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Abstract 

Intolerance of uncertainty (IU) is the tendency to fear the unknown and is a 

transdiagnostic dispositional vulnerability and maintenance factor for anxiety and 

anxiety-related disorders (Carleton, 2016). Researchers have suggested that IU may be 

associated with altered attentional network functioning, which may lead individuals with 

elevated IU to be more aware of potential sources of uncertainty, thereby increasing 

anxiety (Fergus et al., 2013; Fergus & Carleton, 2016; Norwood, 2014). The few studies 

that have examined attentional network functioning and attentional biases related to IU 

have produced conflicting results, possibly due to the methods used and a failure to 

control for the confounding effects of state and trait anxiety and depression. The current 

investigation assessed the associations between attentional network functioning, as 

assessed by the Attention Network Test–Revised (ANT-R), the attentional bias for 

uncertainty, as assessed by the dot probe task, IU, and potential confounding variables. 

The sample included community and undergraduate participants with elevated (n = 30) 

and low (n = 13) IU. Results of this investigation indicated that IU was not associated 

with differences in attentional network functioning or attentional bias for uncertainty; 

however, due to the small number of participants in the low IU group, statistical power 

was below the threshold required to detect differences between groups on the ANT-R 

and dot probe indices. The results do suggest that IU has increased in recent years and 

attentional task order may influence the attentional bias for uncertainty. Future research 

is needed to replicate the current investigation and specifically examine both increasing 

IU and the effects of the ANT-R on attentional biases. Methodological and clinical 

implications, investigation limitations, and directions for future research are discussed.  
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1.0 Literature Review 

The current investigation was designed to clarify whether intolerance of 

uncertainty (IU) is associated with altered attentional network functioning and an 

attentional bias for uncertainty. To situate the current investigation in the contemporary 

literature, a conceptual framework of the attention system is first provided, along with a 

description of the attention network task (ANT) and evidence for anxiety-related altered 

attentional network functioning. Next, a theoretical model of the anxiety-related 

attentional bias for threat and descriptions of the paradigms commonly used to assess 

attentional biases are provided and evidence of the anxiety-related attentional bias for 

threat is examined. Finally, the concept of IU is introduced, along with evidence of 

associations between IU and anxiety, IU and altered attentional network functioning, and 

IU and an attentional bias for uncertainty. 

1.1 The Problem of Anxiety 

Everyone experiences anxiety to some extent; however, the severity, frequency, 

and effects of anxiety vary considerably across individuals (Endler & Kocovski, 2001). 

State anxiety is the current level of anxiety an individual is experiencing (Eysenck, 

Derakshan, Santos, & Calvo, 2007), while trait anxiety is the stable tendency to 

experience anxiety across various situations (Gidron, 2013). Trait anxiety is a 

transdiagnostic vulnerability factor for anxiety and anxiety-related disorders (Eysenck et 

al., 2007; Taylor, Koch, & Crockett, 1991). Approximately 1 in 4 individuals will 

experience anxiety that is significant enough to meet the diagnostic criteria for an 

anxiety disorder in his or her lifetime (Kessler et al., 2005). When individuals 

experiencing anxiety symptoms that do not meet the full diagnostic criteria for an 
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anxiety disorder are also considered, it is estimated that approximately 1 in 2 people are 

currently experiencing significant anxiety (Bayram & Bilgel, 2008). Both clinical and 

subclinical anxiety are associated with negative consequences, such as reduced quality of 

life, psychosocial impairment (Mendlowicz & Stein, 2000; Olatunji, Cisler, & Tolin, 

2007), and a significant economic burden for the affected individual and society 

(Konnopka, Leichsenring, Leibing, & König, 2008). Many individuals with anxiety 

disorders do not respond successfully to common treatments, such as cognitive 

behavioural therapy (CBT) or medications, or do not receive any treatment at all 

(Bandelow et al., 2015; Roness, Mykletun, & Dahl, 2005). As such, mitigating the 

individual and societal consequences of anxiety through effective, accessible, and cost-

effective interventions is critical.  

Providing effective psychological interventions requires a comprehensive 

understanding of the factors that contribute to anxiety. Researchers have identified 

cognitive biases as precipitating and maintaining factors for problematic anxiety (A. T. 

Beck, Emery, & Greenberg, 2005; Mathews & MacLeod, 2002) and developed cognitive 

bias modification protocols as a cost-effective intervention to target attentional biases 

and reduce anxiety (Hakamata et al., 2010; MacLeod & Mathews, 2012; Mogg & 

Bradley, 2018). One specific cognitive bias modification protocol is attention bias 

modification treatment (ABMT), a computer-based intervention that utilizes attention 

training programs to change attentional patterns (Bar-Haim, 2010). Randomized control 

trials have demonstrated that ABMT has a medium-sized effect on reducing anxiety; 

however, the mechanisms underlying the anxiety reduction observed in ABMT remain 

unclear (Linetzky, Pergamin-Hight, Pine, & Bar-Haim, 2015). To enhance the 
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effectiveness of cognitive-based interventions like ABMT, further investigation is 

needed to clarify the role of specific cognitive processes in pathological anxiety.  

1.2 The Attention System and Attention Network Functioning 

Cognition is the “process of acquiring knowledge and understanding through 

thought, experience, and the senses” (Cognition, n.d., para. 1). Cognitive models posit 

that cognition influences the development and maintenance of mental disorders. Such 

models exist for the majority of mental disorders, including anxiety disorders (A. T. 

Beck, Emery, & Greenberg, 2005), posttraumatic stress disorder (Ehlers & Clark, 2000), 

depression (A. T. Beck, 2002), and psychosis (Garety, Kuipers, Fowler, Freeman, & 

Bebbington, 2001). Attention is one of the fundamental components of cognition. The 

attention system selects what information to pass along for higher-order cognitive 

processing and what information to block, as there is a limit to the amount of information 

that cognitive systems can process at any given time (Allport, 1989, 1993; Posner, 1988). 

The automaticity of attention varies, and it involves both bottom-up processing, which is 

unintentional, outside of conscious control, and stimulus-driven, and top-down 

processing, which is intentional, consciously controlled, and goal-driven (Egeth & 

Yantis, 1997; Shiffrin & Schneider, 1977). Research consistently demonstrates that 

attention is impaired in many mental disorders (e.g., Porter, Gallagher, Thompson, & 

Young, 2003; Torres, Boudreau, & Yatham, 2007; Vasterling et al., 2002), which can 

lead to disruptions in higher-order cognitive processes, such as memory and executive 

function. Understanding the specific ways in which attention is affected in different 

mental disorders helps clarify the role of cognition in the development and maintenance 
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of such disorders and provides valuable information for cognitive-based psychological 

interventions.  

Researchers have proposed different models to explain how the attention system 

functions; some models describe how the visual attention system handles the vast 

amount of stimuli available in the environment (e.g., Desimone & Duncan, 1995; 

Eriksen & Yeh, 1985), while other models focus on the systems that control attention 

(e.g., Corbetta & Shulman, 2002). There is currently no consensus on which model of 

attention is the most accurate and how exactly visual attention works (Carrasco, 2011). 

The conceptual framework of the attention system presented below is largely based on 

Michael Posner’s model of attention, which has garnered considerable empirical support 

(Petersen & Posner, 2012). Posner’s model emphasizes integrating psychology with 

cognitive, affective, and social neuroscience to facilitate a deeper understanding of 

attention (Posner & Rothbart, 2007), making the model extremely relevant for the 

current investigation. Posner’s model, along with research examining the automaticity of 

attention processing, provides a conceptual framework that helps clarify the processes 

and mechanisms underlying attention. The same conceptual framework can be used to 

understand how dysfunctions in the attentional system lead to attentional biases, which is 

the first step towards developing interventions to reduce these biases. 

1.2.1 Conceptual framework of attention. Posner’s model states that the 

attention system is made up of the alerting, orienting, and executive control networks, 

and that each network is associated with specific functions, cortical areas, and 

neurotransmitters (Posner & Rothbart, 2007). The alerting network maintains vigilance 

for incoming stimuli and primarily activates the frontal and parietal cortices, the locus 



 
 

5 
 

coeruleus, and the neurotransmitter norepinephrine. The orienting network selects which 

stimuli to attend to from an array of incoming sensory signals, which includes engaging 

with stimuli and disengaging from stimuli (Pacheco-Unguetti, Acosta, Marqués, & 

Lupiáñez, 2011), and activates the superior parietal lobe, temporal parietal junction, 

frontal eye fields, superior colliculus, and the neurotransmitter acetylcholine (Posner & 

Rothbart, 2007). The executive control network identifies and resolves conflicts that 

arise between thoughts, feelings, and responses, which includes recognizing and ignoring 

information that conflicts with current goals, and is associated with the anterior cingulate 

cortex, lateral ventral cortex, prefrontal cortex, basal ganglia, and the neurotransmitter 

dopamine (Posner & Rothbart, 2007). In addition to their distinct functions, most 

research suggests that the alerting, orienting, and executive control networks interact to 

coordinate activity and improve performance; specifically, alerting enhances orienting 

and impairs executive control, while orienting enhances executive control (Callejas, 

Lupiàñez, Funes, & Tudela, 2005; Fan et al., 2009; Fuentes & Campoy, 2008).  

The attention networks can be further distinguished by their automaticity. 

Alerting is thought to rely largely on bottom-up processing, while executive control 

involves more top-down processing (Pacheco-Unguetti et al., 2011). In contrast, 

orienting requires both bottom-up and top-down processing. When orienting is initiated 

by stimulus-driven factors, it is referred to as exogenous orienting, and when it is 

initiated by goal-driven factors, it is referred to as endogenous orienting (Corbetta, Patel, 

& Shulman, 2008). Exogenous orienting is driven by highly salient, behaviourally 

relevant sensory events (e.g., a loud noise or a flashing light), while endogenous 

orienting is driven by knowledge, expectations, and goals. Exogenous and endogenous 
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orienting interact to determine how, where, and what to attend to in the visual 

environment. As such, orienting is neither a purely bottom-up, nor a purely top-down 

process (Corbetta & Shulman, 2002). The degree of automaticity of the three attentional 

networks has implications for the types of interventions that are most effective at 

enhancing each process. For example, exposure-based interventions may influence 

alerting more than verbally mediated, cognitive-based interventions because alerting is 

largely stimulus-driven and beyond conscious control (Pacheco-Unguetti et al., 2011). In 

contrast, cognitive-based interventions could be more effective at altering executive 

control because it is largely goal-driven and under conscious control (Mobini & Grant, 

2007). In order to identify the types of interventions that are most likely to be effective at 

targeting attentional impairments, it is critical to determine which attentional networks 

are affected. 

1.2.2 The attention network test (ANT). The ANT is a computerized task that 

was developed in line with Posner’s model of attention, allowing researchers to assess 

the functioning of the alerting, orienting, and executive control networks (Fan, 

McCandliss, Sommer, Raz, & Posner, 2002). During the ANT, participants are shown a 

target arrow surrounded by two flankers on either side. The flankers are arrows that 

either point in the same direction as the target (congruent) or the opposite direction 

(incongruent), and the participants’ task is to identify the orientation of the target arrow 

as quickly as possible by pressing one of two computer keys. Prior to presenting the 

target and flanker arrows, participants may be shown one of three cue types (i.e., center 

cue, double cue, or spatial cue) that indicate where the target will soon appear. Cues 

consist of asterisks (e.g., “*”) or brightening the box surrounding the location of the 
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target, depending on the version of the task. Reaction time (RT)—the time from target 

presentation to response—serves as the primary outcome variable for the ANT. The cue 

and flanker conditions are designed to manipulate alerting, orienting, and executive 

control. Alerting is manipulated by presenting a non-spatial cue prior to presenting the 

target. Non-spatial cues provide no information about where the target will be presented; 

but, they do inform the participant that a target will be presented shortly. Orienting is 

manipulated by presenting a spatial cue in the top or bottom half of the display to direct 

participants’ attention towards the anticipated location of the target. Finally, flanker 

congruency manipulates executive control. When the flankers are incongruent, 

participants require executive control to ignore the conflicting information, focus only on 

the central target arrow, and correctly indicate the direction of the target. Manipulating 

the attentional networks produces differences in RTs that are used to compute index 

scores for each network. Index scores quantify attention network efficiency and can be 

used to compare network functioning across individuals (Fan et al., 2002).  

Researchers generally agree that the ANT is a valid measure of attentional 

network functioning (Macleod et al., 2010). The two subcomponents of the testthe 

flanker task (Eriksen & Eriksen, 1974) and the cued reaction time task (Posner, 

1980)are well-established measures of executive control and orienting, respectively, 

lending face validity to the ANT (Macleod et al., 2010). Research evaluating the ANT 

has further supported its utility for measuring attention network functioning; for 

example, high density scalp electrical recordings demonstrated that while participants are 

completing the ANT, trials associated with each attentional network lead to distinct 

patterns of brain activity, suggesting that different neural processes are taking place (Fan 
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et al., 2007). Furthermore, findings from neuroimaging studies have indicated that the 

different cue and flanker conditions activate many of the cortical areas that have been 

associated with each attentional network (Fan, McCandliss, Fossella, Flombaum, & 

Posner, 2005; Visintin et al., 2015).  

The primary criticism of the ANT is the relatively low internal and test-retest 

reliabilities of the alerting and orienting index scores in healthy populations (Macleod et 

al., 2010). The developers of the ANT initially reported test-retest reliabilities of .36, .41, 

and .81 for the alerting, orienting, and executive control indices, respectively (Fan et al., 

2001). A large-scale analysis of the psychometric properties of the original and modified 

versions of the ANT obtained similar values for split-half reliabilities: .20 for alerting, 

.32 for orienting, and .65 for executive control (Macleod et al., 2010). Low reliability 

decreases statistical power, risking failures to detect real differences that exist between 

groups (Tabachnick & Fidell, 2013). A second criticism of the ANT reflects difficulties 

with interpreting interactions among networks because the same type of visual cues (i.e., 

asterisks or boxes brightening) are used to manipulate both alerting and orienting 

(Callejas, Lupiáñez, & Tudela, 2004; Callejas et al., 2005). Spatial cues are only used to 

calculate the orienting index; nevertheless, spatial cues may also unintentionally activate 

the alerting network. In the original study of the ANT, the authors found an interaction 

between the cue and flanker congruency conditions such that the effect of incongruent 

flankers on RT was greater in trials with non-spatial cues compared to trials with no cues 

or spatial cues (Fan et al., 2002). The interaction suggests that either alerting, orienting, 

or both alerting and orienting modulate executive control; however, given the overlap 

between the alerting and orienting cues, interpreting the observed interaction and 
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determine exactly how alerting, orienting, and executive control influence one another is 

impossible. 

