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Abstract

Adolescent marijuana use has become increasingly more problematic compared to the past;

thus, understanding developmental processes that increase the liability of marijuana use is
essential. Two developmental pathways to adolescent substance use have been proposed: an
externalizing pathway that emphasizes the expression of aggressive and delinquent behavior

and an internalizing pathway that emphasizes the role of depressive symptoms and negative

affect. In this study, we aimed to examine the synergistic role of impulsiveness and sensation
seeking in the two risk pathways to determine if both high and low levels of the traits are risk
factors for marijuana use. Our study included 343 adolescents (52% were girls, 78% identified

as Hispanic) that oversampled high-risk youth (78% had a family history of substance use
disorder), assessed biannually between the ages of 13-16 years old. Moderated mediation analyses
revealed that high levels of sensation seeking indirectly predicted marijuana use through higher
mean levels of externalizing behavior. The positive relationship between sensation seeking and
externalizing behavior was only significant at high levels of impulsiveness. Conversely, low levels
of sensation seeking indirectly predicted marijuana use through higher mean levels of internalizing
behavior. The negative relationship between sensation seeking and internalizing behavior was only
significant at low levels of impulsiveness. Collectively, these results demonstrate that high and low
levels of both impulsiveness and sensation seeking confer increased risk of marijuana use, albeit
through different mechanisms.
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Adolescence is a developmental stage when marijuana use typically begins; recent estimates
indicate that 29.6% of youth reported initiating marijuana use by age 16 years old (Chen et
al., 2017). Initiation before the age of 16 has serious implications for adolescent well-being,
including: poor executive function (Dahlgren et al., 2016), learning difficulties (Schuster et
al., 2016), low academic achievement (Melchior et al., 2017), structural brain aberrations
(Filbey et al., 2015), escalation of substance use (Yu & Williford, 1992), and later substance
use disorder (Sonon et al., 2016). Thus, understanding factors that are an antecedent to
marijuana use initiation is crucial to prevent escalation of use and later maladjustment.

Two developmental pathways have been implicated in the etiology of substance use
initiation: an externalizing and internalizing pathway. The externalizing pathway emphasizes
the role of aggressive and delinquent behavior as a precursor to adolescent substance use
(Edwards et al., 2016; Hussong et al., 2007; Zucker et al., 2011), while the internalizing
pathway emphasizes the role of negative affect and depressive symptoms as precursors to
adolescent substance use (Hardee et al., 2018; Hussong et al., 2011). Though these two

risk pathways can be applied to a variety of substances (e.g., alcohol, tobacco), we decided
to focus on marijuana because of recent trends in adolescent substance use. For example,
lifetime marijuana use has increased steadily and has reached a historic peak (Miech et

al., 2020). Even more concerning, marijuana use initiation is more strongly associated

with transitioning to frequent use among youth of today than previous generations. (Terry-
McElrath et al., 2020). In contrast, multiple indicators of alcohol and tobacco use (e.g.,
recent use, lifetime use, binge drinking) have been declining over the years (Clark Goings et
al., 2019; Miech et al., 2020). Given the declining trends of alcohol or tobacco use over the
years among youth, recent increases in adolescent marijuana use pose a significant risk to
adolescent health and well-being.

One gap in the recent scientific literature is the identification of the traits during early
adolescence that are associated with the initiation of marijuana use through the externalizing
and internalizing pathways. In particular, we propose to examine the role of impulsiveness
and sensation seeking, both of which are relevant to adolescent substance use (Quinn &
Harden, 2013; Romer et al., 2009; Tarter et al., 2004; Wasserman et al., 2020). While

both have been linked to substance use, impulsiveness and sensation seeking are distinct
constructs. In the present study, we define impulsiveness as the tendency to act on prepotent
tendencies with disregard to the negative outcomes or consequences, while sensation seeking
refers to the pursuit of novel, thrilling, and rewarding experience, even when doing so
confers some level of risk (Steinberg et al., 2008). Additionally, the two constructs have
also been linked to different brain structures. Impulsiveness has been linked to immaturities
within the prefrontal cortex (Horn et al., 2003) whereas sensation seeking has been linked
to activity in a network of subcortical structures such as the ventral striatum, which are
recognized for their role in the processing of reward and emotionally relevant stimuli
(Cardinal et al., 2002; Delgado, 2007). Lastly, factor analyses provide even further support
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that impulsiveness and sensation seeking are distinct constructs (Sharma et al., 2014;
Whiteside & Lynam, 2001).

Prior research has traditionally focused on the role of disinhibitory traits (i.e., high

levels of impulsiveness and sensation seeking) as they pertain to substance use whereas

the role of inhibitory traits (i.e., low levels of impulsiveness and sensation seeking)

remains understudied. We propose that either /igh or Jow levels of impulsiveness and
sensation seeking can also increase the risk for marijuana use, albeit through different
pathways. Specifically, disinhibitory traits are central to expression of aggressive and
delinquent behavior (Nigg, 2000; Romer et al., 2009); thus, we posit that high levels

of impulsiveness and sensation seeking would be related to adolescent marijuana use
through the externalizing pathway. Conversely, inhibitory traits are central to expression

of depressive behaviors and negative affect (Gladstone & Parker, 2006; Trucco et al., 2018);
thus, we posit that low levels of impulsiveness and sensation seeking would be related to
adolescent marijuana use through the internalizing pathway. Consistent with neurobiological
theories such as the dual systems model (Casey et al., 2008; Steinberg, 2010), we also tested
if impusliveness and sensation seeking acted synergistically to increase the risk of marijuana
use initiation through the two pathways. Overall, the goal of the present study is to examine
if differences in impulsiveness and sensation seeking during early adolescence may discern
between the externalizing and internalizing pathways to marijuana use.

