a new assessment approach that can sensitively assess the individual 

differences in saccadic goal identification, and in saccadic goal execution, 

that independently contribute to variation in the anti-saccade cost effect 

observed on the conventional anti-saccadic task. We hope that the GIVE task 

will now enable researchers to refine our knowledge of the mechanisms that 

underpin increased the anti-saccade cost evident across a number of important 

clinical disorders, in ways that will advance understanding and inform 

intervention approaches. 

Author Contributions 

Conceptualization: Owen Myles, Patrick Clarke, Colin MacLeod. 

Data curation: Owen Myles. 

Formal analysis: Owen Myles. 

Funding acquisition: Ben Grafton, Patrick Clarke, Colin MacLeod. 

Investigation: Owen Myles. 

Methodology: Owen Myles, Ben Grafton, Patrick Clarke, Colin MacLeod. 

Project administration: Ben Grafton, Colin MacLeod. 

Software: Owen Myles. 

Supervision: Ben Grafton, Patrick Clarke, Colin MacLeod. 

Writing – original draft: Owen Myles. 

Writing – review & editing: Owen Myles, Ben Grafton, Colin MacLeod. 



 

PLOS ONE | https://doi.org/10.1371/journal.pone.0222710 September 23, 2019 196 / 208 

Differentiating goal identification and goal execution components of the anti-saccade effect 

References 

1. van Steenbergen H, Band GPH, Hommel B. Threat but not arousal narrows attention: Evidence 

from pupil dilation and saccade control. Front Psychol. 2011; 2: 1–5. 

2. Hutton SB. Cognitive control of saccadic eye movements. Brain Cogn. 2008; 68: 327–340. 

https://doi. org/10.1016/j.bandc.2008.08.021 PMID: 19028265 

3. Crawford TJ, Parker E, Solis-Trapala I, Mayes J. Is the relationship of prosaccade reaction times 

and antisaccade errors mediated by working memory? Exp Brain Res. 2011; 208: 385–397. 

https://doi.org/ 10.1007/s00221-010-2488-8 PMID: 21107543 

4. Olk B, Kingstone A. Why are antisaccades slower than prosaccades ? A novel finding using a new 

paradigm. Cogn Neurosci Neuropsychol. 2015; 14: 1–5. 

5. Roberts RJ, Hager LD, Heron C. Prefrental Cognitive Processes : Working Memory and Inhibition in 

the Antisaccade Task. J Exp Psychol Gen. 1994; 123: 374–393. 

6. Everling S, Fischer B. The antisaccade: A review of basic research and clinical studies. 

Neuropsychologia. 1998; 36: 885–899. PMID: 9740362 

7. Carvalho N, Noiret N, Vandel P, Monnin J, Chopard G, Laurent E. Saccadic eye movements in 

depressed elderly patients. PLoS One. 2014; 9: 2–8. https://doi.org/10.1371/journal.pone.0105355 

PMID: 25122508 

8. Kitagawa M, Fukushima J, Tashiro K. Relationship between antisaccades and the clinical symptoms 

in Parkinson’s disease. Neurology. 2010; 44: 2285–2289. 

9. Manoach DS, Lindgren KA, Barton JJS. Deficient saccadic inhibition in Asperger’s disorder and the 

social-emotional processing disorder. J Neurol Neurosurg Psychiatry. 2004; 75: 1719–1726. 

https://doi. org/10.1136/jnnp.2003.025981 PMID: 15548490 

10. Derakshan N, Ansari TL, Hansard M, Shoker L, Eysenck MW. Anxiety, inhibition, efficiency, and 

effectiveness: An investigation using the Antisaccade task. Exp Psychol. 2009; 56: 48–55. 

https://doi.org/10. 1027/1618-3169.56.1.48 PMID: 19261578 

11. Ansari TL, Derakshan N. The neural correlates of impaired inhibitory control in anxiety. 

Neuropsychologia. 2011; 49: 1146–1153. https://doi.org/10.1016/j.neuropsychologia.2011.01.019 

PMID: 21241717 

12. Kaufman LD, Pratt J, Levine B, Black SE. Antisaccades: A Probe into the Dorsolateral Prefrontal 

Cortex in Alzheimer’s Disease. A Critical Review. J Alzheimer’s Dis. 2010; 19: 781–793. 