 To address difficulties with interpreting interactions between the cue and flanker 

conditions, researchers created revised versions of the ANT. The creators of the first 

revised version, the ANT-I, made the alerting stimuli auditory instead of visual to allow 

them to separately measure alerting and orienting (Callejas et al., 2004). Another notable 

change in the ANT-I is a cue validity manipulation where spatial cues may be valid or 

invalid. Spatial cues in the original ANT are always valid, meaning that the targets 

always appear in the same location as the cues. When spatial cues are valid, the orienting 

network is responsible for shifting attention to the target location; however, when spatial 

cues are invalid (i.e., targets appear in the location opposite the cues), executive control 

is also needed to reconcile the conflicting information from the cue and the target 

(Callejas et al., 2005). Thus, manipulating spatial cue validity allows researchers to 

investigate the interaction between orienting and executive control. The second revised 

version of the ANT, the ANT-R, also includes a cue validity manipulation (Fan et al., 

2009). A second important change in the ANT-R is a cue-target interval manipulation. 

By manipulating the delay between cue and target presentation, researchers can assess 

the interaction between alerting and executive control. The ANT-R also involves an 

additional element of conflict because both flanker and location congruency are 

manipulated. In the original ANT, target and flanker arrows are presented either above or 

below the central fixation cross, and the only source of conflict is the congruency of the 

flanker arrows with respect to the target arrow. In the ANT-R, target and flanker arrows 

are presented either to the left or the right of the central fixation cross. Target arrows can 
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be location congruent (e.g., presented on the left side of the fixation cross and pointing 

left) or location incongruent (e.g., presented on the left side of the fixation cross and 

pointing right) in addition to flanker congruent/incongruent, which is thought to further 

challenge the executive control network. A schematic of the ANT-R is presented in 

Figure 1.  

Despite the availability of the ANT-R, many researchers still choose to employ 

the original ANT; nonetheless, the unique features of the ANT-R discussed above 

provide researchers with a more thorough understanding of attentional network 

functioning. Whether the modifications employed in the ANT-R improve the reliability 

of the network index scores is unclear. Low levels of reliability may be due to the use of 

difference scores to calculate indices and the high intraindividual variability that 

typically characterizes raw RT data, neither of which can be avoided with any version of 

the ANT (MacLeod et al., 2010). Since no alternative task with better psychometric 

properties has been created, researchers have been advised to include a greater number of 

trials or additional attentional tasks to improve reliability when using the ANT, ANT-I, 

or ANT-R.  

1.2.3 Evidence for anxiety-related alterations in attentional network 

functioning. The ANT has been used to evaluate attentional network functioning in 

individuals with a variety of mental disorders, with results indicating that diverse clinical 

groups exhibit altered functioning across different attentional networks. For example, 

individuals with schizophrenia displayed normal alerting, but deficits in executive 

control and orienting, compared to healthy controls in one study (Wang et al., 2005). 

Individuals with posttraumatic stress disorder (PTSD) and borderline personality  
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Figure 1. Schematic of the Attention Network Test - Revised. Reprinted with permission 

from “Testing the behavioral interaction and integration of attentional networks”, by J. 

Fan et al., 2009. Brain and Cognition, 70, p. 16. Copyright 2009 by Elsevier Inc. 

 

 

 

 

 

  



 
 

12 
 

disorder displayed reduced executive control compared to healthy controls, but did not 

differ on alerting or orienting (Leskin & White, 2007; Posner et al., 2002). Trait anxiety 

and anxiety disorders have been associated with impaired executive control (Leskin & 

White, 2007; Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez, 2010; Pacheco-Ungetti et 

al., 2011) and one study noted that state anxiety was associated with impaired alerting 

and orienting (Pacheco-Unguetti, Acosta, Callejas, & Lupiáñez, 2010). Another study 

found that both state and trait anxiety were associated with impaired orienting, while 

alerting and executive control were unaffected (Moriya & Tanno, 2009). Finally, one 

study found no evidence of attentional network impairments in adult participants with 

test anxiety relative to controls (Zhang, Zhou, & Zou, 2015). 

When evaluating attentional network functioning, some researchers divide 

orienting into benefits, (i.e., a moving and engaging index), and costs (i.e., a disengaging 

index; Fan et al., 2009; Pacheco-Unguetti et al., 2011; Sarapas, Weinberg, Langenecker, 

& Shankman, 2017). Relative to uncued trials, people respond faster to targets preceded 

by valid spatial cues (orienting benefits) and slower to targets preceded by invalid spatial 

cues (orienting costs; Sarapas et al., 2017). One study demonstrated that clinically 

anxious participants had increased orienting costs compared to controls, suggesting that 

anxiety is associated with difficulty shifting attention away from non-emotional stimuli; 

but, the ability to engage with non-emotional stimuli (i.e., orienting benefits) was 

unaffected (Pacheco-Unguetti et al., 2011). In another study, a startle response task was 

used as a measure of state anxiety (i.e., responses to unpredictable threats). Self-reported 

trait anxiety was associated with increased alerting and greater orienting costs, and these 

associations were mediated by state anxiety (Sarapas et al., 2017). Results from the 
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aforementioned studies suggest that different types of anxiety are associated with altered 

attentional network functioning; however, which networks are affected and, in some 

cases, the direction of the alterations (i.e., enhanced or impaired) remains unclear. 

Further clarifying which attentional networks are affected in individuals with clinical and 

subclinical anxiety may elucidate some of the mechanisms underlying attentional biases 

and symptoms of anxiety. For example, reduced executive control may account for the 

difficulties with intrusive thoughts and distractibility that individuals with clinical 

anxiety experience (Pacheco-Unguetti et al., 2011). 

1.3 Attentional biases 

Attentional biases result from attentional resources being selectively allocated to 

certain types of information in the environment (Cisler & Koster, 2010). One example of 

this phenomenon is the attentional bias for threat-related stimuli (e.g., angry faces, words 

such as “despised,” “painful,” “dangerous”; MacLeod & Mathews, 1988) that is 

consistently observed in individuals with clinical and subclinical anxiety (Bar-Haim, 

Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007). Whether anxiety 

leads to the bias for threat or the bias for threat leads to anxiety is unclear; although, a 

recent review suggested the relationship is likely bidirectional (Van Bockstaele et al., 

2014). Several theoretical models have been put forth to conceptualize the anxiety-

related attentional bias for threat (e.g., A. T. Beck & Clark, 1997; Eysenck et al., 2007; 

Mogg & Bradley, 1998). There are significant discrepancies across models and little 

consensus on the potential components of the attentional bias or the mechanisms 

underlying such components (Cisler & Koster, 2010). A contemporary model that builds 

upon the strengths and weaknesses of earlier models, while integrating recent empirical 
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results, is described below. The same contemporary model will provide the framework 

for evaluating and understanding attentional biases in the current investigation. 

1.3.1 Theoretical framework of attentional bias for threat. Cisler and Koster’s 

(2010) theoretical framework of the anxiety-related attentional bias for threat posits that 

attentional biases have three interrelated components: facilitated attention, difficulty 

disengaging, and attentional avoidance (see Figure 2 for Cisler and Koster’s framework). 

Facilitated attention is the extent to which attention is initially drawn towards a stimulus, 

while difficulty disengaging is the extent to which a stimulus captures attention and 

prevents it from being redirected elsewhere. Attentional avoidance occurs when attention 

is preferentially directed away from a stimulus. In this dynamic system, each component 

of the bias has a distinct underlying mechanism that is associated with specific cortical 

areas. The components of the attentional bias for threat and the underlying mechanisms 

responsible for each component can be conceptualized on a spectrum from purely 

bottom-up processing to purely top-down processing. Based on the existing literature 

(e.g., Carlson, Reinke, & Habib, 2009; Koster, Crombez, Verschuere, Van Damme, & 

Wiersema, 2006; Öhman, 2005), Cisler and Koster (2010) proposed a bottom-up, 

stimulus-driven threat detection mechanism that underlies facilitated attention and that 

the amygdala plays an important role in this process. Difficulty disengaging and 

attentional avoidance are initiated later and involve both bottom-up and top-down 

processing. Attentional control and emotion regulation, under the influence of the 

prefrontal cortex, are thought to mediate difficulty disengaging and attentional 

avoidance, respectively (Derryberry & Reed, 2002; Johnson, 2009).  
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Figure 2. Integrative framework of attentional bias for threat. Reprinted with permission 

from “Mechanisms of attentional biases towards threat in anxiety disorders: An 

integrative review”, by J. M. Cisler, & E. H. W. Koster, 2010, Clinical Psychology 

Review, 30, p. 212. Copyright 2010 by Elsevier Inc. 
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Attentional control is the ability to regulate where and to what attention is 

directed (Cisler & Koster, 2010). Individuals who can ignore distracting stimuli and 

focus attention on information that is relevant to current goals have good attentional 

control. Emotion regulation is the process of influencing the emotions one experiences 

and controlling how these emotions are expressed (Gross, 1998). Two emotion 

regulation strategies include cognitive reappraisal or changing how a situation is viewed, 

and expressive suppression or inhibiting behaviour that expresses emotions (Gross & 

John, 2003). Many theories of emotion hold that emotion and cognition are intricately 

connected (Moors, 2009). When investigating the attentional bias for threat, all of the 

interrelated components and their underlying mechanisms should be considered to gain a 

comprehensive understanding of the bias.  

There are several similarities between Cisler and Koster’s theoretical framework 

of the attentional bias for threat and Posner’s model of attention. Specifically, facilitated 

attention and alerting are theorized as both involving vigilance for stimuli and bottom-up 

processing. Difficulty disengaging and orienting both involve directing attention towards 

or away from stimuli and can be initiated by both bottom-up and top-down processing. 

Avoidance and executive control both rely largely on top-down processing. The critical 

distinction between models is that Posner’s model captures the processes or networks 

underlying attention in general, while Cisler and Koster’s framework captures the 

processes underlying attentional biases. The same distinction is most evident in the type 

of stimuli used in paradigms to assess attention and attentional biases. The stimuli used 

when assessing attention network functioning have no semantic or emotional meaning 
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and are, therefore, considered neutral. Using neutral stimuli allows researchers to 

evaluate how the attentional networks normally function.  

Conversely, the stimuli used when assessing attentional biases are emotionally salient 

and meaningful (e.g., related to threat or psychopathology). Using emotionally salient 

stimuli allows researchers to evaluate whether and how attention is influenced (i.e., 

biased) by such stimuli. 

1.3.2 Attentional bias paradigms. The paradigms most often used to assess the 

attentional bias for threat are the emotional Stroop, visual search, emotional spatial 

cueing, and dot probe tasks. The general assumption underlying these paradigms is that 

people respond differently to a stimulus that is presented in a location that they are 

already attending to (Posner, Snyder, & Davidson, 1980). Despite some similarities, 

there are important methodological differences across paradigms, and findings that 

different paradigms can produce inconsistent results when administered to the same 

group of participants suggest that each paradigm may assess slightly different 

phenomena (Asmundson, Wright, & Hadjistavropoulos, 2005). In order to compare and 

evaluate studies examining the attentional bias for threat, a brief description of each 

paradigm is provided below. 

The emotional Stroop task, a variation of the original Stroop task (Stroop, 1935), 

presents participants with a list of words printed in various colours and instructs 

participants to name the colour that each word is written in (e.g., “panic” written in 

blue). Words are either neutral or emotionally salient, and longer RTs when reading 

emotionally salient words compared to neutral words indicate the presence of attentional 

bias (Bar-Haim et al., 2007). Unlike other paradigms typically used to assess the 
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attentional bias for threat, the emotional Stroop provides only an overall measure of bias, 

not separate measures for facilitated attention, difficulty disengaging, and attentional 

avoidance (Algom, Chajut, & Lev, 2004). Researchers have also raised concerns 

regarding whether slowed RTs to words denoting threat on the emotional Stroop task 

result from an attentional bias for threat (McNally, 2018). 

The visual search task requires participants to search for a target word in a matrix 

of distractor words. Target and distractor words can be either neutral or threat-related 

(e.g., “harm,” “death”). Participants demonstrate facilitated attention when they identify 

threat-related targets among neutral distractors faster than neutral targets among neutral 

distractors and difficulty disengaging when they are slower to identify neutral targets 

among threat-related distractors compared to neutral targets among neutral distractors 

(Öhman, Flykt, & Esteves, 2001). A reanalysis of data from visual search task studies 

determined that the driving factor underlying the attentional bias was the arousal elicited 

by the stimuli, not the perception of threat (Lundqvist, Juth, & Öhman, 2014). This 

finding suggests that the standard visual search paradigm may not be an appropriate 

measure of the attentional bias for threat (McNally, 2018). 

The emotional spatial cueing task uses threatening stimuli to assess attentional 

shifts. Participants are instructed to fixate on the center of the screen while a word or 

picture cue (neutral or threatening) is briefly presented to the left or right of the central 

fixation point. After the cue disappears, a target circle appears either to the left or right of 

fixation and participants indicate the location of the target. Trials are valid when the 

target appears in the same location as the stimuli and invalid when the target appears in 

the location opposite the stimuli. Participants demonstrate facilitated attention when they 
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respond faster on valid trials with threatening cues compared to neutral cues and 

difficulty disengaging when they respond slower on invalid trials with threatening cues 

compared to neutral cues (Fox, Russo, Bowles, & Dutton, 2001). 

There are multiple variations of the dot probe task; but, generally, the procedure 

is similar to the emotional spatial cueing task. Participants view a screen while neutral or 

threatening words or pictures appear concurrently in different locations on the screen. 

After the stimuli disappear, a probe appears in the same location as one of the stimuli, 

and participants are instructed to respond as quickly as possible (MacLeod, Mathews, & 

Tata, 1986). Trials can be congruent (i.e., the probe replaces the threatening stimuli) or 

incongruent (i.e., the probe replaces the neutral stimuli). A bias index is calculated by 

subtracting the mean RT on congruent trials from the mean RT on incongruent trials. 

