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Abstract

Guided by General Theory of Crime and Psychosocial Maturity Hypothesis, we inves-
tigated co-development between short-term mindsets (impulsivity and future orienta-
tion) and risk behaviors (cannabis use and delinquency). Parallel process latent growth
modeling on three-wave data from ethnically diverse Swiss adolescents (N=1365; M,
13.67 years, 48.6% female), showed baseline-level associations between short-term mind-
sets and risk behaviors, and between the two risk behaviors. Additionally, correlated
change (co-development) existed between short-term mindsets—particularly impulsiv-
ity—and delinquency, but not between short-term mindsets and cannabis use. These
results support the above-mentioned theories and emphasize the importance of investi-
gating the correlates of change in delinquency and cannabis use separately, as divergent
findings might emerge. These divergent findings could partially stem from Switzerland's
liberal views on cannabis use.
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threats to health and well-being, these risk behaviors could
lead to involvement with the juvenile justice system. One key

The ongoing widespread legalization of cannabis has led to
debates about a potential increase in youth being exposed
to cannabis. A related concern is whether increases in can-
nabis use would be associated with increases in other risk
behaviors such as delinquency (Defoe et al., 2019). This is
a serious concern because, during adolescence, delinquency
and illicit substance use, such as cannabis, are often prob-
lematic. Namely, especially minor types of delinquency (e.g.,
shoplifting and vandalism), and substance use show accel-
erated increases during this developmental period (Chen &
Kandel, 1995; Hirschi & Gottfredson, 1983; Steinberg, 2015).
Moreover, aside from incurring societal costs and posing

risk factor for both substance use and delinquency—that has
been consistently identified in both developmental psychol-
ogy and criminology perspectives—is the disregard for the
long-term consequences of one's behavior, or what we will
refer to as short-term mindsets (Frankenhuis et al., 2015; Van
Gelder et al., 2018, 2020).

Short-term mindsets are used here as an umbrella term
denoting individual-level correlates of crime, and other
problem behaviors such as substance use, that share tempo-
ral underpinnings. Examples of indicators of a short-term
mindset are for example impulsivity, (low) self-control,
(low)conscientiousness, (lack of) consideration of future
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consequences, (inability to) delay gratification, present bias,
and low future orientation, all of which reflect a disregard
for the long-term consequences of one's behavior. In spite of
important differences between these constructs for instance,
some denote an inability to consider the future, while oth-
ers imply a deliberate devaluation of the future (Jaynes et al.,
2022; Nagin & Pogarsky, 2004), their common denominator
is that people scoring high on them tend to prioritize imme-
diate over future outcomes.

Short-term mindsets are implicated in different de-
velopmental perspectives, including the psychosocial
maturity hypothesis, via indicators such as impulsivity
and future orientation. According to the psychosocial
maturity hypothesis (e.g., Steinberg, 2008; Steinberg &
Cauffman, 1996), the development of these indicators of
short-term mindsets contribute to heightened levels of ju-
venile delinquency and substance use, and such risk behav-
iors peak during adolescence. In essence, the psychosocial
maturity hypothesis assumes that short-term mindsets
and delinquency show co-development throughout adoles-
cence (e.g., Steinberg, 2008; Steinberg & Cauffman, 1996).
In criminological research, the dominant perspective
on short-term mindsets is the General Theory of Crime
(Gottfredson & Hirschi, 1990). According to this perspec-
tive, both delinquency and substance use emanate from
the same source, that is low self-control, a broad construct
encompassing indicators of short-term mindsets such as
impulsivity. In contrast to developmental perspectives, the
general theory of crime assumes self-control to be estab-
lished in childhood and between-individual differences
to remain fixed thereafter. Although the General Theory
of Crime acknowledges that self-control, and hence short-
term mindsets, may show development over time, the the-
ory is agnostic about the possibility of co-development
between these behaviors and risk behaviors.

Drawing from the psychosocial maturity hypothesis and
the General Theory of Crime, in the current paper we focus
on impulsivity and future orientation as separate indicators
of short-term mindsets. In spite of the overlap between these
two concepts, there are also important differences. For ex-
ample, they are interrelated but distinct in their meaning and
impact (Steinberg et al., 2008), have different neural under-
pinnings and developmental timetables (Steinberg, Graham,
et al,, 2009), and explain unique variance in offending (and
related outcomes) (Kiibel et al., 2023). Furthermore, possible
differences in the developmental patterns of both indicators
of short-term mindsets suggest the possibility of differential
patterns in correlated change (i.e., co-development)—which
the current study aims to ascertain.

