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Abstract

Background: Within the dual systems perspective, high reward sensitivity and low punishment
sensitivity in conjunction with deficits in cognitive control may contribute to high levels of risk
taking, such as substance use.

Objective: The current study examined whether the individual components of effortful control
(inhibitory control, attentional control, and activation control) serve as regulators and moderate the
association between reward or punishment sensitivity and substance use behaviors.

Method: A total of 1,808 emerging adults from a university setting (Mean age = 19.48; 72%
female) completed self-report measures of reward and punishment sensitivity, effortful control,
and substance use.

Results: Findings indicated significant two-way interactions for punishment sensitivity and
inhibitory control for alcohol and marijuana use. The form of these interactions revealed a
significant negative association between punishment sensitivity and alcohol and marijuana use at
low levels of inhibitory control. No significant interactions emerged for reward sensitivity or other
components of effortful control.
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Footnotes

A confirmatory factor analysis was conducted on the three subscale latent factors of the ATQ [)(2 (143) = 795.86, p< .001, CFI = .90,

RMSEA = .05] and found that all of the factor loadings were significant at p < .001. Seven correlations between residual variances

were freed to be estimated using modification indices in order to achieve acceptable CFI. Based on these results and for the purpose of

keeping the current result comparable to previous research, we used the subscale as derived in the original validation of the ATQ
(Evans & Rothbart, 2007). The alpha coefficient for the ATQ IC in the current sample is in line with results from the original
validation study (a = .60) and numerous other studies reporting alpha levels ranging from .33 to .56 (e.g., Gomez, Kyriakides, &
Devlin 2014; Willem, Vasey, Beckers, Claes, & Bijttebier 2013).
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Conclusions: The current findings provide preliminary evidence suggesting the dual systems
theorized to influence risk taking behavior interact to make joint contributions to health risk
behaviors such as substance use in emerging adults.

Keywords

dual system; punishment sensitivity; reward sensitivity; effortful control; risk taking; substance
use; emerging adulthood

Emerging adulthood (Arnett, 2007) marks a time period from approximately 18 to 25 years
in which substance use tends to be problematic. For instance, the prevalence of substance
use is higher during emerging adulthood than other developmental periods, with rates of use
and misuse peaking at 49% among 19 to 20 year olds (Arnett, 2007; SAMHSA, 2014;
Johnston et al., 2009). The consequences of substance use behaviors among emerging adults
are also disconcerting; heavy use during this time leads to alcohol use disorders (O’Neill,
Parra, & Sher, 2001) and is linked to increased injury and death (Fingerhut & Anderson,
2008). Thus, successful navigation through this developmental period of vulnerability is
important for positive long-term adult outcomes (Schulenberg, O’Malley, Bachman, &
Johnston, 2004) and prompts the need for more research that will enhance our ability to
identify markers of such risky behaviors.

To better understand the emergence and maintenance of risk-taking behavior such as
substance use, researchers have developed various forms of a dual systems model to explain
the differing developmental trajectories that influence risky decision making (e.g., Carver,
Johnson, & Joorman, 2009; Casey, Getz, & Galvan, 2008; Steinberg, 2010). Carver and
colleagues’ (2009) dual systems model of self-regulation posits that the nervous system is
structured to allow humans to simultaneously process information from experiences via two
distinct methods; a reflexive lower order system and a reflective higher order system. The
reflexive system is reactive or heuristic in nature and governs approach and avoidance,
including reward and punishment sensitivity. In contrast, the reflective system is more
strategic or deliberate and enacts cognitive control. From this perspective, increases in
reward sensitivity and decreases in punishment sensitivity in conjunction with deficits in
cognitive control may contribute to higher levels of risk taking, such as substance use
(Carver, Johnson, & Joorman, 2008; Steinberg, 2010).

While previous studies have examined the direct roles of the reflexive and reflective systems
in risky behaviors, research has often fallen short in examining how these dual systems may
interact to predict risky decision making. The current study sought to examine whether the
components of effortful control, a temperamental dimension of self-regulation or cognitive
control, serve as regulators, rather than direct predictors, and moderate the association
between reward and punishment sensitivity and substance use behaviors in emerging
adulthood.

