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Abstract

Rationale—Impulsivity has been strongly linked to addictive behaviors, but can be 

operationalized in a number of ways that vary considerably in overlap, suggesting 

multidimensionality.

Objective—This study tested the hypothesis that the latent structure among multiple measures of 

impulsivity would reflect three broad categories: impulsive choice, reflecting discounting of 

delayed rewards; impulsive action, reflecting ability to inhibit a prepotent motor response; and 

impulsive personality traits, reflecting self-reported attributions of self-regulatory capacity.

Methods—The study used a cross-sectional confirmatory factor analysis of multiple impulsivity 

assessments. Participants were 1252 young adults (62% female) with low levels of addictive 

behavior who were assessed in individual laboratory rooms at the University of Chicago and the 

University of Georgia. The battery comprised a delay discounting task, Monetary Choice 

Questionnaire, Conners Continuous Performance Test, Go/NoGo Task, Stop Signal Task, Barratt 

Impulsivity Scale, and the UPPS-P Impulsive Behavior Scale.

Results—The hypothesized three-factor model provided the best fit to the data, although 

Sensation Seeking was excluded from the final model. The three latent factors were largely 

unrelated to each other and were variably associated with substance use.

Conclusions—These findings support the hypothesis that diverse measures of impulsivity can 

broadly be organized into three categories that are largely distinct from one another. These 
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findings warrant investigation among individuals with clinical levels of addictive behavior and 

may be applied to understanding the underlying biological mechanisms of these categories.

Keywords

Impulsivity; Addiction; Delay Discounting; Behavioral Inhibition; Impulsive Personality; 
Confirmatory Factor Analysis

Introduction

Individuals who have addictive disorders are often characterized as being ‘impulsive,’ but 

impulsivity can be measured in a number of ways and is increasingly understood to be a 

multidimensional construct. One index is delay discounting (DD) (Ainslie 1975; Green and 

Myerson 2004; Bickel et al. 2014), a behavioral economic measure of preference for smaller 

immediate rewards over larger delayed rewards and is also referred to as impulsive choice. A 

second form of impulsivity measures the capacity to inhibit a prepotent motor response, 

often referred to as impulsive action, and is assessed using measures such as the Go/NoGo 

and Stop Signal Tasks (Fillmore and Weafer 2013). A third form of impulsivity is as a 

personality trait, assessed using self-report inventories, such as the Barratt Impulsiveness 

Scale (Patton et al. 1995) and the UPPS-P Impulsive Behavior Scale (Whiteside and Lynam 

2001; Cyders et al. 2007). These forms of impulsivity have each been consistently linked to 

addictive behavior (Stanford et al. 2009; MacKillop et al. 2011; Fillmore and Weafer 2013; 

Coskunpinar et al. 2013), but in relation to each other, the associations vary considerably 

(Petry 2001; Cyders and Coskunpinar 2011; Murphy and MacKillop 2012; Courtney et al. 

2012), ranging from moderate links to no association at all. These findings suggest that there 

is no single underlying construct of impulsivity, but a number of different facets or 

dimensions. This, in turn, is problematic for a number of reasons. The use of a catch-all term 

impulsivity to refer to distinct characteristics may foster ambiguity and confusion in the 

literature. In addition, definitional ambiguities may undermine efforts to understand the 

biological basis of self-regulatory processes.

Given the evidence of multidimensionality, several studies have examined the relationships 

among measures of impulsivity to identify their underlying latent structure (Reynolds et al. 

2006; Sharma et al. 2013; Sharma et al. 2014; MacKillop et al. 2014; Stahl et al. 2014; 

Caswell et al. 2015), revealing some meaningful patterns. However, the factor solutions have 

varied across studies, potentially because the specific measures used vary across studies and 

the studies often also include other constructs such as reward sensitivity, risk taking, 

cognitive interference or memory. In addition, few studies have included multiple indicators 

of more lengthy task-based assessments of impulsive choice and impulsive action, making it 

difficult to identify the underlying latent factors. An exception to this was a recent study 

disentangling interrelationships putatively involved in impulsive action, which found several 

elemental cognitive processes aggregated together and behavioral measures of impulsivity 

were not significantly related to self-reported measures of impulsivity (Stahl et al. 2014).