In the current paper, we use a methodology that is appro-
priate not only to establish whether co-development exists,
but also to ascertain whether this co-development follows
a linear or non-linear trajectory (Bollen & Curran, 2006;
Little, 2013). Although the relations between short-term
mindsets on the one hand, and delinquency and substance
use, on the other, are well-established, to date longitudi-
nal studies that have investigated the co-development of

short-term mindsets and these risk behaviors are lacking (cf.
Chen, 2009; Vazsonyi & Ksinan Jiskrova, 2018). More specif-
ically, to address this gap in the literature, the current study
capitalizes on parallel process latent growth models (LGM)
to investigate whether (non-linear) developmental changes
in short-term mindsets (i.e., impulsivity and future orienta-
tion) are related to simultaneous (non-linear) developmental
changes in delinquency and cannabis use throughout ado-
lescence. Finally, we also investigate whether developmental
changes in cannabis use and delinquency are related to each
other. These hypotheses are tested using multi-wave data of
1365 Swiss adolescents.

General theory of crime and psychosocial
maturity hypothesis

Among the most well-established theories of deviant behav-
ior in criminology is the General Theory of Crime, which
suggests that self-control is the main predictor of criminal
behavior regardless of developmental stage (Gottfredson &
Hirschi, 1990). In psychology, the developmental perspective
is often taken into account when studying crime and, among
the theoretical frameworks for understanding the develop-
ment of crime, is the psychosocial maturity hypothesis. The
psychosocial maturity hypothesis suggests that the develop-
ment of psychosocial maturity indicators, such as impulsiv-
ity, risk perception, future orientation, and resistance to peer
influence, predicts the development of risk behaviors during
adolescence (Steinberg, 2008; Steinberg & Cauffman, 1996;
Steinberg, Cauffman, et al., 2009). In this article, we narrow
our focus to the two indicators of psychosocial maturity that
reflect short-term mindsets, namely impulsivity and future
orientation (see Van Gelder et al., 2018), and investigate
whether they predict two different types of risk behaviors,
namely delinquency and cannabis use.

As will be argued below in more detail, although both
theoretical perspectives have successfully linked short-term
mindsets to delinquency and substance use, the psychosocial
maturity hypothesis is most explicit in terms of the devel-
opmental course of impulsivity and future orientation and
their association with the developmental course of delin-
quency and substance use (i.e., “co-development”).

The co-development of risk behaviors

The apparent co-occurrence of delinquency and sub-
stance use—particularly cannabis use—has been dis-
cussed for decades (e.g., Derzon & Lipsey, 1999). Such a
co-occurrence can be extrapolated from both the psy-
chosocial maturity hypothesis and the General Theory of
Crime. Additionally, both perspectives argue that risk be-
haviors, such as delinquency and cannabis use, peak dur-
ing mid- to late adolescence and decline thereafter, which
implies non-linear changes (Steinberg, 2008; Steinberg,
Cauffman, et al., 2009). Of note is that empirical studies
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have found substance use to peak in emerging adulthood
(not in adolescence), however (for reviews, see Willoughby
etal., 2021). A rationale why substance use may follow this
different trajectory (compared to delinquency) is because
in the Western World, substances such as alcohol and can-
nabis (but not delinquency) are often considered more
normative during adulthood, and thus, these substances
become more accessible during adulthood as well (e.g.,
because age 18 or 21 are usually the legal minimum ages
for such substance use). Hence, this contributes to mak-
ing a peak in substance use in (early) adulthood more
likely than during adolescence (Defoe, 2021). Also of note,
whereas the psychosocial maturity hypothesis attributes
the developmental trajectories of delinquency and sub-
stance use to changes in short-term mindsets, the general
theory of crime suggests the effect of age is direct and not
mediated by a developmental process (see also Hirschi &
Gottfredson, 1983).

As for their co-occurrence, cannabis use and delinquency
have also been linked in both cross-sectional and longi-
tudinal scientific studies (for meta-analyses see Bennett
et al., 2008; Derzon & Lipsey, 1999). And although rare,
these two behaviors have also been reported not to be as-
sociated with each other, especially when confounding fac-
tors are taken into account. For example, cannabis was no
longer a significant predictor among high-school students
when alcohol use and psychopathological factors were ac-
counted for (see also McGee et al., 2000), although frequency
of cannabis use did remain a significant predictor when a
subsample of only cannabis users were examined (Chabrol &
Saint-Martin, 2009).