Reward and Punishment Sensitivity

One way the reflexive system or network associated with reward sensitivity and punishment
sensitivity has been operationalized relies on Gray’s (1987) reinforcement sensitivity theory,
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which asserts that there are two statistically independent motivational systems involved in
the inhibition or activation of behavior. The first is the behavioral approach system (BAS)
that is sensitive to conditioned reward stimuli and responds with appetitive motivation (or
approach), and the second is the behavioral inhibition system (BIS) that is sensitive to risk
stimuli and responds with aversive motivation (or avoidance) to conditioned cues signaling
punishment. From this theory, risk-taking can be viewed as resulting not only from
sensitivity to reward but also from an inability to inhibit behaviors that will likely result in
punishment (also see Ernst & Fudge, 2009).

Reward sensitivity increases dramatically from early adolescence into emerging adulthood
(UroSevi€ et al., 2012) and the rewarding effects of substance use during this developmental
period likely plays a role in substance misuse among individuals higher in reward sensitivity
(Bijttebier, Beck, Claes, & Vandereycken, 2009). Indeed, self-report measures of BAS are
often associated with substance use and misuse in emerging adult populations (e.g.,
Braddock et al., 2011; Franken & Muris, 2006; O’Connor & Colder, 2009; Wardell, Read,
Colder, & Merrill, 2012). Other work in emerging adults has found that BAS is a predictor
of lifetime drug and alcohol use disorder diagnoses (Johnson, Turner, & lwata, 2003).

Punishment sensitivity shows some continuity across childhood into adulthood (Fox,
Henderson, Marshall, Nichols, & Ghera, 2005) and in contrast to reward sensitivity, it is
believed that punishment sensitivity should be related to less substance use (Bijttebier et al.,
2009). Indeed some research has shown that high BIS is related to low alcohol and drug use
among emerging adults (Franken & Muris, 2006; Kimbrel, Nelson-Gray, & Mitchell, 2007;
Pardo, Aguilar, Molineuvo, & Torrubia, 2007; Wardell et al., 2012), However, other research
has failed to find associations between BIS and alcohol use in emerging adults (e.g.,
Braddock et al., 2011; Johnson et al., 2003; Jorm et al., 1998). Overall, evidence supporting
direct associations between reward sensitivity and substance use is consistent, while
associations between punishment sensitivity and substance use outcomes are less clear.
However, evaluating the interaction between these two networks (reward and punishment)
and a reflective higher order system (e.qg., effortful control) may provide crucial insight into
understanding individual differences in substance use behaviors.

Effortful Control

The reflective system, or network associated with the cognitive control system, is a
regulatory system that includes subcomponent processes of self-regulation and self-control
(Baumeister & Vohs, 2003) and is characterized by deliberate top down processes (Carver et
al., 2009). In the developmental subdiscipline, self-regulation is studied within a
temperament framework that includes effortful control (Rothbart, Derryberry, & Posner,
1994). A multidimensional construct, effortful control refers to an individual’s ability to
inhibit dominant responses in order to perform a less pronounced response that may provide
a better outcome in the long-term as well as detect errors and engage in planning behavior
(Rothbart et al., 1994). Effortful control is comprised of three subcomponents: inhibitory
control, suppression of undesirable behavior; attentional control, the ability to shift and
focus attention; and activation control, the ability to perform an action despite having a
strong urge to avoid it (Rothbart et al., 2000). Thus, effortful control is dependent on
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executive functions (Carver et al., 2008) and the conceptualization of the dual systems
model centers around effortful control as a unique temperament system that works alongside
and interacts with the basic temperament systems of approach (BAS) and avoidance (BIS)
during reward or punishment cues (e.g., Rothbart, Ahadi, & Evans, 2000; Nigg, 2006). Thus,
processing occurs from both a reflexive lower order system that is reactive in nature (e.g.,
reward and punishment sensitivity) and a reflective or regulatory higher order system that is
more strategic or deliberate (e.g., effortful control). Within these dynamic systems, effortful
control regulates the operation of the reflexive system in the service of goal-directed
behavior. Therefore, risk-taking behaviors such as substance use can be viewed as resulting
not only from an inability to inhibit behaviors that pursue reward seeking but also from an
inability to inhibit behaviors that will likely result in punishment.