The Externalizing Pathway

Externalizing behavior increases from childhood to adolescence and then declines into
adulthood (Bongers et al., 2003, 2004). Though there is some overlap, externalizing
behavior is distinguishable from health risk behaviors in that the former are antisocial
behaviors that result in acting out (e.g., aggressive acts) and the latter are behaviors that have
negative consequences on health (e.g., marijuana use). Importantly, there are substantial
individual differences in the stability and developmental trajectories of externalizing
behavior that may be an antecedent to adolescent substance use. As posited by Dodge and
colleagues (2009), the early expression of externalizing problems increases the likelihood of
adolescent substance use through a series of transactional processes involving key social
domains. For example, adolescents who display high levels of externalizing behaviors

may affiliate with deviant peers or have less school connectedness, and in turn, initiate
substance use. Notably, non-social domains (e.g., temperament) also contribute to the onset
of substance use through transactional processes involving externalizing behavior (Trucco
et al., 2016). Therefore, elucidating factors that contribute to stable or developmental
differences in the display of externalizing behaviors is crucial for the prevention of
adolescent substance use.

Sensation seeking is one risk factor shown to promote the expression of externalizing
behavior (Zuckerman, 2007). Logically, individuals who have high levels of sensation
seeking may be prone to engage in behavior that is emotionally arousing or exciting such as
delinquent or aggressive acts, a possibility largely supported by previous research (Harden
etal., 2012; Mann et al., 2015; Wilson & Scarpa, 2011). Given that the expression of
externalizing behavior has been shown to be an antecedent to substance use (Dodge et
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al, 2009), we propose that sensation seeking may also be related indirectly to adolescent
substance use through the externalizing pathway.

Trait impulsiveness is another key risk factor shown to have a robust relationship with
externalizing behavior (Olson et al., 1999; Romer et al., 2009; White et al., 1994). While
impulsiveness may have an independent effect on externalizing behavior, it may also
modulate the effects of sensation seeking. According to neurobiological theories, such as
the dual systems model, sensation seeking as it pertains to risky behaviors is particularly
problematic in the context of an inability to regulate impulsive tendencies (Steinberg,
2010). Therefore, the capacity to regulate impulsive behavior is crucial for modulating
individual differences in the propensity for engaging in thrill-seeking behaviors. Overall,
there have been mixed results on the synergistic relationship between impulsiveness and
sensation seeking, with some finding support (Patrick et al., 2008; Peeters et al., 2017)
and others finding no support (Duell et al., 2016; Wasserman et al., 2017). In an extension
of prior work (Rhodes et al., 2013), we examined if impulsiveness and sensation seeking
may interact to predict externalizing behavior. Conceivably, adolescents with heightened
sensation seeking coupled with impulsive tendencies may be especially likely to exhibit
externalizing behaviors. Rather than simply testing if impulsiveness and sensation seeking
interact to predict marijuana use directly, we tested for an indirect path through externalizing
behavior (i.e., moderated mediation).

The Internalizing Pathway

An alternative pathway to substance use is through internalizing behavior, which increases
from childhood to adolescence and then declines into adulthood (Bongers et al., 2003).
According to the self-medication hypothesis, individuals with internalizing problems are
prone to engage in substance use as a way of coping with their subjective distress or
emotional dysfunction (Khantzian, 1997). Similar to externalizing behavior, it has been tied
to a host of adjustment problems in the adolescent years, including substance use problems
(Bohnert et al., 2008; Cerda et al., 2013; Weidman et al., 2015). These findings have
generated interest in identifying developmental risk pathways to explain how internalizing
symptomology early in life might heighten the risk for substance use during adolescence
and beyond. Even as a growing body of evidence supports the possibility that internalizing
symptoms may impact patterns of substance use (Chassin et al., 1993; Clark, 1998),

the specific developmental trajectories through which these relationships operate remain
relatively understudied.

One of the aims of the present study was to examine the role of trait impulsiveness and
sensation seeking in the expression of internalizing behavior. In particular, while prior
research has often framed sensation seeking as a liability, some have also highlighted
the adaptive functions of the trait. It has been proposed that sensation seeking during
adolescence might promote many of the exploratory behaviors that allow youth to reach
critical developmental milestones, such as establishing independence from the family
or pursuing romantic relationships (Duell & Steinberg, 2019; Telzer, 2016). Conversely,
adolescents who are low in sensation seeking may be averse to engaging in healthy
exploratory behaviors and thus have difficulty approaching opportunities for social
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connection or self-development. Indeed, Yoneda and colleagues (2019) found support for
the adaptive role of sensation seeking, demonstrating that adolescents who exhibit moderate
levels of sensation seeking report greater occupational achievement, social adjustment, and
emotional well-being than those with either high or low levels of the trait. Sensation seeking
can be adaptive and youth with low levels of the trait might be at risk for internalizing
problems because they are less likely to engage in exploratory behaviors that promote
healthy development.

Neurobiological research has also supported the possibility that low levels of sensation
seeking might be associated with poor mental health outcomes in adolescence. Blunted
activity in reward-sensitive circuits has been found to be significantly diminished among
adolescents who are at risk for major depressive disorder both during rest (Pan et al., 2017)
and when receiving positive compared to negative feedback (Hanson et al., 2015). While
sensation seeking is not synonymous with neural reward sensitivity, sensation seeking has
been shown to be correlated with reward-sensitive regions such as the ventral striatum
(Cservenka et al., 2012; Weiland et al., 2013); thus, there is some degree of overlap.
Collectively, this body of research suggests that both high and low levels of sensation
seeking may lead to maladjustment in adolescence. The mechanisms underlying these
relationships differ in important ways, with high sensation seeking being associated with
greater externalizing behavior and low sensation seeking with internalizing behavior.

Impulsiveness is widely recognized as a robust correlate of externalizing problems, though
some research has also suggested that low levels of the trait (e.g., behavioral inhibition)
might heighten the risk for internalizing disorders. Adolescents who have impulsive
tendencies are likely to have difficulty inhibiting behavioral urges or making decisions
without consideration of the long-term consequences. Conversely, adolescents expressing
low levels of impulsiveness may have the opposite behavioral profile, such as being overly
regulated, cautious, and socially withdrawn. Though not a widely studied area of research,
some findings within the literature have supported the possibility that these patterns of over-
regulation may be associated with the development of internalizing disorders. For example,
in a series of studies (Eisenberg et al., 2001, 2004, 2009; Wang et al., 2015), children
exhibiting low levels of impulsiveness were found to have higher levels of internalizing
symptomology. Other research has linked early expressions of low impulsiveness with the
development of a number of mood disorders (Broeren & Muris, 2010; Gladstone et al.,
2005; Muris et al., 2003; Schwartz et al., 1999). Thus, similar to sensation seeking, both
high and low levels of impulsiveness can be maladaptive.

