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ABSTRACT 

Intolerance of uncertainty (IU) has been proposed as an important transdiagnostic 

variable within various anxiety and mood disorders. It has been suggested that individuals high 

in IU may interpret ambiguous information in a more threatening manner. A parallel line of 

research has begun to show that interpretive biases can be modified through cognitive training. 

Specifically, previous research aimed at modifying negative interpretations through Cognitive 

Bias Modification (CBM-I) has yielded promising results. Despite the suggested negative 

interpretation bias for ambiguous information among those high in IU, and the emerging 

evidence for CBM-I protocols, no research to date has examined the efficacy of an IU focused 

CBM-I paradigm. The current study investigated the impact of a brief IU focused CBM-I on 

reductions in IU. The sample comprised 79 undergraduate individuals who were randomly 

assigned to the active (IU CBM-I) or control CBM-I condition. Results indicated no significant 

differences in IU in individuals in the control versus active condition from pre-intervention to 

one month follow-up. Furthermore, change in interpretation bias did not mediate the relationship 

between condition and reductions in IU (pre-intervention to one month follow-up) through 

change in interpretation bias. Exploratory analyses found a significant interaction between 

condition and time from pre- to post-intervention, suggesting that individuals in the active 

(versus the control) condition evidenced significantly lower IU from pre- to post-intervention. 

Results of the present study are discussed in terms of theoretical models of IU and directions for 

future research.  
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CHAPTER ONE 

INTRODUCTION 

Intolerance of uncertainty (IU) is defined as “a cognitive bias that affects how a person 

perceives, interprets, and responds to uncertain situations on a cognitive, emotional, and 

behavioral level” (Dugas, Schwartz, & Francis, 2004). Individuals high in IU consider the 

possibility of a negative event happening as unacceptable and threatening, irrespective of the 

probability of it occurring (Carleton, Norton, & Asmundson, 2007). In addition, those high in IU 

have been found to react negatively to uncertainty, believe that they are unable to cope with 

ambiguous situations, and consider uncertainty itself threatening (Epstein, 1972; Holaway, 

Heimberg, & Coles, 2006; Obsessive Compulsive Cognitions Working Group, 1997). It has been 

proposed that these beliefs about the negative nature of uncertainty bias ones information 

processing abilities and lead to incorrect appraisals of increased threat and reduced coping 

strategies (Freeston, Rhéaume, Letarte, Dugas, & Ladouceur, 1994). 

 IU was historically thought to have a specific relationship with generalized anxiety 

disorder (GAD; Dugas et al., 2004). The Intolerance of Uncertainty Model (IUM) was originally 

developed in reference to GAD, a disorder characterized by excessive and uncontrollable worry 

about future events (Dugas, Letarte, Rhéaume, Freeston, & Ladouceur, 1995; Freeston et al., 

1994). Within this model, it is suggested that individuals with GAD find uncertainty distressing, 

which subsequently leads to the initiation of worry when an uncertain/ambiguous situation is 

encountered. Individuals who view worry as helpful are motivated to continue to engage in 

worry, therefore resulting in increased anxiety. The IUM suggests two feedback loops between 

increased anxiety about future events and worry. The first suggests that anxiety leads to a 

negative problem orientation where individuals view problems as more threatening and feel they 
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lack the confidence to solve them, thereby increasing the intensity of worry. The second suggests 

that increased anxiety and worry lead individuals to engage in cognitive avoidance strategies 

(e.g., thought suppression, distraction), which in turn negatively reinforces worry. In addition to 

negatively reinforcing the usefulness of worry, these strategies prevent threat appraisals from 

being modified, resulting in more worrisome thoughts.   

In line with the IUM, the literature supports the role of IU as a cognitive vulnerability and 

maintenance factor for worry and GAD (Koerner & Dugas, 2008; Ladouceur, Gosselin, & 

Dugas, 2000; Sexton, Norton, Walker, & Norton, 2003; van der Heiden et al., 2010). 

Specifically, IU has been consistently found to be a robust predictor of worry above and beyond 

several suggested maintenance factors (e.g., positive metabeliefs, negative problem orientation, 

perfectionism) (Buhr & Dugas, 2006). In addition, experimental studies have found significant 

relationships between IU and worry (Buhr & Dugas, 2006; Ladouceur et al., 2000; Ladouceur, 

Talbot, & Dugas, 1997). For example, Ladouceur et al. (2000) manipulated levels of IU within a 

gambling task and found that increased IU was associated with an increase in worry. IU has also 

been found to distinguish between subclinical worriers and individuals with GAD (Dugas et al., 

2007; Ladouceur, Blais, Freeston, & Dugas, 1998). Lastly, Dugas and Ladouceur (2000) found 

that changes in IU during cognitive-behavioral therapy were associated with a decrease in worry 

and anxiety symptomology when compared to an applied relaxation treatment and a wait-list 

control.   

Although IU was originally thought of as a cognitive vulnerability factor for GAD, recent 

research has begun to highlight the transdiagnostic nature of IU. In fact, a recent meta-analysis 

found no support for the specificity of IU in GAD, suggesting that previous findings showing 

that IU differentiates GAD from other disorders may have been influenced by the GAD-specific 
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nature of the original IUS (Gentes & Ruscio, 2011). Consistent with this idea, IU has been 

consistently linked in to various anxiety-related disorders, not just GAD (Mahoney & McEvoy, 

2012; McEvoy & Mahoney, 2012). For example, IU was shown to be a robust predictor of social 

anxiety symptoms and this relationship was analogous to that of the hallmark feature of social 

anxiety disorder (SAD), fear of negative evaluation (Boelen & Reijntjes, 2009). Additionally, 

Holaway et al. (2006) found that individuals with analogue obsessive-compulsive disorder 

(OCD) and GAD (i.e., above the clinical cut-off on self-report measures of GAD and OCD) 

reported equally elevated levels of IU. IU has recently been found to predict symptoms of panic 

disorder (PD) above and beyond anxiety sensitivity (AS), a well-known risk factor for PD 

(Carleton, Fetzner, Hackl, & McEvoy, 2013). In a more recent paper investigating the 

relationship between IU and hoarding severity, IU was found to be significantly related to 

hoarding symptomology after covarying for worry, obsessive-compulsive symptoms and 

depression (Oglesby et al., 2012). IU has also been found to be associated with increased levels 

of depression (Carleton et al., 2012; Yook, Kim, Suh, & Lee, 2010). Lastly, recent work has 

found associations between IU and elevated symptoms of PTSD (Oglesby, Boffa, Short, Raines, 

& Schmidt, 2016).  

Taking this research a step further, various studies were conducted to systematically 

investigate the role of IU across samples diagnosed with various emotional disorders. Mahoney 

and McEvoy (2012) found levels of trait IU to be comparable within a sample of individuals with 

principle diagnoses of GAD, SAD, and PD with or without agoraphobia. Unfortunately, sample 

size restricted comparisons between individuals with OCD, post-traumatic stress disorder 

(PTSD), and depression. In addition, Carleton et al. (2012) found that individuals diagnosed with 

an anxiety disorder or depression to report significantly higher levels of IU in comparison to 
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community and undergraduate samples. IU was also found to be a significant, partial mediator 

between neuroticism and symptom levels of SAD, OCD, GAD, PD and agoraphobia, and 

depression after covarying for symptoms of other disorders (McEvoy & Mahoney, 2012). 