Most of the existing research examining the association between effortful control and
substance use has examined only direct associations primarily based on self-report measures,
and findings are mixed in emerging adult populations with some studies reporting modest
associations (r=.12 to .25; Ellingson, Richmond-Rakerd, & Slutske, 2015; Wong &
Rowland, 2013) and others reporting no association (= —.04; Meehan et al., 2013). Despite
the equivocal evidence supporting a direct association between effortful control components
and substance use outcomes in emerging adult populations, the moderating effects of
effortful control have not been extensively studied. To the authors’” knowledge, there are only
a few studies that examined the moderating role of effortful control in the link between
reward and punishment sensitivity and substance use, and they are limited in that most only
focused on the inhibitory control component (based on behavioral task performance) using
small samples (i.e., N < 72). For example, in a sample of female college students, Patrick
and colleagues (2008) reported a non-significant trend (o < .10) for an interaction effect
revealing higher levels of alcohol use may be associated with high approach sensitivity and
poor inhibitory control (Patrick, Blair, & Maggs, 2008). In another study of college students,
Jonker and colleagues found a significant interaction between executive control and
punishment sensitivity, suggesting that low punishment sensitivity was significantly related
to high alcohol use among those with weak attentional control but not among those with
strong attentional control (Jonker, Ostafin, Glashouwer, van Hemel-Ruiter, & de Jong,
2014). The interaction between these effortful control components and reward and
punishment sensitivity explained about 5 to 8% of the variance in substance use outcomes.

Finally, a recent neuroimaging study (Kim-Spoon et al., in press) indicated that neural
activation during cognitive control moderated the link between neural activation during risk
processing (conceptually related to punishment sensitivity) and late adolescents’ health risk
behaviors. Specifically, the significant interaction between cognitive control and risk
processing suggested that hemodynamic activity in the anterior insula related to risk
avoidance predicted health risk behaviors (i.e., higher severity and earlier onset of substance
use and risky sexual behaviors) among late adolescents exhibiting greater dorsal anterior
cingulate cortex activity during a cognitive interference task (explaining 41% variance), but
not among late adolescents exhibiting less dorsal anterior cingulate cortex activity
(explaining 1% variance). Taken together, research thus far indicates equivocal evidence for
the direct association between effortful control and substance use in emerging adult
populations. In contrast, there is reason to believe the moderating role of effortful control on
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the link between reward and punishment sensitivity and substance use is a promising line of
research.

Most research examining the role of effortful control in emerging adult populations (e.g.,
Meehan, De Panfilis, Cain, & Clarkin, 2013) used a composite measure of effortful control.
However, it may be useful to examine the independent elements of effortful control in order
to determine if they function differentially as moderators of reward and punishment
sensitivity. For instance, research on the unity/diversity framework of executive functioning
(a construct closely related to effortful control) demonstrates that inhibition correlates
virtually perfectly with ‘unity” across the three domains (i.e., inhibition, shifting, and
updating) of executive functioning (Miyake & Friedman, 2012) and is the primary source of
predictive power in explaining individual differences in behavioral disinhibition (Young et
al., 2009). Thus, one of the main goals of this study was to test for specificity and
functionality of the three components of effortful control (inhibitory, attentional, and
activation control) in the prediction of substance use outcomes.

Current Study

In the current study, we sought to expand existing research by examining whether effortful
control moderates the association between reward and punishment sensitivity and substance
use behaviors in a large sample of emerging adults, focusing on two of the most commonly
used substances among college students: alcohol and marijuana (O’Malley & Johnston,
2002). Based on past research, we hypothesized that low levels of BIS and high levels of
BAS would be associated with higher levels of alcohol and marijuana use. Our main
hypothesis was that the association between reward (BAS) and punishment (BIS) sensitivity
and substance use behaviors would be moderated by level of effortful control, such that the
associations between BIS/BAS and substance use behaviors would be significantly stronger
for individuals with lower effortful control compared to those with higher effortful control.
We examined the moderating roles of the three distinct components of effortful control (i.e.,
inhibitory, attentional, and activation control) to test the differential functionality of these
components for predicting substance use in an emerging adult population.

