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Summary  

Trait anxiety is an established risk factor for anxiety disorders and is associated with 

uncontrollable negative thoughts and impaired functioning. Attention to threat, whether 

internal (e.g., negative thoughts) or external (e.g., pictures), has been proposed to contribute 

to anxiety. Models of attention indicate that attention control may influence attentional 

reactions to threat in anxiety. Although these models have been widely applied to external 

threats, an understanding of how these frameworks apply to thoughts is less established. One 

potential reason for this is that thought processes are more difficult to capture compared to 

behavioural reactions to external stimuli. This thesis investigated the moderating role of 

attention control on reactions to external and internal stimuli in trait anxiety, and whether 

laboratory measures of external attention bias were related to thought suppression ability and 

cognitive avoidance strategies.   

Chapter 1 provides theoretical background for the relationship between trait anxiety 

and threat processing by outlining models of attention, working memory, and cognitive 

models of anxiety. The literature review established a link between biased attention and 

anxiety, but the nature of these biases is inconsistent. Some studies show that anxious 

individuals engage with threat more readily compared to controls, and that they become 

“stuck” on threat. However, other studies found that anxious individuals avoid threat and 

shift away from it faster than controls. Attention control has the potential to account for these 

mixed findings, both in relation to external and internal stimuli.   

In Chapter 2, Study 1 aimed to shed light on the moderating effects of attention 

control on anxiety and attention biases to external threats. The results indicated that attention 

control moderates the relationship between anxiety and disengagement from, but not 

engagement with threat. Unexpectedly, as control increased the relationship between anxiety 

and the time taken to disengage from threat increased. In addition, the results did not support 
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the idea that external attention biases correspond with self-reported habitual cognitive 

avoidance strategies (e.g., using suppression to avoid negative thoughts) in daily life. This 

indicates that findings from laboratory-based tasks using external stimuli may not generalise 

to the use of cognitive avoidance in real-life contexts. 

In Chapter 3, Study 2 used a cross-sectional design to investigate whether attention 

control moderated the relationship between anxiety and internal threat stimuli using a 

thought-suppression task. Attention control did not moderate the effect of anxiety on the 

frequency or duration of negative thoughts in this study. Further, exaggerated attentional 

reactions on external and internal attention tasks were not related. This study highlighted that 

self-report methods of thought recurrence may be vulnerable to under-reporting.  

To address potential under-reporting of thoughts Chapter 4 (Study 3) self-caught 

recurrence (i.e., where participants must press a button when they are thinking the thought) 

was compared to other caught methods. Other-caught recurrence was obtained by coding 

stream of consciousness transcripts. The results indicated that self-caught methods resulted in 

underreporting of target thoughts compared to other-caught methods. In a replication and 

extension of Study 2, attention control moderated the relationship between anxiety and 

disengagement from threat. As attention control increased, the time taken to disengage from 

target thoughts decreased.   

Overall, the research supports the notion that attention control moderates the 

relationship between anxiety and attentional reactions to internal and external stimuli. 

However, there was limited support for the notion that attention bias for external stimuli 

corresponds to reactions to thoughts both inside and outside of the laboratory. Chapter 5 

discusses the implications of these findings from theoretical, methodological, and therapeutic 

perspectives.  
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Chapter 1 - General Introduction 

Biased Attention for Threat in Trait Anxiety: Underlying Processes 

Anxiety as an emotional state can serve an adaptive function, but high levels of dispositional 

anxiety can have debilitating consequences (Baxter et al., 2014; Wittchen et al., 2011). 

Rachman (2004, p. 3) defined anxiety as “the tense, unsettling anticipation of a threatening, 

but vague event; a feeling of uneasy suspense”. Anxiety can be separated into two 

dimensions. State anxiety reflects current anxiety levels, influenced by situational stressors 

and individual differences in trait anxiety. Trait anxiety represents a stable propensity to 

perceive information as threatening, and experience more intense anxious reactions compared 

to those low in trait anxiety (Balsamo, 2013). It is an established risk factor for anxiety 

disorders (Sandi & Richter-Levin, 2009) and is marked by uncontrollable and intrusive 

thoughts, exaggerated attentional responses to threat, and impaired functioning (Herren & 

Grös, 2018). These symptoms, at their most debilitating, are key features of anxiety disorders. 

Moreover, they implicate cognitive processes in the aetiology and maintenance of anxiety. 

This thesis explores the relationship between trait anxiety and exaggerated attentional 

reactions towards internal (thoughts) and external threats. This introductory chapter provides 

an overview of cognitive models of anxiety, and models of attention and working memory, to 

provide a theoretical background for the relationship between trait anxiety and threat 

processing. Second, the research to date regarding exaggerated attentional reactions towards 

threat in trait anxiety and anxiety disorders is reviewed. Finally, the chapter concludes with 

the aims and outline of the thesis. 

Cognitive Models of Anxiety 

Anxiety is associated with genetic and early environmental influences (Legrand et 

al.,1999; Lau, et al., 2006; Gray, 2010; Moser et al., 2012), however cognitive models 
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propose that emotional and behavioural reactions are ultimately determined by an 

individual’s worldview (Beck et al., 1985).  Seminal work by Beck and colleagues suggested 

that anxious experiences are the result of the appraisal of an event or situation, and appraisals 

are determined by dysfunctional beliefs about threat and safety. Dysfunctional beliefs and 

assumptions are part of schemata. Schemata are a set of core beliefs regarding the self, world 

and future that are used to understand and respond to situations. Threat-related schemata bias 

information processing in a way that is consistent with them (Beck & Clark, 1997). Indeed, 

anxiety is associated with cognitive biases across a variety of domains such as attention, 

interpretation, and memory (Jones & Sharpe, 2017; Martinelli et al., 2022; Mathews & 

MacLeod, 2002; MacLeod & Mathews, 2012). This thesis focusses on the processes that 

underlie biased attentional reactions to internal (e.g., thoughts) and external sources (e.g., 

negative images) of threat. 

Working Memory and Attention 

Working memory and attention are crucial components of information processing 

(Oberauer, 2019), governing the ability to handle multiple inputs from external (i.e., 

perceptual) and internal sources (e.g., thoughts and memories). Attention is critical in the 

selection and prioritization of information, enabling us to effectively complete tasks by 

focussing on relevant information while disregarding irrelevant information. External 

attention refers to processes that select and modulate information from perceptual modalities 

(e.g., vision), whereas internal attention operates over the contents of working memory (Chun 

et al., 2011).  

Working Memory  

Working memory is a limited capacity cognitive system that temporarily stores and 

manipulates information (e.g., thoughts, perceptions, interpretations, and memories). Early 
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formulations by Baddeley and Hitch (1974) described it as a mental workspace that contains 

two temporary storage systems (i.e., phonological loop and visuospatial sketchpad) and a 

central executive system that manages these stores. Theories of working memory 

acknowledge the role attention in the activation, maintenance, and manipulation of short-term 

mental representations or further processing (Baddeley & Hitch, 1974; Cowan, 1988; 

Oberauer, 2009; Oberauer, 2019). Thus, cognitive symptoms of anxiety (e.g., unwanted 

thoughts or memories), and reactions to these internal experiences (e.g., thought suppression) 

may be understood within an attentional framework.  

Attention 

Attention comprises three components: alerting, orienting and attention control 

(Posner & Boies, 1971, Posner & Cohen, 1984; Posner et al., 1988; Posner & Petersen, 1990, 

Petersen & Posner, 2012). The alerting system initiates and maintains vigilance, keeping 

individuals prepared and responsive to incoming stimuli. The Orienting system shifts 

attention to align with signal sources and selects attentional targets from competing inputs. 

Selection can occur through two processes, both of which are implicated in attention biases. 

Stimulus-driven orienting occurs when salient, unexpected, or potentially threatening events 

capture attention at the expense of other activities (Corbetta & Schulman, 2002; Petersen & 

Posner, 2012). However, external orienting can also be guided by current goals, expectancy, 

and knowledge (i.e., strategic processes; Corbetta & Schulman, 2002; Petersen & Posner, 

2012). For example, when searching for targets in a scene, attention rapidly shifts to locations 

known to contain that object (Torralba et al., 2006).  

In contrast, attention to internal events, like thoughts, is argued to be internally driven 

and not the result of stimulus-driven processes (Chun et al. 2011). Nevertheless, not all 

internal orienting is under strategic control. Unintentional cognitive events, including 
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negative thoughts, can divert attention away from current tasks (Kane et al., 2017), 

suggesting a form of involuntary internal orienting. Automatic and strategic orienting can be 

in opposition (i.e., attempt to select different targets at the same time), and conflicts are 

resolved by a mechanism known as executive attention, or attention control. These terms are 

used interchangeably throughout the literature and this thesis will refer to attention control for 

simplicity. 

Models of working memory and attention describe attention control as the set of 

cognitive functions responsible for detecting and resolving conflict among competing mental 

processes (Bush et al., 2000). Attention control is the voluntary control of attention in line 

with task demands and current goals and is subsumed under the umbrella of cognitive control 

(Mogg & Bradley, 2018).  In contrast to top-down orienting, which filters out incoming task-

irrelevant information, attention control directs cognitive resources in favour of task-relevant 

processes and responses when there is conflict (Mackie et al., 2013). For example, top-down 

orienting is responsible for ignoring the chime of an incoming text message to continue 

listening to a lecture. In this case, bottom-up orienting towards the phone must be inhibited 

because it conflicts with the overarching task demand.  In sum, when there is conflict 

between the two orienting systems, the activation of attention control will determine whether 

orienting is directed in a top-down or bottom-up fashion.  

Attention Control Theory 

It has been suggested that elevated trait anxiety is associated with generalised deficits 

in attention control functions, leading to impaired functioning (Eysenck et al., 2007; 2023). 

Attention Control Theory (ACT) explains how trait anxiety can reduce cognitive task 

performance in nonclinical populations (Eysenck et al., 2007; 2023). ACT distinguishes 

between performance effectiveness (outcome quality, e.g., accuracy) and processing 
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efficiency (level of effort or resources expended to achieve the outcome). Anxiety primarily 

reduces processing efficiency while minimally impacting performance effectiveness 

(Eysenck et al., 2007; Eysenck & Derakshan, 2011; Eysenck et al., 2023). For instance, an 

anxious student's thesis may be of similar quality to their non-anxious counterpart but take 

longer to complete due to reduced processing efficiency. Anxiety impairs processing 

efficiency by biasing attention and working memory resources toward anxious thoughts, 

increasing distractibility, and depleting attention regulation resources (Bishop, 2009; 

Eysenck, 2007; Stefanopoulou et al., 2014). 

Attention control, however, can counteract bottom-up processing in anxiety by 

inhibiting prepotent responses (Friedman & Miyake, 2017; Eysenck et al., 2007). This 

protection against functional impairments arises from the ability to focus on task-relevant 

processes and responses while inhibiting irrelevant information, aligning with top-down goals 

(Eysenck et al., 2007). Some studies support the association between anxiety and impaired 

inhibitory control and reduced working memory (Airaksinen et al., 2005; Cohen et al., 1996; 

Eysenck & Derakshan, 2011; Mantella et al., 2007; Moran, 2016; Snyder et al., 2010, 2014, 

while others find no evidence (Airaksinen et al., 2005; Boldrini et al., 2005 Price & 

Mohlman, 2007 ). This suggests that anxious individuals may compensate for attentional 

deficits by recruiting additional cognitive resources (Basten et al., 2011, 2012; Berggren & 

Derakshan, 2013). Such compensation aligns with ACT's prediction that anxiety impairs 

processing efficiency rather than performance effectiveness (Eysenck et al., 2007).  

Neuroimaging studies have found evidence of compensation, with anxious individuals 

showing lower activation of the dorsolateral prefrontal cortex (DLPFC) at rest, associated 

with attention control, but exhibiting greater activation during challenging tasks (Basten et 

al., 2011, 2012; Fales et al., 2008; Oschner & Gross, 2005). Control differences between 

anxious and non-anxious groups depend on motivation, task difficulty, and cognitive load 
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(Hayes et al., 2009; Berggren, 2012; Eysenck et al., 2005; MacLeod & Donnellan, 1993). 

Nevertheless, substantial evidence supports anxiety's association with attention control 

deficits. 

 While ACT provides a framework for how anxiety can affect processing and account 

of functional impairments, it does not explain how inefficient processing impacts anxiety. 

Notably, the tasks used to investigate the relationship between attention control and anxiety 

often use neutral stimuli (e.g., colour-word Stroop, Stroop 1935; see p.18 - 19 for further 

details), and such tasks may be unable to elicit reliable differences in information processing 

between anxious and low-anxious samples. That is, reliable differences in attentional 

processing may only emerge in the presence of potential threat. 

Attention to Threat and Trait Anxiety 

Substantial research has refined cognitive theories on biased information processing 

in anxiety, suggesting that biases contribute to the development and maintenance of anxiety 

(Bar-Haim et al., 2007; Beck & Clark, 1997; Cisler & Koster, 2010; Eysenck et al., 2007; 

Derakshan, 2020; Mathews & Mackintosh, 1998; MacLeod et al., 2002; Mogg & Bradley, 

1998, 2016; Williams et al., 1997). There is also evidence that anxiety influences attention 

bias, indicating that the relationship is reciprocal (Van Bockstaele et al., 2014). Fear 

conditioning studies found that state anxiety preceded attention bias for conditioned stimuli 

paired with an aversive unconditioned stimulus (CS+), compared to conditioned stimuli that 

were not (CS- ; Koster et al., 2004; 2005; Van Damme et al., 2004a; 2004b). Additionally, 

reductions in anxiety following cognitive behaviour therapy coincided with decreased 

attention bias (Hadwin & Richards, 2016). Nevertheless, research in this area typically 

focusses on attention biases as contributing to anxiety, rather than anxiety contributing to 

attention bias (Van Bockstaele et al., 2014).  
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Chapter 2 provides a review of attention biases in anxiety; however, it highlights that 

although anxiety is often associated with attention bias, these biases differ across individuals. 

Researchers have attempted to delineate the precise nature of biased attentional responses to 

threat and have identified three biases: engagement bias, disengagement difficulties, and 

attentional avoidance. There is considerable evidence that anxiety is associated with 

hypervigilance to threat (Bar-Haim et al., 2007; Beck & Clark, 1997; Cisler & Koster, 2010; 

Eysenck et al., 2007; Mathews & Mackintosh, 1998; Mogg & Bradley, 1998, 2016; Williams 

et al., 1997). However, research using external stimuli has found that after attention has been 

captured by threat, some anxious participants sustain attention towards threat cues, that is, 

disengagement difficulties (e.g., Fox et al., 2001; Miltner et al., 2004; Rinck et al., 2003). Yet, 

others rapidly direct their attention away from threat showing attentional avoidance following 

vigilance (Calvo & Avero, 2005; Garner et al., 2006; Mogg & Bradley, 1998; Mogg et al., 

2004; Pflugshaupt et al., 2005). Similarly, meta-analyses note there is conflicting evidence 

that anxious individuals have difficulties directing attention away from negative thoughts 

(Abramowitz et al., 2001; Magee et al., 2012; Wang et al., 2020; see Chapter 3 for review). 

These inconsistent findings regarding biased attention to threat using external and internal 

tasks may be explained by individual differences in attention control.     

Attention Control as a Moderator  

Once threat captures attention, subsequent processes sustain attention toward the 

threat, or redirect attention away from it. These processes relate to individual differences in 

attention control (Gorlin et al., 2015; Mogg & Bradley, 2016; Taylor et al., 2016), task 

demands and motivation (Berggren & Derakshan, 2013). Individual differences in attention 

control may explain the variations in the relationship between trait anxiety and 

disengagement or avoidance of internal and external stimuli. Investigating attentional 
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reactions towards threat may enhance our understanding of anxiety, as the specific nature of 

attention bias is debated (Cisler & Koster, 2010; Mogg & Bradley, 2018). Furthermore, if we 

understand how these biases operate to cause and maintain anxiety, it follows that 

manipulating these biases would also alleviate anxiety. Therefore, investigating the nature of 

attention biases not only sheds light on the causes of anxiety, but also has implications for 

treatments, such as attention bias modification (ABM).  

The objective of ABM is to reduce attention to threatening external stimuli. Early 

research supported the therapeutic effects of ABM (e.g., Bar-Haim, 2010; MacLeod & 

Mathews, 2012), however initial excitement was dampened following a growing number of 

studies indicating small, or null effects (Dennis-Tiwary, 2023; MacLeod, 2023). One 

potential explanation for small effect sizes is that biased attention may not manifest 

consistently across anxious individuals. While attentional responses may be exaggerated in 

anxiety, this may look different across individuals (e.g., one person becomes stuck on threat, 

while another avoids it; Cisler & Koster, 2010). Thus, this thesis investigates attention control 

as a factor that could explain individual differences in  attention biases, and the potential 

implications with respect to treatment approaches. 

The Relationship Between External and Internal Attention  

This thesis also addresses the relationship between attention to internal and external 

stimuli, and their relevance to anxiety. The distinction between the processes responsible for 

regulating attention and working memory systems is debated, although they share cognitive 

resources and neural regions, and interact (Awh et al., 1998; Courtney et al., 2007; Cowan, 

1995; Duncan & Owen, 2000; Oberauer, 2019; Theeuews et al., 2009). Yet, they are 

dissociable (Grattery, 2023; Roth et al., 2009). The clinical literature often investigates 

external and internal attention separately (Ruimi, 2023), but some researchers suggest that 
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external attention tasks can generalise to thoughts (Amir & Bernstein, 2022; Heeren, 2018; 

Hollingworth & Maxcey-Richard, 2013).   

The relationship between attentional reactions to external threat, suppression of 

negative thoughts, and cognitive avoidance strategies has not been extensively explored. 

Given that negative thoughts, and attentional reactions to them are a core feature of anxiety, it 

is crucial that the processes underlying them are identified. If external attention tasks do not 

reliably correspond to internal attention processes or outcomes, conclusions regarding the 

processes underlying negative thoughts in anxiety are less robust. Additionally, it may also 

signal that interventions that mechanistically alter attention bias to external stimuli will not be 

effective at relieving cognitive symptoms of anxiety.  

Measuring Attention to Thoughts  

The understanding of processes that underly attention to thoughts is in its infancy, and 

one potential barrier to furthering this understanding are the currently available measures. 

Due to their inherent internal and subjective nature, there are multiple challenges in 

measuring attentional reactions to thoughts. Various techniques and methodologies have been 

developed, such as self-report questionnaires, thought sampling, experience sampling 

techniques, behavioural observations, and physiological responses (Pope & Singer, 1978). 

While each approach has its own strengths and limitations, very few studies have compared 

these measures directly (Fikretoglu, 2003). Therefore, the final aim of this thesis was to 

compare measures of thought suppression using questionnaires, self-caught thoughts (i.e., 

self-reports through button press), and more objective measures (i.e., experimenter caught 

thoughts) with the view to making recommendations for future research.  
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Research Aims and Thesis Outline 

The role of attention control in the manifestation of attentional biases to threat stimuli 

and thoughts in trait anxiety remains a topic of debate. This thesis investigates the moderating 

effect of attention control on attention biases to external stimuli and thoughts in trait anxiety. 

Previous research found that attention control can counteract external attention biases to 

threat. The specific components of attention bias affected by attention control (i.e., 

engagement, disengagement, and avoidance) remain unclear, and have the potential to 

explain past mixed findings. Additionally, no studies have explored the moderating effects of 

attention control on attention biases to thoughts in trait anxiety. Therefore, this study 

examined the influence of attention control on attention biases to external stimuli (Study 1) 

and thoughts (Study 2 and Study 3). 

Furthermore, while internal and external stimuli are typically studied separately, they 

are believed to rely on the same attention components. The second aim of this thesis was to 

investigate whether attentional reactions to external threat correspond to the habitual use of 

cognitive avoidance strategies (Study 1) and reactions to internal stimuli, (i.e., thoughts; 

Study 2). Currently, attention bias modification procedures primarily target attention biases to 

external stimuli in anxiety treatment. However, if these attention biases do not align with 

reactions to internal threat and habitual cognitive avoidance strategies, it may explain the 

limited effectiveness of attention bias modification procedures in anxiety treatment. 

One obstacle to advancing our understanding of attention to thoughts is the lack of 

robust measures available. The internal and subjective nature of thoughts poses several 

challenges in accurately assessing attentional reactions to thoughts. Thus, the final objective 

of this thesis was to compare different measures of thought suppression, such as 

questionnaires, self- and other-caught thoughts, to provide recommendations for future 

research (Study 2 & Study 3). By addressing these research questions, this thesis aims to 
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contribute to a better understanding of the interplay between attention control, attention 

biases, and anxiety. This will provide insights into the potential implications for treatment 

approaches targeting attention biases. 
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Chapter 2 – Study 1:  

Attention Control as a Moderator of the Relationship Between Anxiety, Attention Bias 

and Cognitive Avoidance  

Overview 

A longstanding proposition is that anxious individuals have difficulties regulating their 

attention to potentially threatening information (Bar-Haim et al., 2007; Beck & Clark, 1997; 

Cisler & Koster, 2010; Eysenck et al., 2007; Mathews & Mackintosh, 1998; Mogg & 

Bradley, 1998, 2016, 2018; Williams et al., 1997). Despite significant research into anxiety 

and attention biases, evidence of a specific pattern of bias (e.g., being stuck or on avoiding 

threat) in anxiety is mixed (Kruijit et al., 2019). Attention control may explain different 

patterns in attention bias in anxiety. While this proposition is garnering further attention, to 

date the results are again mixed, and may be related to methodological limitations of previous 

studies described below. Therefore, further investigation of the role of attention control in 

attention bias in anxiety is warranted. 

Attention biases are typically assessed using tasks that use external stimuli (e.g., 

threatening images on the dot-probe task; or negative words on the emotional Stroop task; 

Gorlin et al., 2015; Mathews & McLeod, 2002; Rudaizky et al., 2013; Taylor et al., 2016). 

The extent to which those tasks also capture attentional reactions to internally generated 

threats (e.g., thoughts) has received little attention. This is important because if the processes 

underpinning responses to external and internal stimuli are unrelated, then conclusions based 

on external tasks cannot generalise to internal events. Therefore, the relationship between 

external attention tasks and habitual reactions to negative thoughts was investigated.  
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Biased Attention and Trait Anxiety 

Exaggerated attentional responses to threat are implicated in the aetiology and 

maintenance of anxiety disorders (Bar-Haim et al., 2007; Beck & Clark, 1997; Cisler & 

Koster, 2010; Eysenck et al., 2007; Mathews & Mackintosh, 1998; Mogg & Bradley, 1998, 

2016, 2018; Williams et al., 1997). Attention bias contributes to anxiety by maintaining 

beliefs that the world is unsafe (Beck & Clark, 1997). But anxiety itself can bias attention 

towards threat as a strategy to detect and respond to threat to maintain safety (Beck & Clark, 

1997). Therefore, threat-related attention biases can precede anxiety (e.g., Van den Hout et 

al., 1995), and anxiety can precede attention bias (e.g., Koster et al., 2004; 2005; Van Damme 

et al., 2004a, 2004b). Reductions in attentional bias can reduce anxiety and vice versa (see 

Van Bockstaele et al., 2014, for review). Attention bias can manifest in three ways: 

engagement bias, disengagement difficulty, and attentional avoidance (Cisler et al.,  2009; 

Cisler & Koster, 2010; Mogg & Bradley, 2016; 2018). However, there relative role of these 

biases in anxiety is debated, largely due to mixed findings (Kappenman et al., 2021). 

 Engagement Bias and Anxiety 

Engagement bias refers to the relative ease with which attention is captured by a 

threat stimulus. It is automatic, and results from stimulus driven, bottom-up orienting (Cisler 

& Koster, 2010; Corbetta & Schulman, 2002; Mogg & Bradley, 2018; Petersen & Posner, 

2012). Cognitive models propose that anxiety is linked to an exaggerated threat-detection 

mechanism (Bar-Haim et al., 2007; Beck & Clark, 1997; Cisler & Koster, 2010; Eysenck et 

al., 2007; Mathews & Mackintosh, 1998; Mogg & Bradley, 1998, 2016; Williams et al., 

1997). This maintains anxiety because attention is preferentially allocated to threat instead of 

neutral or safety-signalling stimuli; reinforcing the perception that the world is unsafe (Mogg 

& Bradley, 1998, 2016, 2018). It may also be responsible for functional impairments, because 
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even mild threat cues capture attention and disrupt goal-directed activity (Eysenck et al., 

2007; Mogg & Bradley, 1998, 2016, 2018). 

Across a variety of tasks, a meta-analysis found that anxious individuals 

disproportionately directed their attention towards threat compared to neutral stimuli and had 

impaired performance when threatening distractors were presented (Bar-Haim et al., 2007). 

Importantly, low anxious controls did not show enhanced threat detection (Bar-Haim et al., 

2007). However, more recent studies indicate engagement bias in anxiety is inconsistent, and 

null or reversed effects have been found (Kappenman, et al., 2021; Mogg & Bradley, 2016; 

Shechner & Bar-Haim, 2016; Salum et al., 2013; Yiend et al., 2015; Waters et al., 2014). 

Therefore, the relationship between engagement bias and anxiety may be less reliable than 

proposed by Bar-Haim et al. (Van Bockstaele et al., 2014). Supporting this, a more recent 

meta-analysis investigating attention biases in anxiety and post-traumatic stress disorder did 

not find evidence of a consistent attention bias to threat (Kruijt et al., 2019). Given the 

unreliable association between anxiety and engagement bias, researchers have been interested 

in processes that may influence the relationship (Cisler & Koster, 2010; Mogg & Bradley, 

2018; Gorlin & Teachman, 2015; Taylor et al., 2016).   

Strategic Attention Biases and Anxiety 

One process which may contribute to the inconsistent relationship between engagement 

bias and anxiety is variations in subsequent attention regulation processes (Mogg & Bradley, 

1998; 2016; 2018; Cisler & Koster, 2010). Once attention is captured, it can be maintained 

towards threat or shifted away from it. An inability to disengage attention from threat and 

shift towards another stimulus may prolong anxious states (Fox et al., 2001). Tasks that can 

differentiate early and late attention biases have supported the presence of disengagement 

difficulties in anxiety (e.g., Fox et al., 2001; Miltner et al., 2004; Rinck et al., 2003; Rudaizky 
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et al., 2014; Taylor et al., 2016). This occurs when attention is shifted away from neutral 

stimuli faster than threat stimuli or when anxious participants are slower to shift attention 

away from threat compared to controls (Rudaizky et al., 2014).  

However, top-down processes can redirect attention away from threat cues to minimise 

state anxiety as an emotion regulation strategy (Cisler & Koster, 2010; Mogg & Bradley, 

1998, 2016, 2018).  When attention is shifted away from threat faster than neutral stimuli, 

this is called attentional avoidance, and maintains trait anxiety (Cisler & Koster, 2010; Mogg 

& Bradley, 1998; 2016; 2018). When attention is allocated away from threat, cues maintain 

their anxiety-provoking properties because habituation is prevented (Foa & Kozak, 1986; 

Mogg & Bradley, 1998; 2016; 2018). This is similar to the way avoidance of thoughts, 

emotions and bodily sensations maintains anxiety (Riskind, 2005; Salters-Pedneault et al., 

2004). Research supports attentional avoidance in anxiety (Garner et al., 2006; Kappenman, 

2021; Koster et al., 2005; Mogg et al., 2004; Pflugshaupt et al., 2005). However, this raises 

the question of whether anxiety is characterised by disengagement difficulties or attentional 

avoidance, as they appear to be opposite sides of the same coin.  

Conflicting evidence for sustained attention versus attentional avoidance does not seem 

to reflect different attention tasks. Both disengagement difficulties and attentional avoidance 

have been demonstrated across a variety of tasks (Cisler & Koster, 2010). While 

disengagement difficulties and attentional avoidance are juxtaposing biases, they both rest on 

later stages of processing and are strategic, conscious, and controllable (Cisler & Koster, 

2010). They are the consequences of attention control processes.  

Attention Control and Anxiety 

Attention Control (AC) refers to a set of top-down processes that regulate attention, 

thoughts, emotions, and behaviours in line with superordinate goals (Corbetta & Schulman, 
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2002; Miyake & Friedman 2012; Petersen & Posner, 2012). Inhibitory control is the 

suppression of dominant, habitual, and automatic responses to allow for a more appropriate 

response (Miyake & Friedman, 2012). It is a core function underlying AC and cognitive 

control processes generally (Friedman & Miyake, 2017; Miyake & Friedman, 2012). It is 

associated with the top-down orienting of attention (Petersen & Posner, 2012). The colour-

word Stroop (Stroop, 1935) is an attention task that requires inhibition, as participants are 

asked to label the font colour (e.g., blue) that a colour-name (e.g., “red”) is written in. It 

requires the suppression of the automatic response to read the colour-name if it conflicts with 

the font colour. When the font colour (e.g., blue), and colour-name (e.g., blue) are consistent, 

inhibition is not required.   

Pre-existing anxiety can reduce the efficiency of AC as because working memory and 

attentional resources are allocated towards anxious cognitions instead of towards goal 

directed activity (Cohen et al., 2014; Eysenck et al., 2007; 2023; Hayes et al., 2008, Sari et 

al., 2016). Once threat is detected by early processes, pre-existing anxiety can cause 

disengagement difficulties as it limits the resources available to initiate AC (Eysenck et al., 

2007; 2023; Moran, 2016, see Figure 1).  

 

Figure 1  

The Relationships Between Anxiety, Bottom-Up and Top-Down Processing and Attention 

Bias to Threat  

 

 

↗ 

Impairs goal-directed attention → 

Increases distractibility, 

impairs task switching 

(disengagement difficulties) 

Anxiety  ↑↓   

 ↘ 
Increases stimulus-driven attention  → 

Increases attention to threat 

(engagement bias) 

 

Note. Adapted from Mogg & Bradley (2016) 
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Nonetheless, AC can modify responses to threat following attentional capture. AC is 

presumed to protect against anxiety, because it enables one to ignore irrelevant information 

such as negative thoughts. Yet, evidence for a direct relationship is mixed. Some studies 

found that impairments in AC are associated with anxiety (e.g., Ansari & Derakshan, 2010; 

Armstrong et al., 2011; Basanovic, 2018; Booth & Tekes, 2019; Cohen et al., 1996; Eysenck 

& Derakshan, 2011; Mantella et al., 2007;  Snyder et al., 2010; 2015; Zetsche et al., 2018), 

but other studies did not (Purcell et al., 1998; Boldrini et al., 2005; van den Heuvel et al., 

2005; Van der Linden et al., 2005; Price & Mohlman, 2007). To account for these mixed 

results, researchers suggest that the impairments in attention control in anxiety may be 

attenuated by motivation, effort and compensatory strategies, such that reliable differences 

only emerge when cognitive load is high (Berggren & Derakshan, 2013; Bretherton et al., 

2020). Under high-load conditions, the cognitive resources necessary to engage in 

compensatory strategies are exhausted, and this reduces performance effectiveness and 

efficiency (Berggren & Derakshan, 2013; Hepsomali et al., 2019).  