Participants display a bias towards threat if this index is positive and a bias away from 

threat, or attentional avoidance, when this index is negative. The emotional spatial 

cueing and dot probe task procedures can be critically distinguished by the lack of 

competition among stimuli in the emotional spatial cueing task, where stimuli are 

presented one at a time (Bar-Haim et al., 2007). In the dot probe task, neutral and 

threatening words are presented simultaneously, which leads to competition for 

attentional resources. Furthermore, in the emotional spatial cueing task, participants are 

specifically instructed to attend to the words presented, whereas in the dot probe task, no 

such instruction is typically given; although, some variants of the dot probe task instruct 

participants to attend to one of the words (e.g., Asmundson et al., 2005). These 

differences have been hypothesized to make the dot probe task more sensitive to 

attentional bias for threat (Bar-Haim et al., 2007). Furthermore, the dot probe task 
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procedure has been altered to provide separate measures for each component of 

attentional bias (i.e., facilitated attention, difficulty disengaging, and attentional 

avoidance; Koster, Verschuere, Crombez, & Van Damme, 2005; Koster, Crombez, 

Verschuere, & De Houwer, 2004). 

The dot probe task allows researchers to manipulate the length of time a stimulus 

is presented, which has been hypothesized to influence the components of the attentional 

bias for threat (Bar-Haim et al., 2007). Facilitated attention is typically observed when 

stimuli are only presented for a short duration (i.e., 100 ms or less; Carlson, Fee, & 

Reinke, 2009; Carlson & Reinke, 2008) because it relies largely on automatic, bottom-up 

processing, which requires fewer cognitive resources. In contrast, attentional avoidance 

involves more top-down processing, which requires time to recruit cognitive resources 

and may therefore require stimuli to be presented for longer (i.e., at least 1250 ms; 

Koster et al., 2005). 

Some researchers have questioned the reliability of the dot probe task (e.g., Ataya 

et al., 2012; Dear, Sharpe, Nicholas, & Refshauge, 2011; McNally, 2018, Waechter, 

Nelson, Wright, Hyatt, & Oakman, 2014), and a key area of concern relates to 

intrasession variability in the attentional bias (Price et al., 2015). Some research suggests 

that the attentional bias for threat declines over the course of a session, which may reflect 

habituation to the threatening stimuli and influence reliability (Amir, Najmi, & 

Morrision, 2009). Reliability is particularly poor in studies that use the dot probe task to 

assess interindividual attentional biases. Studies indicate that the dot probe task cannot 

reliably distinguish between individuals (Schmukle, 2005; Staugaard, 2009), but can 
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reliably distinguish between groups (e.g., anxious individuals compared to non-anxious 

individuals; Bar-Haim et al., 2007).  

The poor reliability of the dot probe task may be the result of the way researchers 

have conceptualized the attentional bias for threat, which subsequently influences dot 

probe data analysis methods (Price et al., 2015; Zvielli, Bernstein, & Koster, 2015). 

Traditionally, attentional biases have been calculated using the mean RTs of congruent 

and incongruent trials. The traditional approach assumes that attentional biases are a 

stable, trait-like phenomenon, and that RTs for each type of trial should all be 

approximately the same (Kruijt, Field, & Fox, 2016). An alternative account proposes 

that attentional biases are dynamic and fluctuating, resulting in a within-subject bias 

towards stimuli at some times and away from the same stimuli at other times (Iacoviello 

et al., 2014; Zvielli et al., 2015). As a result, researchers observe high within-subject 

variability in RTs. When dot probe data is analyzed using traditional methods, within-

subject variability is interpreted as poor reliability. 

Based on the assumption that attentional biases are dynamic, Iacoviello and 

colleagues (2014) created the Attention Bias Variability (ABV) index to account for 

within-subject variability throughout the dot probe task. An individual’s ABV index is 

calculated by dividing trials into sequential groups and calculating a bias score for each 

group. Consistent with traditional dot probe protocols, the bias score is calculated by 

subtracting congruent trials from incongruent trials. Bias scores are then used to 

determine the standard deviation across all groups, which is divided by the individual’s 

mean RT on all experimental trials (i.e., all trials where threatening and neutral stimuli 

are both presented) to provide an overall index of within-subject variability. Despite 
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promising preliminary evidence for the utility of variability-based analysis methods for 

the dot probe task, such methods have been criticized for being highly susceptible to 

measurement error (Kruijt et al., 2016). Given that traditional indices of attentional bias 

from dot probe data and variability-based measures each have notable strengths and 

weaknesses, Price and colleagues (2015) recommend calculating both when using the dot 

probe task. Price and colleagues have also provided a number of other recommendations 

for improving the reliability of the dot probe task, including horizontal stimulus 

presentation and rescaling outliers.  

1.3.3 Evidence for an anxiety-related threat bias. There is considerable 

evidence that anxiety is associated with an attentional bias for threat and that the effect 

size of the bias is low-to-medium (Bar-Haim et al., 2007). The attentional bias for threat 

is characterized by both within- and between-group effects; specifically, anxious 

participants display an attentional bias for threat-related stimuli relative to neutral stimuli 

and the attentional bias for threat is greater in anxious participants compared to non-

anxious participants (Bar-Haim et al., 2007). Furthermore, the attentional bias for threat 

is observed regardless of the task used (e.g., emotional Stroop task, dot probe task), the 

type of stimuli (i.e., words or pictures), the specificity of threatening stimuli (i.e., 

disorder-specific threatening stimuli or generic words denoting threat), whether stimuli 

can be consciously perceived (i.e., subliminal or supraliminal stimulus presentation), and 

diagnosis (e.g., social anxiety disorder, generalized anxiety disorder; self-reported or 

clinically diagnosed; Amir, Elias, Klumpp, & Przeworski, 2003; Bar-Haim et al., 2007; 

J. G. Beck, Freeman, Shipherd, Hamblen, & Lackner, 2001), which supports the 

robustness of the phenomena. In contrast, there is far less consensus in the literature 
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regarding the specific components of the anxiety-related attentional bias for threat. 

Generally, researchers agree that anxiety is associated with an imbalance in bottom-up 

and top-down attentional processing (Bar-Haim et al., 2007; Cisler & Koster, 2010; 

Pacheco-Unguetti et al., 2011). Bottom-up, stimulus-driven processing is increased, 

while top-down, goal-driven processing is decreased, leading to an attentional bias for 

threat (Eysenck et al., 2007). Exactly which processes are affected by an imbalance 

between bottom-up and top-down attentional processing remains unclear.  

According to Cisler and Koster’s (2010) theoretical framework outlined above, 

the attentional bias for threat is made up of facilitated attention, difficulty disengaging, 

and attentional avoidance; however, studies evaluating these components have returned 

inconsistent results, particularly for facilitated attention (Cisler, Bacon, & Williams, 

2009). Results supporting difficulty disengaging have been far more consistent, with 

nearly all studies observing evidence of difficulty disengaging (e.g., Fox et al., 2001; 

Koster, Crombez, Verschuere, & De Houwer, 2006; Yiend & Mathews, 2001). Few 

studies have evaluated attentional avoidance. One study observed attentional avoidance 

when threat stimuli were presented for longer durations (i.e., 200-500 ms), but not when 

stimuli were only briefly presented (i.e., 100 ms; Koster, Crombez, Van Damme, 

Verschuere, & De Houwer, 2005). Other researchers have detected attentional avoidance 

of threat stimuli by tracking eye movements (Garner, Mogg, & Bradley, 2006; 

Pflugshaupt et al., 2005), while some studies have failed to find evidence of attentional 

avoidance altogether (e.g., Bradley, Mogg, Falla, & Hamilton, 1998; Mogg, Bradley, De 

Bono, & Painter, 1997). 
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There have been three explanations put forth to account for inconsistencies across 

studies of the anxiety-related attentional bias for threat, including 1) which attentional 

bias paradigm is used; 2) how researchers identify anxious participants (Bar-Haim et al., 

2007; Cisler & Koster, 2010); and 3) the way the attentional bias has been 

conceptualized (Zvielli et al., 2015). First, although the visual search, spatial cueing, and 

dot probe tasks all assess attentional processing, each paradigm likely captures slightly 

different aspects of attention, which may lead to inconsistent results (Shalev & Algom, 

2000). For example, studies using the visual search task have often demonstrated 

facilitated attention (e.g., Byrne & Eysenck, 1995; Gilboa-Schechtman, Foa, & Amir, 

1999; Rinck, Reinecke, Ellwart, Heuer, & Becker, 2005), whereas evidence of facilitated 

attention using the spatial cueing and dot probe tasks has been less consistent. Several 

studies using the dot probe task found evidence of facilitated attention towards threat 

(e.g., Carlson & Reinke, 2008; Koster, Crombez, Van Damme, Verschuere, & De 

Houwer, 2004; Van Damme, Crombez, Hermans, Koster, & Eccleston, 2006), while 

many others did not (e.g., Koster, Crombez, Verschuere, et al., 2004; Koster, Crombez, 

Verschuere, Van Damme, et al., 2006; Salemink, Van Den Hout, & Kindt, 2007). Most 

studies using the spatial cueing task have failed to find evidence of facilitated attention 

(Amir et al., 2003; Fox, Russo, & Dutton, 2002; Yiend & Mathews, 2001), with only one 

exception (Koster, Crombez, Verschuere, Van Damme, et al., 2006).  

Second, there are several different ways to identify participants with anxiety. 

Clinical diagnosis, trait anxiety, and state anxiety are all valid measures of anxiety; 

nonetheless, each identification method engages different constructs and the measure 

used to classify participants as anxious can influence study results (Bar-Haim et al., 
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2007; Pacheco-Unguetti et al., 2010). Results may similarly differ depending on whether 

analyses include anxiety as a categorical variable (i.e., anxious vs. non-anxious) or 

dimensional variable (i.e., anxiety on a continuum). As is the case with the dot probe 

task, attentional bias paradigms may only reliably detect differences between groups, 

where anxiety is a categorical variable, and not between individuals, where anxiety is a 

dimensional variable (Schmukle, 2005).  

A third explanation for inconsistent results across studies is that the attentional 

bias for threat is not a stable individual trait, as has often been suggested, but instead a 

dynamic and fluctuating process (Zvielli et al., 2015). This conceptualization would 

account for observations that anxiety is associated with both a bias towards threat at 

some moments and away from threat at others, as well as findings of high within-subject 

variability when using attentional bias paradigms (Zvielli, Bernstein, & Koster, 2014). If 

the attentional bias for threat is dynamic and fluctuating, researchers must account for 

within-subject variability when calculating bias indices by using measures such as the 

ABV (Iacoviello et al., 2014).  

The exact components that make up the attentional bias for threat remain a topic 

of debate; nevertheless, the bias itself is well-established (Cisler et al., 2009). The 

robustness of the attentional bias for threat has led researchers to expand their focus and 

investigate whether other anxiety-related constructs are independently associated with 

attentional biases (e.g., Gotlib, Krasnoperova, Yue, & Joormann, 2004; Hunt, Keogh, & 

French, 2006). Intolerance of uncertainty (IU) is one such anxiety-related construct that 

researchers have proposed may be associated with an attentional bias (Fergus, Bardeen, 

& Wu, 2013). 



 
 

26 
 

1.4 Intolerance of Uncertainty (IU) 

IU is “an individual’s dispositional incapacity to endure the aversive response 

triggered by the perceived absence of salient, key, or sufficient information, and 

sustained by the associated perception of uncertainty” (Carleton, 2016, p. 31). For 

individuals with elevated IU, the possibility of a negative occurrence, no matter how 

unlikely, is unacceptable and distressing (Carleton, Sharpe, & Asmundson, 2007). These 

individuals may be unable to act when faced with uncertainty or interpret uncertain 

situations negatively and try to avoid such situations as much as possible (Carleton, 

Norton, & Asmundson, 2007; Dugas, Hedayati, et al., 2005). IU comprises two 

dimensions, prospective IU and inhibitory IU (Carleton, Norton, et al., 2007; McEvoy & 

Mahoney, 2011). Prospective IU is the cognitive manifestation of IU and involves the 

desire for predictability and anxiety when faced with uncertainty. Inhibitory IU is the 

behavioural manifestation of IU and involves behavioural inhibition when faced with 

uncertainty (Mahoney & McEvoy, 2012).  

IU is found in varying degrees in different individuals, which supports its 

conceptualization as a dimensional construct (Carleton, Weeks, et al., 2012). One group 

of individuals who consistently report elevated IU are those with anxiety and anxiety-

related disorders (Carleton, Mulvogue, et al., 2012; Mahoney & McEvoy, 2012). After 

numerous replications of the association between IU and clinical anxiety, researchers 

have concluded that IU is a transdiagnostic vulnerability factor for anxiety disorders 

(Carleton, 2016). In support of this conceptualization, numerous studies have observed a 

positive association between IU and symptoms of various anxiety disorders (e.g., 

generalized anxiety disorder, social anxiety disorder, obsessive-compulsive disorder; 
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Carleton, Collimore, & Asmundson, 2010; Dugas, Marchand, & Ladouceur, 2005; Norr 

et al., 2013).  

1.4.1 IU and attention. The exact mechanism underlying the association 

between IU and anxiety symptoms has yet to be determined. Some researchers have 

proposed that IU is associated with altered attentional functioning, which leads to 

attentional biases and symptoms of anxiety (Fergus et al., 2013; Fergus & Carleton, 

2016; Norwood, 2014). For example, elevated IU may be associated with increased 

alerting, a contingency which could lead to an attentional bias and symptoms of 

hypervigilance (Fergus & Carleton, 2016). Given that individuals with elevated IU 

experience uncertainty as threatening and display unique patterns of brain activity in 

response to uncertainty (Tanovic, Gee, & Joormann, 2018), researchers have suggested 

elevated IU may be uniquely associated with an attentional bias for stimuli denoting 

uncertainty (Fergus et al., 2013; Norwood, 2014).  

Few studies have examined associations between IU and attention. A recent study 

used the ANT to determine whether IU was associated with attentional network 

functioning (Fergus & Carleton, 2016). The authors noted that elevated levels of both 

prospective and inhibitory IU were associated with increased alerting, and the 

associations were mediated by state anxiety. Orienting and executive control were not 

significantly associated with IU. The lack of association between IU and executive 

control reported in this study is unexpected given the well-established associations 

between executive control and anxiety, and IU and anxiety (see sections 1.2.3 and 1.4). 

Furthermore, past work has also shown that IU is associated with decreased activity in 

the anterior cingulate cortex, a region of the cortex that is also involved in executive 
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control (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Fan et al., 2005; Schienle, 

Köchel, Ebner, Reishofer, & Schäfer, 2010), suggesting that IU and executive control 

may be related. One possible reason for the failure to observe an association between IU 

and executive control is the potential confounding effect of trait anxiety, for which 

Fergus and Carleton (2016) did not control. Given that trait anxiety has been associated 

with reduced executive control (Pacheco-Unguetti et al., 2010), failing to control for trait 

anxiety may have obscured any potential association between IU and executive control. 