Method

Participants

Participants (7= 1,903) were recruited from a university in Southwestern Virginia to
participate in an online survey in exchange for extra course credit. As recommended by
Meade and Craig (2012), participants who responded incorrectly on two attention check
items were eliminated from further analyses (/7= 44, 2.4%). An additional »= 40 individuals
only partially completed the survey and thus were eliminated from further analyses. Finally,
we restricted our sample to include only emerging adults, thus eliminating an additional /7=
11 (0.6%) participants. Thus, the final sample included 1,808 emerging adults (72% female,
coded 0 = male and 1 = female) ranging in age from 18 to 25 years (M= 19.48, SD = 1.30).
The primary race category was Caucasian (78.3%) with the remaining sample identifying as
Asian or Asian-American (10.1%), African-American (3.3%), Hispanic or Latino (3.3%),
Biracial or Multiracial (2.4%), and Other (2.3%). For the purposes of analyses, race was
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dichotomized into two groups: Caucasian = 1 vs. All other = 0. Participants provided
information on their perception of family economic status by indicating how well-off they
believed their family to be on a five-point Likert-type scale ranging from 1 (very poor) to 5
(upper middle class) with M= 4.20 (SD=0.71).

Behavioral Inhibition/Behavioral Activation System Scale (BIS/BAS; Carver &
White, 1994).—The BIS/BAS scale consists of 20 items rated on a 4-point Likert-type
scale ranging from 1 (\Very true for me)to 4 (Very false for me). The BIS scale consists of
seven items and includes statements such as “I worry about making mistakes”. The BAS
portion contains three subscales (drive, fun-seeking, and reward responsiveness), is
composed of 13 items, and consists of statements such as “I often act on the spur of the
moment” (fun seeking), “I go out of my way to get things | want” (drive), and “When | see
an opportunity for something | like | get excited right away” (reward responsiveness). In the
current sample the internal consistency was a = .76 and a = .81 for the BIS and BAS
composite respectively.

Adult Temperament Questionnaire (ATQ; Evans & Rothbart, 2007).—A
shortened 62-item version of the ATQ was used and items are rated on a 7-point Likert-type
scale ranging from 1 (Extremely untrue of you) to 7 (Extremely true of you). The current
analyses utilized the effortful control factor of the ATQ that contains three subscales
(inhibitory control, attentional control, and activation control), is composed of 19 items, and
consists of statements such as “I can easily resist talking out of turn, even when I’m excited
and want to express an idea” (inhibitory control), “It’s often hard for me to alternate between
two different tasks” (attentional control), and “I can keep performing a task even when |
would rather not do it” (activation control). For the current sample, the internal consistency
was a =.55!, a =.72, a = .72, for inhibitory, attentional, and activation control subscales,
respectively.

Substance Use Behaviors.—To assess substance use behaviors, participants completed
two items assessing typical frequency ranging from 1 (Never)to 6 (Usually use every day),
use during the last 30 days ranging from 1 (0 days)to 7 (all 30 days), and age of initiation
ranging from 1 (never)to 7 (8 years or younger) of alcohol and marijuana use (CDC, 2012;
Wills, Yaeger, & Sandy, 2003). Scores were standardized and averaged within type of
substance to produce an alcohol use composite (r= .44 to .77; z-score range of —2.10 — 3.07;
a =.81) and a marijuana use composite (r= .51 to .81; z-score range of —.77 t0 3.85; a =.
87).