Attention Control as a Moderator 

Regardless of whether weaker AC is conceived as a cause or consequence of anxiety, 

its relationship with anxiety is attributed to a failure to override biased automatic processing 

of threat stimuli. Logically, therefore, the relationship between trait anxiety and attention bias 

should be attenuated by stronger AC. High trait-anxious individuals with lower AC may be 

particularly vulnerable to further depletions in control in the presence of threat due to state 

anxiety, resulting in difficulties in disengagement. Two studies have found that stronger AC 

attenuates attention bias in trait anxiety (Derryberry & Reed 2002; Reinholdt-Dunne et al., 

2009).  
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Derryberry and Reed (2002) investigated the effect of attention control on early and 

late-stage attention biases using a spatial orienting task. AC was measured through self-

reported endorsements of statements such as “my concentration is good even if there is music 

in the room around me”. Attention control did not moderate the relationship between early 

attention bias and anxiety, indicating that AC had limited effect on engagement (Derryberry 

& Reed).  However, weaker AC combined with high trait anxiety resulted in late-stage 

attention biases in the form of disengagement difficulties. Furthermore, high anxiety 

combined with stronger control did not show disengagement difficulties. Taken together 

these findings suggest that AC influences disengagement from, but not orienting towards 

threat in anxiety. One caveat with these findings is that AC was self-reported, and may only 

reflect confidence in attention control ability, rather than AC performance (Quigley, et al., 

2017; Reinholdt-Dunne et al., 2013).  

Considering this methodological limitation, Reinholdt-Dunne et al. (2009) used an 

objective measure of AC (i.e., Attention Network Task) and found high trait anxiety 

combined with lower control resulted in cognitive interference from threatening (angry) faces 

relative to neutral faces during an emotional Stroop task. Participants with high anxiety and 

stronger control did not demonstrate interference. This suggests that anxious participants with 

weaker control experienced greater difficulties initiating AC. These results support the idea 

that individual variations in attention control may explain the mixed findings regarding the 

relationship between anxiety and attention bias.  

While the colour-word Stroop is a widely accepted measure of AC, the use of an 

emotional Stroop to elicit attention biases has been criticised. The emotional Stroop asks 

participants to name the font colour while ignoring the word, which can be negative (e.g., 

cemetery) or neutral (computer). Figure 2 provides an example of negative and neutral words 

on an emotional Stroop Task.   
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Figure 2 

Examples of Neutral and Threat Words on an Emotional Stroop Task  

 

Note. Naming the font colour of neutral words should occur more quickly compared to threat words, as 

participants have difficulty disengaging with the semantic meaning of the word.  

 

Slower responses on threat trials are presumed to reflect interference from threat 

information. Wingenfeld et al. (2006) argue that the emotional Stroop cannot differentiate 

between types of attention bias (i.e., shifting towards versus away from threat) because task 

relevant and irrelevant information are in the same location. The semantic content of the 

word is irrelevant, but the font colour is relevant (see Figure 2 for examples). Slowed 

responses on threat trials could be the result of different processes: (i) automatic orientation 

towards threat information (engagement bias); (ii) challenges inhibiting and attention from 

the negative content (disengagement difficulty). Consequently, conclusions about the 

influence of AC on specific attention biases are limited (Wingenfeld et al., 2006).  

Furthermore, two studies found opposite moderation effects at higher levels of control 

in social anxiety, using objective measures of control ability (Gorlin & Teachman, 2015; 

Taylor et al., 2016). In both studies, consistent with predictions, for participants with lower 

inhibition/shifting ability, the relationship between disengagement difficulties and trait 

anxiety was positive (Gorlin & Teachman, 2015; Taylor et al., 2016). However, at stronger 

attention control, the relationship between disengagement difficulties and trait anxiety was 
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negative (Gorlin & Teachman, 2015; Taylor et al., 2016). In other words, ironically, both 

studies found that stronger control was associated with faster disengagement from threat, but 

higher levels of anxiety.  

This faster disengagement may represent attentional avoidance of threat, which can 

occur in high trait anxiety (Garner et al., 2006; Gorlin & Teachman, 2015; Taylor et al., 

2016). This mirrors the proposition that avoidance (e.g., of anxious thoughts, or places that 

provoke anxiety) maintains anxiety by preventing attenuation of anxious responses (Salters-

Pedneault et al., 2004). While this explanation for the unexpected negative relationship is 

plausible, it is important to note that Gorlin and Teachman (2015) and Taylor et al. recruited 

participants who were high in trait social anxiety. Therefore, a non-anxious control group is 

needed to establish whether reduced disengagement bias at higher levels of control meant that 

there was no bias (i.e., anxious, and non-anxious participants disengaged from threat at 

similar speed) or whether it created attentional avoidance. Attentional avoidance in this 

context would present as anxious participants being faster at disengaging from threat than 

controls (e.g., Reinholdt-Dunne et al., 2009; Derryberry & Reed, 2002).  

The first aim of Study 1 was to clarify the effect of AC on the anxiety–attention bias 

relationship, by using a sample with a wider range of trait anxiety and objective measures of 

AC. Objective AC measures (e.g., colour-word Stroop Task) are advantageous because they 

capture AC performance, rather than self-reported confidence in AC ability.  That is 

important because confidence can be impacted by mood states (Bucarelli & Purdon, 2016; 

Culot et al., 2021; Massoni 2014), and may not accurately reflect AC performance (Quigley 

et al., 2017). 

A methodological consideration is that the attention bias task needs to be able to 

distinguish between the different types of bias. Although the dot-probe task is commonly 

used to assess attention bias, some versions cannot provide measures of engagement and 
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disengagement bias due to the way they are configured (Rudaizky et al., 2013). When 

investigating attention control’s effects, this distinction is important. Engagement bias is the 

result of bottom-up orienting to threat, whereas disengagement bias and attentional avoidance 

are the consequences of top-down orienting (Petersen & Posner, 2012). From a theoretical 

perspective, engagement bias may not be associated with AC because control processes are 

initiated after task-irrelevant threat has been detected (i.e., after engagement has occurred). 

However, AC may contribute to attentional shifts away from threat (i.e., reduce 

disengagement bias) when attention to threat conflicts with task demands. Therefore, a dot-

probe task (Rudaizky et al., 2013) that could distinguish between engagement and 

disengagement biases was selected to measure attention bias in the current study.  

Avoidance of threat inside and outside of laboratory tasks. 

Results from Gorlin and Teachman (2015) and Taylor et al. (2016) indicate that AC 

has the potential to reduce the immediate impact of automatic processing by reducing state 

anxiety and/or interference with task performance. Yet, multiple theories predict that 

avoidance is detrimental in the longer term (Borkovec et al., 2004; Foa & Kozak, 1986; 

Mogg & Bradley, 1998; Roemer et al., 2005; Skinner et al., 2003). While attention control 

can facilitate disengagement on external attention tasks within laboratory settings (e.g., 

Gorlin & Teachman; Taylor et al.), it is unclear how AC contributes to threat outside of the 

laboratory.  

Laboratory tasks provide an incentive to ignore threat stimuli because attending to 

them impairs performance (e.g., on the emotional Stroop, dot-probe, or similar tasks). These 

findings may extend to habitual reactions to internal stimuli, such as thoughts, as anxious 

individuals may be motivated to suppress them (e.g., to reduce state anxiety). Laboratory 

tasks typically measure attentional avoidance of external threat-stimuli, but anxiety is also 
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linked with the avoidance of internal threats, which take the form of thoughts, memories, 

emotions, images or physical sensations (Chawla & Ostafin, 2007; Hayes et al., 2004).  

A common assumption is that, because attention bias correlates with cognitive 

symptoms of anxiety (e.g., worry; Goodwin et al., 2017), external attention tasks also reflect 

internal attention processes (e.g., to thoughts). However, only one study has tested that 

presumption directly. In a sample of anxious youth, Price et al. (2016) found that attention 

bias predicted greater avoidance (e.g., suppression and distraction) in response to negative 

events. Notably, however, attention bias was assessed using a version of the dot-probe where 

attentional engagement and disengagement could not be disentangled, therefore conclusions 

regarding the relationships between types of attention bias (i.e., engagement, disengagement, 

and attentional avoidance) and reactions to negative events and thoughts could not be drawn.  

The link between attention bias tasks and reactions to negative thoughts or events 

outside of the laboratory is important as it has implications for treatment approaches that 

modify attention biases to reduce anxiety. If visual attention tasks are not linked to reactions 

to internal stimuli, the extent to which findings from laboratory tasks can be applied to 

anxious thought processes is limited.  

Negative thoughts may motivate anxious individuals to engage in cognitive avoidance 

to reduce state anxiety or maintain goal pursuits. Cognitive avoidance refers to strategies that 

are used to inhibit attention to thoughts or mental images. Examples are thought suppression, 

distraction, worry, rumination and thought substitution (Gosselin et al., ,2002; Sexton & 

Dugas, 2008). Cognitive avoidance strategies are related to trait anxiety and Generalized 

Anxiety Disorder (GAD; Dickson, Ciesla, & Reilly, 2012; Gosselin et al., 2002; Olatunji et 

al., 2010). The relationship between AC and cognitive avoidance is important because 

intrusive thoughts are a pervasive debilitating symptom of anxiety; and the role of AC 
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processes in relation to habitual reactions (e.g., cognitive avoidance) to these thoughts is 

unclear.  

Attention Control and Cognitive Avoidance. Logically, AC should facilitate 

cognitive avoidance as it allows for the manipulation of thought content. Two studies have 

investigated whether AC facilitates worry, a form of cognitive avoidance, in GAD samples, 

with conflicting results.  Worry is conceptualised as form of avoidance as verbal-linguistic 

processing inhibits the processing of more emotionally evocative imagery (Borkovec, 1994). 

Price and Mohlman (2007) found that in a GAD sample, but not aged-matched controls, AC 

measured by the colour-word Stroop was strongly positively correlated with trait-worry. In 

contrast, Hallion et al. (2017) found that trait-worry did not predict colour-word Stroop 

performance after controlling for GAD status.  However, Hallion et al.’s finding may be 

explained by their method of analysis. As worry is a core feature of GAD (APA, 2022), 

controlling for GAD status might have reduced the variance explained by trait worry, as the 

shared variance was partialled out.   

 To date, separate bodies of research have focussed on immediate reactions to threat 

(i.e., laboratory tasks) and self- reported cognitive strategies that are used to ameliorate the 

effects of negative thoughts. Theoretical models in both areas propose that attentional 

disengagement and cognitive avoidance maintain trait anxiety by circumventing emotional 

processing (Borkovec et al.,  2004; Mogg & Bradley, 1998; Riskind, 2005; Salters-Pedneault 

et al., 2004). These immediate reactions and cognitive strategies are believed to be related to 

AC (Mogg & Bradley, 2016). Investigating immediate reactions and habitual cognitive 

strategies and their relationship may bridge these areas of research and contribute to 

understanding the relationship between attention control and anxiety. Therefore, the second 

aim of this study was to investigate whether attention tasks (i.e., dot-probe and Stroop task) 
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are related to self-reported cognitive avoidance (Cognitive Avoidance Questionnaire: CAQ, 

Gosselin et al., 2002; Sexton & Dugas, 2008). 

Hypotheses 

In summary, attention control is proposed to facilitate attentional shifting away from 

irrelevant information on external attention tasks. As engagement bias is presumed to rest on 

automatic processes and attention control is effortful and strategic, attention control would 

not be expected to influence the relationship between anxiety and engagement bias. 

Conversely, attention control is implicated as a core process in disengagement and avoidance. 

Disengagement bias occurs when there is slower disengagement from threat compared to 

neutral stimuli, whereas attentional avoidance occurs when disengagement from threat is 

faster compared to neutral stimuli. Attention control, while presumed to be protective in 

anxiety, may present as a double-edged sword. If AC is indeed protective against attention 

bias, the relationship between anxiety and disengagement difficulties should be less positive 

(i.e., the time taken to disengage from threat and neutral stimuli should be more similar).  

However, if stronger attention control is maladaptive, a reversed relationship would be seen, 

such that at stronger control, anxiety would be associated with attentional avoidance (i.e., 

disengagement from threat would be faster for threat compared to neutral stimuli).  

Based on the assumption that anxiety is characterised by avoidance of negative 

thoughts, we expected that trait anxiety would be positively correlated with self-reported 

cognitive avoidance (CAQ scores). Regarding the relationships between attention control and 

cognitive avoidance, no a priori predictions were made. If attention control facilitates 

disengagement from thoughts, participants with stronger control would be expected to report 

more cognitive avoidance, presumably because they would be more successful at it.  

1. Attention Control will attenuate the relationship between trait-anxiety and 

disengagement from threat. At weaker control (higher Stroop interference), trait 
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anxiety will be positively related to the time taken to disengage from threat 

stimuli. As control increases (lower Stroop interference), the relationship will 

become weaker.  

2. Trait anxiety and self-reported cognitive avoidance (CAQ scores) scores will be 

positively correlated.  

3. As Stroop interference increases (i.e., attention control decreases), self-reported 

cognitive avoidance will decrease.  

4. Disengagement bias will be negatively correlated with CAQ.  

Method 

Participants 

One hundred and twenty-five participants (99 female; aged 18 – 67 years, M = 21.93, 

SD = 5.56) were recruited through the Flinders University School of Psychology, where first 

year psychology students may volunteer to participate in research for partial course credit, or 

payment of $15.00. An undergraduate sample was appropriate as attention biases associated 

with trait-anxiety have been demonstrated in this population (Rudaizky, Basanovic, & 

MacLeod, 2014). Participants were included if they reported normal colour vision, with 

normal, or corrected to normal visual acuity. 

Design 

This study employed a correlational design. The predictor variables were trait-anxiety 

and attention control (i.e., based on Stroop Interference). Attention control was calculated 

based on reaction times on the Colour-Word Stroop. Trait-anxiety was assessed via self-

report questionnaire. The outcome variables were engagement bias, disengagement bias 

(disengagement difficulties or attentional avoidance), and cognitive avoidance. Attention 

biases were calculated based on reaction times on the modified dot-probe. Cognitive 
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avoidance strategies were self-reported using the Cognitive Avoidance Questionnaire 

(Gosselin et al., 2002; Sexton & Dugas, 2008). Participants also completed a thought 

suppression task which is presented in Study 2 (Chapter 3).  

Materials 

Stimulus materials and equipment 

Apparatus. Participants completed computerised versions of the colour-word Stroop, 

modified dot-probe and thought suppression tasks on a Dell OptiPlex 3010/3020 on a 22-inch 

desktop computer display. The experimental tasks were performed using Presentation® 

software (Version 18.1, Neurobehavioral Systems, Inc., Berkeley, CA, www.neurobs.com). 

Responses for the Colour-Word Stroop, Dot-probe and Thought Suppression Task were 

recorded using a standard QWERTY keyboard. Participants completed each measure in the 

order that they are described.   

Colour –Word Stroop. The colour-word Stroop (Stroop, 1935) was used to 

objectively measure attention control.  Participants were presented with words that were 

written in coloured font, and their task was to name the font colour as quickly and accurately 

as possible. Participants responded by pressing corresponding keys set on a keyboard. The 

stimuli consisted of four colour words— “red,” “green,” “yellow,” and “blue”—presented in 

either a congruent or incongruent font colour. Incongruent trials are presumed to tap into AC 

as the automatic response to read and name the word on the screen (e.g., “blue”) must be 

inhibited to name the colour of the font (e.g., red). Participants completed 12 practice trials, 

with congruent and incongruent trials occurring equally. The critical block consisted of 96 

colour-word stimuli, presented in quasi-randomised order, such that congruent trials are 

presented at twice the frequency of incongruent trials. Following Gorlin and Teachman 

http://www.neurobs.com/
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(2015), the ratio of congruent to incongruent trials was imbalanced to make the task more 

difficult and produce greater variation in scores in the sample (Engle, 2002).   

Each trial began with a white fixation cross on a black screen for 250ms, followed by 

a blank black screen (250ms). Then, the colour word appeared in the centre of the screen in 

lower case and remained on screen until the participant responded with a keypress. Response 

times were recorded from stimulus onset to response completion. An index of attention 

control, hereon referred to as Stroop Interference, is calculated by subtracting the mean 

response latency of congruent from incongruent trials. Higher Stroop Interference indicates 

lower attention control.  

Modified dot-probe. Attention biases towards threat were assessed using a modified 

dot-probe task (Rudaizky et al., 2013), which allows separate assessments of engagement and 

disengagement biases. Attention biases are inferred by response times taken to identify 

probes that replace negative compared to neutral images. Briefly, attention is anchored to one 

side of the screen and then participants are presented with a pair of images (negative-neutral 

or neutral-neutral). The images disappear, and participants are required to identify and 

respond to a probe that replaced one of the images. An example trial is presented in Figure 3.  
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Figure 3 

Example of a disengagement bias assessment trial on the modified dot-probe task. Figure not 

to scale.  Images are example stimuli.   

 

 

 

 

 

 

 

 

 

 
Note. In this trial, the cue and probe lines do not match (i.e., one is vertical, and one is horizontal), therefore the 

participant would indicate “no”.  

 

Each trial began with the presentation of two white square outlines on alternate sides 

of the screen, identifying the locations where images would appear. A cue in the form of a 

smaller red square (20 mm x 20 mm; 1000 ms) appeared in one of the white squares with 

equal frequency, to indicate the area of the screen where the cue-line (i.e., red 5mm line: 

vertical or horizontal) would appear (200 ms). This anchored attention to one side of the 

screen.  

The cue disappeared and two images appeared for 500ms. Image pairs were negative-

neutral (e.g., snake vs mug), or neutral-neutral (e.g., ball vs chair).  As stimuli disappeared, 

the probe (5mm red line: vertical vs horizontal) replaced one of the images. The probe-line 

matched (i.e., both vertical) or mismatched (i.e., one was vertical, the other was horizontal) 

the cue-line, and remained on screen until participants responded. Participants identified 

Fixation Stimulus, 

1000ms 

Cue, 200ms 

Image pair, 500ms  

Probe until response 



 

29 

 

whether the probe matched the cue-line using keys marked “Y” (match) and “N” (non-match) 

on a QWERTY keyboard. Following a response, the screen was cleared for 1000ms before 

the next trial commenced. Table 1 outlines the different configurations of locations where 

cues and probes are presented in relation to the target image.  

Table 1  

Configurations of Cue Locus, Image Valence and Probe Locus for Each Dot-probe 

Condition 

Condition Cue locus Target valence Probe locus 

Engagement trials  

a Distal Negative Distal 

b  Proximal 

c  Neutral Distal 

d   Proximal 

Disengagement trials  

e Proximal Negative  Distal 

f   Proximal 

g  Neutral Distal 

h   Proximal 

Note. Proximal = appearing at the same location as the target image; Distal = appearing on the opposite side 

as the target image 

 

Engagement bias. Trials that measured engagement bias were conditions in which 

both the target image (whether negative or neutral) and probe were presented as distal (i.e., 

opposite) to the original locus of attention. On trials with negative-neutral image pairs, the 

negative image is always the target. When the target image and probe are presented distal to 

the initial locus of attention, the speed with which attention is shifted to engage with threat 
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relevant information, relative to maintaining attention in the vicinity of neutral information, 

can be assessed. That is, target images and probes that are distal to the initial locus measure 

how quickly attention is shifted from the initial locus towards threat. Engagement with threat 

is evidenced by faster responding to probes that appear in the location of negative images on 

negative-neutral trials, compared to target images on neutral-neutral trials. On the dot probe-

task, engagement was calculated according to Rudaizky et al. (2014), using reaction times on 

trials where cues were presented distal to target images (Table 1, a – d): 

𝐸𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝐵𝑖𝑎𝑠 =  (𝑎 − 𝑏) − ( 𝑐 − 𝑑) 

Higher engagement scores represent selectively enhanced shifting of attention 

towards initially unattended distal images when these are negative rather than neutral in 

emotional tone.   

Disengagement. Trials that measured disengagement were conditions where the target 

image (whether negative or neutral) was presented in the same (proximal) locus as the initial 

focus of attention, but the probe was distal to the initial focus of attention. An example 

disengagement trial is presented (as per Figure 3). On negative-neutral trials, the negative 

image was always the target image. The speed with which attention is shifted to engage with 

neutral information relative to maintained attention in the vicinity of threat can be assessed. 

Therefore, trials where the negative image is proximal to initial locus of attention, but the 

probe is distal to the initial locus, measure the extent to which attention is maintained to or 

‘stuck’ on threatening information.  Disengagement difficulties would be evidenced by 

slower responses on negative-neutral trials to identify probes that appeared distal to the initial 

locus of attention, compared to neutral-neutral trials. Faster responses to identify probes on 

negative-neutral trials compared to neutral-neutral trials where the probe is distal to the initial 

locus of attention would indicate attentional avoidance. Disengagement was calculated using 
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reaction times on trials where the cue probe was proximal to the target image (negative or 

neutral, i.e., Table 1: e- h), based on Rudaizky et al. (2014). 

𝐷𝑖𝑠𝑒𝑛𝑔𝑎𝑔𝑒𝑚𝑒𝑛𝑡 𝑏𝑖𝑎𝑠 = (𝑒 − 𝑓) − (𝑔 − ℎ) 

 Higher scores represent a heightened tendency for attention to be held in the locus of 

initially attended proximal images when they are negative rather than neutral in emotional 

tone. Positive scores indicate disengagement difficulties from negative compared to neutral 

stimuli. Negative scores indicate attentional avoidance of negative compared to neutral 

stimuli.  

The purpose of using neutral-neutral image pairs, in addition to negative-neutral pairs, 

is to determine baseline levels of attentional shifting (i.e., how quickly they can shift attention 

in the presence of neutral information; Cisler et al., 2009).  It also allows the measurement of 

biases towards threat to be disentangled from general shifting ability. This is necessary as 

differences between low- and high anxious groups should only occur for threat-related 

stimuli.  

Anchoring attention is done for two reasons. First, anchoring to one side of the screen 

controls for individual differences in the allocation of attention (Rudaizky et al., 2013; Clarke 

et al., 2013). The use of probe identification (i.e., match vs mismatch) is an objective measure 

of whether participants followed attention anchoring instructions (i.e., errors indicated that 

attention was not anchored). As the cue-line was only presented for 200 ms, its orientation 

could only be detected if participants’ attention was already oriented in the location before its 

onset. Second, anchoring attention allowed us to observe how quickly participants were able 

to shift their attention to identify the probe, when their attention was initially focussed on the 

locus of negative or neutral images.  

 The stimulus set contained 64 images selected from the International Affective 

Picture System (IAPS: Lang, Bradley & Cuthbert, 2008). The IAPS comprises images pre-
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rated for affective valence on a nine-point scale, where 1 = unpleasant and 9 = pleasant). 

Images are also pre-rated on arousal (9-point scale, where 1 = calm and 9 = excited) and 

dominance/control (9-point scale where 1 = out of control and 9 = in control). There were 32 

image pairs (16 negative-neutral and 16 neutral-neutral). None of the neutral images in the 

negative-neutral pairs were used in neutral-neutral pairs. Based on these pairings, there were 

four image types 1) negative target image  in the negative-neutral pair, 2) neutral non-target 

image in the negative-neutral pair, 3) target image in the neutral-neutral pair, 4) non-target in 

the neutral-neutral pair.  

Images were selected on the premise that negative images would differ from all 

neutral image groups on pleasantness (i.e., affective valence), but not on arousal or 

dominance. One-way ANOVAs confirmed that the image types did not differ on arousal or 

dominance ratings (see Table 2 for descriptive and inferential statistics) but did differ on 

affective valence. Games Howell post-hoc tests revealed that negative images were 

significantly lower on pleasantness than neutral images in the negative neutral pair (p < .001, 

d =  4.77), targets in the neutral-neutral pair (p < .001, d = 4.55) and non-targets in the 

neutral-neutral pair (p < .001, d = 4.63). For negative images the mean affective valence was 

below the mid-point of the scale (i.e., 5) and neutral items were close to the mid-point. 

Neutral images in the negative neutral pair did not differ in valence ratings from the target 

neutral image (p  = .311, d = 0.66), and the non-target neutral image (p = .577, d = 0.44). For 

neutral-neutral pairs, the target image did not differ in valence from the non-target (p = .956, 

d = 0.22).  

The dot-probe consisted of 256 experimental trials divided into four blocks, with 2 

buffer trials at the commencement of each block. Buffer trials were not included in the 

analyses. Prior to the commencement of the experimental blocks, participants completed 12 

practice trials with feedback using images that were not included in the experimental trials 
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(e.g., beach ball). Across each experimental trial and block, the order and presentation of the 

images and condition was randomised.  

 

 

Table 2  

Descriptive and Inferential Statistics for Comparisons of Dot-Probe Image Types 

Image Type M (SD) Inferential statistics 

Affective valence  

F(3,60) = 150.95, p <.001 

Negative (negative/neutral) 2.88 (0.64) 

Neutral (negative/neutral) 5.13 (0.19) 

Target (neutral/neutral) 5.01 (0.17) 

Non-target (neutral/neutral) 5.05 (0.17) 

Arousal  

F(3,60) = 2.66,  p= .06 

Negative (negative/neutral) 4.28 (0.91) 

Neutral (negative/neutral) 4.50 (1.22) 

Target (neutral/neutral) 5.26 (1.09) 

Non-target (neutral/neutral) 4.99 (1.13) 

Dominance  

F(3,60) = 1.86,  p= .15 

Negative (negative/neutral) 5.32 (0.93) 

Neutral (negative/neutral) 5.73 (0.93) 

Target (neutral/neutral) 5.64 (0.41) 

Non-target (neutral/neutral) 5.91 (0.40) 
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Spielberger Trait Anxiety Inventory. Trait anxiety was assessed with the 20-item 

trait subscale of the Spielberger State-Trait Anxiety Inventory (STAI-T; Spielberger et al., 

1983). Scores can range from 20-80, with higher scores indicating greater trait-anxiety. The 

STAI-T has been shown to have good reliability and validity (Gros et al, 2007). In the present 

study, the STAI-T demonstrated good internal consistency (α = .93). 

Cognitive Avoidance Questionnaire. The Cognitive Avoidance Questionnaire 

(CAQ; Gosselin et al., 2002; Sexton & Dugas, 2008) is a 25-item self-report measure of the 

tendency to employ cognitive avoidance strategies when dealing with threatening intrusive 

thoughts. The CAQ comprises five subscales measuring Thought Suppression (e.g., “I have 

thoughts that I try to avoid”, Thought Substitution (e.g., “I think about things that concern me 

as if they were occurring to someone else”), Distraction (e.g., “Sometimes, I throw myself 

into an activity so as to not think about certain things”), Avoidance of Threatening Stimuli 

(e.g., “I avoid actions that remind me of things I do not want to think about”, and the 

Transformation of Images into Thoughts (e.g., “When I have mental images that are 

upsetting, I say things to myself in my head to replace the images”. Statements describing the 

use of these strategies are rated on a 5-point Likert scale, ranging from 1 (not at all typical) to 

5 (completely typical). Scores on the 5 subscales  were summed to provide an overall measure 

of cognitive avoidance. Scores could range from 25 – 125, with higher scores indicating 

greater cognitive avoidance. 

 In the present study the CAQ and its subscales had good internal consistency (CAQ 

total α = .95; suppression α =.90; substitution α =.77; distraction α = .91; avoidance α =.89; 

transformation α =.85) and it has demonstrated high test-retest reliability (r = .85; Sexton & 

Dugas, 2008). The CAQ has demonstrated convergent validity with questionnaire measures 

of worry (i.e., Penn State Worry Questionnaire and Catastrophic Worrying Questionnaire, r = 

.57 and r = .64, respectively; Sexton & Dugas, 2008) and self-report measures of thought 
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suppression (White Bear Suppression Inventory-Thought Suppression, r = .72; Sexton & 

Dugas, 2008). 

Procedure 

The experiment took place in a laboratory in the College of Education, Psychology 

and Social Work at Flinders University, South Australia. Ethics approval was gained from the 

Social and Behavioural Research Ethics Committee. Experimental sessions took 

approximately 45 minutes to complete, with up to three participants attending at one time. 

Participants completed tasks individually during one session. The experimental procedure is 

outlined in Appendix A.  

Results 

Data preparation and descriptive statistics 

Outliers were identified at the intra-participant (across trials) and inter-participant 

level for Stroop and dot-probe data. Following Mogg et al. (1993), response latencies that 

were errors and intra-participant outliers (<100 ms or >4000ms, or >3 SDs away from a 

participant’s mean latency within a given condition) were excluded from the calculations of 

the Stroop Interference (5.39% of trials). Stroop Interference was calculated by subtracting 

the mean RT for incongruent (e.g., “blue” written in red font) trials from congruent trials 

(e.g., “green” written in green font). Higher scores indicated greater colour-word interference 

and thus weaker attention control.  

For the dot-probe task, mean response latencies in each condition (i.e., location of cue 

and probe relative to target image, see Table 3) were used to calculate engagement and 

disengagement bias. Consistent with Rudaizky et al. (2013), errors and intra-participant 

outliers identified using a 99% confidence interval (i.e., greater than 2.58 SDs away from the 
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participant’s mean latency within a given condition) were excluded from attention bias 

calculations.  

 

Table 3 

Mean Response Latencies (Reaction Time, ms) for Each Experimental Condition of the 

Dot-probe  

Condition Cue locus 
Image 

valence 

Probe 

locus 
M (SD) Range 

Engagement trials    

a Distal Negative Distal 750.62(141.67) 490.23 – 1097.45 

b  Proximal 739.96(140.69) 491.25 – 1070.41 

c  Neutral Distal 735.91(133.86) 489.04 - 1100.99 

d   Proximal 723.86(134.39) 457.56 – 1077.65 

Disengagement trials    

e Proximal Negative  Distal 741.36(147.87) 478.45 - 1087.85 

f   Proximal 757.06(146.89) 469.57 – 1146.93 

g  Neutral Distal 734.61(145.65) 469.22 – 1094.93 

h   Proximal 745.21(154.67) 426.73 – 1131.19 

Note. Distal indicates that the cue or probe was presented on the opposite side of the target image. Proximal 

indicates that the cue or probe was presented on the same side as the target image.  

