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Research investigating addiction across populations suggests that identifying 

high-risk behavioral factors within a population may help identify key areas to target 

during treatment. Delay discounting, the measure of the preference for smaller, sooner 

rewards over larger rewards after a longer delay, has been shown to be a robust predictor 

of relapse risk, treatment compliance, and abstinence duration in addicted populations. 

Previous work suggests that individuals exhibiting higher rates of delayed reward 

discounting are more likely to develop a substance use disorder, and that the continual 

abuse of substances perpetuates an increase in impulsive decision-making over time, 

contributing to the cyclic nature of chronic substance use. In addition to behavioral 

measures, self-report measures assessing high-risk cognitive-affective factors (e.g., 

distress tolerance, emotion regulation) have also proven to be robust predictors of 

treatment outcomes. Given the observed correspondence between heightened impulsivity, 
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cognitive-affective regulation, and substance abuse, understanding variables that may 

interact with impulsive behavior is a promising path towards more effective treatment 

outcomes. This project had three aims: to compare delay discounting modelling 

techniques (AUC, Mazur’s k, AUClog, and log-k) in a cocaine-abusing sample, to 

analyze three cognitive-affective regulation measures (AIS, DERS, and DTS) for 

potential latent factors, and to assess the relationships between these cognitive-affective 

measures and delay discounting models. Results of the delay discounting modelling 

comparing AUC, AUClog, Mazur’s k, and log-k methods to AIS, DTS, and DERS scores 

yielded no significant relationships, though non-significant trends were consistent with 

previous literature. An exploratory factor analysis yielded a final three factor solution, 

with factors corresponding to the DTS, the DERS, and the AIS, respectively. Though 

delay discounting models and cognitive-affective regulation have been linked to similar 

treatment outcomes, an exploratory analysis investigating the relationship between these 

variables suggests no direct relationship between delay discounting and emotion 

regulation, distress tolerance, or psychological avoidance/inflexibility.   
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CHAPTER 1 

 INTRODUCTION 

Scope of the Problem 

Psychostimulant substance use disorders pose significant risks to health, 

economic opportunity, and quality of life. In 2017, an estimated 966,000 Americans 

struggled with cocaine use, and approximately 637,000 reported receiving treatment 

(Substance Abuse and Mental Health Services Administration, 2018). Though over half 

of estimated substance users report receiving treatment every year, the rates of cocaine 

use disorder in the United States have remained relatively stable for the past decade. This 

stable pattern of continued substance use suggests weaknesses in current methods of 

substance abuse treatment, which, in turn, suggests weaknesses in the current body of 

scientific literature surrounding the nature of chronic substance use. Unlike other 

substance use disorders, there is currently no FDA approved pharmacotherapy for 

cocaine use disorder, and standard psychotherapeutic treatment has been only moderately 

effective (Sayegh et al., 2017). Cocaine addiction is comprised of a complex blend of 

environmental, cognitive, affective, behavioral, and neurobiological factors. In order to 

create targeted approaches and improve the likelihood for success of psychotherapeutic 

treatments, it is necessary to parse out specific variables associated with poor treatment 

outcomes. To this end, this study sought to analyze the relationships between delay 

discounting and cognitive-affective regulation measures, both robust predictors of 

treatment outcomes, in order to better understand the complex nature of cocaine use 

disorder. 
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Purpose of the Study 

Preclinical research has found heterogeneity of behaviors and brain activity 

between animals addicted to cocaine (Flagel et al., 2008; Saunders & Robinson, 2010; 

Yager & Robinson, 2010). These findings demonstrate that among addicted individuals, 

neurobiological responses to the same addictive stimuli can produce distinctive clusters 

of characteristics within the same population. Research investigating addiction across 

populations suggests that identifying high-risk behavioral factors within a population may 

help identify key areas to target during treatment (Bickel & Marsch, 2001; Engelmann et 

al., 2016; MacKillop et al., 2011; Versace et al., 2016). One such behavioral measure 

commonly used in substance use research is delay discounting. Delay discounting is a 

validated measure of impulsivity that has been widely used as a predictor of high-risk 

variables including treatment compliance (Stevens et al., 2014), duration of abstinence 

(Stanger et al., 2012), and relapse (Stanger et al., 2012; Stotts et al., 2015), as well as 

drug use frequency (Kollins, 2003) and severity (Stotts et al., 2015). Given the strong 

observed relationship between heightened impulsivity and substance abuse, 

understanding variables that may impact impulsive behavior is a promising path towards 

more effective treatment outcomes.  

In addition to behavioral measures, self-report measures assessing high-risk 

cognitive-affective variables have also proven to be a robust predictor of treatment 

outcomes (Banducci et al., 2016; Tull et al., 2018; Vujanovic et al., 2018). Psychological 

avoidance (i.e., the tendency of an individual to reduce or avoid internal distressing 

thoughts and feelings) and inflexibility (i.e., the inability to be conscious and involved in 

the present moment while maintaining behavior in accordance with personal values) are 

cognitive-affective measures specific to Acceptance and Commitment Therapy (ACT), a 

derivative of Cognitive-Behavioral Therapy and a promising psychotherapeutic modality 



 

 

3 

for addiction treatment. Research examining the clinical utility of ACT in addiction 

treatment suggests that avoidance and inflexibility may play a role in substance use 

treatment outcomes (Farris et al., 2014; 2015; Minami et al., 2015), and furthermore, that 

therapy targeting these domains may have a potentially moderating effect on delay 

discounting (Stotts et al., 2015), comparable to the effects of therapeutic techniques 

addressing emotion regulation and distress tolerance (Bornovalova, et al., 2011). Due to 

this potentially moderating effect on a high-risk variable, investigating the relationship 

between delay discounting and ACT-specific cognitive-affective measures could prove 

clinically meaningful in treating cocaine use disorder.  
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CHAPTER 2  