Furthermore, Boswell, Thompson‐Hollands, Farchione, and Barlow (2013) found that IUS scores 

did not significantly differ based on the presence or absence of a specific diagnosis in a sample 

of patients diagnosed with heterogeneous anxiety and depression disorders. In a clinical trial 

investigating the efficacy of the Unified Protocol for the Transdiagnostic Treatment of Emotional 

Disorders (UP; Barlow et al., 2011), findings indicated a significant decrease in IU from 

pretreatment to posttreatment, with no change in IU found in the waitlist control group. To 

further highlight the relevance of IU, Norr et al. (2013) found IU to be significantly related to 

symptoms of SAD, OCD, and GAD after accounting for various cognitive risk factors for 

anxiety psychopathology (i.e., AS, distress tolerance, and discomfort intolerance). Taken 

together, these findings highlight the central role of IU across various emotional disorders, 

leading researchers to propose that IU as an important transdiagnostic individual difference 

variable within anxiety-related and mood disorders (Carleton, 2012; Paulus, Talkovsky, 

Heggeness, & Norton, 2015). 

Within these disorders, it has been suggested that individuals high in IU may engage in 

cognitive and/or behavioral avoidance as a way to cope with the anxiety associated with 

uncertainty and to achieve a sense of control over ambiguous situations (Krohne, 1993). 

Consistent with this notion, IU may be a driving force behind many of the avoidance strategies 

seen in various anxiety disorders (e.g., worry, obsessions, compulsions, and hypervigilance; 

Holaway et al., 2006). An additional way IU may be involved in the development and 

maintenance of emotional disorders is by way of cognitive biases. The cognitive theory of 
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anxiety asserts that information processing plays a central role in the development and 

maintenance of anxiety disorders (Beck & Clark, 1997). Within this type of model, it is 

suggested that anxious individuals tend to selectively process threat cues from their environment 

and overestimate the likelihood of them occurring (Clark & Steer, 1996). In addition, some 

cognitive models of anxiety suggest that our schemas about the world influence how we process 

information (Beck & Clark, 1997).  

Although there is debate about which stages of information processing are most critical, 

interpretative biases in information processing are often indicated as important cognitive 

vulnerabilities to anxiety (MacLeod & Mathews, 2012; Ouimet, Gawronski, & Dozois, 2009). 

Interpretation bias refers to the tendency to interpret ambiguous information from the 

environment as negative (Beard & Amir, 2008). In addition, ambiguous information from the 

environment is appraised in accordance with pre-existing schemas (Beard & Amir, 2008). In line 

with this assumption, previous research has consistently found support for a negative 

interpretation bias of innocuous information among anxious individuals (Amir, Beard, & Bower, 

2005; Eysenck, Mogg, May, Richards, & Mathews, 1991; Ouimet et al., 2009). For example, 

Eysenck et al. (1991) found that when individuals with an anxiety disorder were provided with 

ambiguous statements, they were more likely to provide threatening interpretations in 

comparison to non-anxious individuals. In addition, experimental studies have found support for 

threat-relevant interpretation biases being at least partially involved in the development of 

anxiety psychopathology (Mathews & Mackintosh, 2000; Mathews, Ridgeway, Cook, & Yiend, 

2007; Salemink, van den Hout, & Kindt, 2007).  

Expanding on these findings, research has also examined the role of interpretative biases 

among individuals who do not yet meet criteria for an emotional disorder. Researchers have 
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begun to explore information processing biases, specifically interpretation biases, and their 

relationship to IU. For example, within a non-clinical undergraduate sample, Dugas et al. (2005) 

found individuals high in IU to report more concern over ambiguous situations when compared 

to those low in IU in a vignettes task. Within this task, elevated concern over ambiguous 

scenarios was considered to reflect a negative interpretation of the situation. In addition, 

Oglesby, Capron, Raines, Short, and Schmidt (2015) found IU to be significantly related to 

negative interpretations of ambiguous information when utilizing more current methodology 

(i.e., Word Sentence Association Paradigm; Beard & Amir, 2008). Within this same study, IU 

was not found to be a significant predictor of neutral scenarios, therefore providing specificity of 

the relationship between IU and negative interpretation of ambiguous information.   

Given the ubiquitous role of negative interpretation biases in relation to anxiety 

psychopathology and vulnerability factors, developing treatments that directly target these biases 

would be important for increasing treatment efficacy and dissemination. In line with this idea, a 

constellation of methods known as cognitive bias modification (CBM) have been developed to 

directly manipulate these cognitive biases. Specifically, CBM for interpretation bias (CBM-I) is 

aimed at training individuals to interpret emotionally ambiguous information as negative or 

positive, therefore inducing a negative or positive bias. This framework allows researchers to 

examine the effect of modification on constructs of interest, such as anxiety and depression 

(Beard & Amir, 2008). Furthermore, these modifications have been found to endure and 

generalize to later ambiguous situations (Mackintosh, Mathews, Yiend, Ridgeway, & Cook, 

2006).  

A small number of studies have investigated the use of CBM-I within anxious 

populations. Among a sample of socially anxious individuals, Beard and Amir (2008) found 
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participants in their CBM-I training condition (versus control condition) to significantly endorse 

more benign interpretation and fewer threatening interpretations after completion of eight 

training sessions of computerized CBM. At post-test, participants in the training condition 

reported significantly lower levels of social anxiety symptoms than those in the control condition 

(Beard & Amir, 2008). More recent research has begun to investigate the efficacy of 

interpretative bias modification in individuals high in AS, a well-known risk factor for anxiety 

psychopathology. In the first published study of CBM-I for AS, Steinman and Teachman (2010) 

found that individuals in the positive training condition (i.e., participants were asked to resolve 

an ambiguous scenario in a positive way by filling in word stems) endorsed more positive and 

fewer negative interpretations when presented with new vignettes about changes in bodily 

sensations. In addition, individuals in the positive training condition were found to have 

significantly lower scores on the Anxiety Sensitivity Index (ASI; Reiss, Peterson, Gursky, & 

McNally, 1986) in comparison to the control conditions. In an effort to replicate and extend these 

findings, MacDonald, Koerner, and Antony (2013) investigated the effects of CBM-I for AS 

using the Interpretation Modification Program (IMP) CBM-I task by Beard and Amir (2008). 

Given that previous research has demonstrated that active training (versus passive training—e.g., 

word stem completion tasks) results in more robust modification in interpretation biases, this 

modified task was chosen as a way to increase the active nature of the program. Results revealed 

that individuals in the training condition (versus “sham” control condition) reported significantly 

lower ASI scores than the control condition (MacDonald et al., 2013). In a more recent study 

evaluating CBM-I for AS, Capron and Schmidt (2014) found a single-session intervention to be 

successful in reducing overall AS at post-treatment and these reductions were maintained 

through one-month post-intervention. Additionally, change in interpretation bias was found to 
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significantly mediate the relationship between treatment condition (active versus control) and 

post-treatment reductions in AS.  