A broader issue that complicates the assessment of impulsivity is that the processes may 

recursively change over the course of addiction. On one hand, there is empirical support for 
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impulsivity being a stable trait that predicts the onset and progression of drug use (Doran 

and Trim; Audrain-McGovern et al. 2009; Settles et al. 2010; Moffitt et al. 2011; Odum 

2011; Quinn and Harden 2013; Fernie et al. 2013). On the other hand, there is also ample 

evidence that repeated use of drugs makes individuals more impulsive (Elkins et al. 2006; 

Simon et al. 2007; Mendez et al. 2010; Quinn et al. 2011; Quinn and Harden 2013), a 

change that typically returns to normal after recovery (Yi et al. 2008; Bankston et al. 2009; 

Blonigen et al. 2013; Cicolini et al. 2014; Littlefield et al. 2015; Hulka et al. 2015). Thus, 

impulsivity can both pre-date and result from the drug use, serving as both a cause and 

consequence, and making it difficult to interpret cross-sectional studies of impulsivity in 

individuals with addictive disorders. A final complication is that impulsivity also changes 

across the lifespan (Green et al. 1999; Stanford et al. 2009), and many previous studies have 

used very broad age ranges, adding a further source of variability to the behaviors and their 

interrelationships.

To summarize, impulsivity is a multidimensional construct and latent aggregations among 

measures suggest a smaller number of underlying processes. The current study sought to test 

the hypothesis that the three broad domains of impulsivity described above - impulsive 

choice, impulsive action, and impulsive personality traits - reflect meaningful and 

quantitatively discrete latent domains. Rather than a descriptive exploratory factor analytic 

approach, the study used a hypothesis-testing confirmatory factor analysis approach. To 

address a number of methodological issues noted above, the study included an array of 

widely-used assessments reflecting the three domains and intentionally focused on the latent 

interrelationships in a sample with relatively low substance use to avoid influences of recent 

or persistent use. Finally, to avoid conceptual and quantitative imprecision, the study did not 

include assessments that measured related, but nonetheless different constructs (e.g., reward 

sensitivity, risk taking).

Methods

Participants

Participants were enrolled at two sites, the University of Chicago and the University of 

Georgia. Eligibility criteria included verification of sobriety via breathalyzer (Alco-sensor 

III or IV; Intoximeters, St. Louis, MO); no evidence of recent drug use via urine drug screen 

(ToxCup, Branan Medical Co. Irvine, CA and iCup, Alere North America, LLC, Orlando, 

FL; amphetamine, cocaine, methamphetamine, opiates, and tetrahydrocannabinol); and 

scores of 11 or below on the Alcohol Use Disorder Identification Test (AUDIT) (Babor et al. 

2001) and Drug Use Disorder Identification Test (DUDIT) (Berman et al. 2005). The 

AUDIT and DUDIT criteria were not intended as stringent criteria for entirely excluding 

substance use, but to screen out individuals with heavy levels of use or substance use 

disorders. Given the high normative prevalence of substance use among young adults 

(Administration 2014), excessively low AUDIT/DUDIT criteria was considered a threat to 

the external validity of the study. A criterion of 11 was selected to optimize specificity (i.e., 

to minimize inclusion of individuals with active substance use disorders) (Aertgeerts et al. 

2000; Aertgeerts et al. 2001). In addition, participants were required to be between 18 and 

30 years old. The sample comprised 1252 young adults (62% female), described in Table 1 
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(sample characteristics by site are in Supplementary Table S1). In general, the sample can be 

characterized as individuals of European ancestry in their early twenties with low levels of 

alcohol and other drug use.