IMPULSIVITY AND AFFECTIVE REGULATION 

Impulsive Behavior 

Dimensions of Impulsivity 

Impulsivity is considered a multi-faceted construct, with the cognitive/behavioral 

literature surrounding this topic broadly categorizing three main groups: personality trait, 

behavioral inhibition, and delayed reward sensitivity. All three categories of impulsive 

behavior have been widely explored within the scope of addiction research (Bickel & 

Marsch, 2001; Ding et al., 2014; Farris et al., 2014; 2015; Goodman, 2008; Li et al., 

2013; Minami et al., 2015) and play a role in understanding the onset and perpetuation of 

addictions. In particular, delay discounting tasks have been utilized in addiction research 

across substances, from tobacco (Bickel et al., 1999) and alcohol (Bidwell et al., 2013) to 

psychostimulants (Coffey et al., 2003; Heil et al., 2006; Stotts et al., 2015), demonstrating 

that delay discounting serves as a robust and consistent behavioral proxy for impulsivity, 

irrespective of substance of choice.  

Impulsivity as a personality trait most often refers to scoring on self-report 

measures that broadly assess a combination of factors, including cue sensitivity, delayed 

reward sensitivity, behavioral inhibition, novelty seeking, and propensity towards risky 

judgements and decisions. Two of the most commonly used measures of personality trait 

impulsivity are the Barret Impulsiveness Scale (BIS; Patton et al., 1995), and the 

Urgency, Premeditation, Perseverance, Sensation Seeking, Positive Urgency, Impulsive 

Behavior Scale (UPPSP; Lynam et al., 2006). These self-report measures assess a broad 

range of behaviors associated with disadvantageous judgement and decision making and 

are routinely applied in substance abuse research (Stevens et al., 2014; Stotts et al., 
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2015; Vujanovic et al., 2018). Behavioral inhibition is defined as an individual’s ability 

to inhibit instigated prepotent responses (Fillmore, 2003). Cued go no-go or stop-signal 

reaction tasks measure behavioral inhibition as the latency between the stop-cue and the 

response, with higher latencies associated with poorer inhibitory control. These tasks 

serve as laboratory models of an individual’s ability to suppress prepotencies and respond 

correctly to stop cues (Fillmore et al., 2006). Findings using stop-go tasks in conjunction 

with psychostimulants have yielded mixed results, with some studies showing a 

hyperbolic increase in cognitive performance until a threshold is reached (Fillmore et al., 

2006; Iliera & Farah, 2013). Given the lack of consistency between inhibition specific 

task studies administering different drugs, further research utilizing inhibitory control 

tasks is needed, and characteristics of impulsivity assessed either through personality trait 

measures or through delay discounting tasks may currently be better suited for identifying 

clinically-relevant patterns in impulsivity across the spectrum of addictive disorders.  

 

Delay Discounting 

Delay discounting is a reliable measure of the preference for smaller, sooner 

rewards over larger, later rewards (Odum, 2011). Examples of this principle in a natural 

environment would be a preference for eating immediately-rewarding high-calorie foods 

instead of abstaining for the delayed reward of improved health, or choosing to play a 

video game for the immediate pleasure rather than studying to receive the delayed reward 

of good grades. Behavioral analysts consider the smaller, sooner reward to be the 

“impulsive” choice, and the larger, later reward to be the “self-controlled” choice, and a 

representation of an individual’s subjective rate of reward devaluation over time. In both 

human and non-human animal experiments, immediate consequences (positive or 

negative) have been shown to influence the rate at which behavior occurs more so than 
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delayed rewards, and a preference for immediate rewards over delayed rewards has been 

demonstrated (Chung & Hernstein, 1967; Lattal, 2010). In human laboratory studies, 

delay discounting has traditionally been analyzed using the same type of reward for both 

the shorter and longer delays and has most often utilized money as the standard reward. 

During a delay discounting task, participants are given a series of questions in which they 

are asked to choose between either receiving a specified smaller amount of money sooner 

or a specified larger amount of money later. The point at which there is a 50% chance 

that the participant will choose either option is referred to as the indifference point, or the 

point at which both rewards hold approximately equal subjective value to the individual 

(Odum, 2011). More recent work examining trends in delay discounting within addicted 

populations has begun to relate rates of standardized discounting using money-to-money 

comparison tasks as well as drug-to-money tasks. These findings suggest that rates of 

delayed reward sensitivity for addicted populations are not only steeper compared to 

controls using money-to-money comparison tasks but also that rates of discounting are 

even steeper in these populations when the smaller sooner reward presented is the drug of 

choice (Yoon et al., 2018).   

 

Delay Discounting and Addiction 

The connection between naturally impulsive behavior and substance use is well 

evidenced, but previous literature investigating the directionality of this trend suggests 

that long-term substance use may additionally increase the rate of delay discounting 

(Mendez et al., 2010; Perry et al., 2005; Simon et al., 2007). Rates of delay discounting in 

cocaine-abstinent individuals may remain comparable to active cocaine-using 

individuals, with both abstinent and active users demonstrating a significantly steeper rate 

of reward discounting than matched healthy controls (Heil et al., 2006). These findings 
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suggest that individuals who are less sensitive to delayed rewards are more likely to 

develop a substance use disorder, and the continual abuse of substances perpetuates an 

increase in impulsive decision-making over time, contributing to the cyclic nature of 

chronic substance use. 