The only study we were able to locate that is similar to
the current study in simultaneously investigating the tra-
jectories of both delinquency and heavy cannabis use while
assessing contemporaneous relations between these two
constructs is Dembo et al. (2007). Dembo et al. (2007) used
parallel process LGM's and demonstrated that whereas de-
linquency decreased and cannabis use increased in justice-
involved adolescents, there was a significant relation
between the growth factors. Although Dembo et al. (2007)
was published almost two decades ago, and although un-
like the current study it used an at-risk sample—which may
be less generalizable to the average adolescent—it is still a
novel study with unique contributions (due to the method-
ology used) that is important for the current study. Namely,
all other adolescent studies we located on the link between
cannabis use and delinquency did not take the developmen-
tal trajectory of cannabis use and delinquency into account,
but instead investigated whether a time-specific value of one
of these behaviors (e.g., cannabis use) is related to a time-
specific value of the other variable (e.g., delinquency). While
this method is also informative, it implies that both cannabis
use and delinquency do not systematically develop over time
(i.e., do not show consistent developmental trends that are
characterized by some type of systematic growth function;
Curran et al.,, 2010). However, this assumption is inconsis-
tent with previous studies and the psychosocial maturity
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notion. Thus, a model that neglects the development of be-
haviors (i.e., treating them as if they are stable over time)
while investigating their association may be mis-specified,
and could thus lead to biased interpretations of their true
associations (cf. Curran et al., 2010). In sum, ideally, the de-
velopmental trajectories should be taken into account using
a multivariate LGM (or a “parallel process” latent growth
model) when investigating associations between variables
that develop systematically over time (Curran et al., 2012).

In the current study, similar to Dembo et al. (2007) we
used the above-mentioned parallel process LGM, we inves-
tigate whether the trajectory of delinquency and cannabis
use are related to each other. But unlike Dembo et al. (2007),
we further account for the possibility that these behaviors
could follow a non-linear trajectory as suggested by the psy-
chosocial maturity hypothesis. In essence, we investigate
whether delinquency and cannabis use “travel together” over
time (Curran et al.,, 2012). For example, do faster increases
in cannabis use predict faster increases in delinquency and
vice versa? If we find evidence of such overlapping develop-
mental processes, this would provide additional convincing
evidence for the time-specific associations between delin-
quency and cannabis use that have been shown in the lit-
erature, as it would suggest that even despite the differing
developmental trajectory of these behaviors, an association
persists.

The co-development of risk behaviors and
short-term mindsets

Short-term mindsets and delinquency

According to the psychosocial maturity hypothesis, im-
pulsivity peaks during adolescence, and its non-linear
developmental course is interrelated with the non-linear
developmental course of delinquency, which also peaks
in adolescence (Steinberg, 2008; Steinberg, Cauffman,
etal., 2009). In contrast, the General Theory of Crime does
not make predictions about co-development or the devel-
opment of short-term mindsets. Although only few studies
in both Psychology and Criminology have directly tested
a possible co-development between short-term mindsets
and delinquency (cf. King et al., 2011; Vazsonyi & Ksinan
Jiskrova, 2018), a series of cross-sectional and longitudinal
studies suggest that individuals with higher levels of im-
pulsivity engage in more delinquency during adolescence
and young adulthood (e.g., Schmits & Glowacz, 2018;
White et al., 1994). As for co-development, at least one
longitudinal study (Vazsonyi & Huang, 2010; see also
Vazsonyi & Ksinan Jiskrova, 2018) came close to testing
this prediction of the psychosocial maturity hypothesis via
parallel process LGM's. Results showed that increases in
self-control (consisting of items tapping into the ability to
exercise self-control in social situations) were associated
with decreases in deviance (consisting of both delinquent
and non-delinquent behaviors) in children (Vazsonyi &
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Huang, 2010). To the best of our knowledge, similar stud-
ies based on normative/community adolescent samples do
not exist (but see Burt et al., 2014).

Regarding future orientation, adolescents have been
theorized to have lower levels of future orientation than
adults, as they tend to have a lower preference for de-
layed rewards compared to adults (Steinberg, Cauffman,
et al.,, 2009). Accordingly, developmental theories assume
that future orientation is associated with delinquency par-
ticularly during adolescence. Thus, theoretically, increases
in future orientation during adolescence are expected to be
associated with decreases in delinquency during this pe-
riod. Specifically, the psychosocial maturity hypothesis also
suggests that lack of future orientation peaks during ad-
olescence, and that this non-linear developmental course
is interrelated with the non-linear developmental course
of delinquency (Steinberg, 2008; Steinberg, Cauffman,
et al., 2009).