Integrating these findings, we propose that trait impulsiveness and sensation seeking may
act synergistically to predict marijuana use through the internalizing pathway. Prior literature
has largely examined the possibility of a synergetic relationship between impulsiveness

and sensation seeking in the context of disinhibitory traits. That is, youth with high

levels of impulsiveness may have more difficulty managing sensation-seeking tendencies,
increasing the likelihood of marijuana use through the externalizing pathway. We suggest
that the synergistic relationship between impulsiveness and sensation seeking can be
extended to inhibitory traits, though the nature of the synergistic relationship would be
dissimilar compared to youth with disinhibitory traits. Specifically, youth with low levels of
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impulsiveness may be excessively cautious and less inclined to engage in healthy sensation-
seeking behaviors, increasing the likelihood of marijuana use through the internalizing
pathway. Thus, we anticipate that trait impulsiveness would modulate the relationship
between sensation seeking and internalizing behavior, serving as a pathway to marijuana
use.

The Present Study

Methods

Participants

The present study aimed to examine the roles of trait impulsiveness and sensation seeking

in an externalizing and internalizing pathway to marijuana use initiation during adolescence.
In particular, we propose to test if high and low levels of both impulsiveness and sensation
seeking increase the risk of early initiation of marijuana use through the different pathways.
As can be seen in Figure 1, we hypothesized that high levels of sensation seeking would
predict earlier marijuana use initiation through externalizing behavior, whereas low levels
of sensation seeking would predict earlier initiation through internalizing behavior. Lastly,
we also hypothesized that trait impulsiveness would moderate these pathways such that the
externalizing pathway would operate in the context of heightened impulsiveness and that the
internalizing pathway would operate in the context of low impulsiveness. To test the study
hypotheses, we used data from a longitudinal study that oversampled high-risk youth to
determine if the externalizing and internalizing pathways predicted marijuana use initiation
by age 16.

The present study examined data from a longitudinal study of 386 adolescents and

their parent(s) who were recruited through various media advertisements (e.g., radio
advertisements and flyers). The study was enriched to increase the occurrence of substance
use by oversampling high-risk youth who had a family history of substance use disorder (7
= 305, 79.02%). The purpose of this strategy was to elucidate developmental predictors

of substance use problems. Exclusion criteria included (at study entry): 1) a positive
pregnancy test, urine drug screening, or breathe alcohol concentration; 2) a diagnosis of
DSM-IV psychiatric disorders with the exception of attention-deficit/hyperactivity disorder
and/or oppositional defiant disorder because they typically co-occur with the development
of substance use disorder; or 3) an 1Q < 70; or any other significant disability. Moreover,
youth were identified as high-risk if their father had a substance use disorder or low-risk

if they did not have any parents or grandparents with a substance use disorder. Youth were
ethnically (78% identified as Hispanic) and racially diverse (87% identified as White, 11%
as Black or African American, and 2% as another race or multiracial). Written informed
consent was obtained from parents and informed assent was obtained from adolescents

at study entry and re-affirmed at subsequent follow-up visits. Data are protected by a
Certificate of Confidentiality from the Department of Health and Human Services. The
Association of Adolescent Substance Use with the Development of Impulse Control project
was approved by the IRB at the University of Texas Health Science Center at San Antonio
(ID: HSC20100116HU).
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Participants who completed a phone screening and met inclusion criteria (and did not

meet exclusion criteria) were invited to the lab and completed a baseline assessment when
the adolescent was between 10-12 years old. Participants (and their parents, most often
their mother) returned to the lab every six months thereafter for follow-up appointments

for a total of seven assessments between the ages of 13-16. Importantly, all adolescents
were substance-use naive at baseline. The baseline assessment took about six hours to
complete. Parents and adolescents were each compensated $120 for completing the baseline
assessment. The follow-up assessments took about four hours to complete and parents were
compensated $75 while adolescents were compensated $120. During lab visits, participants
completed self-report questionnaires, structured interviews, computer tasks (adolescents
only), and provided a urine sample for a drug panel analysis (adolescents only). Both the
adolescent and parents were offered breaks and lunch. See Ryan et al. (2016) for further
descriptions of the study sample, design, and measures. The study was not preregistered and
study materials are available upon request.

Analytic Sample.

The analytic sample included participants (youth with or without a family history of
substance use disorder) who had data for both predictor variables (i.e., impulsiveness,
sensation seeking) and the outcome variables (i.e., externalizing and internalizing behavior,
marijuana use) for at least one time-point between 13 to 16 years old. A total of n=

43 did not meet this criteria, resulting in an analytic size of 7= 343, none of whom

initiated marijuana use. Attrition rates for the seven assessments between the ages of 13

to 16 years old ranged from 3.4% to 10.3% (average rate was 6.6%) and participants
completed a median of six assessments. Data were determined to be missing completely

at random (MCAR) because Little’s MCAR test (Little, 1988) was non-significant, XZ =
1390, df= 1395, p=.53. To ensure there was no difference between youth who had
available data at age 16 (/7= 219) and those who did not (/7=167), attritions analyses

(i.e., t-tests, chi-square) were conducted comparing the two groups. Attrition analyses
revealed no significant mean differences between the two groups in baseline measures of
impulsiveness, sensation seeking, externalizing and internalizing behavior, or demographics
including gender, socioeconomic status, and race/ethnicity. All variables used in the present
study were screened for normality and skewness

Follow-Up Measures

Impulsiveness (Age 13).—Impulsiveness was measured with adolescent reports of

the Barratt Impulsiveness Scale (BIS; Patton et al., 1995). The BIS is a well-validated

and reliable (Stanford et al., 2009) 30-item self-report measure of the tendency towards
impulsive behavior. An example item includes “I act on spur of the moment” and possible
responses range from 1 = Rarely/neverto 4 = Almost always/always. Standardized scores at
the age of 13 were used for the present study with higher scores reflecting higher levels of
impulsiveness. Reliability assessed with Cronbach’s alpha was acceptable, a = .81.