13. de Lissnyder E, Derakshan N, De Raedt R, Koster EHW. Depressive symptoms and cognitive 

control in a mixed antisaccade task: Specific effects of depressive rumination. Cogn Emot. 2011; 25: 

886–897. https://doi.org/10.1080/02699931.2010.514711 PMID: 21824026 

14. Sweeney JA, Rosano C, Berman RA, Luna B. Inhibitory control of attention declines more than 

working memory during normal aging. Neurobiol Aging. 2001; 22: 39–47. 

https://doi.org/10.1016/s0197-4580 
(00)00175-5 PMID: 11164275 

15. Derakshan N, Eysenck MW. Anxiety, processing efficiency, and cognitive performance: New 

developments from attentional control theory. Eur Psychol. 2009; 14: 168–176. 

https://doi.org/10.1027/10169040.14.2.168 

16. Klapetek A, Jonikaitis D, Deubel H. Attention allocation before antisaccades. J Vis. 2016; 16: 11. 

https:// doi.org/10.1167/16.1.11 PMID: 26790843 

17. Rey-Mermet A, Gade M, Souza A, von Bastian CC, Oberauer K. Is executive control related to 

working memory capacity and fluid intelligence? J Exp Psychol Gen. 2019; 

https://doi.org/10.1037/xge0000593 PMID: 30958017 

18. Zheng Y, Myerson J, Hale S. Age and individual differences in visuospatial processing speed: 

Testing the magnification hypothesis. Psychon Bull Rev. 2000; 7: 113–120. https://doi.org/10.3758/ 

BF03210729 PMID: 10780024 

19. Munoz DP, Everling S. Look away: the anti-saccade task and the voluntary control of eye 

movement. Nat Rev Neurosci. 2004; 5: 218–228. https://doi.org/10.1038/nrn1345 PMID: 14976521 

20. Hunt AR, Klein RM. Eliminating the cost of task set reconfiguration. Mem Cogn. 2002; 30: 529–539. 

https://doi.org/10.3758/BF03194954 PMID: 12184554 

https://doi.org/10.1016/j.bandc.2008.08.021
https://doi.org/10.1016/j.bandc.2008.08.021
http://www.ncbi.nlm.nih.gov/pubmed/19028265
https://doi.org/10.1007/s00221-010-2488-8
https://doi.org/10.1007/s00221-010-2488-8
http://www.ncbi.nlm.nih.gov/pubmed/21107543
http://www.ncbi.nlm.nih.gov/pubmed/9740362
https://doi.org/10.1371/journal.pone.0105355
https://doi.org/10.1371/journal.pone.0105355
http://www.ncbi.nlm.nih.gov/pubmed/25122508
https://doi.org/10.1136/jnnp.2003.025981
https://doi.org/10.1136/jnnp.2003.025981
http://www.ncbi.nlm.nih.gov/pubmed/15548490
https://doi.org/10.1027/1618-3169.56.1.48
https://doi.org/10.1027/1618-3169.56.1.48
http://www.ncbi.nlm.nih.gov/pubmed/19261578
https://doi.org/10.1016/j.neuropsychologia.2011.01.019
http://www.ncbi.nlm.nih.gov/pubmed/21241717
https://doi.org/10.1080/02699931.2010.514711
http://www.ncbi.nlm.nih.gov/pubmed/21824026
https://doi.org/10.1016/s0197-4580(00)00175-5
https://doi.org/10.1016/s0197-4580(00)00175-5
http://www.ncbi.nlm.nih.gov/pubmed/11164275
https://doi.org/10.1027/1016-9040.14.2.168
https://doi.org/10.1027/1016-9040.14.2.168
https://doi.org/10.1167/16.1.11
https://doi.org/10.1167/16.1.11
http://www.ncbi.nlm.nih.gov/pubmed/26790843
https://doi.org/10.1037/xge0000593
http://www.ncbi.nlm.nih.gov/pubmed/30958017
https://doi.org/10.3758/BF03210729
https://doi.org/10.3758/BF03210729
https://doi.org/10.3758/BF03210729
http://www.ncbi.nlm.nih.gov/pubmed/10780024
https://doi.org/10.1038/nrn1345
http://www.ncbi.nlm.nih.gov/pubmed/14976521
https://doi.org/10.3758/BF03194954
http://www.ncbi.nlm.nih.gov/pubmed/12184554