It is theoretically plausible that IU is an additional vulnerability factor that could be 

successfully targeted using CBM-I. Despite the transdiagnostic nature of IU, the efficacy of 

CBM-I protocols, and the presence of a negative interpretation bias among those high in IU, no 

research to date has examined whether or not a CBM-I would be effective in lowering IU. The 

primary aim of the current study was to investigate whether a CBM-I for IU would provide 

significant reductions in IU. Based on previous findings (Beard & Amir, 2008; Capron & 

Schmidt, 2014; Dugas et al., 2005) we hypothesized that individuals in the active CBM-I 

condition (compared to the control condition) would display significant reductions in IU from 

pre-intervention to one month follow-up. The secondary aim of the current investigation was to 

determine whether or not changes in interpretation bias would mediate the relationship between 

treatment condition (active versus control) and change in IU from pre-intervention to one month 

follow-up. Consistent with previous research (Capron & Schmidt, 2014), we hypothesized that 

change in interpretation bias would mediate this relationship. Additionally, as a complement to 

our self-report measure of IU, we included two tasks shown in the literature to be behavioral 

indicators of IU (Ladouceur et al., 1997; Thibodeau, Carleton, Gómez-Pérez, & Asmundson, 

2013). Given that the majority of research on IU has focused on self-report data, the inclusion of 

behavioral indices of IU is both a novel and important contribution to the literature considering 

the recent push towards multimodal assessments of psychological phenomena. 
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CHAPTER TWO 

METHODS 

Participants 

 Participants included 79 undergraduate students recruited from the Introductory to 

Psychology student pool maintained by the Psychology department at Florida State University. 

All participants were 18 years old or older and received course credit in compensation for their 

participation in the study. Participants were selected for the current study based on their 

responses to the Intolerance of Uncertainty Scale (IUS; Buhr & Dugas, 2002), a self-report 

questionnaire assessing levels of IU. Specifically, approximately half of the sample (55%) was 

selected (i.e., invited to participate via email) for scoring 1.5 standard deviations about the non-

clinical mean on the IUS, whereas the remainder of participants (45%) were unselected (i.e., not 

required to meet the IUS cut-off; signed up for the study on their own volition). This method was 

utilized to ensure that we would have a continuous range of IU symptoms as well as a substantial 

percentage of individuals with elevated IU. Participants were primarily female (74.7%) with ages 

ranging from 18 to 22 (M = 18.86, SD = 1.12). 82.3% of the sample was Caucasian, 8.9% 

African American, 3.8% Asian, 1.3% American Indian, and 3.7% Other (e.g., bi-racial). 

Procedure 

 Recruited participants were contacted via email and invited to participate if they scored 

1.5 standard deviations above the mean on the IUS. The remainder of unselected participants 

were recruited from the undergraduate psychology research pool and signed up through an online 

experiment database. Regardless of recruitment strategy, individuals were told the study was 

investigating the efficacy of a computerized intervention for anxiety-related risk factors and that 
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they would receive two credits for their full participation. Invited and interested participants were 

asked to sign-up for the current study using the sona-systems website.  

 Upon arrival to the lab, informed consent was obtained. Following this, participants 

completed a battery of self-report questionnaires assessing for individual differences in anxiety-

related constructs. Next, individuals were randomly assigned to either the active (IU CBM-I) or 

control (Control CBM-I) condition. Upon completion of the baseline measures, all participants 

completed the pre-intervention marble task. Once participants completed the pre-intervention 

marble task, they completed the typing task. Upon completion of these behavioral tasks, 

participants were asked to do a filler task (word search) for approximately five minutes. This 

filler task was used to ensure that participants were back at their baseline level of functioning 

upon completion of the two behavioral tasks. Once five minutes had passed, participants were 

asked to complete a short battery of questionnaires (pre-intervention measures; state IUS-12 and 

PANAS-NA). After finishing these measures, participants did the active or control CBM-I, 

depending on condition. Upon completion of their assigned condition, individuals then 

completed an additional short battery of questionnaires (post-intervention measures; state IUS-12 

and PANAS-NA). Following this, participants re-did the marble task (post-intervention marble 

task). Finally, participants were given credit and dismissed. Participants were sent a survey link 

via email and asked to complete a short set of questionnaires at one week (trait IUS-12, PANAS-

NA) and one month (trait IUS-12, PANAS-NA, and PSWQ) from their baseline session date.   

Measures 

 Demographics Questionnaire. A self-report questionnaire was used to assess participant 

demographic information. Specifically, various demographic variables were collected including 

gender, ethnicity, race, sexual orientation, and educational/occupational level.  
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 Intolerance of Uncertainty Scale—Short Form (IUS-12). IU was assessed using the 

IUS-12 (Carleton et al., 2007). The IUS-12 is a 12-item self-report questionnaire assessing an 

individual’s ability to tolerate uncertainty of ambiguous situations, the cognitive and behavioral 

responses to uncertainty, perceived implications of uncertainty, and attempts to control the future 

(Freeston et al., 1994). Individuals are asked to rate each item on a 5-point Likert scale ranging 

from 0 (Not at all characteristic of me) to 5 (Entirely characteristic of me). The IUS-12 yields a 

total score and two subscale scores, Prospective and Inhibitory IU. In previous research, the IUS-

12 has demonstrated high internal consistency (α = .91) and to be psychometrically sound 

(Carleton et al., 2007). In the current study, the IUS-12 was administered at baseline, one week 

follow-up, and one month follow-up (original trait version). The IUS-12 was also administered 

in the pre- intervention and post-intervention questionnaire batteries, but was modified at these 

time points to measure changes in state IU. In the present investigation, the baseline IUS-12 total 

score evidenced good internal consistency (α = .82).  

 Anxiety Sensitivity Index-3 (ASI-3; Taylor et al., 2007). The ASI-3 is an 18-item 

questionnaire designed to measure an individual’s level of concern about the potential negative 

effects of various anxiety-related symptoms (Taylor et al., 2007). The ASI-3 is a modification of 

the original ASI (Reiss et al., 1986). Respondents are asked to read a series of statements and 

rate the degree to which they agree with each item using a 5-point Likert scale ranging from 0 

(Very little) to 4 (Very much). The multidimensional scale yields a higher order factor of anxiety 

sensitivity (AS) and three lower order subfactors of AS (physical, cognitive, and social 

concerns). Prior research has found the ASI-3 to be a valid and reliable measure of AS (Taylor et 

al., 2007). The ASI-3 was administered in the baseline questionnaire battery in the current 

investigation and demonstrated excellent internal consistency (α = .89). 
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 Distress Tolerance Scale (DTS; Simons & Gaher, 2005). Distress tolerance (DT) was 

measured using the DTS (Simons & Gaher, 2005). The DTS is a 15-item self-report 

questionnaire assessing an individual’s ability to experience and withstand negative 

psychological states. Respondents are asked to indicate how strongly they agree with each 

statement using a 5-point Likert scale ranging from 1 (Strongly agree) to 5 (Strongly disagree), 

with higher scores suggesting a better ability to tolerate negative physiological states. The DTS 

yields a total score, as well as four subscales including tolerance, absorption, appraisal, and 

regulation. The scale has been found to be psychometrically sound in previous research (Simons 

& Gaher, 2005). In the current study, the DTS was administered in the baseline questionnaire 

battery. Further, the DTS total score demonstrated excellent internal consistency (α = .94). 

 Frustration Discomfort Scale (FDS; Harrington, 2005). The FDS was omitted given 

that the incorrect measure was administered.   

 Penn State Worry Questionnaire (PSWQ; Meyer, Miller, Metzger, & Borkovec, 

1990). Symptoms related to GAD and worry will be measured using the PSWQ (Meyer et al., 

1990). The PSWQ is a 16-item scale in which respondents are asked to indicate the degree to 

which each item is typical of them on a 5-point Likert scale (0 = Not at all, 4 = Very). Prior 

research has found the PSWQ to demonstrate excellent internal consistency and great test-retest 

reliability (Meyer et al., 1990). In the current investigation, the PSWQ was administered at 

baseline and one month follow-up. The baseline PSWQ total score demonstrated good internal 

consistency (α = .94). 