Preliminary support for the above-described non-
linear co-development assumption comes from a study
that showed via linear latent growth modeling that higher
school future orientation in early adolescence (age 11) pre-
dicted lower levels of deviancy (including [non-] delinquent
items and cannabis use) over three waves (from age 11 to
18) (Chen & Vazsonyi, 2011). It should be noted that Chen
and Vazsonyi (2011) confounded delinquency and cannabis
use in their deviancy construct, which, as described earlier,
could be problematic as some empirical studies show that
these two behaviors have different developmental courses.
Hence, in the current study, we investigate these risk be-
haviors separately, and we additionally test whether a linear
versus non-linear LGM better describes the developmental
course of these behaviors.

Another relevant longitudinal study that also used
LGM demonstrated that higher levels of school/career
future orientation were associated with decreases in vi-
olent behavior (Stoddard et al., 2011; see also Prince
etal., 2017). Of note is that both Chen and Vazsonyi (2011)
and Stoddard et al. (2011) did not investigate developmen-
tal changes in school future/career orientation over time.
Thus it remains unclear whether developmental changes
in the school/career domain of future orientation are also
related to developmental changes in deviancy (cf. Chen &
Vazsonyi, 2011). In fact, the only longitudinal study we
could locate on the development of future orientation used
a sample of serious juvenile offenders and showed that
future orientation peaked in adolescence, but this non-
linear development was not predicted by antisocial behav-
ior trajectory group membership (Monahan et al., 2009).
Considering that Monahan et al. (2009) examined juvenile
offenders and used a broad measure of future orientation,
comparisons to the current study, which uses a commu-
nity/normative sample and a specific school domain mea-
sure of future orientation are limited. Finally, all of the
above-mentioned studies did not consider the possibility
of non-linear developmental processes as suggested by the
psychosocial maturity hypothesis, thus the current study

is also of added value since we will fill this gap by employ-
ing a parallel non-linear growth model.

Short-term mindsets and cannabis use

The (bi-directional) relation between impulse-control
related behaviors and substance use in general is well-
established (for a critical review, see Gullo & Dawe, 2008; see
also Ansell et al., 2015). Both the General Theory of Crime
and psychosocial maturity hypothesis predict a concurrent
and longitudinal relation from such short-term mindsets
to substance use. In support of these theoretical frame-
works, cross-sectional studies consistently find concurrent
links between cannabis use and impulsivity in adolescence
and young adulthood (Glowacz & Schmits, 2017; Griffith-
Lendering et al., 2011). One of the few longitudinal studies
among adolescents investigated whether the developmental
courses of these behaviors were related to each other (King
et al,, 2011). A sequential LGM design showed no average
changes in impulsivity from 6th to 8th grade, but significant
variation in the developmental course (i.e., some persons
decreased whereas others increased, or remained stable),
and this variation was not related to subsequent increases in
cannabis use from grade 8 to 11. However, King et al. (2011)
noted that considering impulsivity was not measured be-
yond grade 8, it therefore remains unclear whether concur-
rent changes in this construct would be related to concurrent
changes in cannabis use—as predicted by the psychosocial
maturity hypothesis. Nonetheless, the initial level and rate of
change of impulsivity was related to the initial level of can-
nabis use in grade 8.

Finally, another longitudinal study using group-based
trajectory modeling for cannabis use, showed that adoles-
cents in the trajectory group “cannabis abstainers” actually
had higher “lack of premeditation,” a concept similar to
impulsivity, than adolescents in the “high cannabis users”
trajectory group (Derefinko et al., 2016). No developmen-
tal trajectories were modeled for “lack of premeditation,”
however. Although the findings of King et al. (2011) and
Derefinko et al. (2016) do not appear to support the psycho-
social maturity hypothesis, it should be noted that they did
not test whether concurrent developmental changes of im-
pulsivity and cannabis use are related. In sum, the limited
number of longitudinal studies that find that impulsivity is a
risk factor for adolescent cannabis use are mixed.

As for future orientation, longitudinal studies on its devel-
opmental course are non-existent (cf. Chen & Vazsonyi, 2011).
Nevertheless, one longitudinal study reported that increased
school/career future orientation predicted less cannabis use
1 year later in at-risk adolescents—but not vice versa (Barnett
et al., 2013; see also: King et al., 2015, for a cross-sectional
study on normative adolescents with similar findings).

Taken together, similar to impulsivity: the number of ad-
olescent studies on the developmental course of future orien-
tation and cannabis use and their potential co-development,
are limited. Additionally, we could not locate studies that
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T1
Early adolescence

T2

Mid-adolescence

T3
Late adolescence

FIGURE 1

accounted for possible non-linear developmental pro-
cesses—as hypothesized by the psychosocial maturity hy-
pothesis. The present study was designed to fill these gaps
in the literature.