 

Distribution characteristics 

Reaction times were screened for non-normality. Stroop interference (Stroop Task), 

engagement and disengagement biases (dot probe) were non-normally distributed. See Table 

4.  Stroop interference and engagement bias were positively skewed, and both engagement 

and disengagement bias were leptokurtic. STAI-T and CAQ scores were normally 

distributed. 
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Table 4 

Distribution Characteristics for the Distribution of Stroop Interference, Engagement, and 

Disengagement Indices 

Variable Skewness SE Skewness 
Skewness 

z-score 
Kurtosis 

SE 

Kurtosis 

Kurtosis 

z-score 

Stroop 

Interference 
1.00 .23 4.57** 0.80 .43 1.87 

Engagement † 7.44 .23 3.43** 71.56 .43 164.73** 

Disengagement 
† 

-0.17 .23 -0.80 1.90 .43 4.42* 

Note. N = 125; †N = 124. *p<.01 **p<.001 

Stroop Interference was calculated based on the Stroop Task  

Engagement and Disengagement were based on the dot-probe 

 

To reduce the impact of outliers and improve normality, inter-participant outliers were 

rescaled prior to analyses. Outliers were defined as values deviating by more than three times 

the interquartile range from the lower or upper quartile of a variable’s distribution (Gorlin & 

Teachman, 2015). They were rescaled by reassigning outlying values to the nearest value 

lying in the valid distribution plus one (Tabachnick & Fidell, 2013). This strategy, referred to 

as Winsorizing, was selected as it reduces the influence of extreme scores whilst maintaining 

all data points, which promotes accuracy and power (Price et al., 2015). Following 

Winsorization, engagement and disengagement biases derived from the dot-probe were 

normally distributed. Stroop interference remained positively skewed but was closer to a 

normal distribution than raw scores. See Table 5 for distribution characteristics of the 

rescaled Stroop interference, engagement, and disengagement. 
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Table 5 

Distribution Characteristics for the Rescaled Stroop Interference, Engagement, and 

Disengagement Indices 

Variable Skewness SE Skewness 
Skewness 

z-score 
Kurtosis 

SE 

Kurtosis 

Kurtosis 

z-score 

Stroop 

Interference 

.616 .217 2.84* -.277 .430 -0.64 

Engagement † .035 .217 .16 .176 .431 0.91 

Disengagement 
† 

.050 .217 .23 1.26 .431 2.92 

Note. N = 125; †N = 124. *p<.001 

Stroop Interference was calculated based on the Stroop Task  

Engagement and Disengagement were based on the dot-probe 

 

Table 6 displays the means, standard deviations and inter-correlations for attention 

control and attention biases, trait anxiety and cognitive avoidance strategies. The mean 

Stroop Interference score was positive indicating participants were faster at naming the font 

colour when the colour-name was congruent (e.g., “red” written in red font) compared to 

incongruent (e.g., “red” written in blue font). A one sample t-test confirmed that differences 

in font-naming latencies (i.e., Stroop Interference scores) were significantly larger than zero, 

t(124) = 13.53, p <.001, d = 1.21, and the effect was large. Threat-related images did not 

capture attention more readily than neutral images, as the mean engagement bias score for the 

whole sample was not significantly different from zero, t(123) = -0.27, p  = .40; d = -0.02. 

Overall, participants shifted their attention away from negative and neutral stimuli at similar 

speeds, as the mean disengagement bias score for the whole sample was not significantly 

different from zero for the whole sample, t(123) = -0.74, p = .23, d = -0.07.  

Trait anxiety was moderately positively correlated with the CAQ and its subscales, 

indicating that higher trait anxiety was linked to greater self-reported use of cognitive 
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avoidance. Engagement and disengagement were not correlated with each other (as observed 

elsewhere, e.g., Rudaizky et al., 2013).  There were no significant correlations between trait 

anxiety, attention bias or Stroop interference. Against predictions, CAQ scores were not 

correlated with AC or attention bias.  
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 Table 6  

Means (Standard Deviations) and Correlations Between Trait Anxiety, CAQ Subscales, Stroop Interference Engagement and Disengagement Bias 

Variable M (SD) 1 2 3 4 5 6 7 8 9 10 

1. STAI-T 48.55(11.07) -          

2. Suppression 15.62(5.17) .47** -         

3. Substitution 11.71(4.43) .46** .62** -        

4. Distraction 14.99(5.40) .47** .77** .71** -       

5. Avoidance 13..82(5.35) .56** .76** .61** .73** -      

6. Transformation 12.30(4.80) .36** .52** .59** .59** .60** -     

7. CAQ Total 68.45(21.39) .53* .87** .82* .90** .88* .77** -    

8. Stroop 

Interference 
90.43(74.74) -.03 ρ -.15 ρ -.08 ρ -.10 ρ -.17 ρ .02 ρ -.11 ρ -   

9. Engagement 

Bias † 
-1.39(57.90) .05 -.13 -.04 -.12 -.03 -.07 -.03 .04 ρ -  

10. Disengagement 

Bias † 
-5.1(76.24) .04 -.03 -.11 .01 .04 .01 -.13 .04 ρ .11 - 

Note. Minimum – Maximum: STAI-T 24 - 77; Suppression: 5 – 25; Substitution: 5-25; Distraction: 5 – 25; Avoidance: 5-25; Transformation: 5-23; CAQ Total: 25-121; Stroop Index: -41.94 – 

251.03; Engagement Bias: -142.22 – 149.30; Disengagement Bias: -235.17- 270.24; Engagement and disengagement bias were derived from the dot-probe, Stroop interference was derived from 

the Stroop task 

N = 125; †N = 124  

* p < .05; ** p < .01; *** p < .001; ρ = Spearman’s rho 
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Moderation Analyses 

To test whether attention control moderated the effect of trait anxiety on attention 

biases, separate moderation analyses (PROCESS, Model 3, with 10,000 bootstraps; Hayes 

2018) were performed on the dependent variables of engagement and disengagement bias. In 

each model, trait anxiety (STAI-T scores) and attention control (Stroop interference) were 

predictors. All predictors were centred (Akien & West, 2000). The residuals for the predictors 

and dependent variables were normally distributed. One participant’s data was missing (i.e., 

computer error) and excluded from analyses. All analyses were tested using an alpha level of 

.05.  

Attention Control and Disengagement Bias  

Table 7 presents the results of the regression predicting disengagement bias. Neither 

anxiety nor attention control predicted disengagement, however the interaction was 

significant. We predicted that at lower attention control (i.e., higher Stroop interference), 

there would be a positive relationship between trait anxiety and the time taken to disengage 

from threat; and that at higher attention control (lower Stroop interference) the relationship 

would be weaker. Contrary to the hypothesis, at lower control (higher Stroop interference) 

anxiety did not have an effect on disengagement (see Figure 4, small dashed line). At mean 

(large dashed line) and high attention control (i.e., lower Stroop interference, solid line), the 

relationship appeared to be positive. This indicated overall that as attention control increased, 

increases in anxiety corresponded with slower disengagement from threat.  
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Table 7 

Hierarchical Regression Analyses for Individual Differences in Trait Anxiety and Attention 

Control Predicting Disengagement Bias Scores for Threat Stimuli  

Predictor b SE b t p  sr2 95% CI 

  R2 = .05, F(3,120) = 2.15, p =.10 

Constant - 6.40 6.80 - 0.94 .35  [- 19.83, 7.02] 

STAI-T 0.19 0.62 0.30 .76 .03 [- 1.04, 1.41] 

Stroop Interference 0.08 0.09 0.91 .37 .08 [- 0.10, 0.26] 

STAI-T x Stroop 

Interference 

- 0.20 0.01 - 2.17 .03* .19 [- 0.03, - 0.001] 

  ΔR2 = .04, F (1,120) = 4.72, p = .03*  

Note.  N=124; sr2 = semi-partial correlation coefficient; STAI-T = Trait anxiety.  

* p <.05. ** p <.01. *** p <.001. 
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Figure 4 

Interaction Between Trait Anxiety and Stroop Interference on Disengagement from Negative 

Stimuli 

 

Note. Simple regression slopes for levels of interference (Low = 16th percentile; Mean = 50th percentile; and 

High = 84th percentile from the mean) predicting disengagement bias for negative stimuli at low (16th percentile) 

and high (84th percentile) levels of trait anxiety. The bars represent standard errors. Positive values indicate 

disengagement difficulties; negative values indicate attentional avoidance.  

 

Despite the significant interaction, simple slopes analysis revealed that none of the 

conditional effects were significant. At low and medium control, anxiety did not predict 

disengagement, b= -1.46, t(120) =1.41, p = .16; and b = 0.51, t(120) = 0.82, p = .41, 

respectively. The positive relationship between trait anxiety and disengagement RT from 

threat was marginally significant at high control (low interference), b = 1.53, t(120) = 1.87, p  

=.07. Follow up analyses indicated that the study was significantly underpowered. The 

observed power of the current study was  α = .395, which is well below the recommended 

power of  α =.80 (Cohen, 1992). This may explain why, although the slopes were 
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significantly different from each other, individually, they did not differ significantly from 

zero, indicating there was no effect.  

Attention control and engagement bias.  

Table 8 presents the results of the regression predicting engagement bias. Trait 

anxiety, attention control, ang the interaction were not significant predictors of engagement 

with threat. Thus, attention control did not moderate the relationship between anxiety and 

engagement. No interaction was predicted as attentional engagement is presumed to be an 

early process, and thus its relationship with trait anxiety is unlikely to be affected by AC.   

 

Discussion 

This study investigated the relationship between trait anxiety, attention control (AC) 

and attention biases. We sought to test whether AC would be linked to different attention 

biases in trait anxiety, and whether stronger AC weakened the relationship between anxiety 

Table 8 

Hierarchical Regression Analyses for Trait Anxiety and Attention Control Predicting 

Engagement Bias for Threat Stimuli  

Predictor b SE b t p  sr2 95% CI 

  R2 = .02, F (3,120) = 0.68, p =.57 

Constant - 0.73 5.24 - 0.14 .89  [- 11.11, 9.64] 

STAI-T 0.31 0.48 0.66 .51 .06 [- 0.63, 1.26] 

Stroop Interference - 0.01 0.22 - 0.22 .83 .20 [- 0.12, 0.15] 

STAI-T x Stroop 

Interference 

- 0.01 1.34 - 1.34 .18 .12 [- 0.004, 0.02] 

  ΔR2 = .01, F (1,120) = 1.79, p = .18  

Note.  N=124; STAI-T = Trait anxiety; sr2= the semi-partial correlation coefficient squared 

* p <.05. ** p <.01. *** p <.001. 
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and attention biases. AC moderated the relationship between trait anxiety and attentional 

disengagement from, but not engagement with, threat. We predicted that at lower control 

(high interference), anxiety would be positively related to the time taken to disengage from 

threat compared to neutral stimuli, but the relationship would be weaker at stronger control 

(low interference). Unexpectedly, the opposite pattern emerged. At lower control (high 

interference), anxiety did not predict disengagement from threat. At higher control (low 

interference), disengagement was slower at higher levels of anxiety, but not significantly so.  

 Although the interaction between anxiety and attention control was significant, the 

non-significant conditional effects make the results difficult to interpret. Post-hoc power 

analyses conducted in G* Power Version 3.1.9.6 (Faul et al., 2009) indicated that the study 

was underpowered based on the variance explained by the total model (α =.587) and 

interaction term (α = .395). Furthermore, to detect an effect of the magnitude observed in this 

study, a total sample size of N = 277 would be required. Therefore, it is possible that the 

sample was too small to detect a significant effect of anxiety on disengagement at higher 

control. The sample size of the current study was based on other studies that have 

investigated the same constructs and relationships (e.g., Gorlin et al., 2015; Taylor et al., 

2016), and was capped through the university research participant pool. Although the current 

effect size was similar to those with smaller (N = 75, Taylor et al., 2016) and larger (N = 159, 

Gorlin et al., 2015) sample sizes, significant relationships were not found in this study. One 

difference between our sample and other studies is that they recruited participants with 

elevated anxiety scores, and they measured social anxiety rather than trait anxiety (Gorlin et 

al., 2015; Taylor et al., 2016). Therefore, it is also possible that relationship between anxiety 

and disengagement is only significant in high anxious samples, or that these effects are 

characteristic of social anxiety specifically.  
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Nevertheless, the pattern of the interaction contradicts Attention Control Theory 

(Eysenck et al., 2007; 2023) and previous studies which indicate that attention control 

weakens the relationship between anxiety and slowed disengagement from threat (Derryberry 

& Reed, 2002; Gorlin & Teachman 2015; Reinholdt-Dunne et al., 2009; Taylor et al., 2016). 

However, similar to the current study, Schoorl et al. (2014) found that in a clinical sample of 

Post-Traumatic Stress Disorder (PTSD) patients, trait-anxiety was negatively related to 

attention bias in participants with lower control, indicating avoidance, whereas trait anxiety 

was positively related to attention bias in participants with stronger control, indicating 

disengagement difficulties. Regardless of the speculation regarding the direction of the 

moderating effect that AC has on the relationship between anxiety and attention biases, our 

results add to a growing body of evidence that AC influences the expression of strategic 

attention biases in anxiety (Derryberry & Reed, 2002; Gorlin & Teachman 2015; Reinholdt-

Dunne et al., 2009).   

A methodological consideration of this study is that our dot-probe task required a 

higher cognitive load compared to other studies. Participants indicated whether the probe 

matched the previous cue, whereas other studies asked participants to name the probe letter 

(i.e., Taylor et al., 2016) or its location (e.g., Reinholdt-Dunne et al., 2009). Our participants 

had to hold the orientation of the cue-line in working memory until the probe was presented 

to decide whether they matched. The increased working memory load may have increased the 

difficulty of the dot-probe and impaired the deployment of AC (Jonides, 1981; Engle, 2010). 

Studies that have manipulated working memory load on the dot-probe have found that at 

increased load, the relationship between anxiety and attention bias became more positive (i.e., 

Booth et al., 2017; Judah et al., 2013). These findings indicate that increased working 

memory load, and thus difficulty of the dot-probe can influence the relationship between 

anxiety and disengagement bias.   
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Trait anxiety was not directly related to engagement bias in the present study, which 

contrasts with meta-analytic evidence that anxiety is characterised by an automatic bias 

towards threat (Bar-Haim et al., 2007). A potential caveat is that the images were presented 

for 500ms in the current study in order to capture later-stage attention biases (i.e., 

disengagement and avoidance). Studies comparing the effects of stimulus duration on 

engagement bias in anxiety have found evidence of the bias at 100ms, but not at longer 

stimulus presentations (Carlson & Reinke, 2008; Koster et al.2006; Koster et al., 2004. 

Salemink et al., 2007). Thus, attention may have been influenced by later top-down control 

processes (i.e., attention maintenance or attentional avoidance; Cisler & Koster, 2010; Mogg 

& Bradley, 2016, 2018). 

The current research also supports theories that suggest attentional engagement and 

disengagement are differentially influenced by top-down control (Carrasco, 2011). AC did 

not moderate the relationship between trait anxiety and engagement bias, consistent with past 

research (Taylor et al., 2016). As noted earlier, due to the presentation time on the current dot 

probe (500 ms), attention may have been influenced by later top-down control processes. 

Nevertheless, the lack of moderation is consistent with other studies (e.g., Derryberry & 

Reed, 2002; Taylor et al., 2016). Derryberry and Reed (2002) found that self-reported AC 

only moderated the relationship between anxiety and attention bias at longer (500 ms) but not 

shorter (250 ms) delays; indicating attention control influences strategic, but not automatic 

attention biases. To determine whether AC moderates the relationship between anxiety and 

engagement bias, future studies may wish to modify the dot-probe methodology reported 

here, using shorter (< 250 ms) and longer (500 ms – 1000 ms) stimulus presentations.  To 

summarize, based on the methodological consideration of stimulus presentation time, 

conclusions regarding the automaticity of engagement bias and its relationship to attention 

control cannot be drawn. Nevertheless, regardless of the direction of disengagement bias (i.e., 
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disengagement difficulties or avoidance) the present data clearly showed the role of AC in 

their expression.   

Heterogeneity regarding the direction of the relationships between anxiety, attention 

control and attention bias continues to challenge researchers. Concerns have been raised 

regarding the reliability of mean-based measures of attention bias based on the dot-probe 

task, particularly as recent research suggests that there are considerable within-subject 

variations on these measures (Price et al., 2015; Macleod et al., 2019; Van Bockstaele et al., 

2020). Contrary to theories where attention bias is conceptualized as a stable individual-

difference characteristic (e.g., Mogg & Bradley, 1998; Williams et al., 1997), Zvielli et al. 

(2014) found that anxiety was linked to varied patterns of attention bias. In that study, 34% of 

participants demonstrated attention both towards and away from various categories of threat 

(e.g., threatening animals, faces, violence). This intra-individual variability may suggest that 

expressions of attention bias are the consequence of dynamic processes (Zvielli et al., 2015).  

To address low reliability of traditional bias measures derived from the dot-probe, and 

the proposed dynamic nature of attention bias, newer measures have been developed (Price et 

al., 2015; Zvielli et al., 2015). Dot-probe and other attention bias tasks (e.g., spatial-cueing, 

Stroop, anti-saccade) repeatedly sample attention bias to threat over multiple trials. 

Traditional mean-based measures of attention bias are unable to capture dynamic shifts in 

attention bias over time, whereas newer calculation methods can capture attention bias 

variability. Attention bias variability refers to the fluctuations in attention bias over time (e.g., 

shifts from disengagement difficulties to avoidance). It is derived from multiple indices of 

attention bias captured over time (Zvielli et al., 2015; Iacoviello et al., 2014). Attention bias 

variability has been shown to have improved reliability compared to traditional measures of 

attention bias (Zvielli et al., 2015; Carlson & Fang, 2020), and has been linked to trait-

anxiety and attention control (Clarke et al., 2020). Therefore, it may be useful to replicate the 
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current study and compare the moderating effects of attention control on the relationship 

between anxiety and different attention bias measures (e.g., traditional vs attention bias 

variability).  

 

Can Laboratory Tasks Predict Habitual Cognitive Avoidance? 

Our second aim was to determine whether attentional reactions to external threat 

mapped onto the habitual use of cognitive avoidance strategies. A longstanding proposition is 

that anxious individuals avoid threat to reduce their immediate distress, yet in the long-term 

this avoidance prevents habituation, ultimately maintaining anxiety (Mogg et al., 1987; 

Riskind, 2005; Salters-Pedneault et al., 2004).  In support of this, we found moderate positive 

correlations between anxiety and self-reported cognitive avoidance strategies such as thought 

suppression and distraction.  

Logically, AC should facilitate the use of, and thus be positively correlated with, 

cognitive avoidance as it can be used to direct attention away from unwanted thoughts. 

However, AC was not correlated with self- reported cognitive avoidance. Similarly, cognitive 

avoidance was unrelated to engagement with or disengagement from threat stimuli. This may 

reflect that, despite an individual’s (in)ability to direct attention generally or in the face of 

threat, they still attempt to avoid unwanted thoughts as a strategy to reduce distress. To gain a 

more comprehensive understanding of how AC and attention bias may relate to responses to 

internal threats, we employed a thought suppression task in Study 2. This allowed us to 

determine whether performance on external attention tasks (i.e., Stroop and dot-probe) could 

extend to internal attention tasks (i.e., thought suppression).   

A potential caveat for the lack of correlations between cognitive avoidance and AC or 

attention bias is that cognitive avoidance was measured by retrospective self-report and may 

not accurately reflect behaviour when experiencing unwanted thoughts. There is evidence 



 

50 

 

that attention bias predicts the subsequent use cognitive avoidance strategies (i.e., suppression 

and distraction; Price et al., 2016). Price et al. found that threat-related attention bias was 

associated with greater use of cognitive avoidance, measured by real-time report, outside of 

the laboratory. While they did not distinguish between attentional engagement and 

disengagement, this nonetheless supports the proposition that reactions to external threat 

correspond with reactions to unwanted thoughts (Price et al., 2016).  

Conclusion 

The findings of this study indicate that the extent to which attention is allocated to 

threat in anxiety is influenced by individual differences in attention control. Moreover, 

attention control contributes specifically to later stages of attentional processing, indicating 

that disengagement difficulties or avoidance are the result of (un)successful attempts to 

regulate attention to threat. The disparity between the pattern of these results compared to 

other studies, indicates that the role of AC on the anxiety – attention bias relationship is 

nuanced, and may depend on contextual factors such as task difficulty and the way that 

attention bias is calculated. In the context of internal threats (thoughts, mental images, 

memories), high trait anxiety corresponds to greater self-reported use of cognitive avoidance 

strategies. However, tasks that measure attention to threat (i.e., dot probe) and attention 

control do not correspond to the use of cognitive avoidance, indicating that laboratory tasks 

may be poor predictors of emotion regulation strategies outside the laboratory.  
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Chapter 3 – Study 2:  

Anxiety, Attention Control and Thought Recurrence  

Overview 

Anxiety is associated with increased use of cognitive avoidance strategies, such as thought 

suppression (Berman et al., 2010; Fialko et al., 2012; Olatunji et al., 2010; Muris et al. 1996; 

Szczepanowski et al., 2021, Yapan, et al., 2022; Study 1). Thought suppression refers to 

intentional attempts to stop thinking a thought and is maladaptive. Suppression attempts, 

regardless of anxiety, can increase thought frequency both during the suppression process and 

afterward (Magee et al., 2012; Wang et al., 2020; Wenzlaff & Wegner, 2000). Suppression 

also maintains anxiety by hindering emotional processing and habituation (Foa & Kozac, 

1986). It also limits opportunities to engage in cognitive restructuring, which is an essential 

component in cognitive-behavioural treatments for anxiety (Barlow et al., 2004; Clark & 

Beck, 2010; Craske & Barlow, 2007; Foa et al., 2007). Therefore, suppression may not only 

prevent processes that can resolve anxious responses to thoughts but increase the presence of 

the thoughts themselves.  

The relationship between anxiety, attention and thought suppression processes has 

been of interest. A common assumption is that trait anxiety is associated with greater thought 

recurrence compared to non-anxious controls due to impaired attention control (Gorlin et al., 

2016; Wegner, 1994). However, methodological limitations in previous research mean that 

the processes underlying thought suppression remain elusive. Therefore, the interplay 

between anxiety, attention control and thought suppression processes was investigated in 

Study 2. Additionally, whether attentional reactions to external stimuli extended to internal 

attention tasks was also tested.  
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Anxiety and Attention to Thoughts 

Thought suppression can be conceptualised as an attentional exercise as thoughts are 

internal cognitive events that reside in working memory when brought to awareness (Johnson 

& Hirst, 1993; Chun et al., 2011). Just as attention selects information from the environment, 

it also plays a role in determining which thoughts are experienced. Attention control selects 

which thought to focus on at any given moment, making it central to goal directed activity 

(Corbetta & Shulman, 2002; Diamond, 2013; Petersen & Posner, 2012). It detects conflicts 

when irrelevant thoughts capture attention and interfere with task-related processing, and re-

orients attention towards goal-relevant information through top-down processes (Diamond, 

2013; Friedman & Miyake, 2017; Miyake & Friedman, 2012; Petersen & Posner, 2012).  

Difficulties in controlling thoughts and impairments in functioning often reported by 

anxious individuals may represent deficits in attention control for internal stimuli (Hirsch & 

Mathews, 2012). Supporting this, Hoshino and Tanno (2016) found that high trait anxious 

participants exhibited larger interference effects from salient distractors in working memory 

than low trait anxious participants. This suggests that anxious individuals may struggle with 

conflict resolution in working memory, which may explain symptoms such as difficulty 

ignoring task irrelevant thoughts (e.g., maintain attention to thoughts about the current 

chapter compared to problem-solving sample size issues for the subsequent experiment).   

 Cognitive theories of anxiety often assume that negative thoughts impair functioning, 

leading individuals to use cognitive strategies to avoid them (Bar-Haim et al., 2007; Beck & 

Clark, 1997; Cisler & Koster, 2010; Eysenck et al., 2007; Mathews & Mackintosh, 1998; 

Mogg & Bradley, 1998, 2016, 2018; Williams et al., 1997). While there are multiple 

cognitive avoidance strategies, this chapter focuses on suppression (Lin & Wicker, 2007; 

Magee et al., 2019; Wang et al., 2017; Wegner, 1987). Suppression can paradoxically 

increase target thoughts both during and after attempts (Abramowitz, 2001; Lin & Wicker, 
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2007; Purdon, 2004; Magee et al., 2012; Magee et al., 2019; Wang et al., 2017; Wegner et al., 

1987), a finding that will be reviewed in greater detail later. This study focuses on thought 

suppression because it is considered maladaptive due to ironic effects.  

Ironic processing theory  

Wegner (1994) developed Ironic Processing Theory to explain how attempts to exert 

mental control ultimately, and ironically, result in failures of mental control. When people 

attempt to direct their thoughts away from something, it is common for them to encounter the 

exact thought they are trying to avoid. Wegner et al. (1987) randomly assigned participants to 

either “suppress” or “monitor” all thoughts of white bears but report when they occurred. 

Then, all participants “monitored” and reported white-bear thoughts. Figure 1 graphically 

represents a thought suppression task. In Figure 1, paths a and b (indicated by dashed lines) 

represent the comparisons used for measuring the effect of suppression relative to monitoring 

instructions on the initial enhancement and rebound of target thoughts. In Wegner et al.’s 

study, suppressors in the first period experienced significantly more white-bear thoughts in 

the second thinking period compared to monitors (path b, Figure 1). This increase in target 

thoughts following active suppression has been widely replicated and is known as the 

rebound effect, (Wenzlaff & Wegner, 2000). A secondary finding was that during the first 

thinking period, suppression (compared to monitoring) resulted in greater frequencies of 

white-bear thoughts (i.e., initial enhancement period, path a, Figure 1; Wegner et al.). 

However, initial enhancement effects are unreliable, with some meta-analyses reporting that 

active suppression (compared to monitoring) results in lower thought recurrence 

(Abramowitz, 2001; Magee et al., 2012), and others reporting that initial enhancement effects 

only occur under increased cognitive load (Wang et al., 2020).   
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Figure 1 

Thought Suppression Task with Suppression and Monitoring Instructions, with Comparisons 

for Initial Enhancement and Rebound Effects 

 

 
Random assignment to 

groups 
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a Initial Enhancement 
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b Rebound 

(monitoring instructions, Period 

2)  

 

According to Ironic Processing Theory, two mechanisms are responsible for 

suppression (Wegner, 1994). The monitoring process scans the contents of working memory 

for the target thought. It is relatively automatic and requires minimal cognitive resources. 

Once the thought is detected, the operating process generates a distractor thought and shifts 

attention away from the target. The operating process is effortful and taxes cognitive 

resources, which become depleted with ongoing suppression attempts, thus reducing 

suppression success over time. Comparatively, the monitoring process is more efficient, and 

remains vigilant for the target thought, regardless of depleted cognitive resources (Wegner, 
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1994). The explicit goal of suppression makes the monitoring system hypervigilant, by 

signalling that the target is important and must be stopped, increasing the frequency with 

which it is automatically re-activated. For example, if the goal is to not think about white 

bears, the monitoring process is hypersensitive to white bear related thoughts in working 

memory, which increases the likelihood of detecting them. In short, attempts to not think 

about a thought increases the likelihood that the thought will occur. In anxiety, this ironic 

process can lead to the belief that negative thoughts are uncontrollable.  

Thought suppression, anxiety, and attention control 

Anxiety can contribute to thought suppression failure through two mechanisms: 

depletion of cognitive resources during suppression and enhanced hypervigilance in the 

monitoring process (Gorlin et al., 2016). Anxiety can tax cognitive resources, reducing the 

efficiency with which the operating process can disengage from thoughts (Cohen et al., 2014; 

Eysenck et al., 2007; Eysenck & Derakshan, 201l; Hayes et al., 2008). Hypervigilance 

increases the salience and accessibility of targets, resulting in activation (Bar-Haim et al., 

2007). From this perspective, trait-anxiety should be associated with less efficient thought 

suppression. Yet, while there is evidence of the ironic effects of thought suppression in 

general, meta-analyses have not found significant immediate enhancement or rebound effects 

when comparing high versus low trait anxious individuals (Magee et al., 2012). High anxious 

individuals sometimes report greater frequency of target thoughts during thought suppression 

compared to low anxious individuals (e.g., Harvey & Bryant, 1998), but other studies have 

found enhanced suppression effects (e.g., Purdon & Clark, 2000), and some have found no 

differences (see Magee et al., 2012; Wang et al., 2020, for a review).  

A potential caveat to the unreliable differences between anxiety and controls in 

suppression failure is that traditional thought suppression tasks fail to capture both cognitive 
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processes involved, namely the monitoring and operating processes (Gorlin et al., 2016; 

Lambert et al., 2014; Purdon, 2004). Most studies focus on thought frequency (i.e., the 

number of times a thought enters awareness), which reflects the monitoring process, but 

neglect the operating process responsible for disengaging attention from the target thought 

(Gorlin et al., 2016; Lambert et al., 2014). Therefore, measuring frequency alone fails to 

assess how suppression attempts can potentially modify the efficiency of disengagement.  

Frequencies cannot capture disengagement from thoughts because they are 

confounded by duration (Purdon, 2004). Imagine one participant recorded a single thought 

but was unable to redirect their attention over a 40 second period. A second participant 

records 10 thoughts for a duration of 4 seconds, indicating 10 successful redirections. Finally, 

a third participant records 1 thought, for 4 seconds, and was successful at suppression for 36 

seconds. Based on these frequencies alone, it appears that the first and third participant were 

equally successful at thought suppression (i.e., frequency = 1), and that the second had 

comparatively higher thought recurrence (frequency = 10). When considering the time taken 

to disengage from the thought, a different picture emerges.  

This limitation can be addressed by considering the dimension of thought duration, 

which corresponds to the operating process and reflects the time taken to disengage from the 

thought (Lambert et al., 2014). Using an updated version of the white-bear paradigm, 

Lambert et al. found that frequency and duration were independent dimensions of 

suppression and displayed different patterns over time. Lambert et al. proposed that the 

monitoring process is like the engagement of attention as it facilitates detection of the target 

thought, and hence is related to frequency. On the other hand, the operating process is like 

disengagement or avoidance, thus determining the duration of thought recurrence. 

Nevertheless, while many studies have attempted to understand why target thoughts return 

and suppression attempts eventually fail, only a small proportion have measured real-time 
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duration (Lambert et al., 2014; Magee et al., 2012; Wang et al., 2020). Some studies have 

used retrospective self-report to capture duration by asking participants to estimate how long 

they were thinking to-be-suppressed thoughts, but these measures are suboptimal as they rely 

on memory and are subject to error (Abramowitz et al., 2001). Therefore, the operating 

process and its contribution to thought rebound is arguably under researched.  