There have been two studies examining whether IU is associated with an 

attentional bias for uncertainty. One study found no evidence of an attentional bias for 

uncertainty when using the emotional Stroop and dot probe tasks; however, the dot probe 

task included stimuli that were threat-related as opposed to uncertainty-related 

(Norwood, 2014). The other study used a visual search task and did observe an 

attentional bias for uncertainty (Fergus et al., 2013). There was no evidence of difficulty 

disengaging from words related to uncertainty, which is particularly unexpected given 

that difficulty disengaging is a well-established component of the anxiety-related 

attentional bias for threat (see section 1.3.3). Elevated IU, particularly inhibitory IU, was 

associated with facilitated attention for words related to uncertainty even after 

controlling for depressive symptoms. Controlling for depressive symptoms when 

investigating IU-related attentional biases appears important because individuals with 

depression report greater IU (Carleton, Mulvogue, et al., 2012; Gentes & Ruscio, 2011; 

Nelson, Shankman, & Proudfit, 2014; Yook, Kim, Suh, & Lee, 2010) and depression has 

been associated with an attentional bias for negative words (Bradley, Mogg, & Lee, 

1997). Taken altogether, the available results suggest that an IU-related attention bias for 
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uncertainty may exist; but, further research using stimuli denoting uncertainty and 

carefully controlling for potential confounding variables is requires. 

Some possible explanations for the inconsistent results that have been reported 

when assessing an IU-related attentional bias for uncertainty include the attentional 

paradigms used and, related to the explanations proposed for attentional network 

functioning, failure to control for state and trait anxiety as potential confounding 

variables. Another possible explanation is that, similar to the attentional bias for threat, 

attentional bias paradigms may only be able to reliably detect differences between 

groups and not between individuals. IU is most often conceptualized as a dimensional 

construct; however, comparing individuals with elevated IU to individuals with low IU 

may be necessary when investigating attentional biases, as opposed to including all 

individuals and conducting analyses based on IU or anxiety as dimensional constructs. 

1.5 Current Investigation, Purposes, and Hypotheses 

Overall, the evidence of altered attentional network functioning and attentional 

biases associated with IU is inconsistent and incomplete. To date, no investigations have 

used the ANT-R or the dot probe task with stimuli denoting uncertainty to evaluate 

associations between IU and attention. Furthermore, researchers examining IU and 

attention have not simultaneously controlled for state anxiety, trait anxiety, and 

depression as potential confounding variables, nor have they assessed attentional control 

and emotion regulation as possible mechanisms underlying an attentional bias for 

uncertainty. Finally, past research has not directly compared individuals with elevated IU 

to individuals with low IU when investigating attentional network functioning or an 

attentional bias for uncertainty. The current investigation was, therefore, designed to 
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clarify the relationships between IU, attentional network functioning, and an attentional 

bias for uncertainty using the ANT-R and the dot probe task.  

1.5.1 Hypotheses. The current investigation was designed to evaluate the 

following hypotheses.  

1. Elevated IU is associated with increased alerting, impaired orienting, and 

impaired executive control on the ANT-R when state anxiety, trait anxiety, and 

depression are statistically controlled for. This hypothesis is based on the results 

of research finding IU- and anxiety-related alterations in attentional network 

functioning (e.g., Fergus & Carleton, 2016; Pacheco-Unguetti et al., 2010; 2011). 

2. Based on Cisler and Koster’s (2010) theoretical framework of the anxiety-related 

attentional bias for threat and past research investigating the IU-related 

attentional bias for uncertainty (Fergus et al., 2013), results from the dot probe 

task will indicate that: 

a. Compared to individuals with low IU, individuals with elevated IU 

demonstrate an attentional bias towards stimuli denoting uncertainty on 

the dot probe task when state anxiety, trait anxiety, and depression are 

statistically controlled.  

b. The attentional bias for uncertainty in individuals with elevated IU is 

characterized by facilitated attention and difficulty disengaging. 

2.0 Methods 

2.1 Environment 

 Participants were initially screened for eligibility via completion of 

questionnaires using the Qualtrics online survey tool (www.qualtrics.com; Qualtrics, 
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Provo, WA, 2017). Eligible participants were invited to complete the attention tasks in-

person in the Anxiety and Illness Behaviours Laboratory (AIBL). The attention tasks 

were completed using the Inquisit Lab software tool (www.millisecond.com; 

Millisecond Software, Seattle, WA, 2017). 

2.2 Participants 

Ethical approval was obtained from the University of Regina Research Ethics 

Board (Appendix A). Sample size estimation analyses suggested that 48 participants (24 

elevated IU, 24 low IU) would be required for the current investigation. Participants 

were recruited from the University of Regina Department of Psychology participant pool 

and the greater Regina community. Students from the participant pool received one 

course credit for completing measures necessary to determine eligibility and two 

additional credits for attending the in-person session. Community participants received 

an entry into a draw for a $100 VISA gift card if they participated in the in-person 

session. To be eligible, individuals interested in participating had to identify English as 

their first language to ensure familiarity with the word stimuli, be between the ages of 18 

and 65 years, and not be currently taking psychotropic medications as these may 

influence anxiety and depression symptoms and RTs. If participants reported vision 

problems, the problems had to be corrected by glasses or contact lenses.  

Participants were required to obtain scores on the Intolerance of Uncertainty, 

Short Form (IUS-12) indicative of elevated and low IU. Initially, cut-off scores were 

calculated as one SD above and below the mean score on the IUS-12 using data from a 

psychometric analysis of the IUS-12 (MIUS-12 = 25.9, SD = 9.5, Carleton, Norton, et al., 

2007). The design provided cut-off scores of 16 or less for low IU and 36 or greater for 
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elevated IU in order to be eligible for the investigation; however, after 278 participants 

had completed the eligibility screener, the predetermined cut-off scores were 

demonstrably inappropriate for the acquired sample (MIUS-12 = 33.4, SD = 9.3, range: 12-

60). New cut-off scores were calculated based on the mean and standard deviation on the 

IUS-12 for the participants who had already completed the eligibility screener. Given the 

unexpected distribution of the IUS-12 data collected up to that point, more generous cut-

off scores were employed in an attempt to maximize the number of participants that were 

eligible and meet the participant requirement set out by the power analysis. Individuals 

scoring at the 75th percentile or above on the IUS-12 (i.e., a total score of 40) were 

classified as elevated IU, while those scoring at or below the 25th percentile (i.e., a total 

score of 20) were classified as low IU.  

2.3 Measures 

2.3.1 Eligibility screener. The eligibility screener assessed individual factors that 

may affect participants’ abilities to complete tasks, such as language abilities and 

uncorrected vision problems. Participants were also asked whether they were between 

the ages of 18 and 65 and whether they were currently taking psychotropic medications 

(e.g., selective serotonin reuptake inhibitors, antipsychotics; Appendix B).  

2.3.2 Questionnaires. 

Attentional Control Scale (ACS; Derryberry & Reed, 2002; Appendix C). The 

ACS is a 20-item measure of self-perceived attentional control. The ACS includes 

subscales of attentional focusing (e.g., “When concentrating, I can focus my attention so 

that I become unaware of what’s going on in the room around me”) and attentional 

shifting (e.g., “I can quickly switch from one task to another”). Items are scored on a 4-
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point Likert scale from 1 (almost never) to 4 (always), with high scores indicating high 

levels of perceived attentional control. The ACS has shown good structural and 

predictive validity (Judah, Grant, Mills, & Lechner, 2014). The internal consistency 

(Cronbach’s alpha) of the ACS was .78 in the current sample.  

Center for Epidemiologic Studies of Depression Scale–14-Item Version (14-

item CES-D; Carleton et al., 2013; Appendix D). The 14-item CES-D is a self-report 

measure designed to assess past-week depressive symptoms in the general population. 

Items are scored on a 4-point Likert scale from 0 (rarely or none of the time; less than 

one day) to 3 (most or all of the time; 5-7 days), with high scores indicating more severe 

depressive symptoms. The 14-item CES-D has shown high internal consistency in 

student, community, and clinical samples (Carleton et al., 2013). Compared to the 

original CES-D (Radloff, 1977), the 14-item CES-D is more congruent with the current 

diagnostic criteria for depression (American Psychiatric Association, 2013) and contains 

fewer biases related to social concerns and sex (Carleton et al., 2013). Internal 

consistency for the 14-item CES-D was .92 in the current sample. 

Emotion Regulation Questionnaire (ERQ; Gross & John, 2003; Appendix E). 

The ERQ is a 10-item self-report measure of emotion regulation strategies. The two 

strategies assessed are cognitive reappraisal (e.g., “I control my emotions by changing 

the way I think about the situation I’m in”) and expressive suppression (e.g., “I control 

my emotions by not expressing them”). Participants rate statements on a 7-point Likert 

scale from 1 (strongly disagree) to 7 (strongly agree). The ERQ has demonstrated good 

convergent and discriminant validity (Gross & John, 2003). The internal consistency in 
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the current sample was .87 and .74 for the reappraisal and suppression scores, 

respectively. 

Intolerance of Uncertainty Scale–Short Form (IUS-12; Carleton, Norton, & 

Asmundson, 2007; Appendix F). The IUS-12 is a 12-item self-report measure that 

assesses both prospective (e.g., “unforeseen events upset me greatly”) and inhibitory 

(e.g., “when I am uncertain I can’t function very well”) IU. Participants rate statements 

on a 5-point Likert scale from 1 (not at all characteristic of me) to 5 (entirely 

characteristic of me), with higher scores indicating elevated IU. The IUS-12 has 

demonstrated adequate psychometric properties, including good convergent and 

discriminant validity (Carleton, Norton, et al., 2007; Roma & Hope, 2017). The total 

scale convergence with the original 27-item IUS is .96; therefore, the shorter version is 

preferable for parsimony. Internal consistency for the IUS-12 was .96 in the current 

sample. 

State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree, 

French, MacLeod, & Locke, 2008; Appendix G). The STICSA consists of 21 items that 

participants rate using a 4-point Likert scale from 1 (almost never or not at all) to 4 

(almost always or very much). Participants rate the items twice, once relative to how they 

usually feel (i.e., trait anxiety) and once relative to how they currently feel (i.e., state 

anxiety). The measure comprises items that assess cognitive anxiety (e.g., “I think the 

worst will happen”) and somatic anxiety (e.g., “I feel dizzy”). Higher scores indicate 

more severe anxiety symptoms. The State-Trait Anxiety Inventory (STAI; Spielberger, 

Gorsuch, Lushene, Vagg, & Jacobs, 1977) is arguably more widely used than the 

STICSA; but, studies have shown that the STAI assesses depression as well as anxiety 
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(e.g., Bieling, Antony, & Swinson, 1998; Endler, Cox, Parker, & Bagby, 1992). The 

STICSA has been shown to be a more accurate measure of anxiety compared to the 

STAI, which is why it is the measure used in the current investigation. The STICSA has 

demonstrated good convergent, discriminant, and structural validity (Grös, Antony, 

Simms, & McCabe, 2007), including internal consistencies of .93 for state anxiety and 

.95 for trait anxiety in the current sample. 

Demographics measure (Appendix H). The demographics measure assessed 

demographic variables, including age, sex, education, occupation, marital status, and 

ethnicity.  

2.3.3 Attention tasks. 

Attention Network Test—Revised (ANT-R; Fan et al., 2009). The ANT-R is a 

stimulus response task with practice (24 trials) and test (288 trials) phases. During each 

trial, a fixation cross is presented in the center of the computer screen for 400-1600 ms. 

Next, one of the following cue conditions is presented for 100 ms: no cue; one cue to the 

left or right of the fixation cross (spatial cue); or two cues, one to the left and one to the 

right of the fixation cross. Cues are denoted by a brief flashing box. Spatial cues are 

valid for 75% of trials (i.e., target appears in the same location as the cue) and invalid for 

25% of trials (i.e., target appears in the location opposite the cue). After 0 ms, 400 ms, or 

800 ms, a flanker (i.e., linear combination of 5 arrows/lines; target is the central arrow) 

appears beside the fixation cross. The flankers can be congruent (i.e., all arrows facing 

the same direction) or incongruent (i.e., target and surrounding arrows point in opposite 

directions). The target may also be location congruent or incongruent, depending on 

whether the arrows are presented to the left or right of fixation. The flanker is presented 
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for 500 ms. Participants press the left or right arrow key to indicate the direction of the 

target arrow, and must respond within 1700 ms after the onset of the flanker. Inter-trial 

durations range from 2000 ms to 12000 ms. 

Dot probe task (MacLeod, Mathews, & Tata, 1986). The dot probe task is a 

stimulus response task with a practice phase (10 trials) and a test phase (240 trials). 

Experimental trials include one word denoting uncertainty (e.g., “maybe”) and one 

neutral word (e.g., “table”), while filler trials include two neutral words. During each 

trial, a fixation cross is presented in the center of the computer screen. After 1000 ms, a 

word pair is presented for 100, 500, or 1250 ms. One word appears to the left of the 

fixation cross, while the other appears to the right of the fixation cross. Immediately after 

the words disappear, a probe (i.e., a dot) appears to the left or right of the fixation cross. 

Participants are instructed to indicate the location of the probe by pressing the “E” or “I” 

key as quickly as possible after seeing the probe. The location of the words denoting 

uncertainty and the location of the probe are balanced across trials. Each word denoting 

uncertainty has a neutral word that is matched for length and frequency of use in the 

English language (Kucera & Francis, 1967) and all words have been used in past 

research (Arnell, Killman, & Fijavz, 2007; Asmundson et al., 2005: Dugas, Hedayati, et 

al., 2005; Francis, Dugas, & Ricard, 2016). The word list is provided in Appendix I. 

2.4 Procedure 

 Participants were first presented with an online consent form that provided a brief 

description of the details of the investigation. Participants provided consent by checking 

a “Yes” box. Participants who did not consent to participate were instructed to check a 

“No” box or exit their browser. After providing consent, participants completed the 
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eligibility screener and the IUS-12. Eligible participants were invited to the AIBL to 

complete the remainder of the investigation. Completing the measures to determine 

eligibility took approximately 5 minutes. 

Prior to arrival at the AIBL, participants were randomly assigned to determine 

the order of attention tasks (i.e., dot probe task first or ANT-R first) using a 

randomization feature in the Qualtrics software. Upon arrival, participants were given 

written and verbal descriptions of the in-person session procedures and objectives. 