Sensation Seeking (Age 13).—Sensation seeking was measured with adolescent reports
of the Sensation Seeking Scale for Children (SSS-C; Russo et al., 1993). Prior work
has shown that the SSS-C is a valid and reliable measure of sensation seeking. For this
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scale, adolescent participants were shown two statements (e.g., “I’d like to try mountain
climbing” and “I think people who do dangerous things like mountain climbing are foolish™)
and instructed to select the one they most agree with. Thus, the response option was
dichotomous. Standardized total scores at the age of 13 were used for the present study

with higher scores interpreted as higher levels of sensation seeking. Reliability assessed with
Kuder-Richardson (KR-20) was acceptable at .85.

Externalizing and Internalizing Behavior (Ages 13-16).—Externalizing and
internalizing behavior were measured with parent reports of the Child Behavior Checklist
(CBCL; Achenbach, 1991). The CBCL is a 113-item measure that assesses their child’s
behavioral problems. The 18-item Aggressive Behavior scale (e.g., “argues a lot”) summary
score was used as the measure of externalizing behavior. The Rule Breaking Subscale

was not included because these items asked about substance use; thus, any relationship
between externalizing behavior and marijuana use could be inflated. The sum of the 13-item
Depressive Symptoms scale (e.g., “unhappy, sad, depressed”) was used as the measure of
internalizing behavior. The raw total scores for externalizing and internalizing behavior
were positively skewed, ranging from 1.38-4.25 and 1.80-6.01, respectively. Due to positive
skewness, the constant one was added to the summary scores for both externalizing and
internalizing behavior and subsequently log transformed, a similar method used by previous
research (Gilliom & Shaw, 2004; Wang & Liu, 2018). After the transformation, skewness
was acceptable for both externalizing (0.01-0.37) and internalizing (0.58-0.77) behavior.
We were unable to compute Cronbach’s alpha coefficient because we only had access to
raw total scores and not individual item scores, though the CBCL is a widely used and
psychometrically validated measure of externalizing and internalizing behavior (Achenbach,
1991; Nakamura et al., 2009).

Marijuana Use (Ages 13-16).—Marijuana use was determined using a combination of
the drug history questionnaire (DHQ; Sobell et al., 1995), timeline follow-back (TLFB)
interview (Sobell & Sobell, 1992), and a drug panel urinalysis. For the DHQ, adolescents
reported whether or not they used different substances, when they last used, lifetime total
use, and current pattern of use. For the TLFB, adolescents reported the specific days and
amount of substance use in the past six months using a calendar method that included
holidays to improve recall. The age of marijuana initiation was determined if they reported
using within the past six months on the DHQ, reported any use on the TLFB, or a

positive drug screen. Per Muthén & Masyn (2005) marijuana use initiation was coded

as dichotomous with 0 = “Did not initiate marijuana use at the current or previous age
time-points” and 1 = “Initiated marijuana use at current age time-point.” Once marijuana
use was initiated, subsequent time-points were coded as missing. Lastly, the frequency of
marijuana use at age 16 was also modeled as an outcome in additional analyses. In the
analytic sample, frequency of marijuana use at age 16 had the following distribution: 0 =
“No use” (n= 166, 75.8%); 1 = “< 1 use a month” (=28, 12.8%); 2 = “< 1 use in a week”
(n=10, 4.6%); and 3 = “At least several uses per week” (n= 15, 6.68%).
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Analytic Method

All multivariate analyses were conducted in Mplus 8.1 (Muthén & Muthén, 2017) with full-
information maximum likelihood estimation with robust standard errors (MLR) to account
for missing data. Whenever possible, relative model fit indices including the chi-square
difference test and absolute fit indices including 90% confidence intervals (Cl) for the

root mean error of approximation (RMSEA), and comparative fit index (CFI) are reported.
Cutoffs for acceptable fit include a CFI > .90 and RMSEA <.10 (Barrett, 2007) and cutoffs
for excellent model fit include a CFI > .95 and RMSEA <.05 (Hu & Bentler, 1999). For
models that include marijuana use initiation as the outcome, model fit indices were not
available.

The analytic method included the following steps to test the study hypotheses: 1) descriptive
analyses were conducted to report the observed data; 2) unconditional growth models were
estimated to describe the average rate of the time-varying measures (i.e., externalizing and
internalizing behavior) for the seven assessments between the ages of 13-16 as well as any
individual differences therein; 3) an unconditional survival model was estimated to describe
the likelihood of initiating marijuana use at each specific age time-point between 13-16
and; and 4) lastly, a moderated mediation model was estimated to test the primary study
hypotheses. Details for each of the steps in the analytic plan are described below.

Descriptive analyses.

Means and standard deviations for all variables are reported for descriptive analyses. Instead
of standardized scores for impulsiveness and sensation seeking, summary scores for each are
reported to increase the comparability to other studies that have used the same measures.
Similarly, raw scores for externalizing and internalizing behavior are reported instead of
log-transformed scores. To test for the presence of early initiation of marijuana use, use was
dichotomously scored as whether or not they initiated by age 16 with 0 = “did not initiate by
age 16” and 1 = “initiated by age 16.” Lastly, bivariate correlations were conducted to report
the unconditional relationship between the study variables.

Unconditional growth curve models.

The unconditional growth curve models were estimated through a latent variable framework
by estimating an intercept factor (i.e., individual differences in mean levels at age 13) and a
slope factor (i.e., individual differences in the rate of change between ages 13-16 years old).
Time was treated as discrete six-month intervals between the ages of 13-16 for a total of
seven time-points. The intercept factor was estimated by fixing each of the seven loadings
to one. To account for both linear and non-linear change (e.g., quadratic), a latent basis
slope was estimated in which the age 13 loading was fixed to zero, the age 16 loading was
fixed to one, and the intermediate age loadings were freely estimated. A covariance was also
estimated between the intercept and slope factors.

Unconditional survival model.

Marijuana use initiation between the ages of 13—-16 years old was modeled as a discrete-time
survival analysis. A latent variable framework was used to estimate the survival function,
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such that the factor loadings for all seven-measurement occasions were fixed to one and
the factor mean and variance were both fixed to zero. The time-specific thresholds at each
measurement occasion were freely estimated. Thus, the thresholds can be interpreted as the
time-specific hazard probabilities (i.e., the likelihood of initiation given that they did not
initiate at an earlier occasion).

Moderated mediation models.