 Though delay discounting has been evaluated in diverse populations, including 

behaviors such as binge-eating, internet addiction, and tobacco use, the application of 

these tasks to psychostimulant addicted samples is relatively recent (Stotts et al., 2015; 

Washio et al., 2011; Yoon et al., 2017; Yoon et al., 2018). Within the scope of addiction 

research, experimental delay discounting tasks have primarily been conducted with 

cigarette smokers (Bickel & Marsch, 2001; MacKillop et al., 2011; Reynolds, 2006), 

though the reliability of prediction and consistency between addiction populations 

suggests that continued exploration of the relationships between delay discounting rates 

and other clinically relevant measures may support the use of delay discounting tasks as a 

fast, inexpensive method of assessing the risks of negative outcomes, irrespective of drug 

of choice, at an individual level at the onset of treatment (Bickel et al., 2014a;2014b; 

Stevens et al., 2014). For example, delay discounting rates may predict abstinence 

duration for cocaine users undergoing contingency management-based treatment (Washio 

et al., 2011), a type of behavioral therapy in which individuals are rewarded for drug 

abstinence and currently the most widely successful method for treating substance use 

disorders (Prendergast et al., 2006). The authors reported a significant difference in 

abstinence duration in the high-magnitude contingency management group for steep 

discounters, but not in the low-magnitude contingency management group (Washio et al., 

2011). Given the established relationship between steep rates of delay discounting and 

poor treatment outcomes among substance abusers (Mendez et al., 2010; Perry et al., 
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2005; Simon et al., 2007; Stotts et al., 2015), delay discounting may be a useful tool for 

assessing the efficacy of treatment techniques.  

To maximize the effectiveness of delay discounting as an assessment tool, it is 

necessary to choose the most appropriate method for modelling discounting rates for a 

given population. One of the greatest strengths of a popular modelling technique, Area-

Under-the-Curve (AUC), is the ease of use in secondary statistical analyses based on the 

assumption that it follows a normal distribution (Odum, 2011). However, irrespective of 

drug of choice, substance abusing populations have consistently demonstrated 

particularly steep rates of delay discounting (Bickel & Marsch, 2001; Heil et al., 2006; 

MacKillop et al., 2011; Yoon et al., 2017; Yoon 2018), resulting in data with notably 

highly skewed distributions. Several groups have found AUC to be disproportionately 

influenced by indifference points at longer delays, which may make this method less 

effective when creating models for populations expected to demonstrate steeper rates of 

delay discounting, and have recommended the use of alternative models such as AUC log 

and Mazur’s k (Borges et al., 2016; Yoon et al., 2017; Yoon et al., 2018). These findings 

suggest that when modelling delay discounting rates in a substance abusing population, it 

may be more prudent to select models that are more sensitive to indifference points at 

shorter delays, rather than the more popular AUC method. Continued study of the 

applicability, methodology, and trends pertaining to delay discounting among cocaine 

users may provide further support for the clinical utility of these tasks when treating 

psychostimulant substance use disorders. 

 

Mechanisms of Impulsivity 

Understanding mechanisms of impulsivity, as well as the many ways impulsive 

behaviors interact with addiction, is a vital part of identifying patterns that contribute to 
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the improvement of treatments for these diseases. An influential theory of addiction 

assigns a central role to the attachment of incentive salience to cues, such that cues 

associated with drug use, such as drug paraphernalia, become motivationally relevant, 

and induce cravings that prompt drug use (Robinson & Berridge, 1993). Individuals who 

tend to demonstrate at least one expression of highly impulsive behavior may be more 

susceptible to forming cue-induced addictive behaviors (Gamito et al., 2014; Mogg et al., 

2004). 

 Further, psychostimulant addiction is often accompanied by anhedonia, or the 

diminished response to natural pleasurable/rewarding stimuli (Volkow et al., 2011; Zhang 

et al., 2016). Deficits in pleasure and reward-sensitivity are thought to contribute to 

impulsive behaviors observed in chemically dependent individuals (Leventhal et al., 

2010). This decreasing strength of rewards not related to drug use may make it more 

difficult for recovering addicts to sustain abstinence. These findings suggest that 

cognitive-affective regulation strategies addressing cue-induced behaviors may be 

meaningfully related to the ability to inhibit the effects of cue-induced cravings. As such, 

therapeutic techniques specifically addressing interactions between impulsivity and 

different domains of cognitive-affective regulation (e.g., distress tolerance and emotion 

regulation subdomains) may be uniquely positioned to target cue-induced relapse risk. 

 

Affective Regulation 

Affective Regulation and Addiction 

Affective (or emotion) regulation can broadly be described as the conscious and 

unconscious processes humans use to modify our emotional states to achieve a specific 

outcome (Aldao et al., 2010). Purposefully engaging in relaxation techniques, such as 

breathing exercises, or responding to a distressing stimulus by involuntarily crying to 
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mitigate symptoms of stress would be examples of affective regulation processes. 

Affective regulation strategies such as binge eating, gambling, and drug consumption are 

considered maladaptive regulation behaviors that sacrifice long-term benefits (e.g., 

health, opportunities, and relationships) for the short-term benefits of pleasure and/or 

avoidance of distress (Estévez et al., 2017; Griffiths, 2005). Several prominent theories of 

addiction relate back to substance abuse across populations as a maladaptive method of 

emotion regulation (Curtain et al., 2006; Minami et al., 2015; Volkow et al., 2011), as 

substance abuse has the potential to be powerfully negatively reinforced by alleviating 

stress or pain (Farris et al., 2015). 