Participants completed the dot probe task and ANT-R, which were presented according 

to the participant’s order of attention tasks condition. Next, participants completed the 

questionnaire battery, including the demographics measure, ACS, 14-item CES-D, ERQ, 

STICSA, and IUS-12. All questionnaires were administered after the attention tasks to 

avoid priming questionnaire content and inducing an attentional bias (Lundh & 

Czyzykow-Czarnocka, 2001). Participants also completed the eligibility questions again 

as the data from the initial eligibility screener was not tied to their in-person session data. 

Finally, participants were debriefed by providing a more detailed description of the 

purposes of the investigation and explaining how the tasks and questionnaires 

participants completed helped accomplish those purposes. Each in-person session took 

approximately 55 minutes. Questionnaire and attention task results were associated using 

randomly assigned participant numbers to preserve anonymity.  

2.5 Reaction Time Data Preparation 

2.5.1 ANT-R data. ANT-R data was analyzed according to the procedure 

outlined by Fan et al. (2009). Trials were excluded from analysis if they contained 
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incorrect or missing responses, including those outside of the 1700 ms response window. 

Mean RTs were used to calculate the following index scores: 

1. Alerting: no cue trials (i.e., no alerting cue is presented) were subtracted from 

double cue trials (i.e., cues appeared both to the left and the right of fixation) 

2. Orienting operations: 

- Validity: valid spatial cue trials (i.e., target appeared in the same 

location as the cue) were subtracted from invalid spatial cue trials 

(i.e., target appeared in the location opposite the cue) 

- Moving plus engaging: subtracted valid spatial cue trials from double 

cue trials (of note, this calculation was named “orienting” on the 

original ANT) 

- Disengaging: subtracted double cue trials from invalid spatial cue 

trials  

- Time: subtracted valid cue trials and 800 ms cue-to-target intervals 

from valid cue trials with 0 ms cue-to-target intervals 

3. Executive control/conflict effects: 

- Flanker conflict effect: subtracted flanker congruent trials (i.e., flanker 

arrows pointed in the same direction as the target arrow) from flanker 

incongruent trials (i.e., flanker arrows pointed in the opposite 

direction as the target arrow; of note, this calculation was named the 

“conflict effect” on the original ANT)  

- Location conflict effect: subtracted location congruent trials (i.e., 

target pointed in the same direction as the side of the screen on which 
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it appeared) from location incongruent trials (i.e., target pointed in the 

direction opposite the side of the screen on which the target appeared) 

- Flanker by location interaction: the difference between flanker 

incongruent, location congruent trials and flanker congruent, location 

congruent trials was subtracted from the difference between flanker 

incongruent, location incongruent trials and flanker congruent, 

location incongruent trials 

Interaction effects for the networks were calculated by comparing the conflict 

scores for the alerting and orienting cue conditions as follows: 

1. Alerting by flanker conflict interaction: the difference of double cue, 

flanker incongruent trials and double cue, flanker congruent trials was 

subtracted from the difference between no cue, flanker incongruent trials 

and no cue, flanker congruent trials 

2. Orienting by flanker conflict interaction: difference of valid cue, flanker 

incongruent trials and valid cue, flanker congruent trials was subtracted 

from the difference between double cue, flanker incongruent trials and 

double cue, flanker congruent trials 

3. Spatial validity by flanker conflict interaction: the difference of valid cue, 

flanker incongruent trials and valid cue, flanker congruent trials was 

subtracted from the difference between invalid cue, flanker incongruent 

trials and invalid cue, flanker congruent trials 

4. Alerting by location conflict interaction: the difference of double cue, 

location incongruent trials and double cue, location congruent trials was 
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subtracted from the difference between no cue, location incongruent trials 

and no cue, location congruent trials 

5. Orienting by location conflict interaction: the difference of valid cue, 

location incongruent trials and valid cue, location congruent trials was 

subtracted from the difference between double cue, location incongruent 

trials and double cue, location congruent trials 

6. Spatial validity by location conflict interaction: the difference of valid 

cue, location incongruent trials and valid cue, location congruent trials 

was subtracted from the difference between invalid cue, location 

incongruent trials and invalid cue, location congruent trials 

7. Inhibition of return (IOR) effect: difference of invalid cue trials with a 

400 ms cue-to-target interval and valid cue trials with a 400 ms cue-to-

target interval was subtracted from the difference between invalid cue 

trials with a 0 ms cue-to-target interval and valid cue trials with a 0 ms 

cue-to-target interval. 

2.5.2 Dot probe data. Dot probe data was analyzed according to the 

recommendations provided by Price and colleagues (2015). Trials with inaccurate 

responses were removed along with the first three trials that allow participants to 

acclimate to the task. Outliers were rescaled (Winsorized) by plotting the distribution of 

all observed reaction times and identifying values greater than 1.5 interquartile ranges 

from the 25th and 75th percentiles. These values were rescaled to exactly 1.5 

interquartile ranges from the 25th and 75th percentiles. Detection latencies (i.e., time 

taken to respond to probe) were used to compute the following index scores: 
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1. Congruency index score: the mean RT on congruent trials (i.e., target and 

probe appear in same location) 

2. Incongruency index score: the mean RT across all incongruent trials (i.e., 

target and probe in opposite locations) 

3. Baseline index score: the mean RT across all neutral trials (i.e., all trials 

without target words) 

The congruency, incongruency, and baseline index scores were used to quantify 

the overall attentional bias and the different components of the bias. A bias index was 

calculated by subtracting the congruency index from the incongruency index (Price et al., 

2014). The bias index may be positive (i.e., biased towards targets), negative (i.e., biased 

away from, or avoidance of, targets), or zero (i.e., no bias). Facilitated attention was 

calculated by subtracting the congruency index from the baseline index, where a positive 

score indicated greater facilitated attention. Attentional disengagement was calculated by 

subtracting the baseline index from the incongruency index, where a positive score 

indicated greater difficulty disengaging (Koster, Crombez, Verschuere, & De Houwer, 

2006).  

Additionally, each individual’s attention bias variability (ABV) index was 

computed by dividing all dot probe trials into eight sequential groups of trials (Iacoviello 

et al., 2014). Bias scores were calculated for each of the eight groups by subtracting the 

mean RT of congruent trials from the mean RT of incongruent trials. The standard 

deviation of the bias scores for all groups was then calculated and divided by the 

individual’s mean RT on all congruent and incongruent trials to provide the ABV. 

Greater ABV index scores indicate greater within-subject attentional bias variability. 
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2.6 Planned Analyses 

All analyses were conducted using IBM SPSS Statistics Version 23.0 (SPSS, 

Chicago, IL, 2015). Descriptive statistics were computed for all variables. Independent 

samples t-tests were used to determine whether task order influenced ANT-R or dot 

probe index scores. To identify potential covariates, Pearson correlation coefficients 

were calculated for the psychological variables (i.e., ACS, 14-item CES-D, ERQ, 

STICSA) and each of the indices from the ANT-R and dot probe data. All analyses 

included bootstrapping to maximize adherence to normality (Wright, London, & Field, 

2011). The analyses for each hypothesis are listed below. 

1. A 2 (IU) x 4 (cue condition) x 2 (flanker congruency) ANOVA was used to 

determine whether elevated IU is associated with differences in responses to 

each cue and flanker condition. The dependent variable was mean RT. Post 

hoc Tukey HSD tests were used to clarify main effects and tests of simple 

main effects with a Bonferroni adjustment were used to clarify any significant 

interaction effects observed. Partial eta squared (ηp
2) was used as a measure 

of effect size. 

2. A 2 (IU) x 2 (congruency) ANOVA was used to determine whether elevated 

IU is associated an attentional bias towards or away from uncertainty after 

controlling for potential covariates. The dependent variable was mean RT. A 

second ANOVA was used to evaluate the influence of IU on ABV. IU was 

the independent variable and ABV was the dependent variable. Partial eta 

squared (ηp
2) was used as a measure of effect size. 
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3.0 Results 

3.1 Descriptive Statistics and Order of Tasks 

A total of 465 individuals completed the online eligibility questionnaire. The 

mean score on the IUS-12 for the total eligibility questionnaire sample was 33.34 (SD = 

9.58, range: 12-60, skew = .080, kurtosis = -0.524). Thereof, 99 (21.3%) were eligible to 

participate in the investigation. A total of 64 participants completed the in-person 

session. One participant discontinued the session due to illness and was excluded from 

the analyses. An additional 20 participants were excluded from the analyses because they 

reported uncorrected vision problems (n = 3) or their IUS-12 total scores no longer fell 

above or below the cut-offs (n = 17). The final sample consisted of 43 participants 

(74.4% female; Mage = 22.51 years, SD = 5.29, age range: 18-38 years), 30 with elevated 

IU (Mage = 21.47 years, SD = 3.88, age range: 18-32 years) and 13 with low IU (Mage = 

24.92 years, SD = 7.25, age range: 18-38 years). No statistically significant differences 

were found in participants’ age between groups, t(15.06) = 1.62, p = .13, d = 0.68. 

Statistically significant differences were found between the elevated and low IU groups 

for IU, state anxiety, trait anxiety, depression, attentional control, and cognitive 

reappraisal, but not for expressive suppression. Participant demographic information is 

presented in Table 1 and descriptive statistics and t-test results for the self-report 

measures are presented in Table 2.  

To assess whether the order of the attention tasks (i.e., dot probe first or ANT-R 

first) influenced RTs, t-tests were conducted for each of the index scores from both the 

ANT-R and the dot probe task. The order of the tasks was not associated with any 

significant differences on the self-report measures (ps ≥ .482, ds ≤ 0.22 ); however, those  
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Table 1. Participant Demographic Information  

 Low IU  Elevated IU 

Variable n % n (%) 

Sex     

    Male 5 38.5 6 20 

    Female 8 61.5 24 80 

Ethnicity     

    White/Caucasian 9 69.2 25 83.3 

    First Nations/Inuit/Métis 0 0.0 1 3.3 

    Black/African 1 7.7 1 3.3 

    Asian 3 23.1 2 6.7 

    Indian 0 0.0 1 3.3 

Marital Status     

    Single 8 61.5 25 83.3 

    Married/Common Law 4 30.8 5 16.7 

    Divorced/Separated 1 7.7 0 0.0 

Education     

    ≤ 12 years 1 7.7 1 3.3 

    12 - 16 years 5 38.5 21 70.0 

    > 16 years 7 53.8 8 26.7 

Notes. Percentages are listed as a function of group. 
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Table 2. Descriptive Statistics for Self-Report Measures as a Function of Group 

 Low IU Elevated IU 
t p d 

Questionnaire M SD S  
(SE = 0.616) 

K 
(SE = 1.19) M SD S 

(SE = 0.427) 
K 

(SE = 0.833) 

IUS-12 Total 20.69 3.77 -0.81 1.03 45.43 4.02 0.83 0.40 -18.86 < .001 6.26 

     IUS-12 Inhibitory 7.92 2.29 0.21 -0.82 18.53 2.73 0.27 -0.11 -12.26 < .001 5.29 

     IUS-12 Prospective 12.77 2.77 -0.66 0.11 26.90 2.63 -0.03 -0.43 -15.92 < .001 4.07 

STICSA-State 28.77 5.18 0.71 0.02 48.60 9.94 -0.09 -0.84 -6.77 < .001 2.25 

STICSA-Trait 30.69 6.29 0.18 -1.00 53.30 10.35 -0.26 -0.22 -7.29 < .001 2.41 

CESD-14 7.54 4.77 1.06 1.67 23.70 6.91 -0.53 -0.32 -7.65 < .001 2.54 

ACS 51.54 6.60 -0.06 -0.89 42.77 6.25 -0.33 -0.88 4.16 < .001 1.38 

ERQ-R 32.69 5.94 0.09 -0.73 23.87 7.01 0.21 -0.07 3.96 < .001 1.31 

ERQ-S 14.69 4.57 -0.85 1.46 15.13 5.18 -.046 -0.56 -0.27 .79 0.09 
Note. df = 41; IU = intolerance of uncertainty; S = skew; K = kurtosis; IUS-12 = Intolerance of Uncertainty Scale–Short Form; STICSA-State = State-
Trait Inventory for Cognitive and Somatic Anxiety, State Version; STICSA-Trait = State-Trait Inventory for Cognitive and Somatic Anxiety, trait 
version; CESD-14 = Center for Epidemiologic Studies of Depression Scale–14-Item Version; ACS = Attentional Control Scale; ERQ-R = Emotion 
Regulation Questionnaire-Reappraisal; ERQ-S = Emotion Regulation Questionnaire-Suppression.
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who completed the dot probe task before the ANT-R showed greater bias on the dot 

probe task, t(30.49) = 3.04, p = .005, d = 0.94. There was also a significant difference 

between groups on the index of difficulty disengaging for the dot probe task, where those 

who completed the dot probe task first had greater difficulty disengaging from words 

denoting uncertainty, t(40) = 2.79, p = .008, d = 0.86. The order of tasks was not 

associated with any differences in the facilitated attention or ABV indices from the dot 

probe task (ps ≥ .15, ds ≤ 0.45), nor was it associated with any differences on any of the 

ANT-R indices (ps ≥ .23, ds ≤ 0.38). 

3.2 Main Hypotheses 

3.2.1 ANT-R. Descriptive statistics for the ANT-R indices as a function of group 

are presented in Table 3. Zero-order correlations between self-report measures and the 

main ANT-R indices (i.e., the alerting, orienting, and executive control indices) as a 

function of group are presented in Tables 4 and 5. In the low IU group, greater 

expressive suppression as an emotion regulation strategy (ERQ-S) was associated with 

decreased scores on the disengaging operation of orienting and the validity index score; 

however, the same association was not observed in the elevated IU group. Greater 

expressive suppression and lower depression were associated with higher scores on the 

location conflict index among the elevated IU group, but not the low IU group. Other 

correlations between the self-report measures and ANT-R index scores were not 

significant. Given that there was no consistent pattern of correlations across groups, self-

report measures were not included as covariates in further ANT-R analyses.  