 Beck Depression Inventory-II (BDI-II; Beck, Steer, & Carbin, 1988). The BDI-II will 

be used in the current study to index general levels of depression. The BDI-II is a 21-item self-

report questionnaire in which respondents are asked to select the statement that best describes 
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how they have felt over the past two weeks using a 4-point Likert type scale ranging from 0 to 3, 

with higher scores reflecting greater levels of depression. The BDI-II has demonstrated strong 

psychometric properties in previous research (Beck et al., 1988). The BDI-II was administered in 

the baseline questionnaire battery in the current investigation demonstrated good internal 

consistency (α = .90). 

 Positive and Negative Affect Schedule (PANAS; Watson, Clark, & Tellegen, 1988). 

The PANAS is a 20-item self-report questionnaire assessing levels of positive and negative 

affect. Respondents are asked to indicate the extent to which they feel particular emotions on a 5-

point Likert scale ranging from 1 (Very slightly) to 5 (Extremely). The PANAS is a widely used 

measure and has demonstrated strong psychometric properties (Watson et al., 1988). The full 

PANAS was administered in the baseline set of questionnaires in the current study. The PANAS 

negative affect scale (PANAS-NA) was administered at one week and one month follow-up 

(original trait version). The PANAS-NA was also administered at pre-intervention and post-

intervention but was modified at these time points to measure changes in state negative affect. 

The baseline PANAS negative (α = .87) and positive affect (α = .90) subscales were found to be 

internally consistent in the current investigation. 

Intervention Components 

 IU CBM-I. The IU CBM-I was programmed using E-Prime software (Schneider, 

Eschman, & Zuccolotto, 2002) and is based on prior work on CBM for anxiety (Beard & Amir, 

2008; Brosan, Hoppitt, Shelfer, Sillence, & Mackintosh, 2011). Four phases composed each trial 

of the program. During the first phase, a fixation cross appeared on the computer screen for 

500ms to direct participants toward the screen and alert them that the trial was beginning. Next, 

an ambiguous word/phrase (e.g. “doctor called”) appeared on the screen for 1000ms (phase 2). 
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Following this, a sentence (e.g. “appointment reminder”) appeared on the screen and remained 

on the screen until participants pressed the space bar indicating that they had finished the 

statement (phase 3). On half of the trials, the combination of the word/phrase and sentence 

created a neutral meaning (as in the previous example). On the other half of trials, this 

combination created a negative meaning (e.g., “I have a terrible disease”). Finally, participants 

were asked to judge the relatedness of the word/phrase and the sentence. They did this by 

pressing “yes” if they thought the word/phrase and sentence were related, and “no” if they 

thought they were unrelated. In addition, participants were given feedback during two training 

phase such that judging the negative combinations as “unrelated” and the neutral combinations 

as being “related” produced a “correct” response. Furthermore, if they judged negative 

combinations as being “related” and neutral combinations as being “unrelated” they heard a 

noise tone through headphones and were given feedback that the response was “incorrect”. 

Participants began with 40 test trials with no reinforcement to measure baseline IB (pre-training 

phase). Then they completed 80 training trials in which their response was reinforced. Next they 

completed a five minute filler task (simple math problems). The participants then did another 80 

trials of training. Finally, they were given 40 test trials of word/phrase and sentence pairs that 

they had never seen before to measure change in IB (post-training phase). Interpretation bias 

(i.e., accuracy) was measured by the number of trials in which participants endorsed neutral 

relationships (“correct” answer) and rejected negative relationships (“incorrect” answer). If a 

participant got a trial correct, their score for that trial was 1. If a participant got a trial incorrect, 

their score for that trial was a 0. Therefore, a score closer to 1 indicated that the participant was 

more accurate in their response. Interpretation bias, or an individual’s accuracy, was measured 

during the pre-training and post-training phases. Change in interpretation bias was indexed by 
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calculating a difference score from the pre-training phase accuracy to the post-training phase 

accuracy. This procedure is based on previous IB literature (Brosan et al., 2011; Capron & 

Schmidt, 2014).  

 Control CBM. The control CBM-I was structurally identical to the IU CBM-I, except 

that the word/phrase and sentence pairings differed to some extent. Specifically, the ambiguous 

word/phrases from phase 2 were the same, but the sentences in phase 3 were different. When 

combined with the ambiguous word/phrases from phase 2, these sentences created neutral 

statements that were not relevant to IU. In addition, half of the word/phrase and sentence pairs 

were related (e.g., “car unlocked” and “forgot keys”), and half of them were not related (e.g., 

“car unlocked” and “the sky is blue”). The remainder of the control CBM-I was identical to the 

IU CBM-I. Specifically, only the two training phases of the control CBM-I differed from the 

active CBM-I. The initial pre-training phase (measuring baseline IB) and the final post-training 

phase (measure post-training IB) was the same in the control CBM-I and the active CBM-I. This 

method was recommended by MacDonald et al. (2013) and is a replication of Capron and 

Schmidt (2014) to prevent unintended training effects caused by non-contingent reinforcement in 

previous CBM training paradigms.   

Behavioral Tasks 

 Marble Task. This task, which was derived from Ladouceur et al. (1997), consisted of 

four opaque bags, each containing 100 black and white marbles. Two of the bags contained 85 

black marbles and 15 white marbles. The other two bags contained 15 black marbles and 85 

white marbles. One bag was presented to participants without their knowing which bag it was. 

Participants were then asked to decide which bag they were given, either the bag containing 

mostly black marbles or the one containing mostly white marbles. Before deciding, participants 



16 
 

were told that they could draw as many marbles as they wanted from the bag before deciding 

which bag they were given. Participants completed this procedure four times (i.e., once for each 

bag). After each bag, participants were asked to rate their level of certainty that they identified 

the bag correctly (0 = Not at all certain, 8 = Very certain). For this task, total number of marbles 

drawn and level of certainty for each bag was measured. The marble task was administered pre-

intervention and post-intervention. In this task, a greater number of marbles drawn before 

making a decision was conceptualized as a behavioral indicator of IU. Specifically, based on 

previous research (Ladouceur et al., 1997), we hypothesized that individuals high in IU would 

require more marbles before making a decision. We also hypothesized that the individuals high 

in IU would be less certain that they chose the correct bag. Additionally, we hypothesized that 

individuals in the active IU CBM-I (versus the control CBM-I) would require less marbles before 

making a decision and display higher levels of certainty from pre-to-post intervention.  

 Typing Task. During this task, which was a replication and extension of Thibodeau et al. 

(2013), participants were seated alone in a room facing a computer monitor and keyboard. 

During the first typing task, an experimenter played a recording of a long neutral passage, and 

participants were asked to transcribe the passage by typing with their dominant hand only. 

Participants were told to work as quickly as they could, make as few mistakes as possible, and 

that their performance would be judged by other students and faculty members. In addition, 

participants were told that their performance would be compared with that of other participants. 

Following the first typing task (time 1 typing task), participants completed an additional version 

of the task (time 2 typing task). Specifically, an experimenter covered the computer screen and 

played a recording of a different long neutral passage. Participants were asked to transcribe the 

passage by typing with their dominant hand only and were told to work as quickly as they could, 
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make as few mistakes as possible, and that their performance would be judged by other students 

and faculty members and compared to other students. For these tasks, words per minute and total 

typing errors were calculated. We hypothesized that IU would be associated with slower typing 

speed during the time 2 typing task, after covarying for their time 1 typing speed. Given previous 

research (Thibodeau et al., 2013), we did not expect IU to be significantly related to typing 

errors.  
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CHAPTER THREE 

RESULTS 

Data screening, which included running descriptive statistics to check for any missing 

data or data entry errors, assessing for outliers, and investigating scatter plots for skewness and 

kurtosis, was conducted before any primary or secondary analyses. Inspection of skewness and 

kurtosis values indicated that no values were outside of the recommended cut-offs. Further 

inspection of the data found no outliers. In regards to missing data, the total sample size varies 

slightly at the different time points due to participant drop-out during the week one and month 

one online follow-up appointments. Specifically, 84% completed the one week follow-up and 

68% completed the one month follow-up. In addition, the sample size for the behavioral tasks 

(i.e., the pre- and post-intervention marble task and typing task) differs slightly from the total 

sample size due to experiment complications (e.g., participant had to leave unexpectedly). 