Affective regulation is a broad area of study, encompassing many dimensions 

including distress tolerance, cognitive regulation, experiential avoidance, and 

psychological inflexibility (Aldao et al., 2010). Further, dimensions of affective 

regulation can be broken down into sub-domains (e.g., physical versus emotional distress 

tolerance, sensation versus cognitive experiential avoidance; Farris et al., 2015; 

Zvolensky et al., 2010).  Research across addicted populations supports that dimensions 

of affective regulation underly many of the processes that contribute to the onset and 

perpetuation of addictions. Due to the complex nature of addictions, it is of benefit to 

narrow the scope of study and analyze mechanisms of specific affective regulation 

domains (e.g., distress tolerance, experiential avoidance) in order to best inform targeted 

clinical approaches to treatment. 

 

Distress Tolerance 

Distress tolerance refers to the ability of an individual to tolerate uncomfortable 

thoughts, feelings, and physical sensations (Vujanovic et al., 2018). Distress tolerance 

can be subcategorized into two distinct domains: the individual's perception of their 
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ability to withstand physical or emotional distress, and the individual’s actual behavior 

when presented with distress (Zvolensky et al., 2010). In a controlled laboratory setting, 

distress tolerance can be measured either using self-report measures or through 

behavioral tasks (e.g., cold pressor task, breath task). Self-report measures capture the 

perceived ability of an individual to adaptively respond to distressing thoughts, feelings, 

and physical sensations, whereas behavioral tasks measure the latency between the onset 

of an uncomfortable stimulus (e.g., freezing water, held breath) and voluntary 

disengagement from that stimulus. The duration is calculated starting from the time the 

participant first reports feeling discomfort from the stimulus and ends at the point at 

which the participant chooses to disengage from the stimulus. While distress tolerance 

does overlap to a certain extent with other cognitive-affective regulation processes, 

research supports distress tolerance as its own distinct protective process (Leyro et al., 

2010). Subdomains of distress tolerance, however, are presently still not well understood. 

Some models have proposed the existence of a hierarchical structure for distress 

tolerance, with several subdomains making up a higher-order experiential distress 

intolerance factor. Further work has investigated the possible existence of latent factors 

within domains of distress tolerance and affective regulation that may more appropriately 

explain the apparent overlapping components of these variables (Bernstein et al., 2009).  

A growing body of literature surrounding the role of distress tolerance in 

addiction has demonstrated a relationship between this construct and treatment outcomes 

that is similar to those predicted by delayed reward sensitivity tasks (Kaiser et al., 2012; 

Kozak & Fought, 2011; Zvolensky et al., 2010). From a neurobehavioral perspective, 

distress tolerance has been described as a combination of the ability to not respond to 

negative reinforcement (e.g., relief from an unpleasant thought, feeling, or sensation), and 

the propensity towards selecting “self-controlled” choices rather than immediate 
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gratification (e.g., delayed reward sensitivity; Trafton & Gifford, 2011). Given the 

similarities in predicted high-risk factors associated with these variables, as well as the 

conceptual overlap between constructs, it is possible that delayed reward sensitivity and 

distress tolerance may be related processes involved in forming and sustaining addictions. 

Reduced cue-sensitivity to non-drug related stimuli (e.g., the more temporally distant 

non-drug related rewards associated with abstinence such as improved health or 

relationships) may reduce distress tolerance over time, contributing to the perpetuation of 

cyclic reinforcement in addiction. Further examination of the composites of higher-order 

distress tolerance may yield more insight into this process.  

 

Avoidance and Inflexibility 

Experiential avoidance and psychological inflexibility are mechanisms that 

describe a regulatory process in which individuals attempt to avoid or mentally disengage 

from aversive internal stimuli (e.g., painful thoughts, feelings, cognitive response to 

physical sensations, etc.; Hayes et al., 2004). Experiential avoidance is defined by the 

drive to escape aversive internal stimuli, and psychological inflexibility refers to the rigid 

adherence to innate psychological responses instead of value-driven responses.  

Current substance use treatment research has already demonstrated that some 

cognitive-affective measures, such as emotion regulation and emotional distress 

tolerance, may be meaningful indicators of an individual’s ability to successfully 

complete treatment (Bornovalova et al., 2011; Daughters et al., 2005). These cognitive-

affective measures assess the capacity to tolerate distressing thoughts and feelings, as 

well as the ability to adaptively process strong feelings. On the surface, experiential 

avoidance and psychological inflexibility appear very similar to dimensions of distress 

tolerance and emotion regulation (Farris et al., 2015; Hayes et al., 2004; Stotts et al., 
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2015;), and some overlap may exist between measures of these constructs. Comparing an 

avoidance and inflexibility measure, the Avoidance and Inflexibility Scale (AIS), to 

similar cognitive-affective measures, (i.e., the Distress Tolerance Scale [DTS] and 

Difficulties in Emotion Regulation Scale [DERS]) may help establish the utility of 

collecting multiple measures on these dimensions and assess whether the AIS captures a 

useful component of personality that is distinct from the other measures.  

Though the relationships between other emotion regulation measures and 

impulsivity have been examined, no studies as yet have used the AIS in conjunction with 

delay discounting tasks, or within a cocaine-abusing sample, as the AIS has primarily 

been used to evaluate cigarette smokers. Exploring the relationship between impulsivity 

and cognitive-affective measures specific to substance abuse may provide insight into 

some of the variability seen in treatment outcomes among individuals abusing cocaine, as 

well as provide support for the appropriateness of utilizing ACT as a relatively novel 

targeted treatment for cocaine use disorder. 