Data Analytic Plan—Data analysis was conducted in SPSS Version 22. For all study
variables, descriptive analyses were conducted to determine normality of distributions and
univariate and multivariate outliers. Skewness and kurtosis were examined for all variable
distributions with acceptable levels of skewness to be less than 3 and acceptable levels of
kurtosis less than 10 (Kline, 2011). In addition, general linear modeling (GLM) was used to
identify any multivariate predictors of the endogenous variables among the demographic
variables and any variables with significant Wilks’ Lambda coefficients were used as
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covariates. Multiple regression analyses were conducted to test for interaction effects
between BIS, BAS, and effortful control as well as main effects of individual variables on
the outcome measures of substance use, including alcohol and marijuana use. All predictor
variables were mean-centered prior to analyses and product terms were computed using
these centered scores. All variables were entered into a sing/e multiple regression model.
Significant interactions were explored using computational tools recommended by Preacher
and colleagues (2006) to test the significance of the simple slopes of the dependent variable
at both high (1 SD above the mean) and low (1 SD below the mean) values of the predictors
(Preacher, Curran, & Bauer, 2006).

To control for the false positive rate in multiple comparisons we used the Benjamini-
Hochberg method (Benjamini & Hochberg, 1995) for all multiple regression models, which
is a modification of the Bonferroni procedure. The Benjamini-Hochberg method is a
sequentially rejective approach based on false discovery rate (the proportion of erroneous
rejections to the total number of rejections) and does not compromise statistical power as
severely as the Bonferonni method. To aid in the interpretation of a moderating effect when
an interaction was significant, the Johnson-Neyman technique (Johnson & Fay, 1950) was
employed in order to identify higher and lower regions of significance (ROS) through use of
computational tools recommended by Preacher and colleagues (Preacher et al., 2006). These
regions of significance identified the upper and lower values of the moderating variable
(effortful control) where BIS and BAS were significantly associated with the outcome
variable of interest and thus identified the exact range(s) of the moderator variable where
simple slopes differ significantly from zero.

Descriptive statistics are presented in Table 1 and correlations between all main study
variables are presented in Table 2. As predicted, BAS was positively associated with use of
both alcohol and marijuana, and BIS was negatively correlated with use of alcohol and
marijuana. Regarding the use of substances in this population, severity of alcohol use was
higher than that for marijuana. For example, the average for alcohol use in the last 30 days
was consistent with using 3 to 5 days per month. For marijuana the average for the last 30
days corresponded to using 1 to 2 days per month. Similarly, the mean age of initiation for
alcohol was approximately 15-16 years old, while the mean age of initiation for marijuana
was 17 years or older. Two cases were identified as multivariate outliers due to significant
Mahalanobis Distances (p < .001); however, the pattern of results did not change when
running the analyses with and without the identified cases. Therefore, these outliers were not
excluded. Multivariate general linear modeling analysis with potential demographic
covariates predicting substance use behaviors revealed significant effects for age, sex, race,
and family economic status (all p < .001), indicating that older, male, White, and higher
family economic status were related to higher levels of substance use. Thus, these variables
were included as covariates in all further analyses. Multiple regression analyses included
age, gender, race, and family economic status as covariates, main effects of BIS, BAS, and
individual measures of effortful control (inhibitory, attentional, and activation control), and
two-way interaction terms between BIS/BAS and ATQ dimensions and between BIS and
BAS.
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Coefficients from the final models are presented in Table 3. For alcohol use, there were
significant main effects for BIS, BAS, inhibitory control, and activation control as well as a
significant interaction that emerged between BIS and inhibitory control. As expected, higher
BAS and lower activation control were related to higher alcohol use. The form of the
significant interaction between BIS and inhibitory control (Figure 1a) revealed that lower
BIS scores were associated with greater alcohol use among those with lower levels of
inhibitory control, b= -.26, SE = .07, p<.001, 95% CI [-.406, —.117]. There was no
significant association between BIS and alcohol use at high levels of inhibitory control, 6=
-.05, SE =.08, p= .52, 95% CI [-.198, .100]. Regions of significance calculations (Figure
1b) indicated the region of significance extended from 0.43 and below, indicating any simple
slope at or below this value is statistically significant, and this included 63% of the current
sample. However, the significant interaction effect for alcohol did not hold after controlling
for multiple comparisons, thus these interaction results should be interpreted with caution.
The other interactions involving attentional or activation control and the interaction between
BIS and BAS were not significant.