Finally, preliminary examinations for all regression analyses indicated that there were no threats 

or violations of normality, multicollinearity, or homoscedasticity.  

Preliminary Analyses 

Three multiple regression analyses were conducted to check equivalence of random 

assignment to condition (coded as 1 = Active and 2 = Control) based on key characteristics. 

Results indicated that there were no differences among individuals in the active versus control 

conditions on age (F (1, 78) = 1.20, p = .28), gender (F (1, 78) = 2.64, p = .11), and baseline 

IUS-12 total scores (F (1, 78) = .03, p = .86).  

Next, means, standard deviations, and zero-order correlations were examined for baseline 

measures included in the current analyses (see Table 1). The mean for baseline IUS-12 total 

scores was slightly higher than that found in undergraduate and community samples and slightly 
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lower than that found in clinical samples (Carleton et al., 2012; Mahoney & McEvoy, 2012; 

Oglesby, Albanese, Chavarria, & Schmidt, 2014). Consistent with previous research, the IUS-12 

total score was significantly related to levels of negative affect. Unexpectedly, IUS-12 total 

scores were not related to any of the behavioral task outcomes (i.e., Time 1 marble mean and 

certainty mean, Time 2 marble mean and certainty mean, and Passage 1 and 2 typing speed).  

Trait and State Reductions in IU 

 As a manipulation check, reductions in IU across time for each condition were examined. 

In the active CBM-I condition, state IUS-12 total scores decreased 13% from pre- to post-

intervention. This reduction was maintained, to a lesser degree, at week one (3%) and month one 

(7%). For the control condition, state IUS-12 total scores decreased 6% from pre- to post-

intervention. However, in the control condition, pre-intervention to one week follow-up IUS-12 

total scores increased 4% and then showed a 2% decrease from pre-intervention to month one 

follow-up. Although baseline IUS-12 total scores were not included in our primary analyses, we 

examined change in trait IUS-12 total scores from baseline to one week and one month follow-

up. As expected, the active condition revealed a more substantial decrease in IUS-12 total scores 

from baseline to one week (13%) and one month (16%) follow-up in comparison to the control 

condition from baseline to one week (6%) and one month (11%) follow-up.  

Change in Interpretation Bias 

The means for the pre-training phase accuracy, the post-training phase accuracy, and 

change in interpretation bias for each condition can be seen in Table 2. Next, three multiple 

regression analyses were conducted to see if condition (coded as 1 = Active and 2 = Control) was 

significantly associated with pre-training accuracy, post-training accuracy, or change in 

interpretation bias. Consistent with expectation, results indicated no significant difference for 
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condition in pre-training accuracy (β = -.03, t = -.29, p = .78, sr
2 

= .001). In addition, consistent 

with expectation, condition was significantly associated with post-training accuracy (β = -.49, t = 

-4.87, p < .001, sr
2 

= .24), suggesting that individuals in the active condition were more accurate 

than those in the control condition at post-training. Finally, consistent with expectation, results 

indicated that condition was significantly associated with change in interpretation bias (β = -.50, 

t = -4.99, p < .001, sr
2 

= .25), suggesting that the active IU focused CBM-I condition was 

effective in training individuals to endorse neutral relationships and reject negative relationships. 

Primary Analyses 

To test our main hypothesis that individuals in the active condition (versus control 

condition) would decrease in IU (as measured by the IUS-12 total score) from pre-intervention to 

one-month follow-up, a 2 (condition; control versus active) x 4 (time; pre-intervention, post-

intervention, one week follow-up, and one month follow-up) mixed between-within subjects 

ANOVA was conducted. Preliminary analyses indicated that the homogeneity of 

intercorrelations assumption was not violated. Results indicated a significant main effect of time 

(F (3, 46) = 7.65, p < .001, partial eta squared = .33). No significant main effect of condition (F 

(1, 48) = .33, p = .57, partial eta squared = .007) was found. In addition, the interaction between 

condition and time was not significant (F (3, 46) = .89, p = .45). Please see Figure 1.  

We conducted exploratory analyses to further examine change in IU at specific time 

points. Specifically, three contrasts comparing 1) the control versus active condition in pre-

intervention to post-intervention IUS-12 total scores, 2) the control versus active condition pre-

intervention to one week follow-up IUS-12 total scores, and 3) the control versus active 

condition in pre-intervention to one month follow-up IUS-12 total scores. Contrast analyses 

indicated no significant difference in pre- to post-intervention IUS-12 total scores in individuals 



21 
 

in the active versus control condition (F (1, 48) = 2.77, p = .10). An additional contrast analysis 

indicated no significant difference in pre- to one week follow-up IUS-12 total scores when 

comparing individuals in the active versus control condition (F (1, 48) = 1.09, p = .30). A final 

contrast analysis indicated no significant differences in pre- to one month follow-up IUS-12 total 

scores in individuals in the active versus control condition (F (1, 48) = .66, p = .42).   

Given the unexpectedly high attrition rates at one week and one month follow-up, an 

additional exploratory analysis was conducted. Specifically, a 2 (condition; control versus active) 

by 2 (time; pre- to post-intervention) mixed between-within subjects ANOVA was conducted to 

investigate whether individuals in the active (versus control) condition decreased in IU (as 

measured by the IUS-12 total score) from pre- to post-intervention. By limiting our analysis to 

the pre- to post-intervention time points, we were able to retain close to our full sample (N = 75). 

Preliminary analyses indicated that the homogeneity of intercorrelations assumption was not 

violated. Results indicated a significant main effect of time (F (1, 73) = 16.84, p < .001, partial 

eta squared = .19), suggesting that IUS-12 scores went down from pre- to post-intervention. No 

significant main effect of condition (F (1, 73) = .02, p = .90, partial eta squared < .001) was 

found. However, the interaction between condition and time was significant (F (1, 73) = 4.32, p 

= .04), suggesting that individuals in the active condition, in comparison to those in the control 

condition, evidenced significantly lower IUS-12 total scores from pre- to post-intervention (see 

Figure 2). 

Secondary Analyses 

Marble Task 

A multiple regression equation was conducted to test the hypothesis that IU (as measured 

by baseline IUS-12 total scores) would be associated with a larger number of marbles drawn in 



22 
 

the pre-intervention marble task (as measured by the mean number of marbles drawn) after 

covarying for negative affect (as measured by baseline PANAS-NA total scores). Pre-

intervention mean number of marbles drawn served as the dependent variable. Results indicated 

that the overall model was not significant (F (2, 77) = 1.25, p = .29, sr
2 

= .03). Inconsistent with 

hypotheses, IU (β = .18, t = 1.51, p = .14, r
2 = .03) and negative affect (β = -.01, t = -.10, p = .92, 

sr
2 

< .001) were not significantly associated with a larger number of marbles drawn.  