 

Current Study 

This project had three aims. First, to compare the effectiveness of two well-

established equations for modelling temporal discounting, AUC and Mazur’s k, in a 

cocaine abusing population. Given the highly skewed nature of delay discounting in this 

population (Stotts et al., 2015; Washio et al., 2011), log-transformed models of both 

equations were included. It was hypothesized that the log-transformed model of 

Mazur’s k equation would provide the best fit for the reward discounting observed in this 

sample. The second aim of this study was an exploratory factor analysis seeking to 

determine whether the AIS captures a unique personality characteristic distinct from 

either emotion regulation or distress tolerance. It was hypothesized that overlap between 
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subscales may contribute to the existence of latent factors between measures. Finally, the 

third aim was an expansion upon the exploratory analysis, seeking to assess the 

relationship between these measures, potential latent factors, and delay discounting.  It 

was hypothesized that steeper rates of temporal discounting would correspond to high 

avoidance/inflexibility, consistent with dominant trends in the literature surrounding 

distress tolerance and emotion regulation. 
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CHAPTER 3  

METHODS 

Ongoing Clinical Trial 

Data were collected through the Developing Adaptive Interventions for Cocaine 

Cessation and Relapse Prevention; Using Event-Related Potentials to Predict Treatment 

Outcomes in Cocaine Use Disorder study in the Center for Neurobehavioral Research on 

Addiction at the University of Texas Health Science Center. Participants were 68 

treatment-seeking cocaine users between the ages of 18-65, who met DSM-V criteria for 

either moderate or severe cocaine use disorder (APA, 2013). In addition to meeting 

DSM-V criteria, participants were required to provide a positive benzoylecgonine urine 

sample to verify cocaine use. Participants were excluded from the study if they met 

DSM-V criteria for bipolar disorder, psychosis, endorsed active suicidal ideation, or met 

criteria for any substance use disorder other than nicotine, cannabis, or alcohol abuse 

within the past month. The data reflect the baseline measures collected prior to the start 

of treatment. 

Delay Discounting Procedures 

The delay discounting task used in this experiment was computer-based and 

consisted of a titrating number of items scaling to participant choices, with the immediate 

reward amount varying from $5 to $995 and a delayed reward amount of $1000, at delays 

of 1 day, 1 week, 1 month, 6 months, 1 year, 5 years, and 25 years. Participants were 

informed that they would not be receiving real money but instructed to make decisions as 

though they would receive their selections. This flexible reward scaling system provides 

more sensitive responses than other methods and facilitates a systematicity check to 
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account for random or nonsensical responses. Data was considered nonsystematic if 

indifference points at longer delays were 20% higher than indifference points at shorter 

delays, or if the indifference point at the shortest delay was higher than the indifference 

point at the longest delay. Four participants were removed from the final data set due to 

nonsystematic data, resulting in a sample size of 64 participants for the current study. 

  



 

 

17 

Self Report Measures 

At baseline, participants completed a series of computer-based questionnaires 

including the AIS, the DTS, and the DERS. The AIS (Gifford et al., 2004) was used to 

assess participant experiential avoidance and psychological inflexibility, cognitive-

affective measures specific to Acceptance and Commitment Therapy. The DTS (Simons 

& Gaher, 2005) and DERS (Gratz & Roemer, 2004) were collected to assess self-

reported distress tolerance and emotion regulation, respectively. These measures were of 

particular interest in comparison to the AIS, as these measures have been used to capture 

similar characteristics within the scope of addiction research. Demographic information 

was collected using the Structured Clinical Interview for the DSM-V (SCID; First et al., 

2015).  

Avoidance and Inflexibility Scale 

The AIS (Gifford et al., 2004) is an index of experiential avoidance and 

psychological inflexibility specifically tailored to measure these dimensions in relation to 

substance abuse (Farris et al., 2015). The AIS is a 13-item measure with two subscales: 

thoughts and feelings (9 items), and somatic sensations (4 items; Farris et al., 2015). 

Response values range from 1-5 with 1 being “not at all” and 5 being “very likely.” The 

AIS total score was derived from the sum of all items, and subscale scores from the sum 

of each respective subscale item, with higher scores indicating higher degrees of 

avoidance and inflexibility. 

 

Distress Tolerance and Difficulties in Emotion Regulation Scales 

The DTS is comprised of 15 items and four subscales: tolerance, absorption, 

appraisal, and regulation. Response values range from 1-5 with 1 being “strongly agree” 

and 5 being “strongly disagree.” The total score reflects the higher-order distress 
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tolerance, or the interaction between one’s own perception of personal ability to tolerate 

distress and the demonstrated ability to tolerate distress. The higher order DTS score was 

determined by calculating the mean of the four subscales (Simons & Gaher, 2005), with 

higher scores indicating lower distress tolerance. 

The DERS is a 36-item measure with six subscales: nonacceptance of emotional 

response, difficulty engaging in goal-directed behavior, impulse control difficulties, lack 

of emotional awareness, limited access to emotion regulation strategies, and lack of 

emotional clarity. Response values range from 1-5 with 1 being “almost never” and 5 

being “almost always.” The total DERS score was determined by the sum of the 6 

subscales (Gratz & Roemer, 2004), with higher scores indicating lower ability to regulate 

emotions. 