For marijuana use, results were similar; with significant main effects of BAS and activation
control and a significant interaction that emerged between BIS and inhibitory control.
Higher BAS and lower activation control were related to higher marijuana use. The form of
the significant interaction between BIS and inhibitory control (Figure 2a) revealed lower BIS
scores were associated with marijuana use among those with lower inhibitory control, 6= -.
22, SE = .08, p=.004, 95% CI [-.369, —.069]. There was no significant association between
BIS and marijuana use at high levels of inhibitory control, 6=.07, SE = .08, p= .35, 95% CI
[-.081, .227]. Regions of significance calculations (Figure 2b) on the moderator (inhibitory
control) produced a lower and upper region of significance of —0.20 and 2.56 respectively,
indicating that any simple slope outside this range was statistically significant, which
included 52% of the current sample. Considering the range of inhibitory control for the
current sample was —3.23 to 2.35, the effect of BIS on marijuana use is significant for only
the lower bound values of inhibitory control (-0.20 and below). No other interactions were
significant.

Discussion

The current study investigated whether components of effortful control serve unique roles in
moderating the link between reward and punishment sensitivity and substance use behaviors.
In this sample of emerging adults, inhibitory control was the only component of effortful
control that emerged as a significant moderator. Specifically, we observed significant, yet
modest, interactions that revealed in emerging adults with low levels of inhibitory control,
low levels of punishment sensitivity (as measured by BIS) are associated with higher alcohol
and marijuana use. We note that after controlling for multiple comparisons, the interaction
for alcohol use was no longer significant; thus inferences made from alcohol results need to
be interpreted with caution and replication of the finding is warranted. In contrast,
punishment sensitivity is not associated with alcohol or marijuana use for emerging adults
with higher levels of inhibitory control. These findings suggest that inhibitory control acts as
a regulator such that when inhibitory control is high, emerging adults are able to regulate
punishment sensitivity and avoid substance use. In contrast, when inhibitory control is low,
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emerging adults have difficulty regulating punishment sensitivity, which increases the
likelihood that they will engage in substance use.

Results from the current study support the role of BIS interacting with inhibitory control to
predict emerging adults’ substance use outcomes (particularly alcohol and marijuana).
Reinforcement sensitivity theory (Gray, 1987) as well as the triadic model of the
neurobiology of motivated behavior (Ernst & Fudge, 2009) would suggest that both BIS and
BAS are important in the initiation and maintenance of risk-taking behaviors. Although
previous research on the direct association between BAS and risk-taking behavior has been
relatively consistent (e.g., Braddock et al., 2011; Wardell et al., 2012), the connection
between BIS and risk-taking behavior has been less clear (e.g., Braddock et al., 2011; Pardo
et al., 2007). Our results help to elucidate the interactive role of BIS with inhibitory control
and the resulting contribution to substance use behaviors.

While our findings confirm the direct association between BAS and substance use behavior,
the lack of interactive effects for BAS in the current and recent research (e.g., Jonker et al.,
2014) warrants closer consideration of the competing nature of the BIS and BAS systems
and how they interact with the regulatory system (i.e., effortful control; Carver et al., 2008),
at least with regard to substance use outcomes. The BIS and BAS motivational systems
compete and one system can override or dominate the other and potentially guide behavior,
especially when the regulatory system or effortful control processes are not adequate (Carver
et al., 2008). Coupled with this competition, positive affective states like happiness or
hopefulness are tied to BAS (approach system), whereas negative emotions like fear, anxiety,
or sadness are tied to the BIS (avoidance system; Gray, 1987). It may be that the BIS system,
responsible for negative affect, draws upon the regulatory system or effortful control
processes more often than the BAS. For example, it has been theorized that negative
affective states may increase regulatory processes in an effort to repair or improve upon
these negative feelings (Diamond & Aspinwall, 2003). At the same time, positive affective
states may lead an individual to underestimate or ignore consequences or negative outcomes,
thus leading to less effective self-regulation (Aspinwall, 1998). Essentially, negative mood or
emotions may result in more extensive information processing, cueing properties of self-
regulation, compared to positive moods or emotions (e.g., Schwarz & Clore, 1996). Our
findings suggest that operation of the regulatory system across different affective states may
be an important area to explore in future research.