Assessments

Impulsive Choice (Discounting of Delayed Rewards)—Impulsive choice was 

assessed using four indices of monetary DD that were generated from two measures, a full 

iterative permuted delay discounting task (Amlung et al. 2013) and an abbreviated set of pre-

configured items, the Monetary Choice Questionnaire (MCQ) (Kirby et al. 1999). The task 

used a 80-item task, comprising choices between smaller immediate rewards (i.e., $10.00, 

$20.00, $30.00, $40.00, $50.00, $60.00, $70.00, $80.00, $90.00, or $99.00) and a larger 

delayed reward ($100) with a delay of 1, 7, 14, 30, 60, 90, 180, or 365 days (Amlung et al. 

2013). Discounted amounts and time delays were randomly admixed throughout the task. 

The MCQ consists of 27 randomized choices between smaller immediate rewards and larger 

delayed rewards (Kirby et al. 1999), with the latter ranging from $11 to $85 at varying 

intervals of delay from 1 week to 186 days. The items generate k values for three magnitude 

of reward, small (mean = $25), medium (mean = $55), and large (mean = $85) magnitude 

rewards. Hyperbolic temporal discounting functions (k) (Mazur, 1989) were generated from 

both, although the iterative task used empirical derivation for each participant and the MCQ 

used inferred k values from preconfigured items relating to a finite set of values. Ten control 

items were included, assessing smaller versus larger rewards that were both immediately 

available. Invalid performance was defined as three or more erroneous selections on the 

delay discounting control trials (i.e., larger amount versus smaller amount, both available 

immediately, selection of larger amount reflecting a valid response). To maximize validity, 

DD performance was incentivized for participants to potentially receive an outcome from 

their choices (Kirby et al. 1999).

Impulsive Action (Inhibition of a Prepotent Response)—Impulsive action was 

assessed using three behavioral tasks: a Go/NoGo Task (GNG), a Stop Signal Task (SST), 

and a Conner’s Continuous Performance Test (CPT); all of which measure capacity to 

inhibit a dominant arising response. Specifically, in the GNG (Kiehl et al. 2001), participants 

viewed two different kinds of visual stimuli and were instructed to either press a key in 

recognition or to withhold a response. The “Go” stimulus requiring an emitted response was 

an “X” (85% of stimuli, 68 trials) and the NoGo stimulus requiring an inhibited response 

was a “K” (15%, 12 trials). The primary index of response inhibition was errors of 

commission (i.e., providing a positive Go behavior in response to a NoGo stimulus). Second, 

the SST (Verbruggen and Logan 2008) also measured the ability of participants to inhibit 

prepotent responses, but in a somewhat different way. Participants were instructed to press a 

keyboard button to make a shape discrimination as quickly as possible when a square or 

circle was presented. However, on a minority of trials, an auditory signal to inhibit their 

response (“Stop”) was presented just following shape presentation (i.e., 50 – 250ms). In 

total, the task included 150 Go trials (requiring a button press corresponding to the square or 

circle presented) and 50 “Stop” trials (requiring interruption of the initiated response); the 

first eight trials were practice trials (6 Go, 2 Stop). The primary index of response inhibition 

was percent inhibition errors. Third, the CPT (Beck et al. 1956) assessed capacity to inhibit 

MacKillop et al. Page 4

Psychopharmacology (Berl). Author manuscript; available in PMC 2017 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



prepotent responses by presenting visual stimuli to which the dominant response is to 

provide a motor response (button press) and in a minority of instances, a stimulus is 

presented to which no response should be provided. Specifically, participants were instructed 

to press the space bar when any alphabetic letter is presented (90%; 324 trials), except for an 

“X” (10%; 36 trials). The primary index of response inhibition was errors of commission. 

The measure is highly similar in format to the Go/NoGo Task, but uses more varied Go 

stimuli and has a considerably larger number of trials.