Contrary to hypothesis 1, no main effect was found for IU group on RT in the IU
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Table 3. Descriptive Statistics for ANT-R Index Scores as a Function of Group 

 Low IU Elevated IU 

Index M SD S  
(SE = 0.62) 

K  
(SE = 1.19) M SD S  

(SE = 0.43) 
K  

(SE = 0.83) 

Alerting 60.04 44.51 1.82 3.79 46.20 30.47 0.58 1.86 

Orienting         

   Validity 97.53 47.99 0.67 0.26 111.45 37.85 0.45 -0.26 

   Moving + Engaging 34.44 29.01 0.09 0.04 35.26 26.45 -0.17 -0.49 

   Disengaging 63.09 40.44 0.52 0.06 76.19 27.56 0.23 0.38 

   Time 57.03 88.57 -2.16 6.17 77.05 40.18 0.16 -0.21 

Executive Control         

   Flanker conflict 127.55 66.38 1.52 6.23 137.49 50.92 0.93 1.51 

   Location conflict -3.97 20.06 -1.18 1.72 -1.56 27.23 0.86 1.66 

   Flanker + location conflict -1.98 38.17 2.45 6.73 -4.59 40.80 -1.66 6.41 

Inhibition of return -99.56 93.59 0.31 0.47 -108.95 56.36 -0.47 -0.36 

Interactions         

   Alerting x Flanker 20.81 66.07 2.45 5.93 17.46 65.76 -0.67 0.78 

   Orienting x Flanker 5.59 90.48 3.01 9.83 -23.10 51.20 -0.45 0.25 

   Validity x Flanker 15.33 119.16 -3.08 10.16 57.14 60.73 1.22 3.42 

   Alerting x Location 19.97 62.50 0.29 0.36 28.86 48.22 0.92 1.31 

   Orienting x Location 33.42 70.33 0.75 1.51 20.38 53.41 -0.22 -0.74 

   Validity x Location 6.82 40.86 -0.78 -0.49 9.05 63.71 0.04 0.38 
Note. df = 40; IU = intolerance of uncertainty; S = skew; K = kurtosis. 
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Table 4. Summary of Correlations for Scores on Self-Report Measures and Main ANT-R Indices for the Low IU Group 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. STICSA-State -              

2. STICSA-Trait .70* -             

3. CESD-14 .60* .55 -            

4. ACS -.36 -.41 -.62* -           

5. ERQ-R .42 .17 -.13 .21 -          

6. ERQ-S .31 .53 .35 -.16 -.23 -         

7. Alerting -.19 -.02 -.29 .00 -.31 .19 -        

8. Orienting: Validity .08 -.24 -.02 -.28 .17 -.69* -.28 -       

9. Orienting: Moving + Engaging .40 .09 .17 -.39 .40 -.44 .71** -.63* -      

10. Orienting: Disengaging -.23 -.41 -.18 -.07 -.10 -.59* .79* .14 .13 -     

11. Orienting: Time -.13 -.38 -.11 -.04 -.26 -.47 .72** .10 .27 .78** -    

12. EC: Flanker conflict .23 .44 -.12 -.16 .46 -.09 -.04 -.21 .43 -.44 -.36 -   

13. EC: Location conflict -.15 -.50 -.10 .11 -.11 .05 .31 .07 -.06 .49 .59* -.62 -  

14. EC: Flanker + location conflict .04 .48 -.11 -.17 .28 -.05 -.14 -.08 .21 -.38 -.47 .88* -.73 - 

15. Inhibition of return .13 .21 -.08 .53 .13 .19 -.63* .09 -.45 -.50 -.48 .10 -.51 .03 
Note. STICSA-State = State-Trait Inventory for Cognitive and Somatic Anxiety, State Version; STICSA-Trait = State-Trait Inventory for Cognitive and 
Somatic Anxiety, trait version; CESD-14 = Center for Epidemiologic Studies of Depression Scale–14-Item Version; ACS = Attentional Control Scale; 
ERQ-R = Emotion Regulation Questionnaire-Reappraisal; ERQ-S = Emotion Regulation Questionnaire-Suppression; EC = executive control.  
* p < .05. ** p < .01. 
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Table 5. Summary of Correlations for Scores on Self-Report Measures and Main ANT-R Indices for the Elevated IU Group 

Measure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. STICSA-State -              

2. STICSA-Trait .81** -             

3. CESD-14 .52** .58** -            

4. ACS -.08 -.25 -.54** -           

5. ERQ-R -.34 -.29 -.49 .15 -          

6. ERQ-S -.10 -.08 .31 -.42* -.06 -         

7. Alerting .23 .42* .00 -.03 .13 .04 -        

8. Orienting: Validity .35 .30 .11 .17 .06 -.11 0.15 -       
9. Orienting: Moving +  
    Engaging .24 .08 .09 .28 -.17 -.06 .69** -.22 -      

10. Orienting: Disengaging .25 .33 .06 -.04 .25 -.10 .72** .42* .00 -     

11. Orienting: Time .04 -.07 -.14 .29 .33 -.05 .61** .22 .43* .43* -    

12. EC: Flanker conflict .09 .05 .16 .12 -.02 .20 .04 .24 -.12 .17 .13 -   

13. EC: Location conflict .07 .13 .24 -.37* .01 .36* -.14 .14 -.04 -.15 .02 .32 -  
14. EC: Flanker + location    
      conflict -.21 -.29 -.21 .04 .11 -.23 .05 -.37* .17 -.10 .15 -.24 -.29 - 

15. Inhibition of return -.21 -.06 -.17 -.07 -.08 -.31 -.29 -.20 -.22 -.20 -.48* -.39* -.22 -.14 
Note. STICSA-State = State-Trait Inventory for Cognitive and Somatic Anxiety, State Version; STICSA-Trait = State-Trait Inventory for Cognitive and 
Somatic Anxiety, trait version; CESD-14 = Center for Epidemiologic Studies of Depression Scale–14-Item Version; ACS = Attentional Control Scale; 
ERQ-R = Emotion Regulation Questionnaire-Reappraisal; ERQ-S = Emotion Regulation Questionnaire-Suppression; EC = executive control.  
* p < .05. ** p < .01. 
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group by cue type by flanker congruence ANOVA, F(1, 1990) = 1.69, p = .194, η p
 2 = 

.001. The results of the ANOVA did include main effects of cue type, F(3, 1990) = 

61.96, p < .001, ηp
2 = .085, and flanker congruence, F(1, 1990) = 605.81, p < .001, η p

 2 

= .223 on RT, indicating that the task worked as expected. A significant interaction was 

found between cue type and flanker congruence, F(3, 1990) = 3.56, p = .014, η p
 2 = .005. 

Interactions between IU condition and cue type, F(3, 1990) = 1.58, p = .193, η p
 2 = .02, 

and IU condition and flanker congruence, F(1, 1990) = 0.69, p = .406, η p
 2 < .001, were 

not statistically significant. The three-way interaction between IU condition, cue type, 

and flanker congruence also was not statistically significant, F(3, 1990) = 0.59, p = .620, 

η p
 2 = .001. Mean RTs for each cue type are presented as a function of flanker 

congruence and IU condition in Figure 3. 

Post hoc Tukey HSD analyses were used to clarify the main effect of cue type 

and ensure the task worked as designed. Average RTs for no cue trials were 93.22 ms 

slower than valid spatial cue trials (p < .001, d = 0.64, 95% CI [73.23, 113.20]) and 

50.53 ms slower than double cue trials (p < .001, d = 0.33, 95% CI [30.46, 70.60]). Mean 

RTs for no cue trials did not differ from invalid spatial cue trials, p = .470, d = 0.07. For 

valid spatial cue trials, mean RTs were 104.56 ms faster than invalid spatial cue trials (p 

< .001, d = 0.78, 95% CI [84.51, 124.62]) and 42.69 ms faster than double cue trials (p < 

.001, d = 0.32, 95% CI [22.72, 62.65]). Mean RTs for invalid spatial cue trials were 

61.88 ms slower compared to double cue trials, p < .001, d = 0.43, 95% CI [41.73, 

82.02]. Statistically significant differences in RTs between flanker congruent and flanker 

incongruent trials were found for all cue types. On no cue trials, the mean difference  
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Figure 3. Mean reaction times for each cue type as a function of flanker congruence and 
IU condition. 
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between flanker incongruent and flanker congruent trials was 168.89 ms, F(1, 1990) = 

192.33, p < .001, η p
 2 = .088, 95% CI [142.01, 197.93]. With valid spatial cues, mean 

RT was 118.61 ms greater for incongruent flanker trials compared to congruent flanker 

trials, F(1, 1990) = 98.00, p < .001, η p
 2 = .047, 95% CI [96.99, 140.99]. With invalid 

spatial cues, mean RT was 164.25 ms greater for incongruent flanker trials compared to 

congruent flanker trials, F(1, 1990) = 177.83, p < .001, η p
 2 = .082, 95% CI, [143.19, 

186.58]. Finally, the mean difference between flanker incongruent and flanker congruent 

trials with double cues was 146.63 ms, F(1, 1990) = 145.79, p < .001, η p
 2 = .068, 95% 

CI [124.58, 170.77].  

3.2.2 Dot probe task. First-order correlations between the dot probe index scores 

(i.e., overall bias, facilitated attention, difficulty disengaging, and ABV) and scores on 

the self-report measures are presented as a function of group in Tables 6 and 7. None of 

the self-report measures (i.e., state anxiety, trait anxiety, depression, attentional control, 

cognitive reappraisal,  or expressive suppression) were significantly correlated with any 

of the dot probe index scores; therefore, self-report measures were not included as 

covariates in subsequent analyses. 

Descriptive statistics for the dot probe index scores across groups are presented in 

Table 8. Contrary to hypothesis 2, the results of the IU condition by congruency 

ANOVA included no significant main effect of IU condition, F(1, 82) = 0.003, p = .953, 

η p
 2 < .001 or trial type on RT, F(1, 82) = 0.018, p = .893, η p

 2 < .001, nor was the 

interaction between IU condition and trial type statistically significant, F(1, 82) = 0.029, 

p = .865, η p
 2 < .001. 



 
 

1 
 

Table 6. Summary of Correlations for Scores on Self-Report Measures and Dot Probe Indices for the Low IU Group 

Measure 1 2 3 4 5 6 7 8 9 

1. STICSA-State -         

2. STICSA-Trait .72** -        

3. CESD-14 .62* .56* -       

4. ACS -.24 -.31 -.54 -      

5. ERQ-R .42 .18 -.12 .22 -     

6. ERQ-S .30 .52 .35 -.15 -.23 -    

7. Bias .23 .19 .33 -.48 .18 .33 -   

8. FA .17 .25 .32 -.52 -.29 .16 .58* -  

9. DD .08 -.04 .03 .01 .51 .19 .51 -.41 - 

10. ABV .07 .25 .32 .30 .00 -.02 .10 .04 .07 
Note. STICSA-State = State-Trait Inventory for Cognitive and Somatic Anxiety, State Version; STICSA-Trait = State-Trait Inventory for Cognitive and 
Somatic Anxiety, trait version; CESD-14 = Center for Epidemiologic Studies of Depression Scale–14-Item Version; ACS = Attentional Control Scale; 
ERQ-R = Emotion Regulation Questionnaire-Reappraisal; ERQ-S = Emotion Regulation Questionnaire-Suppression; FA = facilitated attention; DD = 
difficulty disengaging; ABV = attention bias variability. 
* p < .05. ** p < .01. 
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Table 7. Summary of Correlations for Scores on Self-Report Measures and Dot Probe Indices for the Elevated IU Group 

Measure 1 2 3 4 5 6 7 8 9 

1. STICSA-State -         

2. STICSA-Trait .81** -        

3. CESD-14 .52** .58** -       

4. ACS -.08 -.25 -.54** -      

5. ERQ-R -.34 -.29 -.49** .15 -     

6. ERQ-S -.10 -.08 .31 -.42* -.06 -    

7. Bias -.03 .06 -.12 -.09 .24 -.21 -   

8. FA .03 .10 -.03 -.17 .23 -.05 .31 -  

9. DD -.05 -.02 -.09 .05 -.17 .04 .71** -.45 - 

10. ABV -.16 -.11 -.01 .02 .25 .08 -.08 .16 -.19 
Note. STICSA-State = State-Trait Inventory for Cognitive and Somatic Anxiety, State Version; STICSA-Trait = State-Trait Inventory for Cognitive and 
Somatic Anxiety, trait version; CESD-14 = Center for Epidemiologic Studies of Depression Scale–14-Item Version; ACS = Attentional Control Scale; 
ERQ-R = Emotion Regulation Questionnaire-Reappraisal; ERQ-S = Emotion Regulation Questionnaire-Suppression; FA = facilitated attention; DD = 
difficulty disengaging; ABV = attention bias variability. 
* p < .05. ** p < .01. 
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Table 8. Descriptive Statistics for Dot Probe Index Scores as a Function of Group  

 Low IU Elevated IU 

Trial Type M SD S (SE = 0.62) K (SE = 1.19) M SD S (SE = 0.43) K (SE = 0.83) 

Bias 0.32 8.35 -0.49 -0.71 -2.87 13.07 -0.74 0.38 

FA 1.08 7.87 -0.60 0.88 -2.83 10.40 -0.05 -0.73 

DD -0.75 7.45 -1.18 1.27 -0.04 13.93 -0.01 -0.05 

ABV 0.08 0.02 -0.03 -0.70 0.07 0.02 0.56 0.32 
Note. df = 41; IU = intolerance of uncertainty; S = skew; K = kurtosis; FA = facilitated attention; DD = difficulty disengaging; ABV = attention bias 
variability. 
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4.0 Discussion 

The current investigation assessed the relationships between elevated and low IU, 

attentional network functioning, and attentional bias for uncertainty. The ANT-R was 

used to quantify the functioning of the alerting, orienting, and executive control networks 

and to examine whether IU was associated with differences in any of the attentional 

networks. The dot probe task was used to assess whether IU was associated with an 

attentional bias towards or away from stimuli denoting uncertainty and whether this bias 

was characterized by facilitated attention or difficulty disengaging. Additionally, the 

impact of state and trait anxiety, depression, attentional control, and emotion regulation 

strategies on the relationships between IU, attentional network functioning, and 

attentional biases was evaluated. The primary purpose underlying the investigation was 

to contribute to the current research on anxiety-related attentional biases and clarify the 

role of IU in anxiety and anxiety-related disorders. 

4.1 IU and Attentional Functioning  

The first objective of the current investigation was to determine whether elevated 

IU was associated with differences in attentional network functioning compared to low 

IU. The hypotheses, which predicted that elevated IU would be associated with increased 

alerting, impaired orienting, and impaired executive control, were not supported. No 

statistically significant differences were found for average RTs between the elevated and 

low IU groups on the ANT-R.  