Results

Two moderated mediation models (Preacher et al., 2007) that included externalizing
behavior and internalizing behavior as mediators were tested separately. The present

study hypothesized that externalizing/internalizing behavior would mediate the relationship
between sensation seeking and marijuana use initiation. However, the mediated pathway was
also expected to be moderated by impulsiveness. Moderation was first tested to examine

the levels of impulsiveness at which sensation seeking significantly predicted externalizing/
internalizing behavior. Then, mediation was tested, but only at levels of impulsiveness in
which the direct effect from sensation seeking to the externalizing/internalizing behavior
growth factors was significant. The approach for testing moderation and mediation is
described below.

Moderation.—The simple slopes procedure as described by Aiken and West (1991) was
used to test for moderation. Specifically, if the interaction term between impulsiveness and
sensation seeking was significant, the moderated effect was probed further by centering
impulsiveness at one standard deviation (SD) below the mean, at the mean, and at one SD
above the mean in order to determine at what levels of impulsiveness sensation seeking was
related to externalizing/internalizing behavior. A total of 7= 61 (18.2%) had scores one SD
below the mean, 7= 60 (17.9%) one SD above the mean, and the remainder n = 214 (63.8%)
were within one SD above or below the mean.

Mediation.—The significance of mediated effects (MacKinnon et al., 2004) was

tested with bias-corrected bootstrapped standard errors, given the tendency of sampling
distributions of indirect effects to be non-normal. Per recommendations from (Preacher &
Hayes, 2008), the 95% confidence intervals of the mediated effect are reported. If both
the upper and lower bounds of the confidence interval do not contain zero, the mediated
was determined to be statistically significant. Thus, mediation analyses are reported in the
following format: p = Estimate [Lower bound, Upper bound].

Descriptive Statistics

See Table 1 for means, standard deviations, and bivariate correlations for all study variables.
As can be seen in the table, externalizing behavior tended to decrease between the ages of
13-16 whereas internalizing behavior tended to increase. Both impulsiveness and sensation
seeking had a positive relationship with externalizing behavior at each time-point whereas
only impulsiveness had a significant positive association with internalizing behavior.
Sensation seeking, impulsiveness, and externalizing and internalizing behavior were all
related to an increased likelihood of marijuana use initiation by age 16.
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Unconditional Growth Curve Models

For externalizing behavior, the unconditional growth model had acceptable overall fit, ;(2 =
35.36, df= 24, p=.06; CFl =.99; RMSEA [90% CI] = .04 [.00, .06]. Externalizing behavior
decreased on average between the ages of 13-16 years old and there was significant
between-person variability in both the initial levels and rate of change. For internalizing
behavior, the unconditional growth model had acceptable overall fit, )(2 =35.9, df=24,
p=.06; CFl =.98; RMSEA [90% CI] = .04 [.00, .06]. Internalizing behavior increased

on average between the ages of 13-16 years old and there was between-person significant
variability in both the initial levels and rate of change.

Unconditional Survival Model.

See Figure 2 for a plot of the likelihood of marijuana use initiation between the ages of 13—
16 years old. The percentages were converted from the model estimated hazard functions.
As would be expected, the risk of marijuana use initiation was low at ages 13 and 13.5 and
had a stable pattern thereafter, reaching a peak at age 16. Overall, 99/343 (28.9%) of the
youth included in the analytic sample initiated marijuana use by age 16.

Moderated Mediation Models

Two models were tested: one with externalizing behavior as the mediator and the

other with internalizing behavior. For both models, impulsiveness, sensation seeking, and
their interaction term directly predicted the intercept and slope factors for externalizing/
internalizing behavior and marijuana use initiation. In turn, the intercept (i.e., between-
person differences in mean levels at age 13) and slope (i.e., between-person differences

in the rate of change between ages 13-16) factors for externalizing/internalizing behavior
directly predicted marijuana use initiation. Gender was included as a covariate. Additional
analyses were conducted with the frequency of marijuana use at age 16 as the outcome to
ensure the robustness of results. If there are substantive differences between the models for
marijuana use initiation compared to the frequency of use, the results for frequency of use
are discussed in more detail. Otherwise, they are kept succinct.

Externalizing behavior.

See Figure 3 and Table 2 for the externalizing behavior model results. For the figure,

solid black lines represent significant direct effects, thicker solid black lines represent
significant indirect effects, and dashed gray lines represent non-significant effects. As can
be seen under the Effects for Externalizing Behavior Intercept Factor heading in Table 2,
the interaction between impulsiveness and sensation seeking was significant. Upon probing
the interaction, results revealed that higher levels of sensation seeking predicted higher
mean levels of externalizing behavior at age 13, but only at one SD above the mean

of impulsiveness. Neither sensation seeking nor impulsiveness predicted the slope factor
(see Effects for Externalizing Behavior Slope Factor heading in Table 2). Higher levels of
sensation seeking and externalizing behavior at age 13 both predicted earlier marijuana use
initiation (see Effects for Marijuana Use Initiation heading in Table 2). The slope factor
for externalizing behavior was unrelated to marijuana use initiation?. As hypothesized,
higher levels of sensation seeking also indirectly predicted earlier marijuana use initiation
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through the externalizing behavior intercept factor (B = 0.13 [0.04, 0.24]), following the
thicker solid lines in Figure 2, but only at one SD above the mean of impulsiveness.
Higher levels of impulsiveness indirectly predicted marijuana use initiation through the
externalizing behavior intercept factor (p = 0.12 [0.04, 0.21]) but there was no significant
direct relationship. The results for the externalizing behavior model were replicated for
frequency of marijuana use as the outcome (see Table S1 for model estimates and fit
indices).

Internalizing Behavior.