The present study

Extrapolating from the General Theory of Crime and the
psychosocial maturity hypothesis, we hypothesize that short-
term mindsets (impulsivity and future orientation) and risk
behaviors (cannabis use and delinquency) show concurrent
relations. Of note, one domain of future orientation that is
of prime importance for adolescents is school future orien-
tation. Namely, in modern societies, educational attainment
forms the fundamental resource for future success in multiple
areas (e.g., financial success) (Goldner et al., 2019; Kerpelman
etal., 2008). Hence, in the current study, we narrow our focus
to the school/career domain of future orientation.

Further extrapolating from the psychosocial maturity
hypothesis, we hypothesize correlated developmental
change (i.e., co-development) between short-term mind-
sets and risk behaviors throughout the course of ado-
lescence. Finally, we investigate whether developmental
changes of cannabis use and delinquency are related to
each other, especially since the psychosocial maturity hy-
pothesis posits that both these risk behaviors peak during
adolescence. As explained above, neglecting the develop-
mental course when testing the association between vari-
ables that systematically develop over time could produce
biased results (Curan et al., 2010). Thus, accounting for the
developmental trajectories could provide more robust and
convincing evidence of an association.

To test the above-described co-development hypothe-
ses, we use parallel process LGM's, which can simultane-
ously test for (non-linear) changes in the “slope” (i.e., the
“developmental trajectory”) for different constructs and
establish whether the developmental changes in these dif-
ferent constructs are concurrently related to each other
over time (i.e., show “co-development”). We test linear
LGMs against so-called unspecified non-linear LGMs

(Non-)Linear Slope

A conceptual depiction of an unspecified non-linear latent growth model. * = freely estimated.

(Meredith & Tisak, 1990) (also referred to as shape and level
models; Little, 2013), which requires at least three waves of
data (Duncan et al.,, 1998; Duncan & Duncan, 2009) (see
Figure 1). We initially made such preliminary model com-
parisons especially because the psychosocial maturity hy-
pothesis predicts non-linear changes for our variables of
interest during the adolescent period. In conducting these
analyses, we used three waves of data from ethnically di-
verse Swiss community youths, who were followed from
early to late adolescence.

METHODS
Participants

The participants in the current study were enrolled in a
9-wave ongoing longitudinal-intervention study (Eisner
et al., 2011) that began in 2004 in Switzerland. Active
informed parental consent (WI1-W4), passive parental
consent in conjunction with active informed participant
consent (W5-W6), and active informed participant con-
sent only (W7-W8) were obtained. A total of 1675 first
graders (M, =745, SD=0.39; 48% female) from 56 ran-
domly selected schools formed the target sample at W1
(Van Gelder et al.,, 2015). Of these participants, 46% had
parents who were both not born in Switzerland, which
produced an ethnically diverse sample (Eisner et al., 2011).
Additional detailed demographic information can be
found in Eisner et al., 2011.

The current paper focuses particularly on waves W5-W7,
as we were interested in the adolescence phase, and because
the main variables of interest were consistently collected
during these waves (i.e., no data existed for school/career ori-
entation at W8). Thus, henceforth, we refer to W5 as baseline
(i.e., T1). At baseline, 1365 adolescents participated (48.6%
female), and they were 13.67, 15.44, and 17.45years old on
average from T1 to T3, respectively. Of the original sample, a
total of 82%, 86%, and 78% of the adolescents took part from
T1 to T3, respectively. Participants manually filled out ques-
tionnaires (in German) in a classroom-setting during their
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leisure time. They received an incentive worth the equivalent
of US$30, US$50, and US$60 for T1-T3, respectively.

Measures
Impulsivity

Adolescents self-reported on two items on the “impulsiv-
ity subscale” of an adapted and abbreviated version of the
Grasmick et al. (1993) Self-control Scale (Ribeaud & Eisner,
2006). The items were “I often act on the spur of the mo-
ment without stopping to think” and “I often do whatever
brings me pleasure here and now, even at the cost of some
distant goal.” Answer categories ranged from 1=“FULLY
untrue” to 4="“FULLY true.” Mean scores of these two items
were used. Considering that the Cronbach's alpha is biased
toward scales with few items, we opted for inter-item correla-
tions too assess reliability. The inter-item correlations were
.273, .275, and .332 from T1 to T3, reflecting adequate reli-
ability (see Clark & Watson, 1995).