Analysis Procedures 

Delay Discounting 

Delay discounting was assessed using two methods commonly utilized in the 

literature, AUC and Mazur’s k. The first delay discounting model was created using the 

AUC method. AUC is calculated by plotting indifference points (D) on the x-axis and the 

respective values (V) on the y-axis. Using the formula AUC = (D2 - D1)((V1 + V2)/2), 

areas for specific sections of the discounting curve can be measured (Myerson et al., 

2001). Adding the calculated area for each section results in a value between 0 to 1, the 

total AUC, with lower total AUC equating to greater rates of reward discounting. One 

strength of this method is that the indifference points are derived directly from the data 

and distributed normally, but literature on steep discounting populations indicates that 

this method may not best reflect a highly skewed data set (Yoon et al., 2017). The second 

delay discounting model was created by fitting indifference points to a hyperbolic 

function using Mazur’s k equation, V=A/(1+kD) (Mazur, 1987). This equation describes 
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how the value (V) of the reward amount (A) decreases as the delay (D) increases, and the 

free parameter k describes the rate of discounting, with higher k values equating to 

steeper reward discounting. Previous work comparing AUC to Mazur’s k in the scope of 

addiction research indicates that this hyperbolic function may be better suited for use 

with typically highly skewed samples than is traditional AUC (Yoon et al, 2017). 

Indifference points were fit to both equations using GraphPad Prism 6 (GraphPad 

Software, San Diego, CA). Additionally, log transformations were performed using both 

equations. Though log transformation is a popular technique used to normalize data, this 

technique may alter or misrepresent trends within typically highly skewed samples (Feng 

et al., 2014). As log transformation is still one of the most popularly utilized methods of 

normalizing skewed data, and there is support in the literature for use of a validated 

method of log-transformed AUC to address skewness in temporal discounting data 

(Borges et al., 2016), this method was also analyzed. 

 

Exploratory Factor Analysis 

An exploratory factor analysis was conducted in SPSS (IBM Software, Armonk, 

NY) using the AIS, DTS, and DERS measures to explore commonalities in emotion 

regulation characteristics between these measures. Due to the limited sample size, the 

analysis was conducted using a four-factor solution, consistent with the literature 

recommendations on exploratory factor analyses (Mundfrom et al., 2005).  

 

Delay Discounting and Cognitive-Affective Measures 

Though the exploratory factors strongly aligned with the DERS, DTS, and AIS 

scales, the exploratory factors, measure scores, and measure subscores were all analyzed 

in relation to each measure of delay discounting for thoroughness. Spearman and Pearson 
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correlations were conducted on non-normal and log-transformed normalized data, 

respectively, in addition to a series of linear regressions, to determine the strength of the 

relationships and identify patterns between each measure. Demographic variables that 

have been shown to affect rates of delay discounting, including age, sex, race, and years 

of education were controlled. 
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CHAPTER 4  

RESULTS 

Delay Discounting Models 

The first component of this project compared two of the most used equations for 

modelling temporal discounting in substance users. Temporal discounting indifference 

points were calculated using Area Under the Curve (AUC), log-transformed AUC, and 

Mazur’s k and log-transformed k model. Consistent with previous work, a strong negative 

linear relationship was observed between AUC and log-k values, as well as AUClog and 

log-k values. Distributions for AUC, k and log-k were highly skewed, D(63) = 2.95, 

D(63) = 7.86, and D(63) = 1.31, respectively. AUClog was evenly distributed D(63) = -

.27.  
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Figure 1 

AUC Model 

 
 

 

 

 

Figure 2 

Mazur’s k Model 
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Figure 3 

AUC log Model 

 
 

Figure 4 

Mazur’s k log Model 

 
 

Cognitive-affective Analysis 

An exploratory factor analysis was conducted using items from the DTS, DERS, 

and AIS scales, in which total scores as well as subscores were analyzed (see Table 1). 
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Table 1 

Baseline Demographics and Measure Scores 
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One factor was dropped due to insufficient components, resulting in a final three factor 

solution, corresponding to the three measures explored. To reduce multicollinearity 

within the model, items with a correlation coefficient greater than or equal to .8 were 

removed. Additionally, items corresponding to 3 or more factors were removed. A total 

of 8 items were removed across measures, though it is important to note that the 

determinant remained below the desired cutoff of <.001. Both varimax and direct oblimin 

rotations were considered, with the varimax rotation chosen for further analysis (see 

Table 2). 
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Table 2 

Factor loadings based on a principle components analysis with a varimax rotation for 48 

items from the AIS, DTS, and DERS (N=64) 
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A three-factor solution was analyzed for this sample. The first factor was 

comprised of 13 items from the DERS, the second factor was comprised of 13 items from 

the DTS, and the final factor was comprised of 9 items from the AIS (See Table 2). Each 

factor was comprised entirely of separate scales. Pearson correlations were conducted 

between factors and scale total scores (see Table 3). Strong positive correlations were 

observed between factor 1 (emotion regulation) and the DERS total score (r = .73, p < 

.001), as well as the DERS nonacceptance subscale (r = .899, p < .001). Strong positive 

correlations were also observed between factor 2 (distress tolerance) and the DTS total 

score (r = .91, p < .001), as well as between factor 3 (craving regulation) and the AIS 

total score (r = .89, p < .001). 

 

Table 3 

Factor and Total Score Correlations 

 

A moderate correlation was observed between factor 1 and the DERS regulation 

subscale (r = .677, p < .001).  AIS affective, sensation, and total scores were negatively 

correlated (r’s = -.402, -.417, -.458, all p’s <.001) with DTS regulation. AIS sensation 
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and total scores were mildly positively correlated (r’s = .356, .269, all p’s < .05) to DERS 

total score. DERS and DTS total scores were moderately negatively correlated (r = -.652, 

p <.001). A strong negative correlation was observed between DERS total score and DTS 

absorption subscore (r = -.711, p <.001) and DTS appraisal (r =-.719, p <.001). 