Impulsive Personality Traits (IPTs)—The UPPS-P Impulsive Behavior Scale (UPPS-P) 

is 59-item measure of IPTs (Whiteside and Lynam 2001; Cyders et al. 2007). The scale 

includes five subscales: (lack of) Premeditation, a propensity to act without considering 

potential consequences (α = .85); Negative Urgency, a proclivity for acting on immediate 

cues when experiencing negative affect (α = .87); Positive Urgency, a proclivity for acting 

on immediate cues when experiencing positive affect (α = .93); (lack of) Perseverance, an 

inability to follow through on tasks (α = .85); and Sensation Seeking, an orientation toward 

engaging in high energy and thrill behaviors (α = .86). The Barratt Impulsiveness Scale, 

Version 11 (BIS) is a 30-item measure of IPTs (Patton et al. 1995). The responses were 

examined using the second order factors (i.e., attentional, motor, and non-planning). The 

attentional subscale reflects the ability to focus on the task at hand and the amount of 

thought insertions and racing thoughts one has (e.g., “I often have extraneous thoughts when 

thinking”; α = .70). The motor subscale reflects the tendency to act on the spur of the 

moment and consistency of lifestyle (e.g., “I do things without thinking”; α = .64). The non-

planning subscale reflects the ability to plan and think carefully and one’s enjoyment of 

challenging mental tasks (e.g., “I am a careful thinker”; α = .68).

Substance Use—As noted above, the AUDIT and DUDIT were used as measures of 

alcohol and overall drug use. Smoker status was defined by self-reported frequency of 

smoking.

Procedure

Participants were recruited from the general community at both sites and also from the 

Department of Psychology undergraduate human subjects research pool at the University of 

Georgia site (n=426; 34% of the total sample). Participants were screened by telephone or 

over the internet to assess their eligibility, followed by in-person breath tests (subjects with 

BAC >.00 were excluded) and urine drug screens (subjects with any positive results were 

excluded). During the assessment session, participants first underwent informed consent and 

then were administered the assessments via computer in individual private assessment 

rooms. The assessments were delivered via EPrime (PST Technology) or Inquisit software 

(Milisecond Inc.), and all measures were counterbalanced by participant to avoid order 

effects. Biological samples, not discussed here, were collected following the task-based and 

self-report measures. After completion of the study, participants were debriefed and 

compensated for their time. Participants were either paid $40 or received research 

participation credits, and also had a one in six chance of receiving an outcome from the 

delay discounting assessments (Kirby et al. 1999). All procedures were approved by the 

appropriate Institutional Review Boards.
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Data Analysis

Participant data were initially examined for missing values, misunderstanding of 

instructions, and adequate task attention/effort. For the DD assessments, a criterion of 80% 

correct on the control items was used to define valid performance. For the behavioral 

inhibition tasks, invalid performance was defined ≤80% accuracy on Go trials or ≥90% 

inhibitory errors, putatively reflecting misunderstanding of the correct response keys or very 

low task effort. Temporal discounting functions were derived using nonlinear regression to 

fit Mazur’s hyperbolic discounting equation, vd = V/(1+kd), where vd = discounted value of 

the future reward, V = value of the future reward, d = delay in days, and k, the derived 

temporal discounting function. This was implemented using GraphPad Prism (GraphPad 

Software, La Jolla, CA). All manifest variables were examined for distributions and 

modified as necessary using transformations. Structural equation modeling was conducted 

via Mplus 7.11 software (Muthén & Muthén, 1998–2015). To evaluate a measurement 

model and the dimensionality of impulsivity, a series of Confirmatory Factor Analyses 

(CFA) with continuous factor indicators were conducted (Brown 2015), estimating 

continuous latent varaibles and their factor structure. A maximum likelihood model 

estimator was used to evaluate model fit. The recommended statistical fit criteria from Hu 

and Bentler (1999) were utilized to assess model fit: Comparative Fit Index (CFI) > .90, the 

Root Mean Square Error of Approximation (RMSEA) < .08), and the Root Mean Square 

Residual and Standardized index (SRMR) < .08. Lastly, despite the deliberately restricted 

range of the sample, path analyses in the structural equation modeling (SEM) framework 

were used to examine the associations of the factor solution with substance use variables.

Results

Preliminary Analyses

A small amount of data was missing or invalid due to failed data logging, premature task 

termination, or invalid performance (CPT = .006%, GNG = .02%, .008%, DD tasks, .005%). 