School/career future orientation

Adolescents reported on the following three items: (1)
“When I grow up I want to have an interesting job, and I'm
doing everything now to work towards that goal,” (2) “I try
hard at school to have a good job later in life,” and (3) “Doing
well at school is important to me.” Answer categories ranged
from 1 ="“fully false/untrue/wrong” to 4= "“fully true.” Mean
scores were used, with higher scores indicating higher levels
of school/career orientation. The mean inter-item correla-
tions were r=.472,.524, and .494, from T1 to T3, respectively,
suggesting adequate reliability.

Delinquency

Participants self-reported on their past-12-month preva-
lence of 6 different minor delinquent behaviors via a self-
report delinquency questionnaire adapted from Wetzels
et al. (2001). This scale was developed by Losel (1975) and
Wetzels et al. (2001). The selection of the 6 “minor” delin-
quency items for the current study was guided by
Stylianou (2003). These minor delinquency items tapped
graffitiing, vandalism, stealing at home, stealing at
school, shoplifting <50CHF,' and driving without a li-
cense. We computed means from adolescents' yes/no re-
sponses to these items, with higher means denoting
higher levels of delinquency. Considering this scale in-
cludes binary items, the Kuder-Richardson 20 (KR-20;
Kuder & Richardson, 1937) was used. The KR-20 showed
values of 0.668, 0.600, and 0.509 from T1 to T3, denoting

'l CHF21USD.

satisfactory reliability (Hinton et al., 2004), especially
since the scale consisted out of relatively a small amount
of items (<20) (Dall'Oglio et al., 2010).

Cannabis use

Cannabis use was assessed with the question: “In the last
12 months, how many times have you used... “hash”, “pot”,
“cannabis”, “marijuana”?” A 6-point scale was used with the
following values: 0 =never or not in past 12 months; 1 =once;
2=2-5 times; 3=6-12 times (monthly); 4=13-52 times
(weekly); 5=53-365 times (daily).

Strategy of analyses

To model individuals' developmental trajectory for the con-
structs of interest over time, univariate and parallel process
latent growth modeling (LGM) were conducted using Mplus
8 (Muthén & Muthén, 1998). Two growth factors are identi-
fied using this analysis, namely the “intercept” (an individu-
al's initial level on a construct at baseline), and the slope (i.e.,
an individual's rate and direction of change/development
in their trajectory for a particular construct). These models
estimate the variance (i.e., individual differences) in the in-
tercept and slope, which is typically neglected in more tradi-
tional models of change (e.g., analysis of variance [ANOVA])
(cf. Defoe et al., 2016). Significant variance in the intercept or
slope indicates that individuals differ in their initial levels or
in their developmental trajectories of a behavior (i.e., some
individuals show steeper or shallower increases/decreases
than average), respectively (for more technical details on
LGM, see e.g., Bollen & Curran, 2006).

As outlined in Duncan et al. (1998; see also Duncan &
Duncan, 2009), at least 3 waves of data are necessary to
estimate an unspecified non-linear LGM (Figure 1). Such
a model is similar to a specified non-linear LGM (e.g., a
quadratic LGM or a cubic LGM), with the exception that
at least one of the loadings of the slope is freely estimated
(see Figure 1). Consequently, the developmental trajectory
can be freely estimated, and the freely estimated (non-
constrained) loading(s) will determine the basic shape of the
developmental trajectory (Bollen & Curran, 2006; Duncan
et al., 1998; Little, 2013; see also: Keijsers et al., 2009;
Littlefield et al., 2009). Thus, potential non-linearity can
be captured, which needs not follow a strict quadratic or
cubic form (in which all loadings are constrained) (Bollen &
Curran, 2006; Duncan et al., 1998; Little, 2013). The freely
estimated loading thus provides flexibility in fitting non-
linear trajectories (Bollen & Curran, 2006).

Consistent with Bollen and Curran (2006; see also
Little, 2013), we constrained the first (T1) slope loading to 0,
and the last (T3) loading to 1, and freely estimated the middle
(T2) loading. Accordingly, the form/curve that best fits the
data between the two constrained (fixed/constrained) load-
ings will be estimated (Bollen & Curran, 2006; Little, 2013).
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Before estimating the parallel process LGM's, as a conven-
tional step we first estimated the preliminary linear and
non-linear growth curves using univariate LGM's for each
variable of interest (cf. Bollen & Curran, 2006). Specifically,
we first ran the univariate linear models, followed by the
univariate non-linear models (see also Defoe et al., 2021),
and lastly, we ran the parallel process models. Thus, for
consistency, any constraints in the univariate linear models
were retained in the univariate non-linear models, and all of
the constraints in the univariate models were retained in the
parallel process LGMs. Next, using the AIC and Sample-size
Adjusted Bayesian Information Criterion (SABIC; Enders &
Tofighi, 2008; Sclove, 1987), we compared the fit between
the linear and non-linear univariate LGM's and selected the
best fitting model for the subsequent parallel process LGM's
(Bollen & Curran, 2006). The univariate models for some
of the variables of interest (impulsivity, future orientation,
and delinquency) are reported elsewhere as well (see Defoe
et al.,, 2021 that focused on peer delinquency and its co-
development with delinquency and short-term mindsets),
whereas in the current study different co-development be-
tween these models are being tested.