 The results of the current investigation are inconsistent with past research 

finding associations between IU, anxiety, and attentional network functioning. Most 

notably, researchers previously observed a positive association between IU and alerting 



 
 

57 
 

(Fergus & Carleton, 2016). Other studies have evidenced elevated state anxiety as 

associated with increased alerting and orienting, and elevated trait anxiety as associated 

with impaired executive control (Pacheco-Ungetti et al., 2010); in addition, state and trait 

anxiety have both been associated with impaired orienting (Moriya & Tanno, 2009). 

There were two key aspects of the current investigation that might explain the 

discrepancy between the current results and past research examining IU- and anxiety-

related alterations in attentional network functioning. First, many of the nonsignificant 

results in the current investigation may be attributable to the failure to meet the sample 

size requirements outlined in the a priori power analysis. The associations between IU 

and attentional network functioning proposed in the hypotheses may very well exist; 

however, the current investigation did not have the statistical power to detect such 

associations. Second, the version of the ANT used in the current investigation was 

different from the versions used in previous evaluating associations between IU, anxiety, 

and attentional network functioning. 

The only prior study that has examined the associations between IU and 

attentional network functioning (Fergus & Carleton, 2016) used the original ANT, not 

the revised version employed in the current investigation. Notably, one of the primary 

purposes underlying the development of the ANT-R was to better capture the 

interactions between the attentional networks, particularly between the orienting and 

executive control networks, and between the alerting and executive control networks 

(Fan et al., 2009). Despite slight differences in the task design, the ANT-R works in 

much the same way as the ANT and the results of the current investigation do suggest 

that the task worked as intended. Indeed, participants were slower to respond to no cue 
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trials compared to double due trials (i.e., alerting effect), faster to respond to valid spatial 

cue trials compared to double cue trials (i.e., orienting effect), and slower to respond to 

incongruent trials compared to congruent trials (i.e., executive control). Given that the 

task worked as intended, the choice of task (ANT-R vs. ANT) likely did not play a 

significant role in the inconsistencies between the results of the current investigation and 

past research on IU-related alterations in attentional networking functioning. 

The choice of task may explain some of the inconsistent findings related to 

anxiety and attentional network functioning. One of the objectives of the current 

investigation was to examine IU-related differences in attentional network functioning 

when controlling for state and trait anxiety. This objective was based on prior research 

finding associations between attentional network functioning and various measures of 

anxiety (Moriya & Tanno, 2009; Pacheco-Unguetti et al., 2010; 2011). Furthermore, 

Fergus and Carleton (2016) highlighted the importance of controlling for state and trait 

anxiety as potential confounding variables when examining associations between IU and 

attentional network functioning, although they determined that state anxiety did not 

moderate the association between IU and alerting. State and trait anxiety were not 

consistently associated with any of the ANT-R index scores in the current investigation.  

Past research examining associations between anxiety and attentional network 

functioning employed the ANT or the ANT-I, not the ANT-R (Moriya & Tanno, 2009; 

Pacheco-Unguetti et al., 2010; 2011). Like the ANT-R, the ANT-I was designed to better 

capture the interactions between the attentional networks (Callejas et al., 2004). The 

ANT-I includes both valid and invalid spatial cues, but alerting cues are auditory and 

there is no location congruency manipulation. Procedural differences may account for 
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the inconsistencies between the results of the current investigation and past research 

related to state anxiety and attentional network functioning. First, the change from 

auditory to visual alerting cues may have affected the association between alerting and 

state anxiety. The original ANT, which includes visual alerting cues, has been shown to 

provide a less reliable index of alerting compared to the ANT-I (Ishigami & Klein, 

2010). The poor reliability from the original ANT may also extend to the ANT-R. 

Second, although the ANT-I also includes a cue validity manipulation, the orienting 

index score is calculated differently. The orienting index for the ANT-I is calculated as 

the difference between RTs for invalid and valid spatial cue trials, while the ANT-R 

provides enough information to calculate four separate orienting operation indices (i.e., 

validity, moving plus engaging, disengaging, and orienting time; Fan et al., 2009). The 

validity index is the sum of the time required for moving plus engaging and disengaging, 

and it is calculated in the same manner as the orienting index on the ANT-I. Due to the 

inclusion of invalid spatial cue trials, the orienting index provided by the ANT-I likely 

captures both orienting and executive control because greater attentional resources are 

thought to be required to resolve the conflict between the anticipated location of the 

target and its true location (Fan et al., 2009). As such, the relationship between state 

anxiety and orienting observed in past research using the ANT-I may be better 

conceptualized as a relationship between state anxiety and the interaction between 

orienting and executive control.  

4.2 IU and Attentional Bias for Uncertainty 

The second objective of the current investigation was to determine whether IU 

was associated with an attentional bias for uncertainty. The hypotheses predicted that, 
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compared to individuals with low IU, individuals with elevated IU would display an 

attentional bias towards words related to uncertainty on the dot probe task and that this 

bias would be characterized by both facilitated attention and difficulty disengaging; 

however, neither hypothesis was supported. No statistically significant differences were 

found between the elevated and low IU groups on any of the dot probe indices. The 

results of the current investigation are inconsistent with Cisler and Koster’s (2010) 

theoretical framework of the anxiety-related attentional bias for threat. As noted for 

attentional network functioning, the lack of statistical power due to the inadequate 

sample size in the low IU group likely contributed to the nonsignificant findings for IU 

and the attentional bias for uncertainty. Alternatively, IU may not be associated with an 

attentional bias for uncertainty, a conclusion which is supported by one past study 

(Norwood, 2014) and contradicted by another (Fergus et al., 2013). 

Compared to participants with low IU, participants with elevated IU scored 

significantly lower on attentional control and reported engaging in less cognitive 

reappraisal as an emotion regulation strategy. The groups did not differ on their reported 

use of expressive suppression as an emotion regulation strategy. Between-group 

differences in attentional control and cognitive reappraisal are in line with Cisler and 

Koster’s (2010) theoretical framework of anxiety-related attentional biases. Cisler and 

Koster posit that attentional control and emotion regulation are the cognitive processes 

underlying the difficulty disengaging and attentional avoidance components of 

attentional biases. The observed associations between IU and attentional control, and IU 

and cognitive reappraisal in the current investigation suggest that if an IU-related 
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attentional bias for uncertainty does exist, attentional control and cognitive reappraisal 

may indeed be the cognitive processes mediating the attentional bias. 

The current results provide evidence of an association between attentional 

network functioning and an attentional bias for uncertainty. Participants who completed 

the dot probe task before the ANT-R displayed greater attentional bias towards 

uncertainty and greater difficulty disengaging from uncertainty. The resulting 

relationship may have implications for recent research examining whether executive 

control plays a role in attentional biases (e.g., Hou et al., 2014, McNally, Enock, Tsai, & 

Tousian, 2013, van Hemel-Ruiter, Wiers, Brook, & de Jong, 2016). If the ANT-R is used 

to measure executive function before assessing attentional biases, researchers may not 

obtain accurate estimates of attentional biases. The inaccuracies may stem from 

completing the ANT-R activating executive control, thereby increasing participants’ 

ability to control where they direct their attention; unfortunately, such supposition is 

difficult to evaluate as the most common measures of attentional control are the flanker 

conflict index of the ANT-R itself or the ACS, which did not correlate with the flanker 

conflict index in the current investigation. Furthermore, although completing the ANT-R 

first was associated with decreased attentional bias towards uncertainty and decreased 

difficulty disengaging from uncertainty, task order was not associated with differences in 

IU. In other words, the completing the ANT-R may have reduced the attentional bias for 

uncertainty, but did not appear to reduce IU.  

4.3 Rising IU 

IU was associated with state anxiety, trait anxiety, and depression in the current 

investigation. Specifically, compared to the low IU group, the elevated IU group 
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reported more state and trait anxiety and depression. Relationships between IU, state 

anxiety, trait anxiety, and depression are well-supported by past research (e.g., Carleton, 

Mulvogue, et al., 2012, Norr et al., 2013). In contrast, participants in the current 

investigation reported considerably more IU than expected based on past research. The 

original cut-off scores for the elevated and low IU groups were calculated using the 

results from the initial psychometric analysis of the IUS-12 (Carleton et al., 2007), where 

a mean score of 25.85 with a standard deviation of 9.45 was reported in a sample of 

university students. In contrast, the average total score on the IUS-12 in the present 

sample (i.e., all individuals who completed the eligibility screener) was 33.34, with a 

standard deviation of 9.58. In other words, the mean score on the IUS-12 in the sample 

was 7.49 points or 0.77 standard deviation higher than the mean observed in the 

psychometric analysis of the IUS-12 approximately a decade prior. A 0.77 standard 

deviation increase indicates that scores considered average (i.e., 50th percentile) based on 

the data from the current investigation would have fallen at the 78th percentile in 2007. 

This dramatic increase is likely not attributable to differences in the demographic 

characteristics of the samples as both consisted primarily of female university students. 

If the difference between IU scores observed in the current investigation and those 

observed during the initial psychometric analysis a decade ago cannot be explained by 

differences in sample characteristics, this raises the possibility that IU has significantly 

increased in the past decade. 

The results of a recent meta-analysis support the hypothesis that IU has increased 

in recent years (Carleton, Desgagné, Krakauer, & Hong, in press). The researchers 

examined studies that assessed IU in nonclinical and undergraduate samples using the 
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IUS between the years of 1994 and 2014. The researchers determined that mean IUS 

scores increased by half a standard deviation from 1994 to 2014. The results from this 

meta-analysis can be used to roughly estimate the magnitude of the expected increase in 

IUS-12 scores from 2007, when the scale was released, to the current year. The increase 

in scores on the IUS-12 from 2007 to 2018 should be approximately a quarter of the size 

of the increase observed in the meta-analysis given the difference in the number of items 

on the scales, the number of years being examined, and the roughly linear relationship 

between IUS scores from 1994 to 2014. This calculation results in an estimated 0.13 

standard deviation or 1.24-point increase in mean scores on the IUS-12 from 2007 to 

2018. The current investigation observed a 0.77 standard deviation or 7.49-point increase 

in IUS-12 scores compared to data from 2007. Taken altogether, the results suggest that 

the significant elevation in IUS-12 scores displayed in the current investigation is higher 

than would be expected based on past research.  

4.4 Clinical and Methodological Implications 

The current results have meaningful clinical and methodological implications. 

One of the objectives underlying the investigation was to clarify whether attentional 

networks are affected in individuals with elevated IU as this may provide insight into 

future research examining the types of interventions that would be most effective at 

reducing IU-related attentional biases and the anxiety symptoms that accompany these 

biases. For example, verbally mediated cognitive-based interventions may be less 

effective at combating bottom-up, stimulus-driven biases because these biases occur so 

early in attentional processing (McNally, 1995). Exposure-based interventions could be 

more effective at reducing bottom-up attentional biases, whereas cognitive-based 
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interventions may be effective for combating top-down, goal-driven processing biases 

(Mobini & Grant, 2007). Given that the current investigation did not find evidence of 

altered attentional network functioning or an attentional bias for uncertainty, there is still 

no way to determine which interventions, if any, may be most effective at reducing IU-

related attentional biases. 

The results of the current investigation suggest that completing the ANT-R 

affects the attentional bias for uncertainty, as measured by the dot probe task. The results 

may have implications for ABMT, an emerging therapy designed to reduce anxiety by 

reducing attentional biases (Bar-Haim, 2010). Whether ABMT is effective at reducing 

attentional biases and anxiety remains a topic of debate that is beyond the scope of the 

current thesis (see McNally, 2018); but, completing attention-based tasks may increase 

attentional control, allowing participants to better control to where they direct their 

attention on subsequent attentional tasks. If experimentally increasing attentional control 

reduces attentional biases, this would suggest that the focus of ABMT should not be on 

inducing an attentional bias away from specific types of stimuli, but instead on 

increasing executive control of attention. The importance of increasing attentional 

control is supported by evidence that greater attentional control is associated with greater 

attentional bias reduction following ABMT (Basanovic, Notebaert, Grafton, Hirsch, & 

Clarke, 2017) and that ABMT improved attentional control and reduced anxiety, 

regardless of the task protocol used (McNally et al., 2013).  

The most common ABMT paradigm involves a modified version of the dot probe 

task where the probe is more likely to appear in the location of the neutral word than the 

location of the threatening word, which is thought to induce an attentional bias away 
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from threat (Mogg, Waters, & Bradley, 2017). Another paradigm involves presenting an 

array of pictures and instructing participants to find the single positive or nonthreatening 

cue from among the threatening cues (e.g., pictures of angry faces; Dandeneau, Baldwin, 

Baccus, Sakellaropoulo, & Pruessner, 2007). The ANT-R has not been used for ABMT, 

likely due to the neutral valence of the stimuli. Using tasks like the ANT-R that employ 

neutral stimuli could produce interventions that are both cost- and time-effective. 

Completing the ANT-R may reduce attentional biases and difficulty disengaging from 

various types of stimuli by increasing attentional control, which would eliminate the 

need to develop ABMT protocols that involve stimuli specifically intended for that 

particular individual’s primary concern (e.g., anxiety, depression, substance use). 

The effects of the ANT-R on the attentional bias for uncertainty may not 

generalize to other types of attentional biases (e.g., the anxiety-related attentional bias 

for threat). Perhaps there is something about the ANT-R, such as the use of both valid 

and invalid spatial cues or the location and flanker congruency manipulations, that 

affects perceptions of uncertainty. The half hour spent completing the ANT-R may have 

served as a mild exposure to uncertainty, subsequently reducing hypervigilance towards 

uncertainty on the dot probe task. These possibilities are purely speculative and the 

process underlying the reduced attentional bias for uncertainty after completing the 

ANT-R cannot be determined without future research. Nonetheless, the results of the 

current investigation highlight both the potential influence of attentional task order in 

experimental research and the importance of including comparable control conditions in 

studies evaluating ABMT.  
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Evidence of elevated IU in the current sample also has methodological and 

clinical implications. From a methodological perspective, researchers are encouraged not 

to rely on descriptive statistics from previously collected IU data. Calculations based on 

past IU data are likely to result in inappropriate cut-offs that do not accurately 

characterize the sample. From a clinical perspective, the results bolster the belief that 

anxiety is on the rise. Given the potentially causal relationships between IU and poor 

mental health (Carleton, 2016), rising IU may have significant ramifications for mental 

health and rates of mental disorders.  

Whether there has been an upsurge in anxiety over time is a matter of debate. 