After testing missing data patterns, data met criteria for missing at random (Little and Rubin 

2002), therefore, full information maximum likelihood approach was employed to handle 

missing data optimally. Average performance on the ten DD control items was very high 

(mean = 9.8; SD = .5). The hyperbolic temporal discounting function provided a very good 

fit to the DD task data (median R2 = .86 [IQR = .66–.93]). Consistency of preferences across 

the DD tasks was high (means = 97–98%, SDs = 3–4%). The DD k values were skewed and 

were logarithmically transformed, which substantially improved the distributions. Zero-

order correlations among the measures are in Table 2.

Test of Latent Measurement Models

Latent structural solutions were evaluated hierarchically within a CFA framework, 

standardizing all items to allow common metric across measures (Table 3). First, a single 

latent factor of impulsivity was evaluated, using the four indicators of impulsive choice, 

three indicators of impulsive action, and eight indicators of IPTs, resulting in a poor model 

fit. In addition, multiple factor loadings were below the recommend criteria (λ >.4).
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Second, a two-factor model was evaluated, separating IPTs from the behavioral tasks 

(combining impulsive choice and impulsive action indices together). The two factor model 

showed a significant improvement in model fit compared to a unidimensional model (Δχ2 

(1) = (10.37). However, the overall model fit was still poor.

Third, the hypothesized three-factor model was evaluated (Figure 1). The three-factor model 

showed a significant improvement in model fit compared to the two-factor model of 

impulsivity (Δχ2 (2) =4533.02), although model fit remained suboptimal and suggested 

modifications to ascertain a stable and valid factor solution. Factor loading, factor 

covariance, and manifest variable estimates were examined and the loading coefficient of 

Sensation Seeking was identified as low (λ < .2). A modified model, dropping Sensation 

Seeking, showed a significant improvement in the Trait loading coefficients and the model 

fit. Finally, several modification indices (MIs) were >10, suggesting further modifications to 

improve the model. Model corrections were conducted hierarchically based on substantive 

and statistical criteria (Brown 2015). Specifically, MIs favored freeing error covariances 

between Positive and Negative Urgency on the UPPS, and Perseverance and Motor on the 

BIS. This resulted in a significantly improved model fit (Δχ2 (1) =311.52) according to all 

indices, with statistically significant variable loadings and satisfactorily large standardized 

factor loadings (> .4; Figure 1), signifying that the latent variables were effectively measured 

by their indicators (Table 4). Last, tests of measurement invariance by sex were pursued 

(Meade & Lautenschlager 2004). Using criteria (χ2Δ < .05 or CFIΔ < .01) (Brown 2015), 

the results revealed support for configural, metric, and scalar measurement invariance 

(Supplementary Table S2).

Given that freeing residual error to covary could suggest the presence of another unspecified 

latent factor, an exploratory four-factor model was pursued to evaluate whether the BIS and 

UPPS subscales reflect distinct latent factors. Although the model fit was satisfactory for 

this model (Table 3), the BIS and UPPS latent factors covariance was .995, suggesting 

structual redundancy between the two and that the three-factor solution was more 

parsimonious.

Associations with Substance Use

An SEM model evaluated the associations between the latent factors and substance use 

behaviors as outcome variables. In addition, gender, income, age, education, and site were 

entered as covariates to control for their potential effect on paths tested in the structural 

model (Table 3). The results revealed that the AUDIT was significantly associated with 

Impulsive Choice and IPT factor, but not with not Impulsive Action, whereas the DUDIT 

was exclusively associated with the IPT factor. Using the same covariates, Sensation 

Seeking was significantly correlated with AUDIT (r=.15, p<0.001), DUDIT (r=.15, 

p<0.001), and smoking behavior (r=.08, p=.004).

Discussion

This study tested the hypothesis that the construct of impulsivity could be empirically 

separated into three discrete domains using an array of standardized tasks and questionnaires 

in a large sample of young adults with relatively low levels of substance use. In general, the 
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hypothesis was supported: three latent domains were identified and these corresponded to 

impulsive choice, impulsive action, and IPTs. The three-factor model exhibited superior 

structural fit compared to the control models and revealed a robust internal factor structure. 