 

Delay discounting and Cognitive-affective Measures 

Pearson correlations and a series of linear regressions were conducted to explore 

the directionality of the relationship between factors, DTS, DERS, AIS, subscale scores 

and delay discounting (see Table 3). Within this sample, there were no significant 

observed relationships between rates of delay discounting and AIS, DTS, or exploratory 

factors, with the exception of a moderate correlation (r = .311, p = .012) between the 

DERS impulse control subscale and AUC (see Table 4). Factor 1 aligned with emotional 

control, factor 2 aligned with distress tolerance, and factor 3 aligned with craving 

regulation. 
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Table 4 

Delay Discounting and Total Score Correlations 
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Though none of the linear regressions conducted showed significant relationships 

in this sample, a linear regression conducted with AUC values serving as the independent 

variable and DERS total score serving as the dependent variable approached significance 

(see Table 5). Age, sex, and years of education were controlled. 

 

Table 5 

Linear regressions with delay discounting scores serving as the independent variable and 

cognitive-affective measures (AIS, DTS, DERS) serving as the dependent variable. 
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CHAPTER 5  

DISCUSSION 

Interpretation of Results 

Comparison of Delay Discounting Models 

The first aim of this project sought to compare multiple methods of delay 

discounting modelling in a cocaine-addicted sample. Delay discounting rates were 

modelled using two equations, AUC and Mazur’s k, as well as log-transformed versions 

of both methods. High skewness was observed in all analysis methods apart from 

AUClog, consistent with results from previous work conducted with non-cocaine 

addicted populations (Yoon et al., 2017; Yoon et al., 2018). While previous work 

supported the use of log-transformed Mazur’s k as the best fit for such highly skewed 

data sets (Yoon et al., 2017; Yoon et al., 2018), results from this project indicate that 

AUClog may provide equivalent or superior utility. AUClog was the only method that 

yielded a normalized distribution in this sample, suggesting that assumptions of the 

standard AUC method (the assumed normalness of distributions) may not be appropriate 

for typically highly skewed samples such as this.  

Within the scope of addiction research, delay discounting has been most widely 

applied to tobacco users (Bickel et al., 1999; Bickel et al., 2014a, 2014b; Farris et al., 

2017; Fillmore, 2003; Reynolds, 2006; Sheffer, et al., 2012; Yoon et al., 2018) and to a 

lesser extent, alcohol users (Bickel et al., 2001; Bidwell et al., 2013). Though 

psychostimulants have been used to study the potential for cognitive enhancement in 

conjunction with delay discounting tasks (Fillmore et al., 2006), the use of delay 
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discounting tasks has only recently expanded to include individuals addicted to 

psychostimulants (Yoon et al., 2017), and limited work has been conducted on 

individuals with moderate-to-severe cocaine use disorder specifically (Coffey et al., 

2003; Heil et al., 2006). Given the relatively small bank of literature to draw from when 

studying delay discounting in relation to cocaine addiction, it may be of benefit to 

continue to assess delay discounting using multiple models when working with this 

population. 

Exploratory Factor Analysis and Cognitive-Affective Scales 

The second aim sought to identify potential latent factors between the AIS, DTS, 

and DERS measures. Results of the exploratory factor analysis suggest that while there 

may be similarities in characteristics and in the predictive value of clinically relevant 

outcomes between the cognitive-affective measures of distress tolerance, emotion 

regulation, and psychological avoidance and inflexibility, each measure encompasses a 

distinct characteristic. Thus, the alternative hypothesis that the DTS, DERS, and AIS 

measures capture distinct clinically relevant traits was supported. While there was some 

overlap between subscales of each measure, the first identified factor aligned cleanly with 

emotion regulation items, the second with distress tolerance, and the third with the ability 

to regulate and inhibit craving cues. The independence of these variables may have 

clinically relevant implications, as treatment methods that are successful with one 

variable may not be effective on another, despite superficial similarities between affective 

variables. 
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Delay Discounting and Cognitive-Affective Measures 

Unexpectedly, there were no significant observed relationships between these 

measures and delay discounting, though delay discounting, distress tolerance, and 

emotion regulation serve as similarly robust predictors of similar treatment outcomes 

(Bornovalova, et al., 2011; Daughters et al., 2005; Kollins, 2003; Stanger et al., 2012; 

Stevens et al., 2014; Stotts et al., 2015). This finding suggests that reward sensitivity, as 

captured by delay discounting, may represent the existence of a separate variable that 

should be specifically targeted during treatment, as techniques that influence affective 

variables that contribute to similar poor outcomes may not be effective. 

 

Limitations 

This project had several limitations, with one of the most meaningful being the 

small sample size. Data for this project were collected from an ongoing clinical trial, and 

due to time limitations, a more appropriate sample size to conduct an exploratory factor 

analysis for this many variables was not reached (de Winter et al., 2009). Due to this 

limitation, the efficacy of related statistical analyses may have been diminished. Another 

limitation of this project was the inability to directly analyze these findings with typical 

treatment outcome measures such as relapse, abstinence duration, or treatment 

compliance, due to the limited sample size as well as issues related to unblinding of the 

clinical trial, as the data were collected within the context of an ongoing project. 