Of note, we excluded cannabis data from participants
(7.2%) who gave inconsistent responses about their canna-
bis use over the waves as such responses are unreliable (cf.
Defoe et al., 2016). For example, cannabis use was coded as
missing for participants who indicated at T1 to having used
cannabis in their lifetime, but at T2 indicated to have never
used cannabis.

Taken together, our main analyses consisted of parallel
process LGM's that included all four variables of interest,
namely impulsivity, school/career future orientation, can-
nabis, and delinquency. Consistent with the psychosocial
maturity hypothesis, we tested whether the slopes were cor-
related in each model. Particularly, significant correlations
between slopes between the short-term mindsets on the one
hand, and the risk behaviors on the other hand, will pro-
vide strong evidence that rates of these different behaviors
covary over time (Bollen & Curran, 2006). Additionally, we
also tested whether the intercepts were correlated.

Full maximum likelihood (FIML) estimation in Mplus
was used to ensure that variables with missing cases could
be included in the analyses (Muthén & Muthén, 1998), and
we further used robust procedures (MLR) to account for
any non-normality (Satorra & Bentler, 1994). Considering
the current large sample-size, we used a stringent p-value of
p<.0L

RESULTS
Descriptive statistics

Table 1 contains the correlations between the variables of
interest and Table 2 contains the descriptives statistics. All
variables were significantly correlated and in the expected
direction.
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Univariate latent growth models

Except for cannabis use, the non-linear model fitted better
than the linear model for all variables’ (see Table 2 for the
development of the means). Thus, unlike cannabis use, im-
pulsivity, school/career future orientation and delinquency
do not follow a strict linear trajectory from early to late
adolescence.

Impulsivity

The non-linear model had a good fit (Chi-square (1) =4.789;
p=.029. RMSEA =0.051; CFI1=0.986; CFI=0.959;
SRMR =0.013). The mean of the intercept (b=2.297; p <.001)
and slope (b=0.059; p=.001) were significant, with signifi-
cant variance (b=0.382, p<.001; b=0.342, p<.001, respec-
tively). The significant positive slope mean indicates that
generally there were non-linear increases in impulsivity from
T1 to T3. The sample estimate for the freely estimated slope
loading at T2 was 0.946. Thus, considering the fixed load-
ings of 0 at T1, and 1 at T3, together these loadings clearly
show non-linear changes. The estimates of these slope load-
ings reflect the cumulative proportion of total change that
occurred from the initial time point to the respective time
point (Bollen & Curran, 2006; Little, 2013). Accordingly,
most of the changes (i.e., 94.6% of the total change) in im-
pulsivity occurred between T1 and T2, and only 5.4% of the
total change occurred from T2 to T3. In more substantive
terms, impulsivity increased from early adolescence (T1) to
mid-adolescence (T2), but from mid-adolescence (T2) to late
adolescence (T3), the magnitude of increase begins to level
off. Moreover, there are individual differences (i.e., vari-
ance) in this development. Finally, the intercept and slope
were negatively correlated (r=-.814; <.001), indicating that
impulsivity increased faster for those who had a lower initial
level (i.e., intercept) of impulsivity.

School/career future orientation

The fit was just-identified for this non-linear model.
The mean of the intercept (b=3.235 p<.001) and slope
(b=-0.085; p<.001) were significant. There was no signifi-
cant variance around the intercept (b=0.364; p=.331) and
the slope (b=0.279; p =.452); thus, there were no individual
differences for these growth parameters. The significant
negative slope mean suggests non-linear decreases in School

’In the linear cannabis model, the non-linear impulsivity model, and the
non-lineair delinquency models, we encountered negative residual variances, which
are conventionally solved by constraining them to zero, or to a small positive value
(Bollen & Curran, 2006; Muthén & Muthén, 2003). We therefore constrained these
negative residual variances to zero, which resolved all estimation issues in these
univariate models. As mentioned above, we first ran the univariate linear models,
followed by the univariate non-linear models, and lastly, we ran the parallel process
models. Thus, for consistency, any constraints in the univariate linear models were
retained in the univariate non-linear models, and all of the constraints in the
univariate models were retained in the parallel process LGMs.