Loadings within each of the three domains were statistically significant and of moderate to 

very large magnitude, but the associations between domains were modest. Although there 

was a statistically significant relationship between IPTs and both impulsive choice and 

impulsive action, the effect sizes were small and there was a virtually nil relationship 

between impulsive choice and impulsive action. Notably, this latter dissociation is generally 

consistent with a recent meta-analysis of self-report and task-based measures (Cyders and 

Coskunpinar 2011) and a recent SEM-based examination of elemental processes related to 

impulsive action (Stahl et al. 2014). More significantly, though, these findings provide 

further evidence that the notion of a singular psychological construct of impulsivity is not a 

valid one. Instead, the current data support the idea that the diverse tools for measuring 

impulsivity fall into three meaningful and relatively distinct categories, and suggest a sound 

organizing framework for studying self-regulatory capacities. In doing so, these findings 

also provide empirical support for the terms of impulsive choice and impulsive action, which 

are increasingly used to describe delay discounting and behavioral inhibition, and suggest 

that using the singular term impulsivity is not a useful scientific practice. Although it may be 

desirable for expediency or heuristic value, the term’s implication that there is an 

overarching trait of impulsivity is simply not borne out empirically, here or in other recent 

work (Cyders and Coskunpinar 2011; MacKillop et al. 2014; Stahl et al. 2014).

An important caveat, however, is that the assessment modality varied substantially across the 

measures. Impulsive choice was measured via behavioral choices on decision making tasks, 

impulsive action was measured via motor responses on inhibitory control tasks, and IPTs 

were ascertained via self-report on the BIS and the UPPS. These modality differences 

parallel the hypothesized three-factor structure, but extracting possible influences on the 

latent interrelationships is not possible. This is because the impulsivity constructs were in 

their standard assessment formats that are embedded within these modalities. The measures 

are the prism through which the underlying constructs are refracted and can’t be dissociated. 

As a result, some caution is warranted regarding the findings and the need for new tools that 

avoid the overlap between construct and modality is clear. However, there are also reasons to 

think modality was not a substantive contributor. The study used two categories of 

behavioral tasks (impulsive choice and impulsive action) and the final model was superior to 

the control model that aggregated the two domains of behavioral tasks together. Nonetheless, 

the evidence for three separate factors would be more definitive if the ascertainment methods 

were identical or highly similar across measures.

Several notable additional findings emerged from the study. For example, one candidate 

index was not implicated in any of the three domains. The personality dimension of 

sensation seeking did not cohere within the IPTs factor as predicted, and did not exhibit 

meaningful associations with impulsive action or impulsive choice. Although sensation 

seeking is considered an impulsivity-related trait within the UPPS measure, these data 

suggest that the preference for exciting or highly stimulating experiences is quantitatively 

distinct from the other self-report indices. This suggests sensation seeking represents a trait 

that is independent of self-regulation and this makes conceptual sense in the context of the 
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other measures. For impulsive choice, an individual regulates the impulse to choose an 

immediate reward; for impulsive action, an individual regulates the impulse to emit the 

prepotent motor response; and for the other indicators of IPTs, an individual regulates 

various forms of more dominant preference (e.g., to act without deliberation, to give up on 

tasks). In contrast, sensation seeking refers to a certain set of predilections, but not attempts 

to rein in those preferences. Also notable was the very high magnitude loadings of the 

impulsive choice indicators relative to the other indicators and their respective domains. This 

suggests that monetary delay discounting preferences are very highly consistent across 

measures, even in the presence of differing delayed reward magnitudes.

The study design deliberately excluded heavy drug or alcohol users to minimize the 

possibility that individual differences were a result, rather than a possible cause, of drug use. 

Nonetheless, the associations between the latent indicators and alcohol, tobacco and other 

drug use were examined for exploratory purposes. This revealed highly variable 

relationships, further attesting to the discriminant validity among the domains. Substance 

use of all three forms was significantly associated with IPTs, whereas only alcohol use (and 

smoking to an extent) was significantly associated with impulsive choice, and none of the 

three were associated with impulsive action. These relationships are tentative, given the 

narrow range of drug use, but provide some evidence that IPTs and impulsive choice are 

relevant even at low levels of substance involvement. With regard to associations with other 

variables, age was a robust predictor of impulsive action and education was a robustly 

inversely associated with impulsive choice and IPTs, but no significant associations were 

present with sex or income.