Additionally, demographic differences including sex, race, and education, were not 

explored due to the lack of heterogeneity seen in this sample. A larger, more diverse 

sample may show trends that were not observed in this project. 
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Suggestions for Future Research 

Further work exploring the first aim of this project, comparison of delay 

discounting techniques on a cocaine addicted sample, may expand by comparing models 

for differing task types (e.g., money-to-money and drug-to-money tasks) from this 

population to other addicted populations (Yoon et al., 2018). The results from this project 

were consistent with dominant trends in the literature surrounding steep discounting in 

addicted populations, and it would be of merit to determine whether cocaine users 

demonstrate similar results on a drug-to-money discounting task in comparison to a 

different psychostimulant abusing population, such as methamphetamine users. 

 The exploratory factor analysis conducted in this project supports the distinction 

between emotion regulation, distress tolerance, and a factor related to the ability to inhibit 

or regulate craving cues. Further exploratory work on this topic may yield different 

results, particularly if using a larger sample size and more diverse measures, such as 

craving, personality-trait impulsivity, compulsiveness, anxiety, anhedonia, and 

depression scales. The utilization of more diverse measures may yield better insight into 

the potential latent factors between clinically relevant measures. 
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APPENDIX A: SURVEYS 

AIS 

 

Directions:  Below are three sections.  In each section you will find a statement 

followed by a list of questions.  Please rate your response to each question by circling 

the appropriate number on the scale next to the question.  There are no right or wrong 

answers. 

 

Section One 

Sometimes people have thoughts that encourage them to use, for example, “I need a 

hit!” or “I wish I could use right now!” 

 

1.   How likely is it that these thoughts will lead you to use? 

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very likely 

 

5 

 

2.   How much are you struggling to control these thoughts? 

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very likely 

 

5 

 

3.   Do you need to reduce how often you have these thoughts in order not to use? 

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Extensively 

 

5 

 

4.   Do you need to reduce the intensity of these thoughts in order not to use? 

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Extensively 

 

5 
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Section Two 

Sometimes people have feelings that encourage them to use, for example, they may really feel 

like using, and/or they may have feelings such as stress, enjoyment, fatigue, boredom, 

satisfaction, depressed mood etc. that encourage them to use. 

 

5.   How important is getting rid of these feelings? 

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very important 

 

5 

 

6.   How likely is it that these feelings will lead you to use?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very likely 

 

5 

 

7.   How much are you struggling to control these feelings?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very much 

 

5 

 

8.   Do you need to reduce how often you have these feelings in order to not use?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Extensively 

 

5 

 

9.   Do you need to reduce the intensity of these feelings in order to not use?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Extensively 

 

5 
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Section Three 

Sometimes people have bodily sensations that encourage them to use.  For example, physical 

cravings or withdrawal symptoms, such as feeling fatigued/tired, hungry, agitated, or having sleep 

problems. 

 

10. How likely is it that these bodily sensations will lead you to use?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very likely 

 

5 

 

11. How much are you struggling to get rid of these bodily sensations?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Very much 

 

5 

 

12. Do you need to reduce how often you have these bodily sensations in order not to use?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Extensively 

 

5 

 

13. Do you need to reduce the intensity of these bodily sensations in order not to use?  

Not at all 

 

1 

 

A little 

 

2 

Somewhat 

 

3 

Considerably 

 

4 

Extensively 

 

5 
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DERS 

 

Please indicate how often these items apply to you using the following scale: 

 

1  2       3      4           5 

    Almost never    Sometimes    About half the time     Most of the time Almost always 

                  (0-10%)         (11-35%)           (35-65%)           (66-90%)     (91-

100%)  

 

 

1. ______  I am clear about my feelings.  

2. ______  I pay attention to how I feel.  

3. ______  I experience my emotions as overwhelming and out of control. 

4. ______  I have no idea how I am feeling. 

5. ______  I have difficulty making sense out of my feelings. 

6. ______  I am attentive to my feelings.  

7. ______  I know exactly how I am feeling.  

8. ______  I care about what I am feeling.  

9. ______  I am confused about how I feel. 

10. ______  When I’m upset, I acknowledge my emotions.  

11. ______  When I’m upset, I become angry with myself for feeling that way. 

12. ______  When I’m upset, I become embarrassed for feeling that way. 

13. ______  When I’m upset, I have difficulty getting work done. 

14. ______  When I’m upset, I become out of control. 

15. ______  When I’m upset, I believe that I will remain that way for a long time. 

16. ______  When I’m upset, I believe that I’ll end up feeling very depressed. 

17. ______  When I’m upset, I believe that my feelings are valid and important.  
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18. ______  When I'm upset, I have difficulty focusing on other things. 

19. ______  When I’m upset, I feel out of control. 

20. ______  When I’m upset, I can still get things done.   

21. ______  When I’m upset, I feel ashamed with myself for feeling that way. 

22. ______  When I’m upset, I know that I can find a way to eventually feel better.  

23. ______  When I’m upset, I feel like I am weak. 

24. ______  When I’m upset, I feel like I can remain in control of my behaviors.    

25. ______  When I’m upset, I feel guilty for feeling that way. 

26. ______  When I’m upset, I have difficulty concentrating. 

27. ______  When I’m upset, I have difficulty controlling my behaviors. 

28. ______  When I’m upset, I believe that there is nothing I can do to make myself feel better. 

29. ______  When I’m upset, I become irritated with myself for feeling that way. 

30. ______  When I’m upset, I start to feel very bad about myself. 

31. ______  When I’m upset, I believe that wallowing in it is all I can do. 

32. ______  When I’m upset, I lose control over my behaviors. 

33. ______  When I’m upset, I have difficulty thinking about anything else. 

34. ______  When I’m upset, I take time to figure out what I’m really feeling.  

35. ______  When I’m upset, it takes me a long time to feel better. 

36. ______  When I’m upset, my emotions feel overwhelming. 
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DTS 

 

 