See Figure 4 and Table 3 for the internalizing behavior model results. As can be seen under
the Effects for Internalizing Behavior Intercept Factor heading in Table 3, the interaction
between impulsiveness and sensation seeking was significant. Upon probing the interaction,
dissimilar from the externalizing behavior model, results revealed that lower levels of
sensation seeking predicted higher mean levels of internalizing behavior at age 13, but only
at one SD below the mean for impulsiveness. Similar to the externalizing behavior model,
neither impulsiveness nor sensation seeking predicted the slope factor (see Effects for
Internalizing Behavior Slope Factor heading in Table 3). Higher levels of sensation seeking
and internalizing behavior at age 13 both predicted marijuana use initiation. The slope
factor for internalizing behavior was unrelated to marijuana use initiation. As hypothesized,
lower levels of sensation seeking indirectly predicted marijuana use initiation through the
internalizing behavior intercept factor, but only at one SD below the mean of impulsiveness
(p =-0.11 [-0.23, —0.01]). Thus, Aigher levels of sensation seeking directly predicted
marijuana use initiation whereas /ower levels of sensation seeking indirectly predicted
marijuana use initiation. Higher levels of impulsiveness also indirectly predicted earlier
marijuana use initiation through the internalizing behavior intercept factor ( = 0.15 [0.06,
0.25]) but there was no direct effect of impulsiveness. The results for the internalizing
behavior model were replicated for frequency of marijuana use as the outcome (see Table S2
for model estimates and fit indices).

Discussion

The present study aimed to examine the role of trait impulsiveness and sensation seeking
during early adolescence in the externalizing and internalizing pathways to marijuana

use. In support of the externalizing pathway, sensation seeking was related to marijuana
use (initiation and frequency of use) through its positive association with mean levels of
externalizing behavior at age 13. Impulsiveness moderated this pathway such that sensation
seeking was only associated with externalizing behavior at high levels of impulsiveness.

In support of the internalizing pathway, sensation seeking was related to marijuana use
(initiation and frequency of use) through its negative association with mean levels of
internalizing behavior at age 13. Impulsiveness moderated this pathway such that sensation
seeking was only associated with internalizing behavior at low levels of impulsiveness.
However, the indirect effects should be interpreted with caution given that the lower bounds

1We included the slope factor in the model to control for individual differences in the rate of change when interpreting the relationship
between the intercept factors and marijuana use initiation. The supplemental analysis with the frequency of marijuana at age 16 as the
outcome demonstrated no effect for the slope factors, similar to results of the survival analysis.
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of the confidence intervals were near zero. We did not find evidence that the rate of change
in externalizing or internalizing behavior were related to marijuana use; rather, the pathways
operated through individual differences in mean levels of externalizing and internalizing
behavior. The lack of findings for the rate of change in externalizing and internalizing
behavior could be due to minimal change or between-person variability, the nature of the
high-risk cohort, or the age range of the study sample (13-16 years old). Notably, similar

to the present investigation, other studies have found that externalizing behavior generally
decreases during adolescence while internalizing behavior increases (Bongers et al., 2003,
2004). Thus, the lack of findings for individual differences in the rate of change may not be
specific to this study.

To summarize, the results of the present study demonstrate that high and low levels of

both impulsiveness and sensation seeking increase the likelihood of marijuana use, albeit
through divergent processes. We consider the most innovative findings to be the ways

in which the present study refines the roles of impulsiveness and sensation seeking in
adolescent marijuana use and elucidating distinct pathways through which externalizing and
internalizing behavior are related to adolescent marijuana use. Thus, the discussion will
focus on these topics.

Refining the Role of Impulsiveness and Sensation Seeking in Adolescent Marijuana Use

A gap in the literature that the present study aimed to address was to determine

if trait impulsiveness and sensation seeking during early adolescence were related to

the externalizing and internalizing pathways to marijuana use. Independent of these
pathways, impulsiveness and sensation seeking have been shown to have a well-established
relationship with adolescent substance use (Quinn & Harden, 2013; Romer et al., 2011,
Wasserman et al., 2020). Other lines of research have examined the possibility of a
synergistic relationship, such that the effect of sensation seeking on substance use is
accentuated by heightened impulsiveness (Mccabe et al., 2015; Peeters et al., 2017). Our
findings refine the role of impulsiveness and sensation seeking as they relate to adolescent
marijuana use in two key ways. First, we found that the interactive relationship between
impulsiveness and sensation seeking was indirectly related to marijuana use through
externalizing and internalizing behavior; however, we did not find support for a direct
relationship. While previous research only considered the possibility that the synergistic
relationship was directly associated with substance use, our findings refine the role of
impulsiveness and sensation seeking by demonstrating that the synergistic relationship may
operate through intervening processes (e.g., externalizing and internalizing behavior) as
well.

Second, we found that there were two unique combinations of impulsiveness and sensation
seeking that conferred increased risk of marijuana use. Consistent with the existence of a
disinhibited phenotype (Romer, 2010; Tarter et al., 2004), the combination of high levels

of impulsiveness and sensation seeking increased the likelihood of marijuana use through
externalizing behavior. In contrast, the combination of low levels of impulsiveness and
sensation seeking also increased the likelihood of marijuana use, albeit through internalizing
behavior. Notably, these results also imply the existence of an inhibited phenotype. That
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is, inverse to the disinhibited phenotype, youth with inhibited characteristics may be
excessively cautious and unwilling to engage in healthy exploratory behavior that is
necessary to develop a sense of well-being (Telzer, 2016; Yoneda et al., 2019), increasing
the risk of internalizing problems and marijuana use. Overall, the findings from the present
extend the current literature by considering alternative means by which impulsiveness and
sensation seeking act synergistically to predict adolescent marijuana use.

The Externalizing and Internalizing Pathways to Adolescent Marijuana Use

Implications

Developmental theory speculates that the externalizing and internalizing pathways are
distinct processes leading to substance use (Edwards et al. 2016, Hussong et al., 2011;
Zucker et al., 2011). The externalizing pathway posits that aggressive and/or delinquent
behavior are the impetus for developmental cascades involving social and non-social
domains that lead to substance use. The internalizing pathway posits that individuals who
exhibit negative affect and depressive behaviors engage in substance use as a way of self-
medicating or coping with their underlying mood disorder (Hussong et al., 2011; Khantzian,
1997). Though distinct pathways are hypothesized, the expression of externalizing and
internalizing behaviors often co-occur (Nivard et al., 2017). Thus, it remains unclear the
degree to which the externalizing and internalizing pathways are truly distinct mechanisms,
or whether these processes are mutually occurring.

The findings from the present study extend the current literature by specifying unique
processes through which externalizing and internalizing behavior are related to adolescent
marijuana use. Consistent with previous research, our results demonstrate that youth with
disinhibitory traits were likely to express externalizing behaviors (Harden et al., 2012;
Mann et al., 2017; Romer et al., 2009) whereas youth with inhibitory traits were more
likely to express internalizing behaviors (Gladstone & Parker, 2006; Trucco et al., 2018).