One review concluded that there is no empirical evidence than anxiety rates have 

increased in the last few decades (Bandelow & Michaelis, 2015); however, Carleton and 

colleagues (in press) noted a trend for increasing worry symptoms from 1999 to 2011. 

Some of the discrepancy may be attributable to the population examined as studies 

examining adolescents and young adults do consistently find that anxiety has increased 

(e.g., Collishaw, Maughan, Natarajan, & Pickles, 2010; Twenge et al., 2009). If rates of 

anxiety disorders are rising, increasing IU may be one key factor driving the rise.  

4.5 Limitations and Future Directions 

There are several limitations to the current investigation that provide directions 

for future research. The primary limitation of the current investigation concerns the small 

sample size of the low IU group. As mentioned throughout the discussion, due to the 

elevated IU observed in the current overall sample, the original cut-off score for the low 

IU group was too low. As a result, the sample size for the low IU group fell short of the 

necessary sample size identified by the a priori power analysis. There could very well be 
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group differences in attentional network functioning and attentional biases that could not 

be detected during the current investigation due to low statistical power. Future research 

that meets sample size requirements set out by a priori power analysis estimates would 

allow for more defensible conclusions on the associations between IU, attentional 

network functioning, and attentional biases. Work is already underway to recruit more 

participants to add to the current sample for reanalysis. 

A second significant limitation also relates to the elevated IU observed in the 

overall sample. The mean score on the IUS-12 was approximately one standard deviation 

higher than the mean score observed in the original psychometric analysis of the IUS-12 

(Carleton, Norton, et al., 2007). Although IU appears to have increased in the general 

population (Carleton et al., in press), the scores observed in the current investigation are 

still well above what would be expected. If the elevated IU levels in the current sample 

were spurious, the results of the current investigation may not generalize beyond the 

current sample.  

The elevated IU observed in the current investigation leads to several potential 

avenues for future research. First, future research should assess IU in larger and more 

diverse samples to quantify current levels of IU. Researchers may benefit from 

measuring IU with the original IUS, as the IUS-12 is a newer measure and using the 

original would facilitate comparisons to IU levels over a longer historical timespan. If IU 

has increased, using the original IUS will also allow researchers to reassess the 

psychometric validity of the IUS-12. Regardless of the measure used to assess IU, if 

future research determines that IU has increased, additional research will be required to 

explore possible reasons for the increase and investigate whether increasing IU underlies 
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increased rates of mental disorders. If future research determines that IU has not 

increased as drastically as IU scores in the current investigation would suggest, the 

methods employed in the current investigation should be replicated with a sample that is 

more representative of IU levels in general. 

A third limitation to the current investigation relates to the reliability of attention 

tasks. Various researchers have raised concerns about the psychometric properties of the 

ANT-R and the dot probe task. Some have doubts about the validity of the ANT and its 

derivatives (i.e., the ANT-R) and suggested that the alerting, orienting, and executive 

control indices are not entirely independent (MacLeod et al., 2010). Others have 

questioned the reliability of the dot probe task (e.g., Ataya et al., 2012; Dear et al., 2011; 

Waechter et al., 2014). Future research using tasks designed to investigate attention and 

attentional biases may benefit from including eye tracking software and/or brain imaging 

technology to assess the validity and reliability of the tasks. 

Fourth, the current investigation is limited by the use of a cross-sectional design. 

There was no experimental manipulation of IU in this investigation; as such, the current 

results do not provide any information on causality. Future research may employ a 

longitudinal design or temporarily modify or induce elevated IU to determine whether IU 

affects attention, attention affects IU, or whether a third factor affects both IU and 

attention. 

Additional limitations arise due to the characteristics of the current sample. First, 

most participants were university students, which limits generalizability to the general 

population. Second, due to the early methodological issues with recruiting participants 

with low IU, the groups differed on more than IU. The elevated IU group was entirely 
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made up of undergraduate students who participated during the winter semester and were 

compensated with bonus credits for their psychology courses. In contrast, the majority of 

the low IU group was made up of participants who self-selected to participate during the 

spring and were entered into a draw for a $100 gift card. Future research should seek to 

recruit participants from the general population and ensure that groups with elevated and 

low IU are comparable. 

4.6 Conclusions 

The current investigation was the first to assess IU-related differences in 

attentional network functioning with the ANT-R. This investigation was also the first to 

use the dot probe task to determine whether elevated IU is associated with an attentional 

bias for uncertainty. The results of the current investigation did not support our 

hypotheses that compared to individuals with low IU, individuals with elevated IU 

would display altered attentional network functioning and an attentional bias for 

uncertainty. Nonetheless, the current investigation did highlight two important findings 

that were unrelated to the original purpose. First, the results are in line with emerging 

research suggesting that IU may have drastically increased in recent years. Second, 

completing the ANT-R may affect attentional biases and could be a potential tool for 

ABMT. The current investigation requires replication as it was limited by inadequate 

statistical power due to a small sample size, which restricts the conclusions that can be 

drawn regarding associations between attention and IU. Research replicating and 

investigating increasing IU is also required as rising IU may underlie escalating rates of 

anxiety disorders.  
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Appendix A 

Research Ethics Board Initial and Amendment Certificates of Approval 
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Appendix B  

Eligibility Screener 

Do you have any daytime vision problems that aren’t corrected by glasses or contacts? 
 Y/N 
 
Are you currently taking any psychoactive medication on a regular basis?   
 Y/N  
e.g., antidepressants or anxiolytics, including SSRIs such as fluoxetine (trade name 
Prozac); antipsychotics, such as chlorpromazine (trade name Thorazine); stimulants, 
such as methylphenidate (trade name Ritalin) 
 
Is your first language English?        
 Y/N 
 
Are you between the ages of 18 and 65?      
 Y/N 
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Appendix C  

Attentional Control Scale (ACS) 

 
Please rate the following statements using:  

1 for almost never 
2 sometimes 

 3 often 
4 always. 

 
 Almost 

never 
Sometimes Often Always 

1. It’s very hard for me to concentrate on a 
difficult task when there are noises around. 

    

2. When I need to concentrate and solve a 
problem, I have trouble focusing my 
attention. 

    

3. When I am working hard on something, I 
still get distracted by events around me. 

    

4. My concentration is good even if there is 
music in the room around me. 

    

5. When concentrating, I can focus my 
attention so that I become unaware of what’s 
going on in the room around me. 

    

6. When I am reading or studying, I am 
easily distracted if there are people talking in 
the same room.  

    

7. When trying to focus my attention on 
something, I have difficulty blocking out 
distracting thoughts.  

    

8. I have a hard time concentrating when I’m 
excited about something.  

    

9. When concentrating I ignore feelings of 
hunger or thirst. 

    

10. I can quickly switch from one task to 
another. 

    

11. It takes me a while to get really involved 
in a new task.  

    

12. It is difficult for me to coordinate my 
attention between the listening and writing 
required when taking notes during lectures. 

    

13. I can become interested in a new topic 
very quickly when I need to. 

    

14. It is easy for me to read or write while 
I’m also talking on the phone. 
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15. I have trouble carrying on two 
conversations at once. 

    

16. I have a hard time coming up with new 
ideas quickly.  

    

17. After being interrupted or distracted, I 
can easily shift my attention back to what I 
was doing before. 

    

18. When a distracting thought comes to 
mind, it is easy for me to shift my attention 
away from it.  

    

19. It is easy for me to alternate between two 
different tasks.  

    

20. It is hard for me to break from one way 
of thinking about something and look at it 
from another point of view.  
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Appendix D 

Center for Epidemiologic Studies Depression Scale–14-Item Version 

 
For each statement, please circle the number in the column that best describes how you 
have been feeling in the past week.  
 

 
 

Rarely or 
none of the 
time (less 

than 1 day) 

Some or a 
little of the 

time  
(1-2 days) 

Occasionally 
or a moderate 
amount of the 

time (3-4 
days) 

Most or all 
of the time  
(5-7 days) 

1. I was bothered by 
things that usually don’t 
bother me. 

0 1 2 3 

2. I did not feel like 
eating; my appetite was 
poor.  

0 1 2 3 

3. I felt that I could not 
shake off the blues, 
even with the help from 
family or friends. 

0 1 2 3 

4. I felt that I was just 
as good as other people. 0 1 2 3 

5. I had trouble keeping 
my mind on what I was 
doing.  

0 1 2 3 

6. I felt depressed. 0 1 2 3 
7. I felt that everything 
I did was an effort. 0 1 2 3 

8. I felt hopeful about 
the future. 0 1 2 3 

9. My sleep was 
restless.  0 1 2 3 

10. I was happy.  0 1 2 3 
11. I felt lonely.  0 1 2 3 
12. I enjoyed life.  0 1 2 3 
13. I felt sad.  0 1 2 3 
14. I could not get 
“going”. 0 1 2 3 
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Appendix E 

Emotion Regulation Questionnaire (ERQ) 

 
We would like to ask you some questions about your emotional life, in particular, how 
you control (that is, regulate and manage) your emotions. The questions below involve 
two distinct aspects of your emotional life. One is your emotional experience, or what 
you feel like inside. The other is your emotional expression, or how you show your 
emotions in the way you talk, gesture, or behave. Although some of the following 
questions may seem similar to one another, they differ in important ways. For each item, 
please answer using the following scale: 
 
    1---------------2---------------3---------------4---------------5---------------6---------------7 
strongly        neutral             strongly 
disagree          agree 

1. ____ When I want to feel more positive emotion (such as joy or amusement), I  
          change what I’m thinking about. 
2. ____ I keep my emotions to myself. 
3. ____ When I want to feel less negative emotion (such as sadness or anger), I 
               change what I’m thinking about. 
4. ____ When I’m feeling positive emotions, I am careful not to express them. 
5. ____ When I’m faced with a stressful situation, I make myself think about it in a  

           way that helps me stay calm. 
6. ____ I control my emotions by not expressing them. 
7. ____ When I want to feel more positive emotion, I change the way I’m thinking  

                      about the situation. 
8. ____ I control my emotions by changing the way I think about the situation I’m 

                     in. 
9. ____ When I am feeling negative emotions, I make sure not to express them. 
10. ____ When I want to feel less negative emotion, I change the way I’m thinking 

                      about the situation.  
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Appendix F 

Intolerance of Uncertainty Scale–Short Form 

 
Please circle the number that best corresponds to how much you agree with each item. 

1 = not at all characteristic of me 
2 = a little characteristic of me 

 3 = somewhat characteristic of me 
4 = very characteristic of me 

5 = entirely characteristic of me 
 

1. Unforeseen events upset me greatly. 1 2 3 4 5 

2. It frustrates me not having all the information I 
need. 1 2 3 4 5 

3. Uncertainty keeps me from living a full life. 1 2 3 4 5 

4. One should always look ahead so as to avoid 
surprises. 1 2 3 4 5 

5. A small unforeseen event can spoil everything, even 
with the best of planning. 1 2 3 4 5 

6. When it’s time to act, uncertainty paralyses me. 1 2 3 4 5 

7. When I am uncertain I can’t function very well. 1 2 3 4 5 

8. I always want to know what the future has in store 
for me. 1 2 3 4 5 

9. I can’t stand being taken by surprise. 1 2 3 4 5 

10. The smallest doubt can stop me from acting. 1 2 3 4 5 

11. I should be able to organize everything in advance. 1 2 3 4 5 

12. I must get away from all uncertain situations. 1 2 3 4 5 
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Appendix G  

State-Trait Inventory for Cognitive and Somatic Anxiety 

 
Trait anxiety: Please read each statement carefully and circle the number which best 
indicates how you generally feel, that is, how you feel most of the time 
 
State anxiety: Please read each statement carefully and circle the number which best 
indicates how you feel right now, at this moment 
 
 
 

Almost 
never/ 

Not at all 

Occasionally/ 
Somewhat 

Often/ 
Moderately 

so 

Almost 
always/ 

Very much 
1. My heart beats fast. 1 2 3 4 
2. My muscles are 

tense. 1 2 3 4 

3. I feel agonized over 
my problems. 1 2 3 4 

4. I think that others 
won’t approve of 
me. 

1 2 3 4 

5. I feel like I am 
missing out on 
things as I can’t 
make up my mind 
soon enough. 

1 2 3 4 

6. I feel dizzy. 1 2 3 4 
7. My muscles feel 

weak. 1 2 3 4 

8. I feel trembly and 
shaky. 1 2 3 4 

9. I picture some 
future misfortune. 1 2 3 4 

10. I can’t get some 
thoughts out of my 
mind. 

1 2 3 4 

11. I have trouble 
remembering 
things. 

1 2 3 4 

12. My face feels hot. 1 2 3 4 
13. I think the worst 

will happen. 1 2 3 4 

14. My arms and legs 
feel stiff. 1 2 3 4 

15. My throat feels dry. 1 2 3 4 
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16. I keep busy to 
avoid 
uncomfortable 
thoughts. 

1 2 3 4 

17. I can’t concentrate 
without irrelevant 
thoughts intruding. 

1 2 3 4 

18. My breathing is fast 
and shallow 1 2 3 4 

19. I worry that I 
cannot control my 
thoughts as well as 
I would like to. 

1 2 3 4 

20. I have butterflies in 
my stomach. 1 2 3 4 

21. My palms feel 
clammy. 1 2 3 4 
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Appendix H  

Demographics Measure 

 
How old are you? 
 
How many years (not necessarily consecutively) have you been in school? 
 
Please indicate your current occupation. 
 
Please indicate your biological sex 
 Male  
 Female  
 Rather not say  
 Other (Please specify) ____________________ 

 
Please indicate your ethnicity. 
 Asian 
 Black  
 First Nations / Inuit / Metis  
 Hispanic  
 South Asian  
 White / Caucasian  
 Rather not say  
 Other (Please specify) ____________________ 
 
Please indicate your current marital status: 
 Single  
 Separated or divorced 
 Married or common law  
 Remarried  
 Widowed (5) 
 Rather not say  
 Other (Please specify) ____________________ 
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Appendix I 

Word List 

Words denoting 
uncertainty Matched neutral words Other neutral words 

Chance Career Barrel 
Inconclusive Identifiable Binder 

Maybe Above Cotton 
Perhaps Forward Fur 

Possibility Personality Gel 
Questionable Quantitative Glove 

Random Reflex Guzzle 
Unanticipated Unconditional Pillow 

Uncertain Unnatural Staple 
Unclear Unitary Window 

Unforeseen Unofficial  
Unknown Uniform  

Unpredictable Unpresentable  
Unsure Unused  
Vague Vivid  
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