 

PLOS ONE | https://doi.org/10.1371/journal.pone.0222710 September 23, 2019 197 / 208 

Differentiating goal identification and goal execution components of the anti-saccade effect 

21. Liu X, Banich MT, Jacobson BL, Tanabe JL. Common and distinct neural substrates of attentional 

control in an integrated Simon and spatial Stroop task as assessed by event-related fMRI. 

Neuroimage. 
2004; 22: 1097–1106. https://doi.org/10.1016/j.neuroimage.2004.02.033 PMID: 15219581 

22. Soper DS. A-priori Sample Size Calculator for Multiple Regression [Software] [Internet]. http://www. 

danielsoper.com/statcalc 

23. Ansari TL, Derakshan N. Anxiety impairs inhibitory control but not volitional action control. Cogn 

Emot. 2010; 24: 241–254. https://doi.org/10.1080/02699930903381531 

24. Wagenmakers EJ, Wetzels R, Borsboom D, van der Maas HLJ. Why Psychologists Must Change 

the Way They Analyze Their Data: The Case of Psi: Comment on Bem (2011). J Pers Soc Psychol. 

2011; 
100: 426–432. https://doi.org/10.1037/a0022790 PMID: 21280965 

25. Nunnally JC. Psychometric Theory. New York, NY: McGraw-Hill; 1967. 

26. Owen AM, Iddon JL, Hodges JR, Summers BA, Robbins TW. Spatial and non-spatial working 

memory at different stages of Parkinson’s disease. Neuropsychologia. 1997; 35: 519–532. 

https://doi.org/10. 1016/s0028-3932(96)00101-7 PMID: 9106280 

27. Gibson JM, Pimlott R, Kennard C. Ocular motor and manual tracking in Parkinson’s disease and the 

effect of treatment. J Neurol Neurosurg Psychiatry. 1987; 50: 853–860. 

https://doi.org/10.1136/jnnp.50. 
7.853 PMID: 3625208 

28. Agam Y, Joseph RM, Barton JJS, Manoach DS. Reduced cognitive control of response inhibition by 

the anterior cingulate cortex in autism spectrum disorders. Neuroimage. 2010; 52: 336–347. 

https://doi.org/ 10.1016/j.neuroimage.2010.04.010 PMID: 20394829 

 

https://doi.org/10.1016/j.neuroimage.2004.02.033
http://www.ncbi.nlm.nih.gov/pubmed/15219581
http://www.danielsoper.com/statcalc
http://www.danielsoper.com/statcalc
http://www.danielsoper.com/statcalc
https://doi.org/10.1080/02699930903381531
https://doi.org/10.1037/a0022790
http://www.ncbi.nlm.nih.gov/pubmed/21280965
https://doi.org/10.1016/s0028-3932(96)00101-7
https://doi.org/10.1016/s0028-3932(96)00101-7
http://www.ncbi.nlm.nih.gov/pubmed/9106280
https://doi.org/10.1136/jnnp.50.7.853
https://doi.org/10.1136/jnnp.50.7.853
http://www.ncbi.nlm.nih.gov/pubmed/3625208
https://doi.org/10.1016/j.neuroimage.2010.04.010
https://doi.org/10.1016/j.neuroimage.2010.04.010
http://www.ncbi.nlm.nih.gov/pubmed/20394829