One of the unique contributions of our results is to demonstrate specificity for the
moderating effects by inhibitory control, rather than attentional or activation control. The
findings support the theoretical perspective suggesting inhibitory control as the core aspect
of executive control (Zhou, Chen, & Main, 2012) and parallel the prior research indicating
inhibitory control as the strongest predictor of disinhibitory psychopathology, compared to
other dimensions of executive functions (Young et al., 2009). Our findings are also in line
with work by Jonker and colleagues (2014) who found executive control network scores
moderated the negative association between self-reported punishment sensitivity and alcohol
use. Therefore, despite differences in methodology between the study by Jonker and
colleagues (2014) and the current study, results collectively highlight the importance of
exploring the unique effects of inhibitory control as regulators between punishment
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sensitivity and substance use, particularly within an emerging adult population. We also note
that, consistent with mixed findings from past research (e.g., Ellingson et al., 2015; Meehan
et al., 2013; Wong & Rowland, 2013), the main effects of inhibitory control were rather
small and inconsistent in predicting alcohol and marijuana use. Instead, we found that
activation control showed consistent main effects on alcohol and marijuana use.

Our results fill the gap in the literature by providing evidence for the main effects of
activation control, the ability to persist and complete tasks even if undesired, as a negative
predictor of alcohol and marijuana use. Little research has explored the relationship between
activation control, specifically, and maladaptive outcomes or health risk behaviors. However,
activation control may be adaptive particularly when an individual experiences stress or
negative emotions, as it would require one to force themselves into action in order to resolve
situations (Clements & Bailey, 2010), reducing the likelihood to use drugs to cope. Indeed,
small-to-moderate sized correlations (r=-.20 to —.36) have been reported for
psychopathological outcomes including eating disorder symptoms (Claes, Bijttebier,
Mitchell, de Zwaan, & Mueller, 2011) and anxiety levels (Clements & Bailey, 2010) among
college students. In the current study, activation control was consistently and negatively
related to alcohol and marijuana use as shown in Table 3 even after taking into account the
main effects of the other two effortful control components. Thus, our findings suggest
activation control may play an important role in predicting substance use in emerging adult
populations. Future research would benefit from continuing to explore the dynamics behind
the association between activation control and substance use within this population.

Certain limitations qualify the findings in the present study. First, the cross-sectional design
and analyses used in the current study do not allow us to infer causality. For example,
although the hypotheses we present frame components of effortful control as preceding the
use of substances, it is also possible that regular substance use can influence an individual’s
effortful control. Thus, future work using longitudinal designs is warranted. Second, we
relied on self-report measures in this study, which increased the possibility of shared method
variance inflating associations between the study variables. Related to the use of self-report,
the frequency of alcohol use in the last thirty days (the mean/median falling in the category
of 3-5 days per month) was slightly below compared to the average that reported in a
national survey by Substance Abuse and Mental Health Services Administration (SAMHSA,;
Lipardi & Jean-Francois, 2016), possibly indicating underreporting. However, there were
similar numbers reported 3-5 days/month (24%) versus 6-9 days/month (23%) in our
sample. In addition, according to national survey results from the Monitoring the Future
(MTF) project (Johnston, O’Malley, Bachman, Schulenberg, & Miech, 2015), 35% of
college students in the MTF project engaged in heavy drinking (defined by five or more
drinks in a row) in the past two weeks versus 58% in our sample reported heavy drinking in
the past month. Therefore, although the number of days of alcohol use seemed to be slightly
lower in our sample compared to the SAMHSA survey, college students in our sample may
have been engaging more in heavy drinking compared to those in the MTF survey. Third, the
effect sizes for the significant interactions between inhibitory control and substance use were
relatively small in size. However, our results were consistent with recent work examining
interaction effects that relied on neuroimaging or laboratory measures (Jonker et al., 2014;
Kim-Spoon et al., in press), confirming the robustness of our findings. Fourth, reliability
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estimates were relatively low for the inhibitory control subscale. However, low reliability has
a downward bias on estimating effects (Furr & Bacharach, 2008). Thus, effects found in the
current study could have been stronger, not weaker, if the inhibitory control score had
demonstrated higher reliability. Finally, we relied upon a convenience sample of individuals
drawn from a university setting of emerging adults where the majority was female and
Caucasian. Although we controlled for potential gender and racial effects in our analyses,
we acknowledge limitations in the generalizability of our findings and need for replications
using different age groups and more ethnically diverse samples.