An additional multiple regression equation was conducted to test the hypothesis that IU 

would be associated with a decreased level of certainty in the pre-intervention marble task (as 

measured by mean certainty ratings) after covarying for baseline negative affect. Pre-intervention 

mean certainty ratings served as the dependent variable. Results indicated that the overall model 

was not significant (F (2, 77) = .46, p = .63, r
2 = .01). Inconsistent with hypotheses, IU (β = .03, t 

= .24, p = .81, sr
2 < 001) and negative affect (β = -.12, t = -.95, p = .35, sr

2 
= .01) were not 

significantly associated with level of certainty in the marbles task.  

A third multiple regression equation was conducted to test the hypothesis that individuals 

in the active (versus control) condition would require fewer marbles before making a decision in 

the marbles task at post-intervention, after accounting for pre-intervention mean number of 

marbles drawn and baseline negative affect. Post-intervention mean number of marbles drawn 

served as the dependent variable. Results indicated that the overall model was significant (F (3, 

73) = 46.14, p < .001, r
2 = .66). Inconsistent with hypotheses, condition (β = .07, t = 1.00, p = 

.32, sr
2 

= .004) was not significantly associated with post-intervention number of marbles drawn, 

whereas pre-intervention number of marbles drawn (β = .80, t = 11.51, p < .001, sr
2 

= .64) and 

negative affect (β = .14, t = 2.00, p = .05, sr
2 

= .02) were.  
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An final multiple regression equation was used to test the hypothesis that individuals in 

the active (versus control) condition would increase in their level of certainty in the marble task 

at post-intervention, after accounting for pre-intervention level of certainty and baseline negative 

affect. Post-intervention mean certainty ratings served as the dependent variable. Results 

indicated that the overall model was significant (F (3, 72) = 29.69, p < .001, r
2 

= .56). 

Inconsistent with hypotheses, condition (β = -.09, t = -1.10, p = .28, sr
2 

= .008) and negative 

affect (β = -.05, t = -.61, p = .54, sr
2 

= .002) were not significantly associated with a decreased 

level of certainty in the post-intervention marbles task. Pre-intervention certainty levels was 

significantly associated with post-intervention certainty levels (β = .75, t = 9.38, p < .001, sr
2 

= 

.56). 

Typing Task 

A multiple regression equation was conducted to test the hypothesis that IU (as measured 

by baseline IUS-12 total scores) would be associated with slower typing speed during the time 2 

typing task (as measured by passage 2 words per minute) after covarying for typing speed during 

the time 1 typing task (as measured by passage 1 words per minute). Passage 2 typing speed 

served as the dependent variable. Results indicated that the overall model was significant (F (2, 

68) = 152.62, p < .001, r
2 = .83). Inconsistent with hypotheses, IU (β = .06, t = 1.14, p = .26, sr

2 
= 

.003) was not significantly associated with a slower typing speed during passage 2, whereas 

passage 1 typing speed was (β = .91, t = 17.40, p < .001, sr
2 

= .82).  

Mediation Analyses 

 A mediation model was tested to investigate whether change in interpretation bias (pre- 

to post-intervention) would mediate the relationship between intervention condition and change 

in IU from pre-intervention to one month follow-up (see Figure 3). The mediation analysis was 
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computed using the PROCESS macro for SPSS (Hayes, 2012). A bias-corrected bootstrap model 

was used to estimate the standard error of parameter estimates and the bias-corrected confidence 

intervals of the indirect effects (Preacher & Hayes, 2004). This model takes a random sample 

from the data, with replacement, and the values for the path from intervention condition to 

change in interpretation bias (α) and the path from interpretation bias change to change in IU (ß) 

was computed. In addition, the indirect effect (αß) was calculated. As recommended by Preacher 

and Hayes (2004), this process was repeated for 5,000 resamples of the data. These values were 

then used to form a bootstrap distribution, where a 95% confidence interval of the true size of the 

indirect effect from intervention condition to change in IU through change in interpretation bias 

was calculated (Fritz & MacKinnon, 2007). Results demonstrated that the α path from condition 

to interpretation bias change was significant (B = -.14, SE = .03, t = -4.27, p < .001). The ß path 

from change in interpretation bias to change in IU was not significant (B = -9.69, SE = 7.98, t = -

1.22, p = .23). The direct effect of condition on change in IU (c path) was not significant (B = 

1.37, SE = 1.94, t = .71, p = .48). The direct effect of condition on change in IU after accounting 

for change in interpretation bias (c’ path) was not significant (B = -.02, SE = 2.25, t = -.01, p = 

.99). Finally, the indirect effect of interpretation bias change on change in IU was not significant 

(B = 1.40, SE = 1.61, 95% CI [-.94, 5.44]). 

An alternate model was computed to test the specificity of the previous model. 

Specifically, this alternative model examined whether change in negative affect (as measured by 

the PANAS-NA) from pre- to post-intervention mediated the relationship between intervention 

condition and change in IU from pre-intervention to one month follow-up (see Figure 4). Results 

of 5,000 bootstrap resamples demonstrated that the α path from condition to change in negative 

affect was not significant (B = 2.75, SE = 1.46, t = 1.89, p = .07). The ß path from change in 
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negative affect to change in IU was significant (B = .65, SE = .17, t = 3.76, p < .001). The direct 

effect of condition on change in IU (c path) was not significant (B = 1.73, SE = 2.01, t = .86, p = 

.39). The direct effect of condition on change in IU after accounting for change in negative affect 

(c’ path) was not significant (B = -.07, SE = 1.85, t = -.04, p = .97). However, the indirect effect 

of negative affect change on change in IU was significant (B = 1.79, SE = 1.16, 95% CI [.21, 

4.85]). 
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CHAPTER FOUR 

DISCUSSION 

 Inconsistent with initial predictions, results indicated that intervention condition was not 

significantly associated with change in IU from pre-intervention to one month follow-up. 

Although we did find a significant effect of time, exploratory contrast analyses found no 

significant differences in treatment condition when investigating change in IU at specific time 

points (e.g., pre-intervention to week one follow-up). These results are inconsistent with previous 

research that has yielded promising results when utilizing CBM-I paradigms in at risk 

populations (Capron & Schmidt, 2014; MacDonald et al., 2013; Steinman & Teachman, 2010). 

However, our results are in line with a recent meta-analysis in which the authors aimed to 

examine the broad effectiveness of CBM paradigms (Hallion & Ruscio, 2011).Within this study, 

the authors suggest that the effect of CBM-I paradigms may be more modest than previously 

thought (Hallion & Ruscio, 2011). Specifically, Hallion and Ruscio (2011) found that CBM-I 

paradigms have a medium effect on bias change, but that CBM-I’s have a non-significant and 

small effect on anxiety symptom reduction. There are a variety of plausible explanations for why 

we did not get our desired results. First, it is conceivable that attrition at one month follow-up 

played a role in our lack of findings. Although our original power analysis indicated that only 53 

participants were needed (N at one month = 50), these estimates were based on effect sizes in the 

AS literature. Therefore, it is possible that a larger sample size at one month follow-up would 

have allowed for more power to detect results in our overall model.  

Furthermore, it is possible that the construct of IU is not as easily changed as other risk 

factors that have been effectively reduced in the CBM-I literature (e.g., AS; Capron & Schmidt, 

2014). Although IU has a large cognitive component, which suggests that CBM-I protocols 
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would be effective in lowering IU, it is plausible that cognitive training alone is not enough to 

lead to reductions in IU. Specifically, an important part of the IU construct is that individuals 

high in IU cannot tolerate uncertainty and have trouble persisting through ambiguous situations 

(Carleton, 2012; Leyro, Zvolensky, & Bernstein, 2010). Our IU focused CBM-I task was 

designed to reduce threatening interpretations and induce neutral interpretations related to 

ambiguous information. However, it was not designed to teach individuals how to increase their 

tolerance of uncertainty. Further, our paradigm did not discuss the inevitable nature of 

uncertainty in daily life and it did not provide strategies for persisting through ambiguous 

situations. These factors combined suggest that a more robust intervention may be needed in 

order to reduce IU (i.e., psychoeducation; intervention with a behavioral component; exposure to 

uncertainty). 