In turn, the expression of both externalizing and internalizing behavior were related to
marijuana use. Collectively, these results elucidate distinct mechanisms from impulsiveness
and sensation seeking to externalizing and internalizing behavior that increases the risk

of marijuana use. Importantly, we also acknowledge that there are shared mechanisms as
well. For example, other research has shown that the parent—child relationship (Hollenstein
et al., 2004; Lansford et al., 2014) and difficulties with emotion regulation (Wills et al.,
2016) are related to both externalizing and internalizing behaviors. As such, future research
should continue to delineate unique and shared risk factors relevant to the externalizing and
internalizing pathways.

The findings from the present have implications for the prevention of adolescent marijuana
use. Depending on the youth’s combination of impulsiveness and sensation seeking,
different prevention strategies may be more appropriate. For youth who exhibit disinhibitory
traits and are prone to externalize, parenting strategies to monitor their behavior or provide
support to regulate their impulsive tendencies may prove beneficial and reduce adolescent
substance use (Barnes et al., 2006; Branstetter & Furman, 2013). Similarly, parental support
can improve youths’ capacity to regulate their disinhibitory tendencies (Moilanen & Rambo-
Hernandez, 2017; Qu et al., 2015), which in turn may reduce the likelihood of engaging
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in marijuana use (Wills et al., 2004). Thus, the parent—adolescent relationship may be an
effective modality to prevent marijuana use, either directly through parents’ monitoring
efforts or by mitigating the influence of youth’s disinhibitory traits.

For youth who exhibit inhibitory traits and are prone to internalize, psychotherapy and/or
medication addressing the underlying mood disorder may be beneficial for preventing
marijuana use. Through treating the internalizing disorder, there may be a “secondary
benefit” (O’Neil et al., 2011) in that the emerging substance use problems are avoided.
Indeed, prior clinical trials have shown that adolescents who receive treatment for anxiety
and depression are subsequently less likely to engage in substance use or develop a
substance use disorder compared to adolescents who receive a placebo treatment (Stice

et al., 2008). However, this secondary benefit may be specific to adolescents who respond
to treatment (Curry et al., 2012). Analogous to externalizing problems, parents can also
reduce their child’s expression of internalizing problems, particularly through providing a
supportive relationship (Cumsille & Epstein, 1994; Galambos et al., 2003; Scaramella et
al., 1999). To summarize, the parent—adolescent relationship may serve as a context that
can provide additional support to both disinhibited and inhibited youth (see Kuntsche &
Kuntsche [2016] for a review of parenting interventions to reduce adolescent substance use).
By reducing the youth’s externalizing or internalizing behavior, a supportive relationship
can prevent the onset of substance use problems. In addition to the parent—adolescent
relationship, substance use may also be prevented among inhibited youth as a secondary
benefit of treating the underlying internalizing problem.

Limitations and Strengths

When discussing the findings, there are limitations of the study that are worth noting.

The assessments for marijuana use relied on adolescent’s self-reports, which may be
underreported if youth are unwilling to disclose their substance use. To reduce this
possibility, we developed procedures and ensured confidentiality to encourage accurate
reporting. Additionally, we supplemented youth reports with a drug panel analysis that
provides an objective measure of marijuana, although urinalysis can only detect recent

use. Another limitation is that low impulsiveness may not fully capture the construct

of behavioral inhibition and other measures may better capture the full spectrum of the
construct. Notably, other research used measures of impulsiveness to quantify inhibition
and relate it to internalizing problems (Eisenberg et al., 2004, 2009; Wang et al., 2015).
Lastly, impulsiveness and sensation seeking were assessed at a single time-point when
these constructs develop over the course of adolescence (Harden & Tucker-Drob, 2011;
Wasserman et al., 2020). While longitudinal assessments may be best suited to capture trait
levels of the constructs, age was held constant by measuring impulsiveness and sensation
seeking at age 13. With age held constant, variation in impulsivity and sensation-seeking
scores are primarily attributable to trait levels rather than developmental change. We used a
single time-point to assess these constructs in order to simplify the already complex analyses
and test for moderation with an interaction term.

Despite these limitations, the present study has strengths as well. First, we were able to
include both adolescent self-reports (i.e., impulsiveness, sensation seeking, marijuana use)
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and parent reports (i.e., externalizing and internalizing behavior) to reduce the likelihood
of inflating the relationships among variables compared to data collected from a single
reporter. Second, our study oversampled high-risk youth. This strategy increased the rates
of marijuana use initiation and allowed us to study factors that are related to problematic
substance use that may not be possible with a traditional sample. Third, our longitudinal
study assessed youth every six months, which increases the confidence of the growth
parameter estimates and sensitivity to detect the developmental timing of marijuana use
initiation compared to longitudinal studies that collected the data annually or longer.

Conclusions

The present study extends current theory by examining the synergistic role of trait
impulsiveness and sensation sensations as they relate to the externalizing and internalizing
pathways. The novel findings demonstrate that impulsiveness and sensation seeking interact
with each other in two unique ways to predict marijuana use indirectly. Specifically, we
found that sensation seeking was positively related to externalizing behavior but only at high
levels of impulsiveness. Alternatively, we also found that sensation seeking was negatively
related to internalizing behavior but only at low levels of impulsiveness. In turn, higher
levels of externalizing and internalizing behavior were positively associated with earlier
marijuana use. Thus, the combination of high levels of impulsiveness and sensation seeking
and low levels of the two constructs operate through distinct pathways (externalizing and
internalizing behavior, respectively) to increase the propensity for adolescent marijuana use.
Overall, our study highlights the complexity of individual differences in impulsiveness and
sensation seeking as they relate to adolescent marijuana use.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Unconditional Survival Curve for Marijuana Use Initiation between the Ages of 13-16
Note. Numbers can be interpreted as the percent likelihood of marijuana use initiation

between the ages of 13 to 16 years old, given that use was not initiated at an earlier age. Of
the 343 participants, 99 (28.9%) initiated marijuana use by age 16.
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Figure 3. Moderated Mediation Model for Externalizing Behavior
Note. Unstandardized estimates shown. Thin black lines indicate significant relationships

at p<.05; dashed grayed lines indicate non-significant relationships. Thick black lines
indicate a significant indirect effect. Some paths not shown for parsimony. Impulsiveness
was centered at one standard deviation above the mean and sensation seeking was mean
centered. Gender was included as a covariate.
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Figure 4. Moderated Mediation Model for Internalizing Behavior
Note. Unstandardized estimates shown. Thin black lines indicate significant relationships

at p < .05; dashed grayed lines indicate non-significant relationships. Thick black lines
indicate a significant indirect effect. Some paths not shown for parsimony. Impulsiveness
was centered at one SD below the mean and sensation seeking was mean centered. Gender
was included as a covariate.
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Table 1.