A secondary issue with the study of the operating process is that very few studies 

have attempted to link the duration of thought recurrence with attention control, which is 

believed to underpin disengagement from thoughts. Consequently, the notion that the 

operating process, and its role in thought suppression failure, is dependent on cognitive 

resources is not well established. Nevertheless, Brewin and Beaton (2002) found evidence 

that attention control was linked to thought suppression failure, as the frequency of intrusions 

during suppression was negatively correlated working memory capacity. Further implicating 

the importance of cognitive resources, meta-analyses indicate that immediate enhancement 

effects are amplified by the presence of cognitive load (Magee et al., 2012; Wang et al., 

2020). While these findings link attention control to thought suppression failure, as duration 

was not included in these studies, the role of attention control on disengagement from, rather 

than the engagement with thoughts is less clear.  

Attention Control as a Moderator. The unreliable effect of anxiety on thought 

suppression failure may be explained by individual differences in attention control. Attention 

control may mitigate anxiety’s impact on suppression failure as individuals with stronger 

attention control may be less susceptible to cognitive depletions that occur during suppression 

(Magee et. al., 2012; Gorlin et al., 2016). Furthermore, presuming the monitoring and 

operating processes are distinct cognitive mechanisms, we would expect that attention control 

would moderate the relationship between anxiety and disengagement from thoughts (i.e., 

duration), but not engagement with or detection of thoughts (i.e., frequency). This proposition 



 

58 

 

aligns with the attenuating and reverse effects of attention control on the relationship between 

anxiety and external threats (i.e., attention bias; Derryberry & Reed, 2002; Gorlin & 

Teachman, 2015; Reinholdt-Dunne et al., 2009; Taylor et al., 2016).  

The distinction between early and later processes may be important for understanding 

relationships between attention control and thought suppression, as highlighted by external 

threat-interference in laboratory tasks. Previous research found that attention control 

influences strategic, but not automatic attention biases (Taylor et al., 2016; Study 1). 

Assuming that frequency is driven by the relatively automatic monitoring process, and 

duration results from a controlled operating process, attention control should moderate the 

relationship between anxiety and duration, but not frequency.  

One study to date has investigated anxiety, working memory capacity and both 

frequency and duration (Gorlin et al., 2016). While that study did not investigate the 

moderating effects of attention control on the relationship between anxiety and thought 

recurrence specifically, there was evidence that greater working memory capacity was linked 

to shorter thought duration in the rebound (i.e., second) thinking period, although the effect 

was small and the sample size was large (N = 939 r = .11, p <.001; Gorlin et al., 2016). 

Working memory capacity is a positive predictor of performance on attention control tasks 

(Kane et al., 2001; Shipstead et al., 2014; Unsworth et al., 2014). It has been suggested that it 

contributes to the goal maintenance and conflict resolution functions of attention control 

(Meier & Kane, 2017), which are essential processes in thought suppression (Wegner, 1994).  

Internal and External Attention to Threat  

Conceptualisations of attention to thoughts and to external threats share significant 

overlap, yet very few studies assess them concurrently (Price et al., 2015; Study 1), and the 

ones that do have not used tasks that can dissociate between automatic and strategic processes 
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(e.g., Gorlin et al., 2016). Although Study 1 did not find that engagement or disengagement 

bias was linked to the use of cognitive avoidance in daily life, that may be because attention 

bias reflects ability to direct attention, whereas the self-report Cognitive Avoidance 

Questionnaire assesses attempts (e.g., “I often do things to distract myself from my thoughts”; 

Sexton & Dugas, 2008).  Models of thought suppression and attention-bias both propose 

automatic and controlled processes can exaggerate attentional reactions to threat (Cisler & 

Koster, 2010; Mogg & Bradley, 2016; 2018; Wegner, 1994). Engagement bias and 

monitoring are automatic processes for threat detection, while disengagement bias/attentional 

avoidance and operating processes shift attention away from threat.  

Supporting the idea that disengagement from thoughts and external stimuli both rest 

on attention control, neuroimaging evidence suggests  the anterior cingulate cortex plays a 

role in thought suppression (Mitchell et al., 2007; Gillath et al., 2005, Wyland et al., 2003) 

and dot-probe performance (Bush et al., 2000; Etkin et al., 2011; Carlson et al., 2012; Carlson 

et al., 2013; Price et al. 2014; Price et al., 2016).  However, no study has compared 

performance on the dot-probe and thought suppression tasks using methods that can 

dissociate different types of attention bias (i.e., engagement and disengagement) and facets of 

thought suppression (i.e., monitoring, and operating processes). Therefore, we sought to shed 

light further light on the potential relationship between these tasks by using a modified dot-

probe (Rudaizky et al., 2013) and thought suppression task (Lambert et al., 2014). 

Hypotheses 

Conceptualising thought frequency and duration as independent facets of thought 

recurrence which are underpinned by different cognitive mechanisms guided predictions 

about immediate enhancement and rebound effects. Presuming that frequency is linked to a 

relatively automatic monitoring process which heightens the salience and activation of that 

thought (Wegner, 1994), suppression instructions, compared to monitoring instructions, 
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should result in greater mean thought frequency in the first thinking period (Period 1; Initial 

enhancement) and rebound (Period 2) thinking periods. Theoretically, suppression 

instructions prime the monitoring process to seek out target thoughts (e.g., “keep an eye out 

for this thought! It is really important that I don’t think about it!”), whereas monitoring 

instructions do not (e.g., “the thought might be there, it might not. Just let me know if you 

come across it”).  

In contrast, because duration is presumed to be the result of controlled processes, 

participants in the suppression condition were expected to have significantly longer durations 

in the initial enhancement and rebound thinking periods compared to those in the monitoring 

period, as cognitive resources become depleted due to repeated suppression attempts. 

Additionally, it was predicted that the difference in duration between suppression and 

monitoring groups would be smaller for participants with stronger baseline attention control 

as they are more resistant to depletions in cognitive resources.   

No a priori predictions were made regarding the effects of anxiety on thought 

recurrence across the two thinking periods, given the mixed findings to date (see meta-

analyses by Magee et al., 2012 and Wang et al., 2020). However, given that attention control 

has been shown to attenuate and even reverse the relationship between anxiety and 

disengagement external threat, the possibility that attention control may moderate the 

relationship between anxiety and thought recurrence was tested.  

Regarding the relationship between attention bias on the dot-probe and thought 

suppression, no specific predictions were made. However, if the monitoring process in 

thought suppression and engagement bias are the result of automatic attentional processes, we 

would expect that engagement bias would be positively correlated with the frequency of 

thought recurrence, as they both represent hypervigilance towards threat. Similarly, if shifting 
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attention away from thoughts and images is underpinned by the same process, disengagement 

bias and thought duration should be positively correlated.  

Method  

Participants 

Study 2 hypotheses were tested using the same data collected from Study 1 and 

included data collected from thought suppression task, which is described below. All data 

was collected in one experimental session and participants completed each task once (i.e., 

Stroop Task, dot-probe, thought suppression task and questionnaires). The participant sample 

was the same as Study 1. Sample characteristics are reported in Chapter 1.  

Design 

This study employed a mixed-model design where participants completed a 

suppression task with three thinking periods. In Period 0, participants were instructed to focus 

on the target thought. In Period 1 (initial enhancement period) participants were randomly 

assigned to receive monitoring (n = 62) or suppression (n = 63) instructions in the thought 

suppression task. In Period 2 (rebound period) participants received monitoring instructions 

only. The predictor variables were trait-anxiety and Stroop Interference. The outcome 

variables were thought frequency and duration, engagement and disengagement bias on the 

dot-probe task, and self-reported cognitive avoidance. Thought duration and thought 

frequency were calculated based on reaction times on the thought suppression task.  

Materials 

Stimulus materials and equipment 

Descriptions of the stimulus materials and equipment are in Study 1. Participants 

completed each measure in the order that they are described.  
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Colour –Word Stroop. The colour-word Stroop (Stroop, 1935) was used to 

objectively measure Stroop interference (AC). This was the same task that was described in 

Study 1.  

Modified dot-probe. Attention biases to threat were assessed using a modified dot-

probe task (Rudaizky et al., 2014), which allows separate assessments of attentional 

engagement and disengagement. This was the same task that was described in Study 1.  

Thought Suppression Task. Suppression ability was measured using a variant of the 

White Bear Task. It was adapted from Lambert et al. (Wegner et al., 1987; Lambert et al., 

2014). There was only one trial, with 3 thinking periods: Period 0, Period 1, Period 2, and 

comparisons were made as per Figure 1. Complete participant instructions are in Appendix 

A. Participants were provided with the thought “I hope my friend is in a car accident”, 

following past research (Lambert et al., 2014; Magee & Teachman, 2007; Rachman et al., 

1996). It was expected that participants would be motivated to suppress this thought 

(similarly to real life intrusive thoughts) as it is high in unpleasantness and perceived 

immorality (Rachman & DaSilva, 1978).  

Across each phase, participants indicated the presence of the target thought by 

depressing the spacebar and holding it until the thought passed. In the focussing period 

(Period 0: 40 s), participants wrote the target thought and were asked to think about it. In the 

initial enhancement period (Period 1: 4 minutes), half of the participants were asked to 

suppress the thought (not think the thought: suppression group) and the others were free to 

think anything (monitoring group). All participants were asked to indicate the presence of the 

target thought. In the rebound period (Period 2: 4 minutes), all participants could think 

anything and indicated thought recurrence.  

Across each period, the presence of the target thought was coded as 0 (absent) or 1 

(present) every 0.1s. The total number of spacebar presses was summed and represented the 
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frequency variable. Across each period, the total time that the spacebar had been depressed 

was measured. To obtain the mean duration of each thought occurrence, the total duration 

was divided by frequency for each time period (Lambert et al., 2014). When only the total 

duration of thought recurrence is considered, the task does not capture how long it takes to 

disengage from each individual thought. Frequency and duration were calculated for each 

period.  

Spielberger Trait Anxiety Inventory. Trait anxiety was assessed with the 20-item 

trait subscale of the Spielberger State-Trait Anxiety Inventory (STAI-T; Spielberger et al., 

1983) as in Study 1.  

Cognitive Avoidance Questionnaire. The Cognitive Avoidance Questionnaire 

(CAQ; Gosselin et al., 2002) was the same as used on Study 1.  

Procedure 

The experimental procedure was the same as Study 1.  

Results 

Data preparation and descriptive statistics. 

Stroop interference, engagement and disengagement biases were the same as Study 1.  

Data for four participants in the thought suppression task were lost due to computer error, 

providing a total sample of N = 121. Data screening showed that thought frequency and 

duration were positively skewed and leptokurtic for Period 1 and 2, see Table 1.  
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Table 1 

Distribution Characteristics for the Distribution of Thought Frequency and Duration for 

Each Period 

Variable Skewness SE Skewness 
Skewness 

z-score 
Kurtosis 

SE 

Kurtosis 

Kurtosis 

z-score 

P1 Frequency  4.59 .226 20.31* 27.90 .447 62.41* 

P1 Duration 10.55 .226 46.68* 112.45 .447 251.56* 

P2 Frequency 2.02 .226 7.59* 5.70 .447 12.76* 

P2 Duration 6.14 .226 27.15* 46.11 .447 103.15* 

Note. N = 121; *p<.001, P1 = Initial Enhancement Period; P2 = Rebound Period 

  

Values on each measure that were greater than 3.3 standard deviations from the mean 

were rescaled to nearest valid value plus/minus one (Brewin & Smart, 2005; Tabachnick & 

Fidell, 2013). The thought suppression variables were not normally distributed; however, this 

was found in previous studies (e.g., Brewin & Smart, 2005).  Frequency variables were 

normally distributed following a square root transformation (Tabachnick & Fidell, 2013), see 

Table 2, and were used in ANOVAs, bivariate correlations, and regressions. Transformations 

did not improve the normality of duration variables so the windsorized values were used in 

all analyses. As the data violated the assumptions of normality, moderation hypotheses were 

tested using PROCESS 4.0 (Hayes, 2021) with bootstrapping as this does not require data to 

be normally distributed (Hayes & Rockwood, 2020).  
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Table 2 

Distribution Characteristics for the Distribution of Thought Frequency and Duration 

Across Each Thinking Period Using Square Root Transformations 

Variable Skewness SE Skewness 
Skewness 

z-score 
Kurtosis 

SE 

Kurtosis 

Kurtosis 

z-score 

Frequency P1 -0.17 .22 -0.77 -.082 .437 -0.19 

Duration P1 2.30 .22 10.47* 6.71 .437 15.36* 

Frequency P2 0.15 .22 0.69 -0.14 .437 -0.34 

Duration P2 1.94 .22 8.82* 3.57 .437 8.16* 

Note. N = 121; *p<.001; P1 = Initial Enhancement Period;P2 = Rebound Period  

 

Descriptive Statistics  

 Table 3 displays the means and standard deviations for attention control, trait anxiety, 

thought suppression variables, and suppression subscale (CAQ). Notably, 34 (28%) 

participants did not report a single occurrence of the target thought during the focussing 

period (Period 0) but reported at least one occurrence in either the monitor vs suppression or 

monitor only periods. The main analyses were conducted on those who reported the target 

thought at least once in Period 0 because we could confirm that those participants complied 

with the focus instructions for Period 0, and on the whole sample. Results for the whole 

sample are reported, as removing participants that did not report the target thought in Period 0 

did not significantly alter the results.  
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Table 4 reports the inter-correlations for Stroop interference, trait anxiety, thought 

suppression variables, and CAQ subscales. As reported in Study 1, there was no significant 

relationship between trait anxiety and Stroop interference. Similarly, anxiety was not related 

to thought frequency or duration at any time period in the thought suppression task. No 

significant correlations between self-reported cognitive avoidance and the frequency or 

Table 3  

Descriptive statistics for Trait Anxiety, Stroop Interference, Thought frequency and 

Duration, CAQ Subscales, and Attention Biases 

variable M SD Minimum Maximum 

STAI - T 48.55 11.07 24 77 

Stroop 

Interference 
90.43 74.74 -41.94 251.03 

Frequency P0 1.89 1.865 0 9 

Frequency P1 6.44 5.407 0 26 

Frequency P2 4.43 4.195 0 18 

Duration P0 (s) 11.01 15.50 0 60.4 

Duration P1 (s) 12.24 26.90 0 167.1 

Duration P2 (s) 24.73 52.34 0 239.7 

Suppression 15.62 5.17 5 25 

Engagement  -1.39 57.90 -142.22 149.3 

Disengagement -5.10 76.24 -235.17 270.24 

Note. CAQ = Cognitive Avoidance Questionnaire; STAI-T = Spielberger Trait Anxiety scores; P0 = Focus 

period; P1 = Initial Enhancement period; P2 = Rebound period; Frequency = total number of targets reported 

for each thinking period; Duration = the average duration (in seconds) of targets reported for each thinking 

period Suppression = suppression scores on the Cognitive Avoidance Questionnaire; Engagement = 

Engagement Bias on the dot probe, where positive scores indicate faster orientation to threat compared to 

neutral cues, and negative scores indicate faster orientation towards neutral compared to threat cues; 

Disengagement = disengagement bias on the dot-probe, where negative scores indicate attentional avoidance 

and positive scores indicate disengagement difficulties.  

N = 121 
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duration of target thoughts were found. This indicates that thought suppression ability is 

distinct from the self-reported use of cognitive avoidance outside of the laboratory.  
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Table 4 

Inter-correlations Between Trait Anxiety, Stroop Interference, Thought Frequency and Duration, Attention Biases, and Suppression (CAQ)   

 

variable 1 2 3 4 5 6 7 8 9 10 

1. STAI - T -          

2. Stroop Interference -.03 -         

3. Frequency P0 -.02 .09 -        

4. Frequency P1 -.06 -.11 .23** -       

5. Frequency P2 .05 .03 .24** .53** -      

6. Duration P0 (s) -.03 .12 .36** -.06 -.03 -     

7. Duration P1 (s) .12 -.02 -.05 .03 -11 .30** -    

8. Duration P2 (s) .02 -.12 -.11 .10 .27** -.07 .32** -   

9. Suppression .46**r -.15 <-.01 -.12 -.08 .09 .10 -.09 -  

10. Engagement  .03 .04 -.04 -.04 -.08 -.05 .13 .03 -.10 - 

11. Disengagement .10 .04 -.09 -.07 .02 -.05 -.05 -.02 <.01 -.10 

Note.  P0 = focussing period; STAI-T = Spielberger Trait Anxiety scores; P0 = Focus period; P1 = Initial Enhancement period; P2 = Rebound period; Suppression = 

suppression subscale scores on the Cognitive Avoidance Questionnaire; Engagement = Engagement Bias on the dot probe, where positive scores indicate faster orientation 

to threat compared to neutral cues, and negative scores indicate faster orientation towards neutral compared to threat cues; Disengagement = disengagement bias on the dot-

probe, where negative scores indicate attentional avoidance and positive scores indicate disengagement difficulties. 

N = 121 



 

69 

 

Comparisons between monitoring and suppression groups  

Preliminary analyses (Table 5) were conducted to determine whether the suppression and 

monitoring groups were equivalent on trait anxiety, Stroop interference, cognitive avoidance, 

and demographic variables. The monitoring group did not differ from the suppression group 

on any measures. The percentage of female participants in each condition did not differ 

significantly (Monitor = 48.5%; suppress = 51.5%), χ2(1) = .698, p = .40, phi = 0.08.   

 

Table 5 

Comparisons Between the Monitor and Suppression Groups for Age, Trait Anxiety, Stroop 

Interference and Suppression  

 
Monitor Suppress Inferential statistic 

Effect 

size 

Variable M SD M SD  d 

Age 22.15 6.69 21.72 4.14 t(123) = 0.42, p = .67 0.08 

STAI-T 47.35 10.36 49.77 11.70 t(123) = 1.23, p = .22 0.22 

Stroop 

Interference 
89.65 72.58 91.21 77.47 t(123) = 0.12, p = .91 0.02 

Suppression 15.27 5.58 15.98 4.73 t(123) = 0.77, p = .44 0.13 

Note. STAI-T = scores on the Spielberger Trait Anxiety questionnaire; Suppression = scores on the 

Suppression subscale of the Cognitive Avoidance Questionnaire.  

N = 121 

 

Thought Frequency and Duration over Time  

Separate 2 (condition: suppression vs monitor) x 2 (time: Period 1, 2) mixed 

ANOVAs were performed on thought frequency and duration. For frequency (see Table 6 for 

descriptive statistics), there was a significant main effect of time, F(1,119) = 16.19, p < .001, 

η2 = .13. Mean frequency was significantly higher in Period 1 than Period 2, d = 0.37. There 
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was no main effect of condition, F(1,119) = 0.003, p = .96, η2 < .001. The interaction between 

time and condition was not significant, F(1,119) = 0.57, p = .452, η2 <.001.  Overall, 

participants experienced a decrease in frequency in Period 2 (rebound period). The absence of 

an interaction demonstrated that suppression instructions did not result in an initial 

enhancement of thought frequency or rebound effect compared to monitoring instructions.   

 

Table 6 

Means (and Standard Deviations) of Thought Frequency (Square Root Transformed) Over 

Time for Monitor and Suppression Conditions 

 Monitor Suppress Average 

Time M SD M SD M SD 

Period 1 2.28 1.20 2.22 1.17 2.25 1.18 

Period 2 1.79 1.05 1.88 1.02 1.84 1.03 

Average 1.75 1.09 1.71 1.08 1.73 0.76 

Note. Period 1 = Initial Enhancement (suppression vs monitoring instructions); Period 2 = Rebound 

(monitoring only instructions) 

N = 121 

 

For thought duration, there was a significant main effect of time, F(1,119) = 7.28, p = 

.003, η2= .09 (see Table 7 for descriptive statistics). Duration was significantly shorter in 

Period 1 than Period 2, d = 0.36. There was no main effect of condition, F(1,119) = 2.61, p = 

.11, η2= .021, and no interaction, F(1,119) = 4.56, p = .03, η2= .038. In Period 1, suppression 

instructions did not result in an initial enhancement effect, t(119) = 0.43, p = .66, d =0.08. 

However, contrary to predictions, in Period 2 suppressors had significantly shorter durations 

than the monitoring group indicating a reversed rebound effect, t(94.10) = 1.97, p = .05, d = 

0.36. 
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Table 7 

Means and Standard Deviations of Thought Duration (seconds) Over Time for Monitor 

and Suppression Conditions 

 Monitor Suppress 

Time M SD M SD 

Period 1 13.32 27.58 11.17 26.41 

Period 2 34.12 63.46 15.50 36.65 

Total 20.56 34.44 14.36 34.16 

Note. Period 1 = Initial Enhancement period (suppression vs monitor instructions); Period 2 = Rebound 

period (monitor instructions only) 

N = 121 
 

Moderation Analyses for Thought Suppression Task 

The hypothesised moderating effect of Stroop interference on the relationship 

between anxiety and thought suppression was tested via moderated regression using 

PROCESS 4.0 (Hayes, 2021), Model 3. Separate analyses were performed on thought 

frequency and thought duration for Period 1 and Period 2. In each model, instruction 

condition (i.e., monitor = 0 vs suppress = 1), trait anxiety (STAI-T scores) and Stroop 

Interference were predictors. Thought frequency or thought duration served as the dependent 

variables. The continuous predictors were mean centred. Reanalysis of the data using 

participants who reported experiencing the target thought at least once in Period 0 (i.e., the 

focussing period), did not yield different results, therefore the results based on the entire 

sample is reported. 

Thought frequency 

Table 8 presents the regression results for thought frequency for Period 1 and Period 

2. Across both thinking periods, trait anxiety, instruction condition, attention control or their 
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interactions did not predict frequency. Therefore, there were no initial enhancement or 

rebound effects found.   

Average Duration  

Table 9 presents the regression results for the average duration of targets for Period 1 

and Period 2.  Against predictions, anxiety and attention control were not significant 

predictors of duration. Condition was a marginally significant predictor during Period 2, 

indicating that suppressors tended to disengage from the target faster in the monitoring 

period. None of the interactions were significant. 
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Table 8 

Hierarchical Moderated Regressions Predicting Frequencies (Square Root Transformations) from Trait Anxiety, Stroop Interference and Condition 

(suppress, monitor) for Each Thinking Period 

Period 1  Period 2 

Predictor b SE t p 95% CI  Predictor b SE t p 95% CI 

R2 = .03, F(7,113) = 0.27, p = .93  R2 = .02, F(5,115) = 0.36, p = .92 

Constant 2.27 0.16 14.58 <.001 [ 1.96, 2.58]  Constant 1.79 0.13 13.08 <.001 [ 1.52, 2.06] 

STAI-T -0.004 0.14 -0.29 .77 [-0.03, 0.02]  STAI-T 0.006 0.01 0.45 .65 [-0.02, 0.03] 

Stroop 

Interference 
-0.01 0.002 -0.24 .81 [-0.005, 0.0003] 

 Stroop 

Interference 
0.00004 0.001 0.01 .99 [-0.004, 0.004] 

Condition -0.02 0.22 -0.08 .94 [-0.46, 0.42]  Condition 0.07 0.19 0.35 .73 [-0.32, 0.45] 

STAI-T x 

Stroop 

Interference 

0.0002 0.0002 1.10 .27 [-0.0002, 0.001] 

 STAI-T x 

Stroop 

Interference 

0.0002 0.0001 1.24 .22 [-0.0001, 0.001] 

STAIT x 

Condition 
-0.0003 0.02 -0.20 .98 [-0.04, 0.04] 

 STAIT x 

Condition 
-0.003 0.02 -0.15 .88 [-0.04,0.03] 

Stroop 

Interference x 

Condition 

-0.002 0.003 -0.53 .60 [-0.01, 0.004] 

 Stroop 

Interference x 

Condition 

-0.0003 0.003 -0.10 .91 [-0.005, 0.005] 

STAI-T x 

Stroop 

Interference x 

Condition 

-0.0001 0.0003 -0.27 .79 [-0.001, 0.0004] 

 STAI-T x 

Stroop 

Interference x 

Condition 

-0.0003 0.0002 -1.30 .20 [-0.001, 0.0002] 

ΔR2 <.001, F (1, 113) = 0.07, p = .79  ΔR2 =.014, F (1, 113) = 1.70, p = .20 

Note. STAI-T = Trait anxiety, Period 1 = Initial Enhancement period (suppression vs monitor instructions); Period 2 = Rebound period (monitor only instructions).  

N = 121  
* p <.05.  
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Table 9 

Hierarchical Moderated Regressions Predicting Average Duration per Thought (seconds) from Trait Anxiety, Stroop Interference and Condition (Suppress, 

Monitor) for Each Thinking Period 

Period 1  Period 2 

Predictor b SE t p 95% CI  Predictor b SE t p 95% CI 

R2 = .03, F(7,113) =0.58, p = .77  R2 = .06, F(7,113) = 1.05, p = .40 

Constant 13.31 3.54 3.84 <.001 [6.59, 20.64]  Constant 33.76 6.80 4.96 <.001 [20.28, 47.23] 

STAI-T 0.23 0.34 0.69 .49 [-0.43, 0.90]  STAI-T -0.37 0.64 -0.41 .68 [-1.54, 1.01] 

Stroop 

Interference 
-0.01 0.05 -0.25 .80 [-0.11, 0.09] 

 Stroop 

Interference 
-0.12 0.09 -1.33 .19 [-0.31, 0.06] 

Condition -3.12 5.04 -0.62 .53 [-13.12, 6.88]  Condition -18.51 9.68 -1.91 .06 [-37.69, 0.67] 

STAI-T x 

Stroop 

Interference 

-0.003 0.004 -0.07 .94 [-0.10, 0.01] 

 STAI-T x 

Stroop 

Interference 

0.004 0.01 0.55 .58 [-0.01, 0.02] 

STAIT x 

Condition 
0.01 0.46 0.03 .98 [-0.90. 0.92] 

 STAIT x 

Condition 
0.36 0.88 0.30 .77 [-1.48, 2.00] 

Stroop 

Interference x 

Condition 

-0.05 0.07 -0.71 .48 [-0.18, 0.08] 

 Stroop 

Interference x 

Condition 

0.05 0.13 0.36 .71 [-0.21, 0.31] 

STAI-T x 

Stroop 

Interference x 

Condition 

-0.003 0.01 -0.40 .69 [-0.01, 0.01] 

 STAI-T x 

Stroop 

Interference x 

Condition 

-0.01 0.01 -0.57 .57 [-0.03,0.02] 

ΔR2 = .001, F (1, 113) = 0.16, p = .69  ΔR2 <.003, F (1, 113) = 0.30, p = .58 

Note. STAI-T = Trait anxiety, Period 1 = Initial Enhancement period (suppression vs monitor instructions); Period 2 = Rebound period (monitory only instructions).  

N = 121  
* p <.05. 
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Discussion  

This study investigated whether attention control moderates the relationship between 

anxiety and thought recurrence using a suppression task that dissociated thought frequency 

and duration. Against predictions, attention control did not moderate the relationship between 

anxiety and the frequency or duration of thought recurrence. Furthermore, there were no 

significant relationships between these variables.   

Our failure to find relationships between attention control and thought frequency is 

consistent with the notion that the monitoring process is relatively automatic (Wegner, 1994). 

These results showed that attention control was not related to whether the to-be-inhibited 

thought was detected in the first place. This was somewhat expected because attention control 

is only activated when there is conflict between responses (Bush et al., 2000). Frequency 

indicates the moment when suppression fails, and the thought is detected (Lambert et al., 

2014). It is the detection of the conflict without any action to remedy it and therefore it is 

unlikely to be affected by baseline attention control or cognitive depletion that results from 

repeated suppression attempts.  

The prediction that attention control would facilitate shorter thought duration was not 

supported. Thus, in our sample, baseline cognitive resources, or lack thereof, did not predict 

thought suppression failure, which contradicts Ironic Processing Theory (Wegner 1994; 

Wegner & Erber 1992). In contrast, others have found significant relationships using 

measures of working memory capacity that encompass attention control, namely Operation 

Span (OSPAN; Brewin & Smart, 2005; Gorlin et al., 2016; Kane & Engle, 2003). Notably, 

the OSPAN differs from the Stroop as the OSPAN represents how much information can be 

held in mind at one time, whereas the Stroop assesses conflict resolution between automatic 
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and strategic responses. This raises the possibility that working memory capacity is a better 

predictor of suppression performance than attention control, however this has not been tested.  

Overall, the results indicated that anxiety and attention control, nor their interaction 

predicted thought suppression outcomes. However, these unexpected findings may be 

explained by thought suppression effort, the nature of the target thought, and the relatively 

low level of thought recurrence compared to previous research (e.g., Lambert et al., 2014; 

Gorlin et al., 2016). The next section discusses these methodological considerations, as well 

as general methodological issues in the measurement of thought. 

Effort and thought suppression 

Another factor beyond capacity or ability that may contribute to thought suppression 

outcomes is effort. Anxiety is associated with greater self-reported suppression effort, 

regardless of suppression instructions, leading to higher frequencies but shorter durations 

during the initial enhancement period (Gorlin et al., 2016). This may reflect that anxious, 

compared to non-anxious, participants are more motivated to suppress negative thoughts, 

corresponding to greater effort, hypervigilance to the target, and faster disengagement. 

Additionally, the link between effort and thought recurrence during or after suppression was 

unaffected by baseline working memory capacity or the depletion of cognitive resources 

(Gorlin et al., 2016). In a similar vein, we found that anxious participants were more likely to 

report using cognitive avoidance outside of the laboratory (i.e., suppression and total CAQ 

scores, r =.43 and r = .53) but that was unrelated to performance on the thought suppression 

task. This raises the possibility that that efforts to suppress thoughts, rather than the ability to 

suppress, are a better predictor of thought recurrence. If this was the case in the current study, 

it may have obscured differences between suppression and monitor instructions as anxious 

participants may have attempted to suppress even if they were assigned monitoring 
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instructions. A methodological limitation of the present study is that suppression effort was 

not assessed. To address this shortcoming and shed further light on the potential impacts of 

effort on thought recurrence, self-reported suppression effort was used in Study 3.  

Personal relevance of thoughts 

In the current study, we found that suppression instructions in the first thinking period 

corresponded to significantly shorter durations of the target in the second period, compared to 

monitor instructions. One potential explanation for the reversed rebound effect found in the 

present study was that the target thought was personally relevant (i.e., “I hope my friend is in 

a car accident”), whereas white bear thoughts used in the original suppression task (e.g., 

Wegner et al., 1987) were not. Personally relevant thoughts are associated with smaller and 

even reversed rebound effects (Abramowitz, 2001; Magee et al., 2012; Kelley & Khan, 1994; 

Roemer & Borkovec 1994). Kelley and Khan (1994) suggested that a reversed rebound effect 

for personally relevant, but not irrelevant thoughts could be explained by participants’ 

previous experience suppressing similar thoughts. Practicing suppression in real life contexts, 

which would be expected for personally relevant intrusive thoughts, may lead to reversed 

rebound effects as participants might have developed an elaborate network of distracter 

thoughts (Kelley & Khan, 1994; see Wegner 1987, Wegner & Erber 1992). Tapping into this 

network may have facilitated disengagement from subsequent intrusions of the thoughts 

during the rebound thinking period in our study. However, using the same thought, Lambert 

et al. (2014) found classic rebound effects, where average duration increased post-

suppression.  