Part of the rationale for clarifying the interrelationships among impulsivity variables is to 

improve the measurement of these characteristics to clarify their biological foundations, 

especially genetic influences. Candidate gene studies have reported significant associations 

between a number of loci and measures of impulsive choice, impulsive action, and IPTs 

(Eisenberg et al. 2007; Benko et al. 2010; Filbey et al. 2012) and there is increasing evidence 

of substantial heritability for impulsive choice from twin studies and preclinical models 

(Anokhin et al. 2011; Crosbie et al. 2013; Richards et al. 2013; Anokhin et al. 2014). Given 

limited overlap, the current study suggests that genetic associations with a phenotype in one 

of the three domains might be predicted to extend to others within the domain, but not to the 

other two.

The current findings should be interpreted in the context of a number of considerations. The 

study used a hypothesis-driven approach to characterize the latent structure of 13 impulsivity 

indicators, but cannot speak to other related constructs or measures. For example, risk taking 

and reward sensitivity are often considered to be similar to self-regulatory processes, but the 

current study cannot address the extent to which measures from those domains may 

selectively cohere with the three domains characterized. This is a natural next step in this 

line of inquiry. Similarly, this study with low severity participants cannot speak to the latent 

structure of impulsivity measures among clinically diagnosed individuals. A logical 

hypothesis is that the same tripartite structure would be present, but it is possible that active 

addiction could affect the domains in different ways and affect the latent structure. 

Methodologically, it was notable that the final model freed two error covariances, both on 
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subscales within the two IPT questionnaires, which may be attributable to response styles on 

the respective measures, although that is necessarily conjecture. Finally, a generalizability 

consideration is that the sample was largely of European ancestry. Again, a logical 

hypothesis is that these processes will be consistent across races, but that cannot be 

addressed here. Fundamentally, these are empirical questions and priorities for future studies 

investigating the nature and categorizations of self-regulatory processes in drug addiction.

In sum, this study provides a high-resolution analysis of the interrelationships among diverse 

measures of impulsivity, suggesting that no single overarching impulsivity trait is present, 

but that there are three meaningful latent categories. The results set the stage for future 

investigations refining the nature of impulsive choice, impulsive action, and IPTs in at-risk 

and clinical samples; investigating the influences of genetic variation and environmental 

exposures; and contextualizing these processes in relation to other pertinent traits, such as 

risk tolerance or reward sensitivity.

Supplementary Material
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Figure 1. 
Structural model of the three latent domains of impulsive choice, impulsive action and 

impulsive personality traits with the associated manifest indicators. Note that the delay 

discounting variables were base-10 logarithmically transformed and sensation seeking was 

initially considered as part of impulsive personality traits but was not included in the final 

model.
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Table 1

Participant characteristics.

Variable %/M (SD)/Median

Sex 62.2%

Age 21.5

Race 83.5% White

5.8% Black/African American

7.0% Asian

.2% Pacific Islander

1.8% Mixed Race

1.6% Other

Hispanic ethnicity 3.1%

Education 14.40 (2.19)

Household Income 60,000–89,999

AUDIT 4.02 (3.16)

DUDIT 1.31 (2.15)

Last Year Smoking 77.9% None

14.2% ≤Monthly

3.8% Weekly

4.1% Daily

Notes: AUDIT = Alcohol Use Disorders Identification Test; DUDIT = Drug Use Disorders Identification Test
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Table 2

Bivariate correlations associations among the manifest indicators.

Notes: Correlations of ≥|.06| meet the traditional statistical threshold of p ≤ .05), correlations of ≥|.10|, p < .001;

CPT = Continuous Performance Task; GNG = Go/NoGo Task; SST = Stop Signal Task; DDT = Delay Discounting Task; MCQ = Monetary Choice 
Questionnaire.
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