Moreover, it is plausible that more than one session is needed in order to see reductions 

in IU. The extant literature has suggested that IU is a stable construct within individuals and 

therefore akin to a trait characteristic (Dugas et al., 1998; Leyro et al., 2010).  Given the stable 

nature of IU, it is reasonable to believe that more than one intervention session is needed to see 

meaningful reductions. This notion is corroborated by further inspection of our pattern of 

findings in figure 1 which suggest that the CBM-I had a strong effect from pre- to post-

intervention , but that this effect was attenuated over time. Further, the idea of multiple training 

sessions is in line with results from Hallion and Ruscio (2011) in which the authors found larger 

effect sizes for CBM paradigms with multiple sessions in comparison to those with a single 

training session design. Within this same study, the authors suggest that extended follow-ups 

may be useful given that cognitive biases may have a gradual, not immediate, effect on symptom 

reduction. Specifically, it is possible that attenuating threatening interpretations in a single 
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session may result in a habitual decrease in threatening interpretations over many weeks or 

months, which may then lead to a cumulative reduction in the construct of interest (Hallion & 

Ruscio, 2011).  

Finally, our lack of findings could be due to the paradigm that we used. While our IU 

CBM-I was based on the extant literature (Beard & Amir, 2008; Capron & Schmidt, 2014; 

MacDonald et al., 2013), our study was the first to modify and test this paradigm within IU. 

Although our task did successfully change individual’s interpretation biases in the active 

condition, this change in bias may not have ‘transferred’ over and reduced IU. It is possible that 

a different CBM-I paradigm would have yielded better results. Specifically, a task requiring 

participants to be more generative may have produced different results. For example, sentence 

completion tasks are common in the CBM-I literature. Within these tasks, participants are 

presented with an ambiguous sentence and asked to fill in the fragmented word at the end of the 

sentence to determine the valence of the sentence. In the positive training group, participants are 

presented with fragments that resolve positively. In the negative training group, participants are 

presented with fragments that resolve negatively. Following this, all participants are asked 

comprehension questions to reinforce their training. It is possible that a task requiring the 

participant to play a more active role (i.e., a sentence completion task) would have provided 

better results. In addition, the content (i.e., word and sentence pairings) for our paradigm was 

chosen based on previous work finding significant associations between negative interpretations 

of these pairings and self-report IU (Oglesby, Raines, Short, Capron, & Schmidt, 2016). 

However, it is possible that the content in our IU focused CBM-I was not representative of the 

uncertain situations that individuals high in IU are threatened by. 
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 Although we did not find a significant effect of treatment condition on change in IU from 

pre-intervention to one month follow-up, exploratory analyses indicated a significant interaction 

between condition and time on changes in IU from pre- to post-intervention. Specifically, 

individuals in the active condition had significantly reduced IU from pre- to post-intervention in 

comparison to those in the control condition. These results are consistent with previous work 

finding significant reductions in AS from pre- to post-intervention while utilizing a CBM-I 

paradigm (Capron & Schmidt, 2014). Although we did not find as robust of an effect as we had 

originally expected (i.e., from pre-intervention to one month follow-up), these exploratory 

analyses provide preliminary evidence for the effectiveness of our IU CBM-I. In addition, these 

findings lend support for the hypothesis that a lack of power lead to our null findings when 

looking at the effect of condition on change in IU from pre-intervention to one month follow-up. 

By looking at the effect of condition on change in IU from pre- to post-intervention, we were 

able to retain close to our full sample size and therefore increase power. It is also conceivable 

that our IU CBM-I was only effective at reducing temporary state IU given that the state version 

of the IUS-12 was given at pre-and post-intervention, whereas the trait version of the IUS-12 was 

given at baseline, one week, and one month follow-up. However, this possibility is unlikely 

given that trait IU at one week (13%) and one month (16%) follow-up was substantially lower 

when compared to baseline trait IU among those in the active condition. Further, these reductions 

were comparable to those seen for pre- to post-intervention (13%) state IUS-12 total scores in the 

active condition.  

 Although no relationship between intervention condition and change in IU from pre-

intervention to one month follow-up was found, the proposed mediation models were evaluated 

given that previous work has demonstrated that significant mediation can occur even when a 
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direct relationship is not present (Rucker, Preacher, Tormala, & Petty, 2011). As would be 

expected, there was a significant effect of condition on change in interpretation bias, such that 

those individuals in the active condition were more ‘accurate’ in their interpretation from pre- to 

post-intervention (i.e., endorsed neutral relationships and rejected negative relationships). 

However, no effect of mediation between condition and change in IU (pre-intervention to one 

month follow-up) via change in interpretation bias (pre- to post-intervention) was found. These 

results are inconsistent with previous research which found change in interpretation bias to 

mediate the relationship between intervention condition and reductions in AS over time (Capron 

& Schmidt, 2014). However, our findings fall in line with the broader CBM literature 

investigating the pathway through which these paradigms may work. In their meta-analysis, 

Hallion and Ruscio (2011) found that change in bias did not significantly moderate the 

relationship between treatment condition and anxiety or depression symptom change. Although 

this study did not directly test mediation, the proposed pathway was still tested and was found 

nonsignificant. Unexpectedly, our alternate model which examined whether change in negative 

affect (pre- to post-intervention) would mediate the relationship between intervention condition 

and change in IU (pre-intervention to one month follow-up) was significant. Although against 

initial predictions, it is conceivable that our IU CBM-I had an effect on state negative affect, 

which subsequently lead to reductions in IU over time. However, given the theoretical 

understanding of how negative affect and IU relate to one another (Kotov, Gamez, Schmidt, & 

Watson, 2010; Paulus et al., 2015), we would not expect that an IU focused CBM-I would reduce 

state negative affect. Future work aimed at disentangling these relationships is warranted.  

 Given the recent push to include multimodal assessments in psychological research, the 

marble task was included in the present study as a behavioral indicator of IU. Inconsistent with 
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initial predictions, IU was not significantly associated with an increased mean number of marbles 

drawn in the time 1 marble task. Furthermore, condition was not significantly associated with a 

reduction in the mean number of marbles drawn from the time 1 to time 2 marble tasks. Our lack 

of findings may be due to problems with the task itself. Although Ladouceur et al. (1997) found 

a significant relation between IU and mean number of marbles drawn utilizing our same 

paradigm, more recent work has suggested that this task may be too easy. Specifically, Jacoby, 

Abramowitz, Buck, and Fabricant (2014) found IU to be related to mean number of marbles 

drawn only when the task was made more difficult (i.e., marble ratio of 60:40 versus 85:15). 

Within this same study, the “easy version” of the marble task comprised an 85 to 15 ratio of 

marbles and mean number of marbles drawn in this version of the task was not found to be 

associated with IU self-report. Given these more recent results, our lack of findings may be due 

to floor effects. Specifically, the task may have been too easy (i.e., participants could determine 

which bag they had without pulling out very many marbles) and therefore uncertainty regarding 

which bag they had never came into play. This notion is corroborated by the mean number of 

marbles drawn in our task (M = 5) which is low in comparison to the mean seen in the 

intermediate version of the task in Jacoby et al. (2014) (M = approximately 14).  