Descriptive statistics and bivariate correlations of study variables

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

M o] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 19
1. 62.16  10.46 -
Impulsiveness
at Age 13
2. Sensation 1272 514 28
Seeking at
Age 13
Externalizing
Behavior
3. Age 13.0 441 497 26 .17
4. Age 13.5 4.27 498 23 15 .76
5. Age 14.0 3.87 467 26 12 75 .78
6. Age 14.5 3.69 495 22 18 75 .76 .78
7. Age 15.0 4.17 506 21 19 75 .76 .79 .79
8. Age 15.5 3.88 524 16 .09 70 .67 .75 .75 .80
9. Age 16.0 4.42 702 22 17 66 .64 72 71 79 .82
Internalizing
Behavior
10. Age 13.0 1.96 282 22 01 45 37 .39 .39 38 37 .27
11. Age 13.5 1.83 293 17 -03 34 49 44 .36 34 31 27 .62
12. Age 14.0 1.81 279 20 05 35 .36 .46 .32 35 27 24 .63 .70
13. Age 14.5 1.92 301 .17 01 33 .33 37 44 39 32 36 .59 .61 .64
14. Age 15.0 2.38 331 14 -02 45 40 .45 46 58 46 42 .60 .55 .56 .65
15. Age 15.5 2.02 284 17 02 44 42 44 44 51 52 52 .64 .59 .50 .60 .70
16. Age 16.0 2.59 462 17 .09 43 42 44 40 50 46 .60 .50 .50 .50 .61 .65 74
17. Marijuana ~ 29% N/A 18 28 25 .26 .28 .25 29 25 34 21 .30 22 27 .20 .26 .26
Use Initiation
19. Marijuana ~ N/A N/A 11 26 24 .23 .23 .20 21 271 .29 13 .20 14 19 .16 .22 23 .70
IL:JrSeequency
21.Gender (0 49% NA 01 19 01 -03 -04 -05 -08 .03 -01 -05 -15 -16 -17 -21 -13 -14 .01 .09

=gqirl, 1=
boy)

Note. Estimates in bold are significant at p <.05. For marijuana use initiation, 0 = “Did not initiate by age 16” and 1 = “Initiated by age 16.” Raw
scores are reported for impulsiveness, sensation seeking, externalizing behavior, and internalizing behavior instead of transformed scores.
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Externalizing Behavior Moderated Mediation Model

Table 2.

Effects for Externalizing Behavior
(EB)

Intercept Factor EST SE STD P<
Intercept Factor
Mean 145 008 169 .01
Variance 066 004 089 .01
Covariance with Slope Factor -0.09 0.04 -022 .02
Direct Effects
Impulsiveness (IMP) 023 005 027 .01
Sensation Seeking (SS) 023 006 027 .01
IMP x SS 013 0.05 021 .01
Gender (Girl =0, Boy = 1) -0.06 0.10 -0.04 .53
Effects for Externalizing Behavior
(EB)
Slope Factor EST SE STD P<
Slope Factor
Slope Factor Mean -0.17 0.09 -032 .05
Slope Factor Variance 026 007 09 .01
Direct Effects
Impulsiveness (IMP) -0.08 0.05 -0.16 .09
Sensation Seeking (SS) -0.08 0.07 -015 .27
IMP x SS -0.08 006 -022 .14
Gender (Girl =0, Boy = 1) -0.01 0.08 -0.01 .97
Effects for Marijuana Use Initiation EST SE STD P<
Impulsiveness (IMP) 015 012 016 .20
Sensation Seeking (SS) 045 019 049 .02
IMP x SS -020 0.14 -030 .17
EB Intercept Factor 0.54 014 050 .01
EB Slope Factor 020 030 012 .49
Gender (Girl =0, Boy = 1) -0.09 022 -0.05 .67

Page 28

Note. EST = unstandardized estimate; SE = standard error; STD = standardized estimate. Impulsiveness was centered at one SD above the mean
and sensation seeking was centered at the mean.
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Table 3.

Internalizing Behavior Moderated Mediation Model

Effects for Internalizing Behavior
(1B)

Intercept Factor EST SE STD P<
Intercept Factor
Mean 063 006 103 .01
Variance 033 003 089 .01
Covariance with Slope Factor -0.02 0.03 -0.09 .41
Direct Effects
Impulsiveness (IMP) 0.17 003 027 .01
Sensation Seeking (SS) -0.12 0.05 -0.19 .02
IMP x SS 010 0.04 023 .01
Gender (Girl =0, Boy = 1) -0.18 0.07 -0.15 .01
Effects for Internalizing Behavior
(SIIEz)e Factor EST SE STD P<
Slope Factor
Slope Factor Mean 015 0.09 038 .08
Slope Factor Variance 0.16 0.08 0.99 .05
Direct Effects
Impulsiveness (IMP) -0.04 004 -010 .31
Sensation Seeking (SS) 004 005 010 .46
IMP x SS -0.02 004 -0.06 .66
Gender (Girl =0, Boy = 1) -0.02 0.08 -0.03 .77
Effects for Marijuana Use Initiation EST SE STD ©P<
Impulsiveness (IMP) 0.12 012 012 .32
Sensation Seeking (SS) 098 022 098 .01
IMP x SS -023 014 -032 .08
IB Intercept Factor 090 020 055 .01
IB Slope Factor -0.03 044 -0.01 .95
Gender (Girl =0, Boy = 1) 0.03 023 0.02 .89

Page 29

Note. EST = unstandardized estimate; SE = standard error; STD = standardized estimate. Impulsiveness was centered at one SD below the mean
and sensation seeking was centered at the mean.
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