One caveat to this explanation is that the target thought in our study was provided to 

participants rather than being personally generated, and it could be argued that participants 

would not have had a pre-existing network of distracters to tap into. This raises a 
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methodological consideration for future research seeking to elucidate the reversed rebound 

effect – are people better at suppressing idiopathic, self-referential thoughts compared novel, 

yet personally relevant thoughts? If people do tap into a complex network of distracters to 

suppress negative thoughts they commonly experience, we might not expect to find reversed 

rebound effects for externally generated negative thoughts used in laboratory tasks. One way 

to address this question would be to compare suppression outcomes for self- versus other-

generated targets for personally relevant thoughts. If there are different effects for self- versus 

other-generated targets, it has implications for the generalisability of laboratory findings 

based on studies that provide targets to participants.    

Levels of thought recurrence in the current study  

Notably, while we failed to find relationships between anxiety and attention control 

on thought recurrence measures, this may be due to the relatively low levels of thought 

recurrence in the current study. The mean duration for each thought appeared considerably 

lower during the initial enhancement (Period 1: M = 12.24 s, SD = 26.90 s vs Lambert et al., 

M = 22 s, SD = not provided) and rebound periods (Period 2: M = 24.73 s, SD = 52.34 s vs 

Lambert et al., M = 17, SD = not provided) despite having identical period lengths. 

Frequencies also appeared to be considerably lower compared to other studies for both the 

initial enhancement (Period 1, 4 minutes: M = 6.44, SD = 5.41) and rebound thinking periods 

(Period 2, 4 minutes: M = 4.43, SD = 4.20) compared to studies that suppressed the same or 

similar thoughts (i.e., Gorlin et al., 2016: “I hope my friend loses their wallet”; Lambert et al., 

2014: “I hope my friend is in a car accident”). In Lambert et al. (2014), the approximate 

frequencies were 10 and 7 in the initial enhancement and rebound thinking periods 

respectively. Using shorter thinking periods than ours (i.e., 1 minute vs 4 minutes), Gorlin et 
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al. (2016), found comparable frequencies (Period 1: M = 4.17, SD = 7.24; Period 2: M = 

3.59, SD = 6.45) to our sample.  

This discrepancy is not likely to be explained by the instructions in our task, as the 

instructions were identical to those published by Lambert et al. (2014). Further, as the 

suppression group had more intrusions during the initial enhancement period than the 

monitoring group, it is unlikely that the low levels of thought recurrence were due to socially 

desirable responding. If participants wanted to be seen as “obeying the researcher”, 

suppression instructions would have resulted in fewer intrusions in Period 1. 

A potential explanation for the low levels of thought recurrence in the current study is 

that participants were underreporting when they were thinking about the target, or that they 

forgot to press the spacebar. Thirty-four percent of participants did not report experiencing 

the thought by pressing the spacebar during the focus period. While it is possible that some 

participants were unable to focus on the thought when asked to do so, it is also possible that 

participants did not report experiencing the thought even though it was in their minds. If 

participants did not press the spacebar whenever the thought was activated, whether 

intentionally or unintentionally, that could have led to lower levels of thought recurrence and 

may reflect a shortcoming of event marking procedures. Although this could have occurred in 

other studies, data from the focus periods of those studies were not reported so it is unclear 

whether this is a common phenomenon (Gorlin et al., 2016; Lambert et al., 2014). 

Thought recording measures  

The present study used event-marking procedures, which rely on participants to catch 

themselves thinking about targets.  The low thought recurrence in this study may be a result 

of participants only reporting when they had the exact thought “I hope my friend is in a car 

accident”, and not reporting other thoughts that may be associated with it (e.g., repercussions 
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of friend being in the accident, feelings of sadness, or grief). Although this cannot directly 

account for the discrepancy between our study and others (e.g., Lambert et al., 2014; Gorlin 

et al., 2016), as the instructions were the same as Lambert et al., it highlights potential 

limitations of event marking in general.  

While event marking procedures can allow frequency and duration to be captured, 

participants are required to determine what constitutes thinking about the thought, yet many 

studies do not inform participants on how thoughts should be classified (e.g., Lambert et al., 

2014; Gorlin et al., 2016; Magee & Teachman, 2007). During suppression, alternative 

thoughts are generated to be used as distracters, however some may be more closely linked to 

the target than others (Magee et al., 2019; Roemer & Borkovec, 1994, Wegner, 1987; 1994).  

Direct statements are those that describe the situation itself, an emotional response to it, or a 

reference to thinking (or not thinking) about it. Indirect statements are thematically related 

(e.g., involves harm to someone else) or contextually related (e.g., statements of any type 

about friends or cars). This can be conceptualized as incomplete avoidance, whereby the 

individual is thinking, at least in part, of the original target thought. In sum, we cannot be 

certain whether our participants were able to shift their focus away from the target thought 

completely using distracter thoughts (e.g., ice-cream) or whether they were using incomplete 

avoidance. Without instructions on thought classification, participants may be less accurate at 

identifying when they are thinking about targets, leading to lower levels of recurrence.   

One method that can overcome underreporting by participants is the use of a 

streaming procedure, where participants verbalise thoughts in real time and recurrence is 

coded by researchers based on transcripts (Pope & Singer, 1975). A meta-analysis of 

potential moderators of the relationship between suppression instructions and thought 

recurrence found that streaming procedures resulted in greater initial enhancement and 

rebound effects compared to button press, or similar event marking procedures (Abramowitz 
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et al., 2001). This has implications for studies that measure recurrence using self-report. 

Specifically, it may reduce effect sizes and conceal significant relationships.  

Thought suppression performance and habitual avoidance  

Another question that has been raised is whether performance on thought suppression 

tasks is linked with the use of cognitive avoidance strategies in daily life. While anxious 

participants reported higher levels of cognitive avoidance outside of the laboratory, avoidance 

did not predict frequency or duration of targets in the suppression task. This indicates that 

despite engaging in cognitive avoidance strategies more frequently (according to self-report), 

anxious participants were no better at suppressing targets than non-anxious controls. By 

extension, these results suggest that performance does not necessarily improve by repeatedly 

and habitually supressing negative thoughts (i.e., practice does not make perfect). In line with 

this, repeated suppression attempts have been shown to increase or maintain intrusions 

(Hooper & McHugh, 2013; Trinder and Salkovskis, 1994). 

From a clinical perspective, these results point to the cyclical negative effects that 

suppression has on anxiety. Anxious individuals are more likely to suppress thoughts, and the 

act of suppression can paradoxically increase the frequency and intensity of thoughts, 

contributing to ongoing anxiety and distress, although it is acknowledged that this is not 

always the case (Magee et al., 2012; Wang et al., 2020).  Furthermore, suppression can 

interfere with cognitive functioning as this effortful process can distract focus from other 

tasks, resulting in decreased performance and concentration difficulties commonly noted in 

clinical anxiety (Hallion et al., 2018). Finally, as suppression ensures that thoughts maintain 

their anxiety provoking properties, it means that anxious individuals are more likely to 

continue this strategy, despite its negative effects.  
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Internal and External Attention  

A secondary aim of Study 2 was to elucidate whether the association between 

attention processes responsible for internal and external stimuli by comparing performance 

across thought suppression and dot-probe tasks. While conceptually similar, engagement bias 

was not correlated with thought frequency. Further, disengagement bias was not associated 

with thought duration. That may simply reflect that the dot-probe and suppression task are 

very different in that the dot-probe requires orientation and disengagement from visual cues.  

However, it is also possible that, even if dimensions of thought recurrence correspond 

with engagement and disengagement biases, that may not have been detected in this study 

due to the instability of attention biases to threat. As previously mentioned, mean based 

measures of attention bias to threat have recently been criticised for their instability in 

comparison to more novel measures (i.e., attention bias variability; Carlson & Fang, 2020; 

Iacoviello et al., 2014; Zvielli et al., 2015).  

Furthermore, while we did not find evidence that engagement and disengagement 

biases correlate with though frequency and duration, evidence from Attention Bias 

Modification (ABM) tasks have shown that these constructs are related, as ABM training has 

been demonstrated to reduce clinical symptoms of anxiety, including negative cognitions 

(Amir et al., 2009; Hayes et al., 2010, Hazen et al., 2009; Schmidt et al., 2009; Waters et al., 

2013). Therefore, although we did not find evidence that attention biases to external stimuli 

corresponded to engagement and disengagement from thoughts, it is possible that this is 

because of the methodological issues described above.  

Conclusion and future directions 

Overall, the results of the current study were unable to shed further light on the 

cognitive processes that underlie thought suppression, and whether attention biases 
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correspond to facets of thought suppression. That has raised significant methodological 

questions regarding the measurement of thought suppression, specifically, the accuracy of 

self-caught event marking procedures in thought suppression tasks. As highlighted, event 

marking procedures require participants to decide what constitutes “thinking the thought” 

which is likely to be variable across participants and creates significant opportunity for error. 

This has considerable implications for studies that investigate the role of attention to thoughts 

in anxiety, because if participants are unable to accurately identify when they are thinking a 

particular thought, conclusions based on event marking studies will be weaker. However, no 

studies to date have directly compared thought recurrence outcomes across event marking 

and experimenter coded tasks. The final study (Study 3) therefore shifted focus towards the 

methodological question of whether self-caught versus other-caught measures of recurrence 

demonstrate convergent validity, and whether different methods produce different results 

when investigating the interplay between anxiety and attention control. Additionally, to shed 

light on the nature of distracter thoughts and participants’ sensitivity to classifying them as a 

thought recurrence, experimenter coded thoughts were classified as being directly or 

indirectly related to or unrelated to the target, or task-related.  
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Chapter 4: Study 3:  

Anxiety, Attention Control and Distracter Thoughts in Suppression 

Overview  

In Study 1 and Study 2 the relationships between anxiety, attention control and thought 

suppression were investigated. The findings from these studies have important implications 

for understanding the complex interplay between these psychological processes. Neither 

study found significant relationships between thought suppression and attention control, or 

between thought recurrence and anxiety. This suggests that these relationships are 

multifaceted and depend on other factors, such as cognitive load, and the distinction between 

clinical versus subclinical anxiety (Shi et al., 2019). Study 2 also highlighted broader 

methodological considerations in measuring thought recurrence, thereby setting the stage of 

the current investigation. Specifically, Study 3 investigated various measures of thought 

suppression and the types of distracter thoughts that are generated during suppression.  

Measurement Issues  

Negative thoughts are a hallmark of anxiety (Borkovec et al., 2004; Hirsch & 

Mathews, 2012) and are central to anxiety-related treatments such as Cognitive Behaviour 

Therapy, Acceptance and Commitment Therapy, and Mindfulness-based CBT (Hayes et al., 

2011; Hoffman et al., 2009; Segal et al., 2004). Laboratory studies provide controlled 

environments to test theoretical propositions underlying these approaches. Thoughts, despite 

their ubiquity, are difficult to conceptualise, operationalise and measure. Nevertheless, 

various thought measurement methods exist. Historically, methods like streaming capture 

participants’ inner dialogues by verbalising their thoughts as they occurred (Pope, 1975). 

Subsequently, experimenters coded transcripts for lapses in suppression, and is known as an 

other-caught method.  
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Another approach, self-reported event marking, described in Study 2, entails 

participants pressing a button or spacebar when target thoughts occur. This is a self-caught 

method. However, ambiguity in defining “thinking the thought” in task instructions leads to 

variability in reporting thresholds (Fikretoglu et al. 2003; Gorlin & Teachman, 2016; Lambert 

et al., 2014; Magee et al., 2019; Wegner et al., 1987). This lack of clarity may lead to 

differing thresholds of conflict detection between participants and may result in 

underreporting of target thoughts, potentially weakening the associations with variables of 

interest, such as attention control and anxiety.   

Meta-analyses (Abramowitz, 2001; Magee et al., 2012) have identified that recording 

methods moderate initial enhancement and rebound effects, with smaller effect sizes for 

event marking compared to streaming (Magee et al., 2012, supplementary material). While 

some studies have employed both methods concurrently (Davies & Clarke, 1998; Fikretoglu 

et al., 2003), few have directly compared them, as discussed below. Nevertheless, participants 

have self-reported that they were more likely to verbalise targets than to record them by 

button press, indicating participants were more compliant with streaming instructions in 

comparison to event marking methods (Davies & Clarke, 1998). Broadly this implies that 

people will respond differently using different thought sampling methods.  

Convergent validity between event marking and streaming procedures, both presumed 

to measure thought recurrence, remains an important question. Although these methods are 

proposed to measure the same construct, convergent validity has not been well-established. 

Fikretoglu et al. (2003) correlated self-reported frequencies with the total duration of target 

thoughts obtained through streaming (Study 1, rs ranged from .37 –.71; Study 2, rs = .62 – 

.76). However, these results are difficult to interpret because frequency and total duration are 

confounded (i.e., long durations limit opportunities for further recurrences; Lambert et al., 

2014; Purdon, 2004). Furthermore, in a study regarding suppressing food related thoughts, 
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event-marking and streaming frequencies were not significantly correlated, indicating 

inconsistencies between self-monitored recurrence and verbalised thoughts (O’Connell et al., 

2005).  

While streaming and event marking are inherently different, as described below, if 

they are measuring the same construct there should be considerable shared variance. This has 

implications for research focussing on thought suppression, where meta-analyses often 

incorporate studies employing event marking or streaming, under the presumption that they 

measure the same phenomenon (e.g., Abramowitz et al., 2001; Magee et al., 2012; Wang et 

al., 2020). Therefore, Study 3 assessed the extent to which these measures are correlated. 

Further, if event marking and streaming are not correlated, it raises the question of what each 

method is assessing.  

Regarding the differences between event marking and streaming during suppression, 

streaming only requires participants verbalise their thoughts while trying not to think about a 

target. Comparatively, event marking requires the identification of conflicts between current 

thoughts and the task demands (i.e., not think the target) so participants can press a button. 

Therefore, event marking may not solely reflect occurrence but also detection and subsequent 

suppression (i.e., monitoring, and operating processes).  

This raises the possibility that the degree to which event marking and streaming 

methods correspond may depend on attention control (AC). AC, measured through the Stroop 

Task (Stroop, 1935), involves detecting conflict between higher order goals and automatic 

responses. To self-report thought recurrence, one must detect when thoughts are incongruent 

with suppression goals. Higher AC should facilitate more accurate conflict detection during 

thought suppression, potentially strengthening the relationship between event marking and 

streaming procedures. Given that an overarching aim of this thesis is to investigate whether 
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attention control contributes to attentional reactions to thoughts, the proposition that it may 

facilitate greater convergent validity between thought suppression measures was tested.  

Distracter Type 

An advantage of streaming is that it captures thought content, shedding light on which 

thoughts serve as distracters. Distinguishing between different types of distracters, such as 

positive thoughts, punishing thoughts, or minor worries, can broaden our understanding of 

which types are associated with thought recurrence and effective replacements (Wells & 

Davies, 1994). The operating process is responsible for generating and selecting distracters 

and may be qualitatively more or less effective depending on the nature of the distracters it 

generates (Fikretoglu, 2003; Page et al., 2005; Reich & Mathers, 2008; Renaud & 

McConnell, 2002; Roemer & Borkovec, 1994; Wang et al., 2017; Wang et al., 2018; Wegner 

et al., 1987; Wenzlaff et al., 1988). Although many studies recommend alternative self-

regulatory strategies to suppression, including mindfulness and acceptance-based approaches 

(Litvin, 2012), these are not necessarily suitable for everyone as they demand training, meta-

cognitive awareness, and may require financial cost through therapeutic intervention (Segal et 

al., 2002; Wang et al., 2017). Given the widespread use of suppression and potential barriers 

to other approaches, it may be useful to understand whether distracter type has a differential 

effect on thought recurrence and rebound. That is, while suppression is still considered a 

maladaptive strategy, there may be ways to reduce its potential harmful effects.  

There is evidence that distraction methods influence thought recurrence. Single 

distracters specified by experimenters (i.e., focussed distraction -  “think of a red 

Volkswagen”) resulted in less intrusions compared to when  participants generated their own 

(i.e., unfocussed distraction – “think anything”; Luciano & Gonzalez, 2007; Lin & Wicker, 

2007; Magee et al., 2019; Namji et al., 2009; Wang et al., 2017; Wegner et al., 1987). 
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However, less is known about whether the type of distracters used during unfocussed 

suppression contribute to thought recurrence. This is potentially important because it may 

explain why unfocussed suppression leads to initial enhancement and rebound effects. 

Further, as will be discussed, the types of distracters used may be linked with anxiety and 

attention control.  

Anxiety and distracter type 

Self-generated distracters can be classified as being directly or indirectly linked, or 

unrelated to the target (Roemer & Borkovec, 1994). Direct thoughts are those related to the 

situation, emotional responses, and references to thinking (or not thinking) about the thought. 

In the context of the thought “I hope my friend is in a car accident”, this would include 

thoughts about car accident, or sequalae. Indirect thoughts are thematically (e.g., referring to 

an instance of harm or injury to a friend) or contextually related to specifics about the 

situation (e.g., thoughts of another friend, or buying a new car). They are not related to the 

thought itself but contain similar elements that are semantically linked (e.g., friends, cars, 

other types of accidents). Indirect thoughts are peripherally related to the target. Finally, 

unrelated thoughts, also termed neutral thoughts, are not linked to the target thought (e.g., 

grocery lists). Based on Associative Network Theory (Anderson 1983), the most effective 

distracters should be semantically and affectively dissimilar to the target because they are not 

linked in memory (Fikretoglu et al., 2003; Wegner & Erber, 1992; Wenzlaff et al. 1988; 

Wenzlaff & Wegner, 2000). For example, substituting (i.e., suppressing) thoughts of cars 

with planes would be more likely to result in recurrence compared to elephants because cars 

and planes are related (i.e., modes of transport). 

Mathews (1990) proposed that anxious cognition involves the early detection of 

threat-related thoughts and a tendency to avoid the voluntary elaboration of them (i.e., 
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avoidance of the associative network). However, Roemer and Borkovec (1994) suggested 

that in anxiety, the distracters used may be ineffective as they are linked to the target in some 

peripheral way. Indeed, anxiety provoking targets have been associated with more indirect, 

compared to direct or unrelated thoughts (Roemer & Borkovec, 1994). This can be 

conceptualized as incomplete avoidance (Roemer & Borkovec, 1994). Indirect distracters 

may perpetuate anxiety by maintaining some connection to the target while evading 

detection. This may also explain reversed rebound effects associated with anxiety (see Magee 

et al., 2012), as individuals high in trait anxiety may be using indirect distracters during 

suppression, resulting in fewer direct thoughts (i.e., less recurrence) but still maintaining 

anxiety. This study tested whether anxiety predisposes individuals to employ distinct types of 

distracters (i.e., direct, indirect, task, unrelated, no thought). Task-related and no-thought 

categories were also included as it was expected participants would think about the task due 

to the artificialness of the experiment and that at some point participants may not think 

anything at all. 

Effort 

While AC may facilitate suppression, it is also noted that effort is a necessary 

precondition of successful suppression (Abramowitz, 2001; Gorlin et al., 2016; Magee et al., 

2012; Wegner, 1994; Wenzlaff & Wegner, 2000). Having the capacity alone to complete an 

action is not sufficient to engage in the behaviour successfully, and effort is often required. 

For example, having the knowledge and physical capacity to clean the dishes without trying 

to wash them means they will remain on the sink, or putting in too little effort will result in 

plates speckled with food. The same could be said for thought suppression, in that while one 

may have the cognitive resources to do so, without intention and effort to stop thinking a 

thought, it is likely that the thought will continue, at least until the mind wanders to 
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something else. Consistent with this, when participants are given suppression instructions 

compared to monitoring instructions, they report greater efforts to keep the thoughts from 

mind, resulting in lower frequencies and shorter durations (Gorlin et al., 2016).  

However, in the context of anxiety a different picture emerges. In an online 

suppression study Gorlin et al. (2016) found self-reported effort mediated the relationship 

between anxiety and thought recurrence. Consistent past with theoretical and empirical 

evidence, they found that anxiety was associated with greater suppression effort, regardless of 

suppression and monitor instructions (Clark, 2004; Gorlin et al., 2016; Magee et al., 2012; 

Namji et al., Purdon et al., 2005; Wenzlaff & Wegner, 2000). Furthermore, higher effort was 

associated with faster deactivation of the target (i.e., shorter durations), but concurrently 

increased the likelihood that they were reactivated in the future (i.e., higher frequencies; 

Gorlin et al., 2016). Gorlin et al. (2016) acknowledged that the effect sizes in their study were 

small (rs ranging from .06 - .18) and considering the large sample size (N = 939), the study 

may have been overpowered. For effort to mediate the relationship between anxiety and 

recurrence the relationship must be reliable; yet the relationship between anxiety and 

recurrence is not consistent, and many studies have failed to find relationships between 

anxiety and thought suppression outcomes (see Magee et al., 2012 for review). Whether or 

not effort mediates the relationship between anxiety and thought recurrence has clinical 

relevance because it can provide perspective on whether suppression effort is associated with 

recurrence and consequently contributes to the maintenance of anxiety. Therefore, the present 

study also investigated whether anxiety corresponded to greater suppression effort and 

intrusions.  

Summary and Hypotheses 

Study 3 tested the relationship between streaming and event marking procedures and 

investigated the relationship between anxiety and attention control on distracter types. The 



 

91 

 

potential mediating effect of effort on the relationship between anxiety and thought 

recurrence was also investigated. This study also reassessed whether attention control 

moderated the relationship between anxiety and intrusions during active suppression and 

subsequent monitoring to clarify findings from Study 2.  

The first aim was to assess the convergent validity of subjective/self-caught (i.e., 

event marking) and more objective/other-caught (i.e., streaming) thought measures. Based on 

the presumption that streaming and event marking procedures both capture thought 

recurrence, it was expected that there would be a positive correlation between frequencies 

obtained through streaming and event marking procedures. The potential moderating effect of 

attention control, as measured by Stroop performance was also investigated. If conflict 

detection is responsible for accurately identifying when one is thinking the target, it would be 

expected that higher attention control (i.e., less Stroop interference) would result in a stronger 

relationship between event marking and streaming. 

The second aim was to test the association between anxiety and types of distracter 

thoughts.  Different types of distracter thoughts may explain reversed rebound effects that 

have been identified in previous studies. If anxiety is associated with incomplete avoidance of 

the target, it would be expected that there would be a positive correlation between anxiety 

and the proportion of indirect distracters generated during suppression (Roemer & Borkovec, 

1994).  

Self-reported efforts to suppress have been proposed to mediate the link between 

anxiety and thought recurrence, however the effect sizes were small, and the authors 

acknowledged the need for replication (Gorlin et al., 2016). Previous research suggests that 

effort will have opposing effects on frequency and duration (Gorlin et al., 2016). Anxiety is 

associated with increased suppression efforts across both suppression and monitoring periods, 

and that this increased effort will result in higher frequencies for event-marking and 
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streaming procedures. Conversely, it was predicted that anxiety would be associated with 

increased effort, but faster disengagement from targets once they are activated (i.e., shorter 

average durations). 

Finally, keeping in line with the focus of Study 2, we explored whether attention 

control moderated the relationship between trait anxiety and thought recurrence. Given the 

mixed findings to date on the relationships between anxiety and attention control on thought 

recurrence, no specific predictions were made.  

Method  

Participants 

Fifty-eight participants (45 female; aged 17 – 46 years, M = 23.10, SD = 7.0) were 

recruited through the Flinders University School of Psychology, where first year psychology 

students may volunteer to participate in research for partial course credit, or payment of 

$15.00. Participants were included if they reported normal colour vision, with normal, or 

corrected to normal visual acuity. A priori power analyses based on a small effect size, 

Cohen’s f2 = 0.15, indicated that a sample size of N = 119 would be required to have 

sufficient power for moderation analyses with three predictors (i.e., time, anxiety, and 

attention control). However, due to the COVID-19 pandemic, we were unable to recruit this 

many participants in line with time constraints, and online data collection was not suitable for 

the streaming procedure.      

Design 

This study employed a within-subjects design, where thought suppression measures 

for each time period (i.e., suppression versus monitoring) were compared. The predictor 

variables were trait-anxiety and Stroop interference (i.e., attention control). Attention control 

was calculated based on reaction times on the Colour-Word Stroop. Trait-anxiety was 
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assessed via self-report questionnaire. The outcome variables were thought frequencies and 

duration (obtained through event marking), and distracter type (direct, indirect, task-related, 

unrelated, no thought; obtained through streaming).  

Materials  

Stimulus materials and equipment 

Apparatus. The computer tasks we conducted using the same equipment and 

hardware as the previous studies, however there was the addition of a voice recorder for the 

thought suppression task. Participants verbalised their thoughts and were recorded by a 

Phillips Voice Tracer DVT4110, recordings were then transcribed using voice recognition 

software (Dragon Naturally Speaking , Version 15, Nuance Communications).  

Stream of consciousness recording. During the thought suppression task participants 

were asked to speak their thoughts aloud and these responses were audio recorded. 

Participants practiced “think out loud” using the following modified version of Pope’s (1978) 

instructions: 

“This study is concerned with how and what people think. Past studies like this 

have measured thoughts by recording people’s voices, but others have used button 

presses, so we are going to do both. For the practice, we just want you to talk 

aloud. We want to know what you are thinking, but we do not have technology that 

can tell us exactly what you are thinking, so we need you to tell us. It is really 

important that you just speak whatever is on your mind throughout the entire task. 

Please convey whatever information you can on your stream of consciousness at 

that moment. Your report might include, but is not limited to images, ideas, 

memories, feelings, fantasies, plans, sensations, observations, daydreams, objects 

that catch your attention, efforts to solve a problem. There are no restrictions, so 
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just say report whatever is going through your mind that you are aware of. You 

might find that your mind is blank, and even if you are not thinking anything, tell 

us that. Speak clearly and as loudly as you would in normal conversation (about as 

loud as I am talking now). The practice will go for 2 minutes. Do you have any 

questions? Begin.”  

Participants practiced talking their thoughts aloud, without being recorded, for two 

minutes with the experimenter present. It was necessary to have the experimenter present to 

provide feedback to participants on whether they were speaking loud enough to be captured 

by the audio recorder, and that they did not stop speaking their thoughts aloud for prolonged 

periods. Where participants did not speak for periods of 5 seconds or more, the experimenter 

provided scripted feedback at the end of the two minutes: “remember that you need to 

continuously speak your mind aloud. This is very important because we cannot tell what you 

are thinking. If your mind is blank, tell us that.” Where participants were speaking quietly or 

mumbling to the extent that the transcription software would not be able to transcribe the 

recording, the experimenter said: “Remember that you need to talk as loud as you would in 

conversation, about as loud as I am talking now.” Following the practice, the experimenter 

set up the thought suppression task on the computer.  

Thought Suppression Task. The thought suppression task was almost identical to 

the task described in Study 2. A visual depiction of the blocks of the task is presented in 

Figure 1. In Period 0, participants were asked to focus on the thought. In Period 1 all 

participants were given suppression instructions and in Period 2 all participants were asked to 

monitor the thought. Participants were asked after each thinking period to rate how hard they 

tried to not think about the thought (i.e., effort). Self-reported effort was measured as it has 

been linked with thought suppression outcomes (Gorlin et al., 2016; Koster et al., 2003).  
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In the initial enhancement period (Period 1: 4 minutes), all participants were asked to 

suppress the thought (i.e., not think the thought) and to depress the spacebar when they were 

thinking about the thought. In the rebound period (Period 2: 4 minutes), participants could 

think anything and indicated thought recurrence. While a “monitoring” condition was not 

included in Period 1, making our study ‘uncontrolled’, its focus was the role of anxiety and 

attention control during active suppression attempts, and therefore a monitoring condition 

was not required.  

 

Figure 1 

Visual representation of the phases of the thought suppression task 

Instructions → 

P0 

Focus 

40 

seconds 

→ 
Effort 

Ratings 
→ 

P1 

Suppression 

4 minutes 

→ 
Effort 

Ratings 
→ 

P2 

Monitor 

4 minutes 

→ 
Effort 

Ratings 

             

Note. P0 = period 0, focus instructions; P1 = Initial Enhancement period (suppression instructions); P2 = Rebound period 

(monitoring instructions). Effort ratings = self-reported effort to suppress, 100pt analogue scales.  

 

Independent Variables  

Stroop Interference. The colour-word Stroop (Stroop, 1935) measured Stroop 

Interference and by extension, attention control. Higher scores indicated greater Stroop 

interference, thus weaker attention control.  

Trait anxiety. Trait anxiety was assessed with the 20-item trait subscale of the 

Spielberger State-Trait Anxiety Inventory (STAI-T; Spielberger et al., 1983) as in Study 1 

and Study 2. Higher scores indicated higher trait anxiety. In the present study, the STAI-T 

demonstrated good internal consistency (α = .92). 
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Dependent Variables 

Event marking frequency. Self-reported frequency was measured by counting each 

time participants depressed the spacebar.  

Event marking duration. Self-reported duration was measured by recording the 

length of time that the spacebar was depressed. As a key interest in the present study was how 

quickly participants can shift their attention away from the target, the total duration was 

divided by frequency to give an average duration per target thought occurrence. Average 

thought duration was used in subsequent analyses.  

Distracter Type. Transcripts from the streaming procedure were generated using 

transcription software, and each statement/sentence was coded by researchers who were blind 

to scores on trait anxiety and attention control. Fifty-three transcripts were generated (8.6% 

were lost owing to equipment malfunction). There were five categories of distracter type in 

total, which are outlined below and more fully described in the coding guide (see Appendix 

B). Each rater completed 2 hours of training with the primary researcher, and interrater 

reliability was assessed using Krippendorff’s alpha for each thinking period for 25% of 

transcripts (Focus instructions, α = .87; Suppression instructions, α = .76; and Monitoring 

instructions, α = .77).  

Categories for distracter thoughts were based off previous research identifying how 

closely related thoughts were to the target (i.e., directly, indirectly, or unrelated to the target; 

Roemer and Borkovec 1994). The definitions for direct, indirect, and unrelated thoughts were 

adapted from Roemer and Borkovec (1994) however it was necessary to include two 

additional categories – task and no thought.  

Direct thoughts were defined as descriptions of the situation itself, an emotional 

response to it or a reference to thinking (or not thinking) about it. 
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Indirect thoughts were defined as thoughts that do not directly refer to the target but 

were thematically related (e.g., involves harm to someone else, “my mum was in a car 

accident”) or contextually related to the specifics of the situation (e.g., statements of any type 

about friends or cars). 

Unrelated thoughts were defined as thoughts that did not directly refer to the target 

and did not contain contextual or thematic connections to the target (e.g., “I really need to 

drink more water”).  