 The typing task was included in the current study to provide an additional behavioral 

indicator of IU. This task was designed to be a replication and extension of Thibodeau et al. 

(2013) in which the authors found IU to be associated with slower typing speed. In an attempt to 

extend these findings and make the task more relevant to IU, we included a second typing task in 

which the screen was covered while participants typed the passage. Inconsistent with 

expectation, IU was not significantly associated with typing speed in the time 2 typing task after 

accounting for their baseline typing speed (typing task 1). These results suggest that typing 
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speed, even under uncertain conditions, may not be a behavioral indicator of IU. Given that 

typing requires multiple cognitive and motor processes, the nature of this task may not lend itself 

as an ideal index of a psychological construct such as IU. Furthermore, Thibodeau et al. (2013) 

included measures of skin conductance and heart rate in their models when looking at the 

association between typing task speed and IU. Therefore, the lack of agreement in our findings 

could be due to the inclusion of these measures.  

 The current study has various clinical implications. Although we did not find a significant 

effect of condition on pre-intervention to one month follow-up reductions in IU, we did find that 

our active IU CBM-I lead to significant reductions in IU from pre- to post-intervention. These 

results are promising given that they provide some preliminary evidence that our IU CBM-I may 

be effective in reducing IU. Future work should test our intervention within larger sample sizes 

to see if changes in IU are durable over time. Given the barriers often associated with the 

utilization of traditional treatments (e.g., cost, accessibility), creating and disseminating an 

effective IU focused CBM-I paradigm would be important given the ease and accessibility 

associated with these interventions (e.g., limited sessions; computer based).  In addition, given 

the transdiagnostic nature of IU in the development and maintenance of various psychopathology 

(Carleton et al., 2012; McEvoy & Mahoney, 2012), an effective IU intervention could be used to 

prevent the development of anxiety- and mood-related disorders and/or incorporated into current 

treatments to enhance symptom reduction.  

The present study should be viewed within the scope of several limitations. As previously 

noted, our sample size at one week and one month follow-up was substantially smaller than our 

baseline sample size due to attrition. Future work should test our IU CBM-I within larger sample 

sizes to account for these attrition rates. Although our follow-up questionnaire batteries were 
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created to minimize the burden on participants (i.e., required minimal time and effort), future 

research may get better results if individuals were compensated for follow-up assessments. An 

additional limitation of the current investigation is the lack of diagnostic information regarding 

our sample. Although previous work has found no significant effect of diagnostic status when 

targeting at risk populations (e.g., Keough & Schmidt, 2012), information regarding rates of 

psychopathology in our sample may have been informative. Specifically, individuals who have 

already developed an anxiety or mood disorder may not respond as well to a CBM-I paradigm, 

whereas individuals with elevated IU who have not yet developed an anxiety or mood disorder 

may respond better to our intervention. Future work should assess for rates of psychopathology 

when testing the effectiveness of an IU focused CBM-I. As previously noted, one could argue 

that our IU CBM-I only tapped into part of the construct of IU. Specifically, our paradigm was 

designed to induce benign interpretations of uncertainty and reduce threatening interpretations of 

uncertainty. It did not aim to increase an individual’s acceptance of and ability to tolerate 

uncertainty, which is an important part of IU (Carleton, 2012; Leyro et al., 2010). Although it is 

plausible that reducing an individual’s negative interpretations of ambiguous information would 

result in an increased ability to “sit with” uncertainty, we did not test this. Future work should 

attempt to incorporate both aspects of IU in a more comprehensive intervention protocol. Finally, 

our study had only one training session. Given our promising findings from pre- to post-

intervention and the extant literature suggesting that multiple treatment sessions may yield more 

robust results, future work should examine the effectiveness of our intervention with an 

increased number of training sessions.   

 Despite these limitations, the current investigation provides valuable information 

regarding the effectiveness of CBM-I paradigms within individuals elevated in IU. To our 
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knowledge, this study is the first to provide initial evidence that a CBM-I focused on IU may be 

effective in reducing IU. If future work can establish that these effects are durable over time, IU 

CBM-I paradigms may be a novel prevention paradigm for individuals at risk for developing 

anxiety- and mood-related disorders. Future replication and extension of these results is crucial 

for the generalizability of these findings.     
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APPENDIX A 

TABLES 

Table 1 

Means, Standard Deviations, and Intercorrelations for all Baseline Variables in Analyses 

 

 1 2 3 4 5 6 7 8 M SD 

1. BL IUS-12 Tot  --        33.84 7.81 

2. BL PANAS-NA .38
**

  --       22.81 7.52 

3. T1 Marble Mean .18 .06  --      5.06 2.20 

4. T1 Cert Mean -.06 -.11 -.01  --     6.90 1.35 

5. T2 Marble Mean .21 .17 .80
** 

.03  --    4.92 1.98 

6. T2 Cert Mean .03 -.08 .16 .74
** 

.06  --   7.48 1.45 

7. Pass 1 Speed .03 .26
* 

-.02 -.04 -.06 .05  --  35.75 4.55 

8. Pass 2 Speed .10 .21 .04 -.11 .08 .01 .91
** 

 -- 40.82 6.01 

 

Note. BL = baseline; T1 = pre-intervention; T2 = post-intervention; IUS-12 Tot = Intolerance of Uncertainty –12 Total Score; PANAS-

NA = Positive and Negative Affect Scale – Negative affect subscale; Marble Mean = Mean number of marbles drawn during the 

marble task; Cert Mean = Mean certainty rating in the marbles task; Pass 1 Speed = Typing task passage 1 words per minute; Pass 2 

Speed = Typing task passage 2 words per minute. 
*
p < .05, 

**
p < .001. 
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Table 2 

Means and Standard Deviations for Pre-training Accuracy, Post-training Accuracy, and Change in Interpretation Bias Accuracy 

 

    M  SD 

Pre-Training Acc   

Active .64 .13 

 Control .64 .10 

Post-Training Acc   

Active .80 .15 

 Control .65 .11 

Change in IB   

Active .15 .14 

 Control .01 .09 

 

Note. Acc = Accuracy; Active = Active condition; Control = Control condition; Pre-Training = interpretation bias paradigm phase 

before training occurred; Post-Training = interpretation bias paradigm phase after training occurred; Change in IB = difference 

between the interpretation bias pre-training to post-training phases. 
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APPENDIX B 

FIGURES 

 

 
 

Figure 1. Mean IU Total Scores for the Active and Control Conditions at each Time-point. (N = 48). 
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Figure 2. Mean IU Total Scores for the Active and Control Conditions at Pre- and Post-intervention. (N = 75).
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Figure 3. Mediating Role of Change in Interpretation Bias in the Relation between Condition and Changes in IU from Pre-intervention 

to One Month Follow-up. IB = Interpretation Bias. IU = Intolerance of Uncertainty Scale—12, Total Score. 

*p < .05.  

αß = 1.40 (95% CI, -.94, 5.44) 
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Figure 4. Mediating Role of Change in Negative Affect in the Relation between Condition and Changes in IU from Pre-intervention to 

One Month Follow-up. NA = PANAS-NA Total Score. IU = Intolerance of Uncertainty Scale—12, Total Score.  

*p < .05, p = .07✝ 

 

αß = 1.79 (95% CI, .21, 4.85) 
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APPENDIX C 

INSTITUTIONAL REVIEW BOARD APPROVAL 
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APPENDIX D 

INSTITUTIONAL REVIEW BOARD RE-APPROVAL 
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APPENDIX C 

SAMPLE INFORMED CONSENT 
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