Despite these limitations, findings from this study enhance our understanding of the dual
systems model of risk-taking among emerging adults. Although much of the existing
research on the dual systems model has focused on adolescents, existing literature suggests
that brain regions that underlie these systems are still undergoing transformation during
emerging adulthood (Steinberg, 2010). For instance, the cognitive control network includes
regions of the prefrontal cortex that are undergoing maturation, including increased
myelination and experience-dependent synaptogenesis and pruning, throughout adolescence
and into emerging adulthood (Paus, 2005). Within this network, inhibitory control may be
the most prominent component of effortful control that modulates the motivation system
(avoidance, in particular) in predicting substance use outcomes during emerging adulthood.
Given that this age group has the highest rates of substance use compared to other age
groups (SAMHSA, 2014), it is important to explore how the dual systems models apply to
emerging adults. Longitudinal research spanning adolescence through emerging adulthood
would help provide critical information about how the networks involving reward and
punishment sensitivity and cognitive control change over time and potentially isolate crucial
periods of development to inform targets for intervention or prevention programs.
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Figure la.
Interaction between behavioral inhibition and inhibitory control in the prediction of alcohol

use with standardized estimates.
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Figure 1b.
Regions of significance and confidence bands for interaction between behavioral inhibition

and inhibitory control predicting alcohol use. The region of significance extends from 0.43
and below, indicating any simple slope at or below this value is statistically significant.
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Interaction between behavioral inhibition and inhibitory control in the prediction of

marijuana use with standardized estimates.
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Figure 2b.

Regions of significance and confidence bands for interaction between behavioral inhibition
and inhibitory control predicting marijuana use. The lower and upper regions of significance
are —0.20 and 2.56 respectively, indicating that any simple slope outside this range was
statistically significant. Considering the range of inhibitory control for the current sample
was —3.23 to 2.35, the effect of BIS on marijuana use is significant for only the lower bound
values of inhibitory control (-0.20 and below).
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Descriptive statistics for effortful control, substance use, and demographic variables

M/% SD/N Range
Age 19.48 1.30 18-25
Sex 71.6% 1295 0-1
Race 78.3% 1416 0-1
FES 4.20 71 1.00-5.00
BIS 3.12 48 1.29-4.00
BAS 311 .39 1.73-4.00
ATQ-IC 421 .86 1.00-6.57
ATQ-AT 3.83 1.03 1.00-7.00
ATQ-AC 4.72 .95 1.29-7.00
Alcohol frequency 3.77 1.19 1.00 - 6.00
Alcohol initiation 2.55 .97 1.00-7.00
Alcohol 30 day use 2.95 1.38 1.00-7.00
Marijuana frequency ~ 2.09 1.36 1.00 - 6.00
Marijuana initiation 1.75 .92 1.00-7.00
Marijuana 30 day use  1.49 1.17 1.00-7.00

Table 1

Page 19

Note. FES = family economic status; BIS = Behavioral inhibition scale; BAS = Behavioral activation scale composite; ATQ = adult temperament
questionnaire; ATQ-IC = inhibitory control; ATQ-AT = attentional control; ATQ-AC = activation control. Sex is coded male = 0 and female = 1.
Race is coded Caucasian = 1 and other = 0.
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