Task thoughts were defined as statements that reflected the nature of the task itself, 

such as how much longer the trial was, references to being recorded (e.g., “I wonder if I am 

speaking loud enough”), having experimenters read transcripts (e.g., “the person who reads 

my transcript is going to laugh at me”) or following the instructions (“I can’t remember if I 

have been pressing the spacebar when I am supposed to”). It was important to differentiate 

task related thoughts from direct thoughts and indirect thoughts because they capture the 

artificial nature of the task, and do not clearly fit within the aforementioned categories. These 

thoughts are distinct from direct thoughts, as they are not about the thought itself, or attempts 

to suppress it, which would constitute as a direct thought. Task thoughts were conceptualised 

as also being distinct from indirect thoughts as they are not related in any way to thematic or 

contextual aspects of the target thought (e.g., thoughts about friends, cars, or accidents).  

No thought was also included for any reference to the absence of thought or not being 

able to identify a thought (e.g., “my mind is blank”). While other researchers (e.g., McNally 

& Riccardi 1996; Fikretoglu, 2003) have included periods of silence in audio-recordings as 

evidence that a participant has not effectively switched to a suitable distracter (i.e., direct 

thought), this conclusion is presumptuous because there are alternative explanations for 

silence. For example, participants may disengage with the task and forget to continue 

verbalising their thoughts, or they may simply not be thinking anything at all.  
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Another consideration was the definition of what constituted a thought in the current 

study, particularly as we aimed to compare different thought recording procedures (i.e., 

streaming vs event marking. While some studies have measured frequencies using the total 

number of statements (e.g., Roemer & Borkovec, 1994; Pope, 1978), it was unlikely that 

when a participant is told to indicate recurrence via button press that they would press and 

release the spacebar for each statement, for example:  

PRESS. I hope my friend is in a car accident. RELEASE.  

PRESS. What a terrible thing that would be. RELEASE.  

PRESS. If they died that would make me incredibly sad. RELEASE. 

PRESS. Where would they crash? RELEASE.  

Instead, it was expected that participants would press and hold the spacebar down when they 

were having a train of direct thoughts, and release it when they used a distracter:  

PRESS I hope my friend is in a car accident. What a terrible thing that would be. If 

they died that would make me incredibly sad. Where would they crash? RELEASE.  

What am I going to have for dinner later?  

 

A train of thought was identified through shifts between distracter types (e.g., direct to 

unrelated thoughts; task thoughts to direct thoughts) or a significant shift in thought content 

or topic which is within the same distracter category (e.g., unrelated: “This room is really 

ugly” SHIFT “I really want to get my hair cut”). Krippendorff’s alpha for identifying the 

number of shifts in each thinking period was calculated for 25% of transcripts (Period 0, α = 

.92; Period 1, α = .82; and Period 2, α = .81). For analyses comparing self-caught versus 

other-caught measures of thought recurrence, event-marking frequencies (i.e., spacebar 

presses) were compared with the number of direct trains of thought coded by experimenters.  
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A decision also had to be made regarding how distracter type was going to be 

measured in terms of whether the total frequency, or proportion of thoughts was used for 

analyses that investigated the relationship between anxiety and distracter types. During 

preliminary analyses, it was found that there was a small positive correlation between trait 

anxiety and the total number of thoughts during suppression, r(51) = .28,  p = .042. 

Therefore, if trait anxiety was positively correlated with frequencies of particular distracters, 

it may not indicate that anxiety is associated with a specific distracter type, but instead reflect 

a greater number of thoughts overall. Therefore, the proportion of direct, indirect, task, 

unrelated and no thought was obtained for each thinking period and used in the subsequent 

analyses.  

Self-reported effort. Following each thinking period, participants rated “how hard 

did you try to not think about your friend being in a car accident” using a visual analogue 

scale (0-100), with labels (0 = not at all, 20 = minimal, 40 = somewhat, 60 = moderate, 80= 

very, 100 = extremely).  

Procedure 

The experiment took place in a laboratory in the College of Education, Psychology 

and Social Work at Flinders University, South Australia in April 2021. Ethics approval was 

sought from the Social and Behavioural Research Ethics Committee. Experimental sessions 

took approximately 45 minutes to complete. Participants completed tasks individually during 

one session. Tasks were completed in the following order: colour-word Stroop, thought 

suppression task and concurrent streaming procedure, questionnaires (See Appendix C for 

procedure outline).  
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Results  

Preliminary data screening revealed no outliers and data were acceptably distributed. 

Descriptive statistics and distribution characteristics are presented in Table 1.  

Table 1 

Descriptive Statistics for Attention Control, Anxiety and Thought Suppression by Event 

Marking (EM) and Streaming (S) Measures 

 
Min Max Mean SE Mean SD 

Stroop Interference - 23.32 259.26 78.30 10.61 80.81 

STAI-T 25 70 49.69 1.37 10.42 

Suppress Frequency (EM) 0 26 4.55 0.53 4.06 

Suppress Duration (EM) 0 98.19 19.56 2.71 20.63 

Suppress Direct (S)a 0 1 0.29 0.03 0.21 

Monitor Frequency (EM) 0 9 2.36 0.25 1.87 

Monitor Duration (EM) 0 75.69 17.25 2.15 16.33 

Monitor Direct (S)a 0 0.80 0.21 0.03 0.19 

Note. AC = attention control, STAI-T = trait anxiety; “Suppress” refers to measures taken during the first 

thinking period (i.e., suppression instructions); Monitoring refers to measures taken during the second thinking 

period (i.e., free thinking instructions). “Direct” refers to the proportion of direct statements made during each 

thinking period. Duration is the average duration of each thought in seconds.  

N = 58, a N = 53. 
 

Comparisons of thought suppression measures  

As a preliminary analysis, cases where participants mentioned the target thought 

during the streaming procedure but did not press the spacebar (i.e., did not self-report the 

thought) were counted. Interestingly, in the focus period where participants were asked to 

think about the thought, 13.2% (n = 7) verbalised the thought but did not press the spacebar 

at all, and one participant (1.8%) did not have the thought based on either measure (i.e., all 

thoughts were task related, not direct thoughts). In the suppression period, 5.6% (n = 3) 
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verbalised the thought but did not press the spacebar, and in the monitor period 7.5% (n = 4) 

verbalised the thought but did not press the spacebar. This indicated false negatives, but they 

occurred for different participants at each time period (i.e., it did not occur across multiple 

time periods for the same participants). All analyses were run including and excluding cases 

with false negatives; however, this only changed the pattern of results for one analysis. 

Therefore, analyses are reported for the whole sample, except the analyses assessing whether 

attention control moderated the relationship between event marking and streaming measures.  

In relation to the study’s primary aim to determine whether event marking and 

streaming procedures demonstrated convergent validity, correlations were conducted between 

frequencies for event marking and streaming procedures. There were two ways of calculating 

frequencies for streaming: a) the total number of direct statements (e.g., I hope my friend is in 

a car accident (direct). That would be terrible (direct). What will I have for dinner? 

(unrelated) = total of 2 direct) or b) a train of direct thoughts (e.g., I hope my friend is in a car 

accident (direct). That would be terrible (direct). What will I have for dinner? (unrelated) = 

total of 1 direct). The decision was made to compare the relative strength of the correlations 

between both streaming measures (i.e., statements vs trains of thought) and event marking 

frequencies because, as discussed earlier, it is not clear whether participants press the button 

for every individual thought/statement they have about a target, or whether button presses 

capture shifts from trains of direct thought to distracters. Finally, the strength of the 

correlations between the event marking and streaming measures were tested to see if they 

were significantly different from r ≥ .70, as this is the recommended benchmark for 

convergent validity (Carlson & Herdman, 2007).  

As expected, for both periods, there was a moderate positive correlation between 

event marking frequency and the number of direct statements during suppression, and the 

number of direct trains of thought, with no significant difference in the strength of the 
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correlations (See Table 2 for inferential statistics and correlation coefficients). However, 

during suppression the correlations did not reach the cut-off of r ≥ .70 Z = 2.11, p = .03 

(statements) and Z = 2.05, p = .04 (trains). Yet under monitoring conditions, both individual 

statement, Z = 0.77, p = .44, and train, Z = 0.00, p ≥ .99, measures met the threshold for 

convergent validity with event marking frequencies; r ≥ .70. All further analyses used trains 

of thought instead of statements because participants were not instructed to press the button 

for each individual direct thought but rather to press and hold the spacebar while they were 

thinking about the target.   

 

Table 2 

Comparisons of Correlations Between Event Marking Frequencies and Streaming 

Measures of Recurrence During Suppression and Monitoring  

 
Streaming   

 
Direct Statements Direct Trains Z p 

EMF 

Suppression 

 

.41** .46*** 0.30   .76 

EMF 

Monitoring 
.61***† .70***† 0.79 .43 

Note. EMF = event marking frequencies; direct statements refers to the number of statements or sentences 

directly related to the target for each time period; direct trains is the total number of times a person was on 

the topic of direct thoughts.  

N = 53 
* p <.05. ** p <.01. *** p <.001. † r not significantly different from .70  

  

Moderated regression analyses were used to determine whether attention control 

strengthened the relationship between self-caught and other-caught measures of thought 

recurrence (PROCESS 4.0, Model 1; Hayes, 2018). Separate analyses were for the 

suppression and monitor periods. Predictors were mean centred prior to analysis. For both 

thinking periods, event marking frequencies (self-caught) and attention control were 
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predictors and the dependent variable was direct trains of thought measured through 

streaming (other-caught). Regression results are in Table 3 .  

Unsurprisingly, in both thinking periods, event marking frequencies predicted direct 

thoughts. Attention control did not predict direct thoughts during suppression or monitoring. 

The interaction for the suppression period was not significant. Although the interaction for 

the monitoring period approached significance, post-hoc power analyses indicated that the 

study was underpowered to detect a significant effect (α = .19). If the interaction had been 

significant, the coefficients would indicate that the relationship between self- and other-

caught measures was stronger at lower levels of Stroop Interference (i.e., higher attention 

control).  
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Table 3 

Hierarchical Multiple Regressions Predicting Thought Recurrence Using the Streaming 

Procedure (S) from the Event Marking Procedure (EMF) and Stroop Interference for 

Suppression and Monitoring Periods 

Dependent 

variable 
Predictor b SE t p 95% CI 

Suppress 

Direct (S) 
      

 R2 = .25, F (3, 47) = 4.86, p =. 005** 

 Constant 3.62 0.300 12.26 <.001*** [3.03, 4.22] 

 
Stroop 

Interference 
-0.01 0.004 1.32 .19 [- 0.003, 0.01] 

 Suppress EMF 0.18 0.070 2.53 .015* [0.38, 0.33] 

 

Suppress EMF x 

Stroop 

Interference 

-0.001 0.001 1.36 .18 [- 0.001,0.003] 

 ΔR2 = .03, F (1, 49) = 1.84, p = .18 

Monitor 

Direct (S) 
      

 R2 = .46, F (3, 49) = 13.75, p < .001 

 Constant 2.11 0.16 13.26 <.001*** [1.79 – 2.43] 

 
Stroop 

Interference 
-0.001 0.001 1.25 .22  

 Monitor EMF 0.49 .08 5.82 <.001*** [0.32 – 0.67] 

 

Monitor EMF x 

Stroop 

Interference 

-0.001 0.001 1.85 .06  

 ΔR2 = .04, F (1, 49) = 3.43, p = .07 

Note. Suppress = suppression instructions, and Monitor = monitoring instructions. Direct = the proportion of direct 

statements captured using the streaming procedure.  

N = 53.  
*p <.05. 

 

Distracter type  

To assess whether there were differences in the types of thoughts that were generated, 

paired samples t-tests were conducted for each thinking period on the proportion of each 
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distracter type. Descriptive statistics are in Table 4. Ironically, participants verbalised more 

direct thoughts during suppression than monitoring, t(52) = 1.83, p = .04, d = 0.24, 

suggesting a small immediate enhancement effect. During suppression, direct thoughts were 

more prevalent than indirect, t(52) = 6.50. p <.001, d = 0.89; task related, t(52) = 5.68, p 

<.001, d = 0.78; and no thought, t(52) = 4.43, p <.001, d = 0.61. No significant differences 

between direct and unrelated thoughts were found, t(52) = -0.28, p = .39, d = - 0.04. Overall, 

32.7% of thoughts were direct, and 34.3% of thoughts were unrelated, signalling that during 

suppression participants were either directly thinking the thought or using an unrelated 

distracter.  

During monitoring, unrelated thoughts were significantly more prevalent than direct 

thoughts, t(52) = -2.76, p = .004, d = -0.38, although the difference was modest. Direct 

thoughts were verbalised more than task, t(52) = 3.58, p = <.001, d = 0.49; indirect, t(52) = 

4.18 p <.001, d = 0.57; and no thought, t(52) = 3.25, p <.001,  d = 0.45. This indicated that 

during monitoring, 43% of verbalised thoughts were unrelated to the target, whereas 26% 

were directly associated with the target following suppression. 
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Table 4 

Descriptive Statistics for the Proportion of Distracter Types Generated 

by Thinking Period 

Time period and 

distracter type 
M SD Min Max 

Suppression     

   Direct 0.33 0.25 0.00 1.00 

   Task 0.10 0.12 0.00 0.45 

   Indirect 0.08 0.09 0.00 0.40 

   Unrelated 0.34 0.20 0.00 0.92 

   No Thought 0.13 0.13 0.00 0.43 

Monitor     

   Direct 0.26 0.25 0.00 1.00 

   Task 0.10 0.17 0.00 1.00 

   Indirect 0.10 0.13 0.00 0.44 

   Unrelated 0.43 0.24 0.00 0.86 

   No Thought 0.12 0.12 0.00 0.43 

Note. Suppress = suppression instructions, and Monitor = monitoring instructions. 

N = 53 

 

 The idea that some distracters are better than others for reducing direct thoughts was 

evaluated by correlating the proportions of direct trains of thought and other distracter types 

and comparing the relative strengths of significant correlations. Significant correlations are 

reported in Table 5, and the complete results can be found in Appendix D).  
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Table 5 

Correlations between distracter type and the proportion of direct thoughts for the 

suppression and monitoring periods  

 
Direct thoughts 

 
Suppression Monitoring 

Unrelated thoughts -.65*** -.73*** 

No thought  -.40*** -.33*** 

Note. Suppression = suppression instructions, and Monitor = monitoring instructions. Direct thoughts = the 

proportion of direct thoughts. Unrelated thoughts = proportion of unrelated thoughts. No-thought = 

proportion of thoughts participants described as not thinking anything  

N = 53.  
***p <.001. 

 

Across both thinking periods, only unrelated thoughts and no-thoughts were 

significant negative predictors of direct thoughts. During suppression, there was no 

significant difference between their relative strength, Z = 1.24,  p = .213. However, during 

monitoring, unrelated thoughts were a significantly stronger predictor of direct thoughts than 

no-thought,  Z = 3.41, p < .001. Therefore, unrelated thoughts appeared to be the most 

effective distracter against recurrence for both periods, compared to other distractors, 

although during active suppression, “not thinking” appeared to be beneficial at reducing 

direct thoughts. That will be discussed later.   

Anxiety, Effort and Distracter Type 

Whether trait anxiety and attention control were related to the types of distracter 

thoughts generated during and after suppression was tested. Additionally, as self-reported 

effort (i.e., how hard a participant tried to keep the thought from mind) has been linked with 

thought recurrence (e.g., Gorlin et al., 2016), effort was included in the analyses. The 

dependent variables were the proportion of distracter types generated during each thinking 
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period and represented the types of thoughts that participants generated during the 

suppression and monitoring periods. For conciseness, significant correlation coefficients are 

reported below, and complete results can be found in Appendix D.  

Trait anxiety was positively correlated with self-reported effort during suppression 

and monitoring, r(56) = .27, p = .04; r(56) = .39, p = .003, respectively, and positively 

predicted task related thoughts during suppression  r(51) = .41, p  = .002; indicating higher 

anxiety was associated with a greater tendency to think about the task (e.g., being recorded, 

or talking aloud) and efforts to suppress the target. Anxiety was not correlated with Stroop 

Interference. Anxiety did not predict other distracter types (i.e., direct thoughts, unrelated, 

indirect, or no thoughts), indicating that anxiety was not characterised by the generation of 

lower quality distracters (e.g., direct, or indirect thoughts).  

Suppression instructions corresponded to higher suppression effort (M = 60.02, SD = 

26.21) compared to monitoring instructions (M = 45.31, SD = 29.73), t(57) = 3.48, p <.001, d 

= 0.51. The means indicated that suppression instructions corresponded with “moderate” 

suppression effort (i.e., 60 on the visual analogue scale), while monitor instructions indicated 

participants tried “somewhat” to keep the thought from mind (i.e., 40 on the visual analogue 

scale). Notably, effort was positively correlated with the proportion of direct thoughts in 

suppression, r(51) = .59, p <.001), and monitoring, r(51) = .38, p = .005. Effort was also 

moderately negatively correlated with the proportion of unrelated thoughts during 

suppression, r(51) = -.55, p < .001, which aligns with the notion that unrelated thoughts may 

be high quality distracters.  

Effort as a Mediator of the Relationship Between Anxiety and Thought Recurrence  

Mediation analyses tested the possibility that anxiety results in thought recurrence due 

to increased efforts to suppress (PROCESS, Model 4, with 10,000 bootstraps; Hayes, 2018). 
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Separate analyses were conducted for each dependent measure of thought recurrence (i.e., 

frequency, duration, and direct thoughts) for each period (i.e., suppression and monitoring). 

In all analyses, trait anxiety was the predictor variable and self-reported suppression effort 

was the mediator. All predictors were centred. For all measures of recurrence, a similar 

pattern emerged. For conciseness, only the regression results for event marking frequencies 

and average duration are reported (see Table 6 and Table 7 respectively). Regression results 

for the streaming procedure are in Appendix D.  

In all models, anxiety did not have a significant direct effect on thought recurrence 

after controlling for effort, regardless of thinking period. In the suppression period, anxiety 

was not a significant predictor of effort based on event marking frequencies, b = 0.06, [-0.09, 

1.23], p = .09; average duration b = 0.07, [-0.09, 1.23], p = .09; and the proportion of direct 

thoughts (i.e., streaming), and b = 0.33, [-0.36, 1.01], p = .33. This indicated that under 

suppression instructions, increases in anxiety did not correspond to increased effort. The 

indirect effect was not significant, indicating that effort did not mediate the relationship 

between anxiety and thought recurrence. However, effort had a significant positive effect on 

all measures of thought recurrence, indicating that increased effort corresponded to higher 

frequencies and proportions of the target, as well as time taken to disengage from the target.  

In the monitoring period, anxiety significantly predicted effort, for event marking 

frequencies, b = 1.07, [0.36, 1.78], p = .004; average duration b = 1.07, [0.37, 1.78], p = 

.004; and direct thoughts, b = 1.11, [0.37, 1.85], p = .004. But effort was not a significant 

predictor for any measure of recurrence. Interestingly, there was a significant, positive, 

indirect effect of anxiety through effort on frequencies and direct thoughts, providing 

evidence for mediation. This is consistent with the notion that anxiety results in greater effort, 

which in turn leads to greater thought recurrence.  
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Table 6 

Direct, Indirect and Total Effects from Mediation Analyses of the Effect of Anxiety on Event Marking (EM) Frequencies with Effort as a 

Mediator Across Suppression and Monitoring Periods 

 Suppression  Monitoring 

Independent variables 

and mediator 
b 95% CI [lower, upper] p  b (95% CI (lower, upper) p 

EM Frequencies R2 (1,56) = .12, p = .04*  R2 (2,55) =.06, p = .17 

Constant 4.15 [3.41, 4.90] <.001***  2.36 [1.88, 2.85] <.001*** 

STAI-T        

Total Effect -0.03 [-0.11, 0.04] .36  0.02 [-.03, 0.06] .50 

Direct Effect -0.05 [-0.13, 0.02] .14  -0.001 [.05, 0.05] .98 

Indirect Effect 0.02 [-0.01, 0.05]   0.02 [0.002, 0.40]  

Effort        

Direct Effect 0.04 [0.007, 0.07] .02*  0.02 [-.002, 0.03] .08 

Note. N=58; STAI-T = trait anxiety 

* p <.05. ** p <.01. *** p <.001. 
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Table 7 

Direct, Indirect and Total Effects from Mediation Analyses of the Effect of Anxiety on Event Marking (EM) Duration with Effort as a Mediator 

Across Suppression and Monitoring Periods 

 Suppression  Monitoring 

Independent variables 

and mediator 
b 95% CI [lower, upper] p  b (95% CI (lower, upper) p 

 

EM Average 

Duration R2 (2,55) =.15, p = .01** 

 

R2 (2,55) =.02, p = .58 

Constant 19.60 [14.47, 24.65] <.001***  17.25 [12.91, 21.58] <.001*** 

STAI-T        

Total Effect  0.46 [-0.10, 0.97] .08  .15 [-0.27, 0.57] .47 

Direct Effect 0.31 [-0.20, 0.82] .22  0.10 [-0.40, 0.54] .70 

Indirect Effect  0.16 [-0.06, 0.82]    0.06 [-0.10, 0.22]  

Effort        

Direct Effect 0.30 [0.05, 0.46] .01*  0.10 [-.10, 0.22] .45 

Note. N=58; STAI-T = trait anxiety 

* p <.05. ** p <.01. *** p <.001. 
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Anxiety, Attention Control, and Thought Recurrence  

Finally, keeping in line with Study 2, the potential moderating effects of attention 

control on the relationship between anxiety and thought recurrence both during and after 

suppression was tested via repeated measures moderated regression using MEMORE Version 

2.1, Model 3 (Montoya, 2018). The tests were based on 95% Bias Corrected total confidence 

intervals and 10,000 bootstrapping samples. Separate regression analyses were conducted for 

event marking frequencies and durations, and the proportion of direct thoughts obtained by 

streaming.  

Results based on frequencies derived from streaming measures and event marking 

procedures were similar, therefore only event marking measures are reported for conciseness 

(see regression results in Table 8). There was decrease in target thoughts from the 

suppression to the monitoring, which was significant for event marking. Neither anxiety or 

attention control, nor the interaction between them were predictors of the difference between 

suppression and monitoring periods. This indicated that while there appeared to be an initial 

enhancement effect where suppression instructions resulted in greater recurrence, this 

difference was not influenced by anxiety or attention control.  
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Table 8 

Hierarchical Multiple Regressions Predicting Event Marking Frequencies from 

trait anxiety, Stroop Interference and thinking period (active suppression, 

monitoring) 

Dependent Predictor b SE t p 95% CI 

Suppression 

- Monitor 

R2 = .06, F(3,54) = 1.13, p = .34 

 
Constant 

2.19 0.44 4.83 <.001* [1.28, 3.10] 

 
STAI-T 

- 0.04 0.04 - 0.80 .43 [- 0.12, 0.05] 

 
Stroop 

Interference 
- 0.01 0.01 - 1.65 .10 [- 0.02, 0.002] 

 

STAI-T x 

Stroop 

Interference 

0.0001 0.01 - 0.24 .81 [-0.001, 0.001] 

 

Suppression R2 = .03, F(3,54) = 0.70, p = .57 

 
Constant 

4.55 0.54 8.47 <.001* [ 3.47, 5.63] 

 
STAI-T 

- 0.02 0.05 -0.39 .70 [- 0.13, 0.09] 

 
Stroop 

Interference 
- 0.01 0.01 -1.33 .19 [- 0.02, 0.01] 

 

STAI-T x 

Stroop 

Interference 

0.0001 0.001 -0.01 .99 [-0.001, 0.001] 

 

Monitor R2 = .01, F(3,54) = 0.20, p = .98 

 
Constant 

2.36 0.25 9.42 <.001* [1.86, 2.87] 

 
STAI-T 

0.015 0.03 0.59 .56 [-0.04, 0.06] 

 
Stroop 

Interference 
0.001 0.003 0.13 .90 [-0.01, 0.01] 

 

STAI-T x 

Stroop 

Interference 

0.0001 0.001 0.43 .67 [-0.001, .001] 

Note. N = 58; STAI-T = Trait anxiety.  
* p <.05. ** p <.01. *** p <.001. 

 

For average duration, there was no significant difference between the suppression and 

monitoring periods, indicating that there was no immediate enhancement or rebound effects 

(see Table 9 for regression results). Further, anxiety, attention control and their interaction 
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did not significantly contribute to the differences between thinking periods. However, in the 

suppression period both anxiety and the interaction between attention control and anxiety 

were significant predictors of the average duration of target thoughts. This provided support 

for the notion that attention control moderates the relationship between anxiety and how long 

it takes to disengage from a target. Figure 1 illustrates that at high (b = - 0.13, p = .74) and 

average attention control (b = 0.27, p = .33), anxiety was not a significant predictor of 

disengagement. However, at lower levels of attention control, anxiety was a significant 

positive predictor of the average duration of intrusions (b = 0.83, p = .01). The lack of effects 

in the monitoring period may indicate that the effects of anxiety and AC on thought 

recurrence only apply under active suppression conditions.  
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Table 9 

Hierarchical Multiple Regression Predicting Average Duration (Event Marking) 

from Trait Anxiety, Attention Control and Thinking Period (suppression, 

monitoring) 

Dependent Predictor b SE t p 95% CI 

Suppression 

- Monitor 

R2 = .06, F(3,54) = 1.06, p = .37 

 Constant 2.46 2.94 0.79 .44 [-3.44, 8.37] 

 STAI-T 0.24 0.29 0.84 .40 [-0.33, 0.82] 

 
Stroop 

Interference 
0.01 0.04 0.33 .74 [-0.06, 0.09] 

 

STAI-T x 

Stroop 

Interference 

0.005 0.004 1.42 .16 [-0.002, 0.01] 

 

Suppression R2 = .12, F(3,54) = 2.39, p = .08 

 
Constant 

19.74 2.62 7.54 <.001 [14.49, 24.99] 

 
Stroop 

Interference 
0.02 0.03 0.48 .64 [-0.05, 0.08] 

 
STAI-T 

0.38 0.26 1.49 .04* [0.01, 0.78] 

 

STAI-T x 

Stroop 

Interference 

0.01 0.003 1.98 .03* [0.004, 0.01] 

  

 Monitor R2 = .01, F(3,54) = 0.24, p = .87 

 
Constant 

17.28 2.19 7.89 <.001 [12.89, 21.67] 

 
Stroop 

Interference 
0.004 0.03 0.14 .89 [-0.05, 0.05] 

 
STAI-T 

0.14 0.21 0.64 .53 [-0.29, 0.57] 

 

STAI-T x 

Stroop 

Interference 

0.001 0.003 0.46 .61 [-0.004, 0.01] 

Note. N = 58; STAI-T = Trait anxiety, AC = attention control.  
* p <.05. ** p <.01. *** p <.001. 
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Figure 1 

The Interactive Effects of Anxiety and Stroop Interference on Average Thought Duration 

(Seconds) During Suppression  

 

 

Note. STAI-T = trait anxiety; AC = Attention Control. High, Average and Low Stroop Interference represent the 

84th, 50th and 16th percentiles, respectively. Error bars represent the standard errors.  

 

Discussion 

Comparisons of thought suppression measures  

A key aim of this study was to assess the convergent validity between measures of 

thought recurrence obtained from event marking and streaming procedures. Frequencies 

measured using event marking were positively correlated with direct thoughts captured 

during streaming, and the strength of the relationship did not differ significantly between the 

number of direct statements and the number of direct trains of thought. Overall, the strength 

of the relationship between event marking and streaming procedures was moderate to strong 

(r = .41 to .70). Although this does provide support that both measures must reflect, at least 
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in part, thought recurrence, there is still a considerable amount of unshared variance. 

Furthermore, all but one comparison (i.e., event marking frequency and direct trains of 

thought in the monitoring period) failed to meet the recommended benchmark for convergent 

validity, r ≥ .70 (Carlson & Herdman, 2007). While that may indicate that event marking and 

streaming procedures are capturing different constructs, there are multiple explanations for 

the disparity between measures.  

One potential explanation for the differences between measures is that event marking 

captures recognition that one is thinking the target (i.e., conflict detection) whereas streaming 

procedures do not. Streaming simply requires participants to verbalise their thoughts, without 

judging their content. Of course, during the suppression period, participants were asked to 

“not think” about a particular thought so they must have been evaluating their thoughts, but 

this monitoring is comparatively covert compared to event marking where participants must 

press the spacebar each time they experience the thought. This raises the possibility that 

attention control might strengthen the relationship between event marking and streaming 

measures. Logically, if one is better at identifying conflict between an automatic response 

and top-down goals, they may be better at recognising and therefore reporting when they are 

thinking the thought, resulting in higher correspondence between the measures. However, 

follow up analyses did not find that attention control strengthened the relationship between 

event marking and streaming methods. Nevertheless, it may be premature to conclude that 

attention control does not influence the relationship between event marking and streaming.  

One potential explanation as to why attention control did not moderate the 

relationship is that participants were given little instruction on when they should press the 

spacebar. In line with other studies that used event marking, participants were told to indicate 

when they were “thinking about the thought,” without further elaboration (Gorlin et al., 2016; 

Lambert et al., 2014; Magee et al., 2019). In contrast, for the streaming procedure, coders 
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were given a definition of “direct” thoughts and other distracter types, along with examples 

and practice transcripts. Consequently, during event marking, participants were left to their 

own devices to determine what constitutes thinking a thought, and this threshold may not 

have been consistent across participants. Some participants may have only reported when 

they were thinking the exact thought, while others may have pressed the spacebar when 

thinking about when or where the car accident would happen and corresponding emotional 

reactions. It is also possible that participants were purposely not pressing the spacebar to be 

seen as compliant with suppression instructions, or they may have simply forgotten. While 

this cannot be confirmed in the current study, it highlights the need for future studies to 

monitor and control for socially desirable responding and lapses in adherence to task 

instructions (e.g., forgetting).  

Comprehension of the suppression task instructions was raised as a potential issue in 

Study 2, where 28% of participants did not report having the target thought during the focus 

period. However, in the previous study as event marking was the sole measure of recurrence, 

it could not be determined whether participants did not have the thought (i.e., did not focus 

on it as instructed) or whether they had the thought and did not press the spacebar (i.e., false 

negative). In the current study during the focus period, 12.9% (n = 7) of participants did not 

press the spacebar when they were asked to focus on the target, despite verbalising direct 

thoughts. While the percentage of these false negatives decreased during suppression (5.5%, 

n = 3) and monitoring (7.4%, n = 4) indicating that participants may have needed additional 

practice, the presence of false negatives may also indicate that self-report measures are not a 

reliable measure of thought recurrence.  

To resolve these issues, future comparisons of event marking and streaming could 

compare whether additional instructions in the event marking procedure result in stronger 

convergent validity. This is important because most of the emerging research uses event 
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marking. If people are not good at identifying when they are thinking a thought, conclusions  

based on these measures will be compromised. While it is acknowledged that the definition 

of direct thoughts used in streaming is arbitrary, it should provide some level of uniformity to 

help rule out differing operationalisations of direct thoughts as a potential explanation for the 

difference between measures.  

A limitation of the current study is that the average duration of thoughts was not able 

to be calculated for the streaming procedure as only written transcripts were available to 

coders based on the conditions of ethics approval, and time constraints prevented calculating 

durations from time stamping. Consequently, the current study was unable to compare 

durations for event marking and streaming procedures. Average thought duration is an 

important dimension of thought recurrence, as it reflects how long it takes to disengage from 

the target (Lambert et al., 2014). Therefore, it is recommended that future comparisons of 

event marking and streaming allow for the calculation of duration for both methods. In 

streaming, this is typically done by listening to thought recordings and timing how long it 

takes for content to shift from direct thoughts to other distracter types (Fikretoglu et al., 

2003).  

Both event marking and streaming procedures have benefits and limitations. On one 

hand, event marking procedures can capture frequency and duration easily and can be done in 

laboratory and online settings (e.g., Gorlin et al., 2016; Lambert et al., 2014). However, the 

quality of the data depends on participants understanding on what constitutes thinking the 

thought, and accurate reporting. On the other hand, streaming requires more resources 

(experimenter coding) and equipment (voice recorders, which are susceptible to 

malfunctions), and may place participants under additional stress due to being recorded. 

However, streaming is less susceptible to underreporting by participants, whether intentional 

or not. Streaming also allows for a richer understanding of the types of thoughts that people 
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use to distract themselves during and after suppression. This is a relative strength, particularly 

where researchers are interested thinking patterns or cognitive styles that are associated with 

anxiety or other disorders.  

Anxiety and Distracter Type 

We investigated whether trait anxiety is associated with the use of specific types of 

distracter thoughts. During suppression and monitoring, anxiety was not correlated with the 

proportion of direct thoughts. This is consistent with meta-analytic evidence that suggests 

that trait anxiety is not a reliable predictor of thought recurrence (Magee et al., 2012), 

indicating that dispositional anxiety is not associated with deficits in suppression ability. 

Anxiety was positively correlated with the proportion of task-related thoughts during 

suppression, indicating an increased focus on the task. This may not be surprising, given 

participants high in trait anxiety may be more likely to be worried about doing the task 

‘correctly’, corresponding to a higher proportion of thoughts related to the task itself.  

Notably, anxiety was not correlated with other types of distracters, including indirect, 

unrelated or no thought, and is therefore inconsistent with the notion that anxiety is 

characterised by incomplete avoidance (i.e., indirect thoughts; Roemer & Borkovec, 1994). 

For the entire sample, the proportion of time spent thinking about direct thoughts and 

unrelated thoughts was similar in the suppression period and significantly higher than the 

proportion of indirect, task, or no-thoughts; indicating that participants tended to use 

unrelated thoughts as a distraction strategy. Additionally, there was a significant negative 

correlation between the proportion of direct and unrelated thoughts, indicating that the most 

effective distracters were those that were unrelated to the target. In contrast, thinking about 

the task, experiencing an indirect thought that is peripherally related to the target, or not 

thinking anything had no relationship with the proportion of direct thoughts. Other research 
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(e.g., Magee et al., 2019) found that unrelated thoughts are the most effective distracters 

during suppression, and our study extends these findings as participants had a natural 

tendency to generate unrelated distracters, whereas previous studies had directed participants 

to use specific thoughts (e.g., think about a Red Jeep). All together, these findings suggest 

that people naturally use unrelated thoughts as distracters, and that these thoughts are the 

most effective at warding off target thoughts. This is not to say that suppression using 

unrelated distracters is adaptive, particularly as the results indicated that suppression effort 

was associated with increased thought recurrence in this study. As expected, suppression 

instructions resulted in significantly higher efforts to suppress the target compared to 

monitoring instructions. Ironically though, suppression instructions resulted in significantly 

higher proportions of direct thoughts and frequencies of the target, than monitoring 

instructions, indicating potential immediate enhancement effects, which will be discussed in 

further detail later.  

Anxiety, Effort and Thought Recurrence  

We tested the proposition that anxiety is associated with increased thought 

suppression effort, and this in turn results in greater thought recurrence (Gorlin et al., 2016). 

Although we used a non-clinical sample, mean trait-anxiety was M = 49.69, SD = 10.42 

which is above the optimal cut off value of 44 used to differentiate between clinically anxious 

and healthy adults (Ercan et al., 2015). Therefore, it appeared that our sample contained 

sufficient levels of trait-anxiety when comparing low (16th percentile) and high (84th 

percentile) scores on the STAI-T.  Under suppression instructions, anxiety did not predict 

effort ; however, this may be unsurprising as all participants were instructed to not think the 

target. Nevertheless, effort was associated with higher frequencies and proportions of direct 

thought during the suppression period.  
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In contrast, during the monitoring period, effort mediated the relationship between 

anxiety and the frequency and proportion of direct thoughts, but not the average duration of 

thoughts. Although the externally imposed goal to not think the target was removed, anxious 

participants reported greater suppression effort. The link between anxiety and effort in the 

monitoring period is consistent with findings that anxiety is associated with an avoidant 

cognitive style (Günther et al., 2022) and can potentially explain why worrisome thoughts 

continue even when the explicit goal to suppress has been relinquished. If anxious people 

have trouble letting go of the suppression goal (i.e., continue suppression efforts), the 

monitoring system will continue to be hyper-vigilant towards the target, thus increasing the 

thoughts activation.  

Comparatively, effort may not mediate the relationship between anxiety and duration 

because there is no explicit goal to disengage under monitoring conditions, or because 

attentional resources required to redirect attention from the thought have been exhausted by 

past suppression attempts. In this study, effort was a positive but non-significant predictor of 

duration. This contrasts with findings that during monitoring, anxiety was associated with 

higher effort and shorter durations (Gorlin et al., 2016).  

These discrepant results could be the result of the different lengths of the suppression 

and monitoring periods in each study. Gorlin et al. (2016) used 1 minute thinking periods in 

comparison to the 4-minute thinking periods in the current study. Evidence suggests 

following suppression instructions, the average duration of target thoughts increases over 

each minute in the subsequent monitoring period (Lambert et al., 2014). Therefore, the role of 

effort may differ as a function of time due to the depletion of cognitive resources. Following 

suppression, increased effort may result in shorter durations during the first minute of the 

monitoring period, but as time goes on and effort depletes cognitive resources, average 

duration may increase. While this explanation is possible, it needs to be tested. Although the 
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specific mechanism by which effort impacts thought recurrence requires further investigation, 

the finding that anxiety is associated with greater effort once suppression instructions has 

ceased appears to be consistent across studies (e.g., Gorlin et al., 2016).  

Anxiety, Attention Control, and Thought Recurrence  

Keeping in line with Study 2, the moderating role of attention control on the 

relationship between anxiety and thought recurrence was also investigated. During 

suppression, attention control weakened the relationship between anxiety and duration. This 

indicated that trait anxiety combined with weaker attention control led to greater difficulties 

disengaging from the target. The finding that attention control facilitated disengagement from 

the target in anxious participants is consistent with Ironic Processing Theory’s assumption 

that the operating process, which is responsible for directing attention towards alternative 

thoughts once the target has been detected, is dependent on cognitive resources (Wegner 

1994). Further, the finding that attention control did not influence the relationship between 

anxiety and the frequency or proportion of direct thoughts gives support to the idea that these 

processes are automatic and independent of cognitive resources (Wegner, 1994).  

The results also suggested that there were immediate enhancement effects in the 

current study, whereby initial suppression instructions resulted in greater frequencies, but not 

durations of target thoughts, compared to the monitoring period. This finding is inconsistent 

with literature that efforts to suppress thoughts are initially successful but become less 

effective over time, which would indicate rebound effects (Abramowitz et al., 2001; Magee et 

al., 2012; Wang et al., 2020).  

It has been suggested that immediate enhancement effects are only observed under 

cognitive load (Wang et al., 2020), which may explain the initial enhancement effects found 

in the current study. While participants were not intentionally placed under cognitive load, 
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the experiment itself may have been cognitively demanding as they were required to 

verbalise their thoughts aloud and monitor the rate and volume of their speech to ensure that 

it was being captured by the recording device. This, in combination with completing the 

colour-word Stroop, may have placed sufficient load on the participants such that immediate 

enhancement effects were observed. 

Summary and Future Directions 

In reconciling the present study with past research and theoretical accounts it appears 

that both increased effort and lower attention control contribute to thought suppression 

difficulties. Consider a scenario where an anxious and non-anxious person may need to 

engage in thought suppression of irrelevant or potentially anxiety-provoking thoughts during 

a meeting (e.g., missing a deadline). Based on the current findings, both appear to place the 

same effort into suppression and tend to use unrelated thoughts as the primary distracter type. 

During the meeting, the anxious individual may struggle to redirect their attention away from 

the deadline due to increased emotional reactivity to the thought, and subsequent disruptions 

to top-down regulation of attention (Amir & Bernstein, 2022). However, if the anxious 

individual has sufficient attentional resources, this can attenuate the slowing effect that 

anxiety has on disengagement. Critically, after the meeting when the need to suppress 

deadline-related thoughts has gone, the anxious person continues their suppression efforts, 

but this results in more thoughts of missing the deadline. This raises questions regarding 

sustained suppression effort and not only why it is more likely to occur in anxiety, but how it 

results in rebound effects.  

The simplest explanation for continued suppression effort after it is no longer required 

is that cognitive avoidance is a keystone of anxiety and the sustained effort is intentional. 

Nevertheless, it is also possible that anxiety is associated with compromised executive 
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function(s) responsible for updating superordinate goals, making sustained effort less 

intentional (e.g., Attention Control Theory, Eysenck et al., 2007; Eysenck et al., 2023). 

Supporting this, anxiety, trait-worry, and repetitive negative thinking have been linked with 

poorer removal of no-longer relevant information from working memory (i.e., updating; 

Berggren & Derakshan, 2013; Gustavson & Miyake, 2016; Moran, 2016; Roberts et al., 

2021; Zainal & Newman, 2018; Zetsche et al., 2018). Anxiety has also been linked with 

difficulties shifting between cognitive sets (Ansari et al., 2008; Ansari & Derakshan, 2010; 

Booth, 2014; Derakshan et al., 2009; Goodwin & Sher, 1992; Orem et al., 2008). Cognitive 

sets refer to mental frameworks, rules and criteria that can be used to respond to information. 

When there is a change in goals (e.g., when suppression instructions are no longer relevant) 

the cognitive set needs to be adjusted to accommodate these changes. However, if anxious 

people have difficulty updating the suppression goal and shifting cognitive sets, they may 

continue to monitor for the thought, thus increasing the likelihood that it would be 

reactivated.  

Not only can sustained effort result in rebound effects by priming the monitoring 

system, but also by reducing the efficiency of the operating system through the depletion of 

cognitive resources (Gordijn et al., 2004; Wegner, 1994). While there is no direct evidence 

that level of effort corresponds to resource depletion, it is possible that intensive efforts to  

suppress could result in greater depletions.  Therefore, suppression diminishes the resources 

needed to regulate attention towards alternative thoughts. Although suppression effort is 

growing as a mechanism of interest (Gorlin et al., 2016; Lambert et al., 2014; Magee et al., 

2019), the potential interplay between effort, attention control and their transactive effects on 

suppression outcomes is arguably under researched. Elucidating the underlying reasons for 

sustained suppression effort, regardless of whether they are intentional or reflect executive 

dysfunction, may be useful for clarifying potential targets for intervention.  
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A second key finding was that people are not necessarily good at self-catching or 

identifying when they are thinking about a target, which may be due to inconsistent 

definitions of “thinking the thought”, purposeful under reporting, or even suboptimal conflict 

detection or difficulties with meta-awareness (i.e., awareness of the content of cognitions). 

The differences between event marking and streaming methods add to a growing body of 

evidence that people may not be able to accurately identify their thoughts. While this has 

clinical implications, which will be explored in the general discussion, it also highlights 

methodological concerns regarding tasks employed to capture thoughts.  

While self-caught (e.g., event marking) methods have been useful in identifying 

general cognitive patterns such as negative thinking styles in anxiety, the evolution and 

refinement of thought measures is essential as event marking measures may mask true 

suppression due to under-reporting. Understanding why people may be inaccurate at 

reporting their thoughts is crucial to refining current measures and developing alternative 

tasks. Future studies may wish to investigate the potential effects of cognitive load on thought 

catching or assess whether additional instructions improve the convergent validity between 

event marking and streaming methods. While we did not find that increased attention control 

strengthened the relationship between self- and other caught methods, this may be due to the 

limited definition of “thinking the thought” that was provided to participants or due to 

challenges with power. In summary, future research may benefit from clarifying the reasons 

for under-reporting using self-caught methods, as this can lead to improved tasks and 

ultimately improve our understanding of thought processes.  
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Chapter 5: General Discussion  

This dissertation investigated the relationships between anxiety, attention control and 

reactions to external threats (i.e., images) and anxiety provoking thoughts. Of particular 

interest was whether the ability to inhibit irrelevant information attenuated the relationship 

between trait anxiety and attention biases to images and thoughts (Study 1, Study 2, and 

Study 3). Study 2 and Study 3 investigated whether attentional reactions to threat were 

underpinned by similar processes by comparing attention biases for images (i.e., dot-probe 

task; Rudaizky et al., 2013), negative thoughts (i.e., thought suppression task, Lambert et al., 

2014) and self-reported habitual avoidance strategies (Cognitive Avoidance Questionnaire, 

Gosselin et al., 2002; Sexton & Dugas 2009). Finally,  Study 3 also provided a direct 

comparison of different methods of capturing thought recurrence (i.e., streaming and event 

marking procedures) during suppression tasks. Shedding light on the processes underlying 

attention biases can inform current and future treatment approaches that aim to modify these 

biases (i.e., Attention Bias Modification, ABM). Furthermore, findings regarding individuals’ 

ability to identify target thoughts have implications for psychological treatment of anxiety 

disorders (e.g., cognitive behaviour therapy and mindfulness).  

Attention Control as a Moderator of the Relationship Between Anxiety and Reactions to 

Threat  

Attention control has been proposed to explain the mixed findings regarding attention 

biases in anxiety. One possibility is that attention control can attenuate or even reverse 

attention biases in anxiety (Derryberry & Reed, 2002; Gorlin et al., 2015; Reinholdt-Dunne et 

al., 2009; Taylor et al., 2016). Partial support for this proposition was found as attention 

control moderated the relationships between anxiety and attentional responses to threat to 

external (Study 1) and internal stimuli (Study 3); albeit the patten was opposite for internal 
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versus external threat. Consistent with theoretical predictions (e.g., Attention Control Theory, 

Eysenck et al., 2007), at low control when trait anxiety increased, there was slowed 

disengagement from negative thoughts. That relationship became non-significant at higher 

control. Unexpectedly, in Study 1, at higher attention control, there was a positive 

relationship between anxiety and the time taken to shift attention away from negative images 

but as control decreased, the relationship became less positive. Briefly, as discussed in Study 

1, disengagement may have been facilitated in low-control participants because they used 

compensatory strategies, resulting in better filtering of task-irrelevant information. 

Conversely, delayed disengagement may have occurred in high-control participants because 

the task demands did not reach the threshold for these compensatory strategies (Basanovic et 

al., 2021; Berggren & Derakshan, 2013; Bishop, 2007; 2009; Pessoa, 2010).   

Despite the mixed results regarding the direction of the effects that attention control 

has on later stage attentional reactions, there was a consistent lack of effect of attention 

control on engagement with (orientation towards) threat on the dot-probe and thought 

suppression tasks. This is consistent with a growing body of evidence that suggests 

disengagement from, but not engagement with, external threat is influenced by top-down, 

later stages of processing (e.g., Taylor et al., 2016). So far, these results suggest that attention 

control impacts on disengagement from threat in the context of anxiety. This raises the 

question of why attention control has the greatest effect on disengagement.  

One potential reason is that anxious participants are more likely to become stuck on 

threat in the first place. Mild threat cues are believed to impair attention control to a greater 

degree in anxious than non-anxious people (Eysenck et al., 2007).  For example, a person 

who is anxious about an upcoming deadline might have difficulties suppressing thoughts 

about that deadline while they are in a meeting because that deadline appears threatening. In 

contrast, a less anxious person can stop thinking about the deadline more easily because the 
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deadline is interpreted to be less threatening. Where there is a predisposition to focus on 

negative information (e.g., trait anxiety), additional cognitive resources will need to be 

allocated to shift to alternative thoughts. Therefore, stronger attention control may be of 

greater benefit in contexts where a person is more likely to become stuck, such as when the 

thought appears threatening.  

Our results contribute to a growing body of evidence that suggests that attention 

control can modify later-stage attention biases in anxiety and impact how they manifest 

(Study 1, Study 3; Gorlin et al., 2015; Taylor et al., 2016). This has implications for attention 

bias modification (ABM) procedures that aim to reduce anxiety. ABM procedures typically 

focus on reducing hypervigilance to threat, by training attention towards neutral or positive 

stimuli (Beard et al., 2012; Hallion & Ruscio, 2011; Hakamata et al., 2010; Krujit et al., 

2019; Mogoaşe et al., 2014; Price et al., 2016). However, meta-analyses reach differing 

conclusions regarding the effectiveness of ABM. Some found threat-avoidance training has 

no reliable anxiolytic effect (Cristea et al., 2015), others concluded effects were comparable 

to first line interventions (e.g., psychotherapy and selective-serotonin re-uptake inhibitors; 

Hakamata, 2010), and others identified modest symptom reductions (Beard et al., 2012; 

Hallion & Ruscio, 2011; Mogoaşe et al., 2014; Price et al., 2016). Furthermore, some studies 

have found that training sustained attention toward threat was associated with greater 

reductions in symptoms compared to attention control training and threat-avoidance training 

(Boettcher, 2013). Sustained attention to threat may attenuate anxiety through the process of 

habituation (Foa & Kozak, 1996). These differing results suggest that a one-size-fits-all 

approach to ABM may not be optimal for reducing anxiety, and as will be discussed next, 

could be a double-edged sword.   

Theoretical and empirical evidence suggests that attention control attenuates 

disengagement difficulties or even reverses them, leading to attentional avoidance 
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(Derryberry & Reed, 2002; Gorlin et al., 2015; Reinhold-Dunne et al., 2009; Taylor et al., 

2016). ABM procedures train attention away from threat by presenting probes at the location 

of neutral images in negative/neutral pairs. While attenuating disengagement bias through 

threat-avoidance training may reduce anxiety, this training has the potential to create 

attentional avoidance, which is proposed to maintain anxiety (Cisler et al., 2009). A meta-

analysis found that interventions with high numbers of training trials did not reduce social 

anxiety, but those with less sessions did (Price et al., 2017). The authors suggested that 

excessive training of avoidance could have resulted in overcorrection of disengagement 

difficulties and rigidity, thus cancelling the beneficial effects of earlier trials that promoted 

attentional flexibility (Price et al., 2017). In effect, one bias could be traded for (or trained 

into) another, but both contribute to anxiety.  

This raises questions about whether ABM approaches could be tailored to avoid this 

double-edged sword. Consistent with the view that attention control may moderate the effects 

of ABM, a meta-analysis found ABM was more beneficial for those with lower attention 

control compared to higher control (Pergamin-Hight et al., 2015), however other studies have 

found opposite effects (Ollendick et al., 2019. Therefore, tailoring the type of ABM (e.g., 

threat-avoidance versus threat-approach) based on participants pre-training bias and attention 

control may improve the overall anxiolytic effects of ABM.  

One study tailored ABM based on pre-existing bias type, and bias-contingent ABM 

training reduced post-traumatic stress symptoms (Lazarov et al., 2018). Further investigation 

of this finding is recommended as all participants received ABM that was proposed to target 

their pattern of bias, and therefore whether being mismatched (i.e., disengagement difficulties 

targeted using threat-approach training) reduces the efficacy of ABM remains unclear. 

Additionally, there is emerging evidence that suggests that attention control training, where 

probes replace negative and neutral images equally, is also associated with reductions in 
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anxiety (Boettcher et al., 2013) and posttraumatic stress symptoms (Badura-Brack et al., 

2015; Lazarov et al., 2018).  Overall, further investigation of whether improved anxiety 

reduction follows from tailored ABM procedures, or general attention control training is 

warranted as it can lead to the refinement of computer-based interventions for anxiety.  

Do External and Internal Attention Biases Share Common Underpinnings? 

A novel contribution of this thesis was to test the assumption that research 

investigating external attention (i.e., sensory-perceptual tasks such as the dot-probe) extends 

to internal attention processes (e.g., the selection and maintenance of attention towards 

thoughts). We found that attention control, measured using an external attention task, 

moderated the effects of anxiety on attentional responses to images (i.e., external stimuli) and 

thoughts (i.e., internal stimuli, Study 1 & Study 3). However, when direct comparisons were 

made between external and internal attention tasks (i.e., dot-probe and thought suppression 

tasks), attentional capture by negative thoughts and images were not related. This was the 

same for disengagement from negative images and thoughts.  

Methodologically, the dot-probe and thought suppression tasks are distinct and this 

may explain why they were not related. The dot-probe cues attention at multiple points 

during a trial (i.e., anchoring and then signalling where to shift/maintain attention; Rudaizky 

et al., 2013), whereas there is no such cueing in the thought suppression task apart from the 

overarching goal to “not think about” the target. Further, the images disappear in the dot-

probe after 500ms, whereas the target thought in thought suppression remains in awareness 

until an alternative thought is generated. From this perspective, the dot-probe primes 

attentional shifts because the stimuli disappear and a probe appears quickly, whereas the 

thought suppression task does not (Falkinger, 2008; Kahneman, 1973).  
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A second consideration is the way in which engagement and disengagement bias were 

calculated for each task. Traditional methods of calculating attention biases on the dot-probe 

average across multiple trials and blocks to determine attention bias. However, there is 

increasing evidence that these mean-based measures of attention bias show low levels of 

reliability across trials and time (e.g., Price et al., 2015; Schmukle, 2003; Staugaard, 2009), 

and Zveilli and colleagues challenged whether attention biases are stable or dynamic (Zveilli, 

Berstein & Koster, 2015). Zveilli et al. developed a novel way of computing trial-by-trial 

attention bias, to obtain a score of attention bias variability. Attention bias variability 

measures fluctuations in attentional allocation towards and away from threat (Zveilli et al., 

2015).  It has greater reliability and appears to be more strongly associated with different 

measures of psychopathology than mean-based measures of attention bias (Carlson, Fang & 

Lin, 2020; Naim, Pine, Bliese & Bar-Haim 2019; Rodebaugh et al., 2016; Shäfer et al., 2016; 

Zveilli et al., 2015). Throughout this dissertation, similar mean-based measures of attention 

bias to thought were also calculated. With respect to frequency (engagement bias), the total 

number of thoughts was calculated for each 4-minute period. Duration (disengagement from 

thoughts) was calculated by dividing the total duration of the target thoughts, divided by the 

frequency provided a measure of average duration. This way of calculating internal attention 

biases may be subject to the same criticisms as mean-based measures of external attention 

bias in that they are not susceptible to fluctuations or variability in these biases. 

Amir and Bernstein (2022) describe a dynamic computational model of internally 

directed attention: the Attention to Thoughts model (A2T), which suggests that there may be 

variability in internal attention biases. Briefly, the model characterises the dynamic interplay 

between four key components from moment to moment in time (see Figure 1 for a graphic 

representation).  Contextual demands (i.e., situational demands for effortful attention) 

influence internal attentional selection of mental representation for preferential processing 
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(path a); this subsequently activates representations in working memory (path b) which 

contributes to affective experience (path c). Both working memory representations and 

emotion are proposed to feed back into further internal attentional selection (paths d and e), 

by biasing internal attention in favour of content- and affect –congruent representations 

(Amir & Bernstein, 2022; Eich, 1995; Hollingworth & Luck, 2009; Smallwood, 2013; 

Williams et al., 2007). From this perspective, thought recurrence, which is believed to reflect 

biased attention towards a target, is the result of dynamic and temporally unfolding processes. 

 

Figure 1  

Overview of Amir and Bernstein’s (2022) Attention to Thoughts (A2T Model) 

 

Note. Adapted from Amir & Bernstein 2022. Path a reflects cognitive control (i.e., task demands biasing 

attention allocation towards task relevant goals; path c represents emotional reactivity to working memory 

representations. Paths d and e show cognitive and emotional reactivity biasing the subsequent selection of 

material. 

 

The idea that internal attention relies on dynamic and interactive processes raises the 

possibility that traditional measures of thought recurrence that rely on averaging the duration 
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of target thoughts or summing the total frequency over time are not sensitive to the potential 

variability in biased processing of internal stimuli (Amir & Bernstein, 2022). There is initial 

evidence of variability in biased processing of self-referential thoughts based on a simulated 

thought task. Ruimi et al. (2023) found that participants’ disengagement bias to audio-

recordings of themselves speaking negative thoughts was more varied compared to neutral 

thoughts. This provides tentative evidence that internal attention biases may be variable, but 

the thoughts were simulated and presented externally, therefore, further investigation is 

necessary.  

Attention bias variability has been linked with trait anxiety, and it is possible that this 

extends to internal stimuli (Clarke et al., 2020). Developing measures that capture this 

moment-to-moment variability improve our understanding of the processes underlying biased 

attention to thoughts and shed light on potential treatment targets. It is not yet clear whether 

attention bias modification (ABM) programs that use external training paradigms (e.g., dot-

probe) have a direct impact on biased internal processing, however there is some evidence 

that Cognitive Behaviour Therapy (CBT) combined with ABM led to a greater reduction on 

automatic thoughts compared to CBT alone, meaning that it may be advantageous as an 

adjunct therapy (Lin et al., 2023).  

Whether or not internal and external attention rest on similar processes has 

implications for the treatment of anxiety. Although interventions that focus on training 

attention using external methods (e.g., auditory stimuli in the Attention Training Technique; 

Wells, 2002) are presumed to influence internal attention processes, it is also possible that 

these effects do not transfer to internal attention. Evidence suggests that successful transfer 

depends on whether the intervention evokes the same or similar cognitive processing of 

emotional material as the target situation (Hertel & Mathews, 2011; Hoppitt et al., 2010; 

Leung et al., 2022). Therefore, training attention to disengage from external stimuli may not 
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generalise to thoughts because the cognitive processes involved are too distinct. Overall, this 

may explain why these methods appear to have small to modest effect sizes (e.g., Beard et al., 

2012; Hallion & Ruscio, 2011; Mogoaşe et al., 2014; Price et al., 2016) while treatments that 

focus on challenging negative thoughts report stronger effects (e.g., cognitive behaviour 

therapy; Carpenter et al., 2018; Cuijpers et al., 2016; Olatunji et al., 2010; Otte, 2011). 

Negative thoughts are a core and debilitating symptom of anxiety, and further understanding 

of the processes that underly attention to them can also highlight potential ways to modify 

them. Although a consistent challenge for researchers is how attention to thoughts is 

measured.  

Gotcha! Self- versus Other- caught Thoughts During Suppression. 

Whether or not people are accurate at identifying and reporting their thoughts has 

both scientific and clinical implications. It is important to acknowledge that self-report 

measures may be biased by contextual and motivational factors, and these biases can occur 

outside of participants’ awareness (Nisbett and Wilson, 1977). Problems with the validity and 

reliability of self-reports limit the potential for event marking measures to be useful as a tool 

for understanding processes underlying thought suppression. Schooler (2002) suggested that 

“triangulation” can quantify these inaccuracies by examining the strength of correlations with 

objective measures. To address this, event marking and streaming procedures were compared 

on a thought suppression task to investigate convergent validity (Study 3). Acceptable 

convergent validity between the two methods was only found when all participants were 

asked to monitor their thoughts. This may indicate that self-caught methods (e.g., event 

marking) are at risk of demand effects (i.e., underreporting of targets) during suppression and 

therefore this measure may have less utility when studying processes underlying thought 

suppression.  
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The lack of convergent validity may also have occurred because threshold of 

determining what constitutes a thought is variable between streaming and event marking 

methods. Streaming provides manualised definitions to trained coders and does not require 

moment by moment reflections or judgements. For event marking the definition of a target is 

comparatively vague (i.e., press the button when you think the thought), and each person’s 

definition of thinking about the thought is likely to be different. For example, a person may 

only report exact thoughts of “I hope my friend is in a car accident” whereas another may 

also include the sequalae of such events (e.g., thinking about their eulogy). This highlights 

the need for the refinement of task instructions, especially for event marking methods. It is 

recommended that future studies manipulate task instructions (e.g., vague versus specific) to 

determine whether specific instructions improve convergent validity with other-caught 

methods such as streaming.  

I Do Not Know What I Was Thinking! Meta-awareness of Thoughts in Anxiety 

Whether or not individuals are able to identify and categorise their thoughts has 

implications for treatments for anxiety. Our findings add to a growing body of evidence that 

suggests people are not necessarily good at reporting their thoughts or being aware that they 

might be stuck on them (e.g., Nixon et al., 2021; Ruiumi et al., 2013: Takarangi et al., 2014). 

Successful suppression presumably rests on the ability to monitor thoughts. It has been 

proposed that there are two levels of conscious thought – experiential consciousness – 

thoughts that occur without reflection, and meta-awareness – thinking with explicit 

recognition of thoughts (Baird et al., 2013). During suppression, it is possible that attention 

lapses from the task, albeit briefly (i.e., mind-wandering; Bernstein & Zveilli, 2014; Ruimi et 

al., 2020; Ruimi et al., 2023; Zvielli et al. 2016), and targets are not reported when they occur 

due to lack of meta-awareness.  
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Thoughts that occur with meta-awareness are presumed to be less detrimental because 

once the thought is noticed, regulatory strategies can be implemented (Baird et al., 2013). 

There is a positive relationship between meta-awareness and therapeutic outcomes (Conte et 

al., 1990; Hargus et al., 2010; Piper et al., 1994), and difficulties identifying and expressing 

thoughts are linked with poorer outcomes (Brady et al., 2015)  In contrast, experiencing 

thoughts without explicit awareness can result in emotional reactions that subsequently bias 

attention towards congruent content, resulting in “sticky” thoughts (Amir & Bernstein, 2022; 

Baird et al., 2013; van Vugt & Broers, 2016). While there is no current direct evidence that 

anxiety is characterised by reduced meta-awareness, there is peripheral support as habitual 

cognitive avoidance, a common feature of anxiety, is associated with decreased meta-

awareness (Baird et al., 2013). Furthermore, evidence suggests that cognitive load can reduce 

meta-awareness and increase intrusions (Sayette et al., 2009; Smallwood & Schooler, 2006), 

and anxiety is proposed to have a deleterious effect on cognitive resources (Eysenck et al., 

2007).  

One implication of these findings is that suppression difficulties in anxiety could be 

related to less meta-awareness of thought content. If thoughts are associated with anxiety are 

not recognised, they could take root and continue without regulation. Moreover, given that 

attempts to control thinking can often backfire, problems in identifying unwanted thoughts, 

followed by ineffective control strategies (i.e., suppression) could lead to a vicious cycle that 

extends the amount of time devoted to these thoughts. If correct, this helps to explain why 

habitual suppressors are generally bad at suppressing thoughts (Baird, 2013), as well as the 

effectiveness of therapies that encourage the identification of thought content and effective 

counterstrategies (e.g., challenging, reappraisal, acceptance and commitment, or 

mindfulness). Furthermore, if meta-awareness is essential to Cognitive Behaviour Therapy, 

Acceptance and Commitment Therapy, and mindfulness, and anxiety is associated with 
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decreased meta-awareness, improving meta-awareness should increase the utility of these 

interventions.  

General Applications 

There is widespread opinion that anxiety prevalence is increasing due to political, 

societal, economic, and environmental changes, as well as technological advancements 

(Bandelow & Michaelis, 2015; Yang et al., 2021). Whether prevalence is increasing remains 

a topic for debate, however our results indicate that the ability to direct attention contributes 

to anxiety. Technological advancements have ensured that the external world is increasingly 

accessible, but this may come at the cost of introspection. Previously, walking across campus 

may have been a time for quiet reflection but now such an opportunity is declined in favour 

of other priorities (e.g., listening to a podcast about productivity). Consequently, meta-

awareness of anxious thoughts may be reduced, thereby limiting opportunities for regulatory 

strategies (e.g., cognitive reappraisal) to be implemented, thus prolonging anxious states. 

Therefore, consistently maintaining attention to external stimuli may increase anxiety 

vulnerability as opportunities to practice regulatory strategies are decreased.   

Conclusion and Future Directions 

Overall, we found evidence that attention control may be an important process 

underlying attention biases in anxiety to both internal and external stimuli. The current 

studies found mixed patterns of results, however, and it remains unclear whether attention 

control can present as a double-edged sword and reverse the pattern of disengagement 

difficulties to result in attentional avoidance. With the development of attention bias 

modification methods as stand-alone or adjunct treatments for anxiety, that is an important 

question. Current training procedures may inadvertently cause excessive attentional 

avoidance in participants with stronger attention control, and this may maintain anxiety. 
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Future studies may wish to manipulate whether (mis)matching participants to attention 

training protocols (e.g., attending towards threat, attending away from threat) based on pre-

treatment bias and attention control scores influences the anxiolytic effect of ABM.    

The finding that individuals may not be good at identifying their thoughts is also 

critical from a clinical and experimental perspective. It is recommended that emphasis is 

placed on refining measures or procedures that can increase thought recognition and 

identification both within and outside of the laboratory (i.e., meta-awareness). From a clinical 

perspective, this may improve the effectiveness of therapeutic interventions as clients are able 

to identify negative thoughts and engage in regulatory strategies (e.g., Cognitive 

restructuring, mindfulness, acceptance, and commitment). From a research perspective, 

improving participants’ awareness and ability to self-report on their thoughts will be valuable 

in circumstances where thought content is of interest.  
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APPENDIX A 

 Experimental Procedures for Study 1 and Study 2 

 

❑ Prior to each experimental session, ensure that there is a participant number on each 

of the desks.  

❑ Up to three participants can attend the session at one time. Ensure that all scheduled 

participants are present prior to starting the session.  

❑ When all scheduled participants are present, the session can begin. Sessions must start 

on time, and late participants have the opportunity to reschedule if they choose, but 

they cannot start after the other participants in that session.  

❑ Go over the participant information sheet and consent form with the participants 

❑ Provide participants with a brief overview of the study:  

❑ Participants complete the colour-word Stroop task:  

❑ Participants complete the dot-probe task:  

❑ Participants complete the thought suppression task;  

The instructions on the thought suppression task were as follows (adapted from 

Lambert et al., 2014) the text in italics represents the instructions provided on the 

screen:  

 

 

“This task assesses responses to an unpleasant thought. You will be presented with a 

thought about a motor vehicle accident. Please notify the experimenter if you do not wish 

to participate in this task. Press the spacebar to continue”.  

 

Period 0: focussing period 

“Using the pen and paper on the desk, please write down: “I hope my friend is in a car 

accident”. Turn over the piece of paper. Once completed, press the spacebar once.”  

 

[pressed spacebar] 

 

***blank screen 2000ms*** 

 

“We would like you to focus on the thought “my friend is in a car accident”. Press and 

hold the Space Bar with your dominant index (pointer finger for the entire time you are 

thinking the thought. Release the spacebar when you are not thinking the thought. The 

task will start when the screen is grey. 

Press the spacebar to Start”.  

 

[pressed spacebar] 

 

*** “Ready?” 1000ms” →  “GO” 500ms” → blank 40 seconds *** 

 

[completes Focus period] 
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Period 1: Initial Enhancement (participants either monitor OR suppress)  

 

Monitoring Instructions: “For this period, think about whatever you would like – it 

could be the thought you thought about before, or it could be anything else. If you do 

think about the thought, press and hold the spacebar until the thought has passed. It is 

important that you press and hold the spacebar until the thought has passed because this 

is very important information for us. The task will start when the screen is grey. Press the 

spacebar to start.” 

 

Suppression Instructions: “For this period, try to not think about the thought you just 

focussed on. If you do think about the thought, press and hold the spacebar until the 

thought has passed. It is important that you press and hold the spacebar until the thought 

has passed because this is very important information for us, but try your best not to think 

about that thought. The task will start when the screen is grey. Press the spacebar to 

start.” 

 

[pressed spacebar] 

 

*** “Ready?” 1000ms” → “GO” 500ms” → blank 4 minutes *** 

 

[completes initial enhancement period]  

 

Period 2: Rebound Period (monitoring instructions only)  

“For this period, think about whatever you would like – it could be the thought you 

thought about before, or it could be anything else. If you do think about the thought, press 

and hold the spacebar until the thought has passed. It is important that you press and hold 

the spacebar until the thought has passed because this is very important information for 

us. The task will start when the screen is grey. Press the spacebar to start.” 

 

***  “Ready?” 1000ms → “GO” 500ms → blank 4 minutes *** 

 

[completes rebound period] 

 

“Thank you for completing the thought task. Please indicate to the researcher that you are 

ready for the next phase of the experiment” 

 

❑ Participants complete the State-Trait Anxiety Inventory (ref); Cognitive Avoidance 

Questionnaire; and Demographics information via online survey (Qualtrics)  

❑ Provide the participant with a verbal debrief of the study  

  



 

176 

 

APPENDIX B  

 Coding Manual for Study 3 

When you are given the transcripts for coding, they will be broken down into sentences and a 

timestamp will appear above each sentence. Lines made up of asterisks “*******” indicate 

the end of that thinking period.   

 

For each thinking period, count the total number of statements made. In the example above, 

there are 5 statements. Then, and you will need to code each sentence and highlight each 

sentence in the corresponding code colour Direct, Task, Indirect, Unrelated, no thought. The 

definitions for each statement type, and examples, are later in this guide. Then, count the 

number of each statement type and complete the table for each thinking period.   

Example  

 

Speaker 1: I, um, I dread the day that that does happen. 

 

Speaker 1: I don't want that to happen to me or my friends. 

 

Speaker 1: I don't want my friends to get hurt. 

 

Speaker 1: I don't want my friends to die. 

 

Speaker 1: I want I know that it's almost unavoidable, um, sometimes for it to happen at 

some point. 

 

Speaker 1: ******* 

 

Example 2 

 

Speaker 1: The ones closer to me, um, have more branches. 

 

Speaker 1: They have less leaves. 

 

Speaker 1: Um, the sky. 

 

Speaker 1: I'm thinking about the statement again because I've realized in trying to 

distract myself, 

 

Speaker 1: I'm looking at the trees on the wall, 

 

Speaker 1: um, thinking about statement again 

 

Speaker 1: and I'm thinking about how eight is my favourite number, 

 

Speaker 1: um, because it's really like round and symmetrical and nice and it's an even. 
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Example 2 

 

Once each statement has been coded, we need to code the number of “shifts” which are 

changes in train of thought. Further information on coding shifts is on p.6. When a shift 

occurs, bold and underline the first sentence of the shift. In the example, there are 7 shifts. 

Once shifts have been coded, record them in the relevant table for each thinking period.  

Example 2 

 

 

Speaker 1: No, um, I'm looking at the hand sanitizer on the table and thinking about 

why is hand sanitizer on the table if no one used, it um. 

Speaker 1: Now my mind is blank.  

Total 

Statements Direct Task Indirect Unrelated 
No 

thought 
10 

Number 2 0 0 7 1 

Proportion  0.2 0 0 0.7 0.1 

Total Shifts 
Direct →  

Direct 

Task →  

Task 

Indirect →  

Indirect 

Unrelated 

→  

Unrelated 

No thought 

→  No 

thought 
7 

Number  0 0 0 2 0 

proportion 0 0 0 0.29 0 
      

 Direct → 

Task 

Task → 

direct 

Indirect → 

direct 

Unrelated 

→ direct 

No thought 

→ direct 

Number  0 0 0 2 0 

proportion 0 0 0 0.29 0 

 Direct → 

Indirect 

Task → 

indirect 

Indirect → 

task 

Unrelated 

→ task 

No thought 

→  Task 

Number 0 0 0 0 0 

proportion 0 0 0 0 0 

 Direct → 

Unrelated 

Task → 

unrelated 

Indirect → 

unrelated 

Unrelated 

→ indirect 

No thought 

→ indirect 

Number  2 0 0 0 0 

proportion 0.29 0 0 0 0 

 
Direct →  

No thought 

Task →  No 

thought 

Indirect →  

No thought 

Unrelated 

→  No 

thought 

No thought 

→ 

Unrelated 

Number  0 0 0 1 0 

proportion 0 0 0 0.14 0 
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Coding Statements  

We need to code each sentence/statement as being directly related to the target, task-related, 

indirectly related to the target or unrelated to the target.  

Based on Roemer & Borkovec (1994):  

• Direct statements are descriptions of the situation itself, a description of an emotional 

response to the situation, or a reference to thinking (or trying not to think about the 

situation) 

• Task related statements are when a person is talking about the task itself, including 

whether they are doing it correctly (e.g., I hope I am pressing the spacebar when I am 

supposed to), trying to identify the aims of the study, comments on the talking out 

loud procedure (e.g., it is so weird talking my thoughts out loud), comments on the 

task or that they are being recorded (e.g., my transcript will be messed up); it is NOT 

about a reference to thinking about the thought when they are not supposed to (e.g., 

I’m not supposed to be thinking about my friend being in an accident – this is 

classified as a direct statement[see above]). It does not include descriptions of the task 

set up (e.g., the screen is grey, this microphone looks old) – these are classified as 

unrelated.  

• Indirect statements are when the person does not directly refer to the target situation, 

but the statement is thematically related (e.g., referring to some other type of accident 

or illness/harm happening to a friend) or contextually related to the specifics of the 

situation (e.g., statements of any type about friends, or cars).  

• Unrelated statements are statements that are not about the target situation, task or 

indirectly related statements. They include thoughts about what the participant can 

see, hear, smell, taste and feel; thinking about what they want to eat later, assignments 

that are due, pondering why the sky is blue, song lyrics, and when their mind is blank. 

It includes descriptions on comments on the environment (e.g., colour of the screen, 

microphone They will not contain themes relating to accidents, cars or friends.  

 

• No thought are statements where the participant states “I am not thinking anything”, 

“my mind is blank”, “I don’t know what to think about”.  

When we are coding each sentence/statement we need to take into account that a train of 

thought can be made up of multiple sentences/statements, and that the meaning of the 

statement may be determined by previous or subsequent sentences. While the sentences 

alone may appear to be either direct, task, indirect or related, we need to code that train of 

thought as one category. Make sure that when you are coding individual statements, you 

are considering the context (i.e., train of thought/sentence before it). For example:  

✓And, um, I'm thinking about what I'm having for dinner right now. 

✓I'm thinking about my dance class.  

✓But also, like now I'm thinking back to, um, if I did get into a car accident, would it 

be like a serious one or would it just be like in the in this car park?  

✓Because there's different types of car accidents.  
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✓If it's just like then getting a little bump in the Flinders Car Park, boom, that's all 

right.  

✓But if we get into a serious accident where they would, like, collide into like a truck 

or something, then that's really serious.  

✓And it makes me really sad to think about the possibility of that, um, because there's 

lots of people who drive really recklessly and, um, especially like in the, um, 

intersections and stuff like that.  

 So, yeah. And now it's winter. There's lots more of rain and stuff like that.  

 So the roads are a lot more dangerous than before.  

The final two statements on their own can be classified as unrelated (discussion about 

weather) and indirect (discussion of road conditions), but, we would mark them as direct 

because based on the previous sentences which were directly linked to the car accident 

scenario and increased likelihood due to weather conditions.  

And it makes me really sad to think about the possibility of that, um, because there's 

lots of people who drive really recklessly and, um, especially like in the, um, 

intersections and stuff like that.  

✓ So, yeah. And now it's winter. There's lots more of rain and stuff like that.  

✓ So the roads are a lot more dangerous than before.  

However, if the final two sentences went like this:   

✓And it makes me really sad to think about the possibility of that, um, because there's 

lots of people who drive really recklessly and, um, especially like in the, um, 

intersections and stuff like that.  

? So, yeah. And now it's winter. There's lots more of rain and stuff like that.  

? I hope that my hair doesn’t get wet today  

Both statements would be coded as unrelated because the first is unrelated on its own (i.e., 

about the weather), and the second sentence has no link to the thought of car accidents. We 

would note that there was a change from direct to unrelated thoughts. See section on “Shifts” 

for further details.  



 

180 

 

✓And it makes me really sad to think about the possibility of that, um, because there's 

lots of people who drive really recklessly and, um, especially like in the, um, 

intersections and stuff like that.  

✓ So, yeah. And now it's winter. There's lots more of rain and stuff like that.  

✓ I hope that my hair doesn’t get wet today.  

Direct statements 

• the thought of my friend being in an accident is on my mind  

• I am thinking about my friend being in a car accident  

• Back to my friend in a car accident  

• That would be really bad (if sentence prior is related) 

• I would be very sad if they were in an accident  

• My friend was in an accident recently  

• I’m thinking about it again 

• Every time my mind goes blank, I think about it again  

• I’m trying really hard to not think about it, but it keeps coming back  

• Shit, I’m thinking about it again  

• There it is again! (use following sentence for clarification) 

• I wouldn’t hope that happens to them  

• That’s an awful thought to have  

• I hope that my friend is okay  

• Now I am worried that they will get in a car accident  

• I wonder what they are trying to find  

• Where would they get in an accident 

• What road would it be on? 

• Would it be a big crash, or a little bingle? 

• Who would pay for it?  

• My friend drives dangerously  

• It’s easy to get into a car accident 

• What happens if they are reversing, and they hit someone  

• We’d have to make sure that everyone was okay  

• (Name) lives in the country and I worry she will be in an accident  

• My friend just bought a new car  

Task related 

• I wonder how long this is going to take  

• Surely this is almost done  

• I keep forgetting to press the space bar 

• I’m still not sure if I am doing the right 

• I hope that I am speaking loud enough  
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• It’s really hard to think my thoughts out loud – task related because it comments on the 

task 

• When do I press the star(t) button?  

• I hope I don’t screw this up 

• I am talking so much shit – this is task related because it reflects that the person is 

being recorded and is talking their thoughts out loud 

• My transcript is going to be hilarious  

• The experimenter is very nice 

• They are going to think I am crazy –task related because the participant is 

acknowledging that we will view their transcripts 

• This is the most interesting study that I have done – task related because the participant 

is expressing that they are completing a task/study  

• This is really boring – task related because they are referring to the task/experiment 

 

Indirect statements 

• I was in an accident recently  

• I saw a car accident on the way to work  

• My brother/sister/mother/father was in an accident  

• I really want a new car  

• Cars are expensive  

• I haven’t got my p’s yet  

• When I can drive, I will have so much freedom  

• I hope traffic isn’t too bad today  

• I am going to dinner with (name) tonight  

• I am having a fight with my friend right now  

• I don’t really have friends  

• Someone hit my car in the carpark yesterday 

• I haven’t seen my friends in a while  

• We usually go through the city and there are lots of cars 

• I don’t like driving at night because I’m scared I’ll get in an accident  

• My friend has the cutest dog  

• My friend is Chinese and is an international student  

• My friends and I really wanted to go camping 

• I had planned to go to Melbourne with my friends, but we can’t now because it’s 

lockdown 

Unrelated statements 

• I hope there isn’t another covid outbreak  

• I’m tired 

• I need my nails redone  

• I can’t decide what I want for breakfast/lunch/dinner 

• I’m hungry 

• What am I going to do on the weekend?  

• I feel like spending some money 
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• I have no money  

• This room is really creepy  

• I can hear the air conditioner  

• It’s good that there is hand sanitizer  

• I worked out too much yesterday 

• I have so many assignments due and I am freaking out about that  

• This building was hard to find  

• Why is there a sink in this room? 

• This carpet is disgusting  

• This is my last credit and then I’m done with research participation 

• I am looking forward to the end of semester break  

• I have an exam and I haven’t studied for it  

• Why can I hear water?  

• I have to catch three buses to get home  

No thought 

• I am not thinking anything  

• My mind is blank  

• I don’t know what I am thinking  

 

Coding Shifts  

We also need to code the number of shifts between types of thoughts. We are doing this 

because it is unlikely that people will press the spacebar for every thought they have, but 

rather they will identify when they are shifting to or from the direct thought.  

According to Pope (1978, p. 266), a shift occurs when there are substantial changes in the 

focus, content, tone, organisation, or direction of thought.  

Once a shift has been identified, bold and underline the last sentence of the previous thought:  

✓And it makes me really sad to think about the possibility of that, um, because there's 

lots of people who drive really recklessly and, um, especially like in the, um, 

intersections and stuff like that.  

✓ So, yeah. And now it's winter. There's lots more of rain and stuff like that.  

✓ So the roads are a lot more dangerous than before.  

Shifts will occur between each type of thought: direct, task, indirect and unrelated; However 

they can also occur within themselves. You still need to identify shifts that occur within each 

thought type.  

Direct statements with shifts: 

Shifts for direct statements may be transitions between the specifics of the situation (e.g., 

where or how it would happen), to emotional responses (e.g., sadness), other ramifications 

(e.g., financial difficulties), friends driving ability, previous situations involving near misses 
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or accidents (with friends only), descriptions of the accident, statements that they are trying to 

not think about it, saying that they are thinking about it, statements that they cannot control 

the thought (e.g., I can’t stop thinking about it).  

 ✓I wonder where it would happen. 

✓Would it be on their way home from work?  This is a shift because it changes 

from specifics of the situation to 

emotional reactions to the event 

✓I would be so sad if my friend got in a car accident  

✓It would be devastating, their parents would be so upset emotional reaction to 

specifics of situation 

✓But maybe it would just be a little bingle  

✓Like, reversing into a pole or something  

✓So then they wouldn’t be hurt, it would just be a little damage to the car   

 

Indirect statements with shifts  

Shifts in indirect statements will be transitions between topics that are related to the thought 

(e.g., cars; accidents; friends – without being a friend in a car accident, which is a direct 

thought). In trains of thoughts that flow from one topic to another (see example below), while 

the topics may be similar (e.g., friends) you need to note a shift if there is a change in themes 

or content. For example, one might go from discussing how excited to see their friends, to 

how they don’t feel like they have many friends. This constitutes as an emotional change and 

should therefore be counted as a shift.  

 ✓ My friend is a Chinese international student  

✓I am excited because we are going to get dinner tonight – focus changed from 

dinner to driving 

✓I wonder if we take her car or my car tonight 

✓I hope we take hers because my car doesn’t have much petrol in it at the moment  

✓Plus my friend has a new car and it is much nicer than mine –  change from 

cars/friends to relationships 

✓I invited some other friends to join us tonight, but they didn’t respond  

✓Sometimes I feel like I’m not as close with my friends anymore  

✓Ever since Corona hit it’s been harder to keep in contact with them 



 

184 

 

 

Task related shifts  

Shifts in task related statements will be transitions between topics that are related to the task 

itself (e.g., potential hypotheses, the fact they are being recorded, comments about 

performance) 

✓ The experimenter is really nice  

✓ They had a good vibe  

✓ I hope this goes well for them – focus shifts from experimenter to the experiment  

✓ This study is so interesting  

✓ Its definitely the most interesting one I have participated in by far  

✓ I just hope that I am doing it correctly   - focus shifts from “interest” to 

performance  

✓ What if I’m not talking loud enough and they can’t transcribe my thoughts  

✓ Ugh, now I’m thinking about being recorded – focus shifts from “performance” 

to being recorded 

✓ My voice is going to sound terrible  

✓ The recorder looks ancient.  

 

Unrelated shifts  

Unrelated shifts will be transitions from topic to topic and have no affiliation with friends or 

car accidents, or worries about friends being sick (i.e., anything in direct, or indirect 

statements).  

I have so much uni work to do.  

I’ll be really happy when the semester is over  

I am not sure whether I am going to pass my exam – change topic  

I am looking forward to getting dinner with my parents tonight  

I wonder what we are going to have 

I would really like to have Thai, but Dad will probably want pizza – change from food 

to relationship  

I haven’t seen my parents in a little bit  

I needed some space 

they have been nagging me a lot and so I just stopped seeing them 
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APPENDIX C 

 Experimental Procedure for Study 3  

❑ Prior to each experimental session, ensure that there is a participant number on the 

desk.  

❑ Verbally introduce participants to the study and prompt them to read the information 

sheet and consent forms. 

 

 “Thank you for coming in today. As you know, today’s session should last around 45 

minutes. We will invite you to complete some computer tasks and fill out some 

questionnaires. Have you had a chance to read the information sheets? If not, that is 

okay, they are on the screen. Please read these and complete the consent form. Once 

you have done this, let me know so we can begin.”  

❑ Participant completes colour-word Stroop  

❑ Set up the thought suppression task and verbally introduce the task:  

 

The next task that I am going to set up will be focussing on your thoughts. There are 

instructions on the screen, but we will need to practice the task when it prompts you.  

❑ Give the “think aloud” instructions below (Pope, 1978), and practice for 2 minutes.   

Past studies like this have measured thoughts by recording people’s voices, but others 

have used button presses, so we are going to both. For the practice, we just want you 

to talk out loud.  

We want to know what you are thinking, but we don’t have technology that can tell us 

exactly what you are thinking, so we need you to tell us. It is important that you just 

speak whatever is on your mind throughout the entire task. Please convey whatever 

information you can on your stream of consciousness at that moment. Your report 

might include, but is not limited to images, ideas, memories, feelings, fantasies, plans, 

sensations, observations, daydreams, objects that catch your attention, efforts to solve 
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a problem. There are no restrictions, so just say report whatever is going through 

your mind that you are aware of. You might find that your mind is blank, and even if 

you aren’t thinking anything, tell us that. Speak clearly and as loudly as you would in 

normal conversation (about as loud as I am talking now). The practice will go for 2 

minutes. Do you have any questions? Begin”  

 

❑ Provide the participant with feedback based on their practice:  

• You did well at speaking your mind out loud. I could tell that you were just letting 

your mind flow from topic to topic. You also let us know when your mind was blank, 

which was good.  

• Good job. Remember that you need to talk as loud as you would in conversation. 

About as loud as I am talking now.  

• Good work, just remember that you need to continuously speak your mind out loud. 

This is very important because we can’t tell what you are thinking. If your mind is 

blank, tell us that.  

• Good work. One thing I noticed is that when you were talking, you said “I am 

thinking about xyz” a fair bit. When we are thinking, we tend not to say, “I am 

thinking about what I am having for dinner”, but rather “I can't decide whether I 

want to get Indian food or have soup”.  

❑ After the practice, the experimenter will leave the room. Prior to exiting give the 

following instructions:  

Remember, there are two things we would like you to do throughout the task. 1) is to 

speak out loud and 2) is to press and hold the spacebar when you are thinking about 

the thought. If your mind wanders away from the thought. Release the spacebar.  

 

There will be three thinking periods in this task. The first is 40 seconds, and the next 

two are four minutes. After each thinking period, you will get new instructions on 

what to do with the thought, so please pay attention to that.  

 

Also, after each thought period, the screen will tell you to say STOP. This just lets us 

know when the thinking period is over in the transcript. Please do not press the red 
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button on the recorder, as this will stop the recording and we will lose data.  You do 

not need to talk out loud unless the screen is grey.  

❑ Experimenter exits room. 

❑ Participant completes thought suppression task:  

 

The instructions on the thought suppression task were as follows (adapted from 

Lambert et al., 2014) the text in italics represents the instructions provided on the 

screen:  

 

 

“This task assesses responses to an unpleasant thought. You will be presented with a 

thought about a motor vehicle accident. Please notify the experimenter if you do not wish 

to participate in this task. Press the spacebar to continue”.  

 

Period 0: focussing period 

“Using the pen and paper on the desk, please write down: “I hope my friend is in a car 

accident”. Turn over the piece of paper. Once completed, press the spacebar once.”  

 

[pressed spacebar] 

 

***blank screen 2000ms*** 

 

“We would like you to focus on the thought “my friend is in a car accident”. Press and 

hold the Space Bar with your dominant index (pointer finger for the entire time you are 

thinking the thought. Release the spacebar when you are not thinking the thought. 

Continuously speak your mind throughout the task. If you are not thinking anything, say 

that. The task will start when the screen is grey. 

Press the spacebar to Start”.  

 

[pressed spacebar] 

 

*** “Ready?” 1000ms” →  “GO” 500ms” → blank 40 seconds *** 

 

[completes Focus period] 

 

 

Period 1: Initial Enhancement (participants either monitor OR suppress)  

 

Suppression Instructions: “For this period, try to not think about the thought you just 

focussed on. If you do think about the thought, press and hold the spacebar until the 

thought has passed. It is important that you press and hold the spacebar until the thought 

has passed because this is very important information for us but try your best not to think 

about that thought. Continuously speak your mind throughout the task. If you are not 

thinking anything, say that. The task will start when the screen is grey. Press the 

spacebar to start.” 
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[pressed spacebar] 

 

*** “Ready?” 1000ms” → “GO” 500ms” → blank 4 minutes *** 

 

[completes initial enhancement period]  

 

Effort Visual Analogue Scale ratings: “how hard did you try to not think about the car 

accident thought?”  

 

[makes rating on scale 0-100] 

 

Period 2: Rebound Period (monitoring instructions only)  

“For this period, think about whatever you would like – it could be the thought you 

thought about before, or it could be anything else. If you do think about the thought, press 

and hold the spacebar until the thought has passed. It is important that you press and 

hold the spacebar until the thought has passed because this is very important information 

for us. Continuously speak your mind throughout the task. If you are not thinking 

anything, say that. The task will start when the screen is grey. Press the spacebar to 

start.” 

 

*** “Ready?” 1000ms → “GO” 500ms → blank 4 minutes *** 

 

[completes rebound period] 

 

Effort Visual Analogue Scale ratings: “how hard did you try to not think about the car 

accident thought?”  

 

[makes rating on scale 0-100] 

 

“Thank you for completing the thought task. Please knock on the door so the 

experimenter can return to the room.” 

 

❑ Participant completes questionnaires: State-Trait Anxiety Inventory (STAI-T), 

cognitive avoidance questionnaire, and demographic information 

❑ Provide verbal debriefing to participants 

  



 

189 

 

APPENDIX D 

Supplementary Results for Study 3 

Correlations Between Anxiety, Attention Control and the Proportion of Each Distracter 

Type (Direct, Task-Related, Indirect, Unrelated and No Thought) for the Suppression 

Period 

 Anxiety 

Attention 

Control Direct Task Indirect Unrelated 

No 

thought 

Anxiety - 

 
      

Attention 

Control 
-.03 -      

Direct 

thoughts a 
.02 .22 -     

Task-related 

thoughts a 
.48** .06 -.07 -    

Indirect 

thoughts a 
-.21 .16 -.14 -.32*    

Unrelated 

thoughts a 
-.21 -.32* -.70** -.26 -.24 -  

No thought 
.13 -.06 -.14 .01 -.31* -.13 - 

N = 58; a N = 53 
* p <.05. ** p <.01. *** p <.001. 
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Correlations Between Anxiety, Attention Control and the Proportion of Each Distracter 

Type (Direct, Task-Related, Indirect, Unrelated And No Thought) for the Monitoring Period 

 Anxiety 

Attention 

Control Direct Task Indirect Unrelated 

No 

thought 

Anxiety - 

 
      

Attention Control 
-.03 -      

Direct thoughts a 
.21 .18 -     

Task-related 

thoughts a 
.13 -.05 .10 -    

Indirect thoughts 
a 

-.03 -.11 -.01 -.16    

Unrelated 

thoughts a 
-.08 -.14 -.63** -.42** -.43** -  

No thought 
-.27 -.15 -.10 .02 -.15 -.26 - 

N = 58; a N = 53 

* p <.05. ** p <.01. *** p <.001. 
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Correlations Between Anxiety, Attention Control, Effort  During 

Suppression (S) and Monitoring (M) Periods 

 Anxiety 

Attention 

control  Effort (S) 

Effort 

(M) 

Anxiety -    

Attention 

control  
-.03 -   

Effort (S) .23 .07 -   

Effort (M) .38** .05 .46** -  

Note. N = 53 

* p <.05. ** p <.01. *** p <.001. 
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Direct, Indirect and Total Effects from Mediation Analyses of the Effect of Anxiety on 

Direct Thoughts (Streaming procedure) with Effort as a mediator across suppression and 

monitoring periods 

 Suppression  Monitoring 

 

b 
95% CI 

[lower, upper] 
p  b 

95% CI  

[lower, 

upper] 

p 

Direct 

Thoughts 
R2 (2,50) =.25, p < .001***  R2 (2,50) =.13, p = .03* 

Constant 0.32 [0.26, 0.38] 
<.001**

* 
 0.26 [0.19, 0.32] <.001*** 

STAI-T        

Total 

Effect  
-0.003 [-0.01, 0.003] .27  -0.002 [-0.01, 0.01] .66 

Direct 

Effect 
-0.01 [-0.01, 0.001] .08  -0.01 [-0.01, 0.002] .14 

Indirect 

Effect  
0.002 [-0.002, 0.01]   0.004 [0.001, 0.01]  

Effort        

Direct 

Effect 
0.005 [0.002, 0.01] 

<.001**

* 
 0.003 [0.001, 0.01] .01* 

Note. N=53; STAI-T = Trait anxiety.   

* p <.05. ** p <.01. *** p <.001. 