85U8017 SUOWILLOD BATea.0 3edldde aup Aq pausenob ae sejoie YO ‘85N JO S8|nJ o A%eid 18Ul U0 A8]IA UO (SUOTPUOD-PUB-SWLBI WD A8 | IM A e1q1BU1|UO//SANL) SUORIPUOD PUe SWLB | 8L 885 *[G202/60/80] U0 ArIqITaUIIUO AB[IM U0l qIasi RIS eAIuN BAN AQ £262T ©I0l/TTTT 0T/I0p/W00 A8 1w g1 Ul juo//SdNY WO} papeojumod ‘€ ‘720z ‘G6.L2EST



864 JOURNAL OF DEFOEET AL.
Research on Adolescence Sm
TABLE 1 Bivariate correlations between variables of interest.
1. 2. 3. 4. 5. 6. 7. 8 9 10. 11. 12.
1. T1 SFO -
2. T2 SFO A4324%
3. T3 SFO .364%* 459** -
4. T1 Impuls —.240** —.153** —.144** -
5. T2 Impuls —.129** —.215** -.136** 295 -
6. T3 Impuls —.129%* —.153** —.253%* .235%* .390** -
7. T1 Del —.224%* -.130** —.149** 238 .143** .140** -
8. T2 Del —.197%* —.226** -.170** 190** 224%* .184** .495%*
9. T3 Del -.130** —.108** —212*%* 137 137 181+ 3334 5144
10. T1 Can —.224** —.123% —.116%* 175%* .100** .087** 471+ 337%* 244%* -
11. T2 Can —.262** —257*%* —.237** 234%* 153%* 158** 387%* 464** 3614 448
12. T3 Can —.263** —.264** —.335** 231+ 176** .225%* .320%* 400** 401+ .316%* .654*%
Abbreviations: Can, Cannabis use; Del, Delinquency; Impuls, Impulsivity; SFO, School/Career Future Orientation.
“p< 01,
TABLE 2 Means of variables of interest.
T1 T2 T3
Variable T1 SFO T2 SFO T3 SFO impuls impuls impuls Tldel T2del T3del Tlcan T2can T3can
Mean 3.236 3.160 3.161 2.296 2.370 2.335 0.111 0.118 0.096 0.267 1.197 2.067
SD 0.612 0.614 0.596 0.618 0.567 0.600 0.194 0.184 0.157 0.931 1.869 2.102
Range 1-4 1-4 1-4 1-4 1-4 1-4 0-1 0-1 0-1 0-6 0-6 0-6

Abbreviations: Can, Cannabis use; Del, Delinquency; Impuls, Impulsivity; SFO, School Future Orientation.

Future Orientation (SFO) from T1 to T3 on average. The es-
timated loading at T2 was 0.874, suggesting that most of the
decreases in SFO (i.e., 87.4% of the total change) occurred
between T1 and T2, and thus from T2 to T3 (wherein 12.6%
of development occurred) this decrease began to level off.
Finally, the intercept and slope were not significantly cor-
related (r=-.734; p=.022).

Delinquency

The fit was good for this non-linear model: Chi-square
(1)=5.694; p<.001. RMSEA =0.056; CFI=0.986; TLI=0.959;
SRMR=0.016. The mean of the intercept (b=0.117; p<.001)
and the mean of the slope (b=-0.022; p<.001) were sig-
nificant. Both growth factors also had significant variance
(b=0.021, p<.001; b=0.024; p<.001 respectively). These re-
sults suggest that overall, delinquency levels showed a non-
linear decline during adolescence, but there were individual
differences both in the initial level and rate of change of
delinquency (i.e., some adolescents declined faster in delin-
quency, while other adolescents declined slower). Moreover,
the estimated slope loading at T2 was 0.277, indicating that
most of the change in delinquency (i.e., 72.3% of the total
change) occurred during T2 and T3 (whereas 22.7% of the
total change occurred between T1 and T2). Finally, results

of this non-linear LGM showed that the intercept was nega-
tively correlated with the non-linear rates of change in the
slope (r=-.455, p<.001). This suggests that delinquency de-
clined faster for those who had a higher initial level (i.e., in-
tercept) of delinquency.

Cannabis

The fit was excellent for the linear model: Chi-square
(3)=1.761; p=.623. RMSEA=0; CFI=1; TLI=1.002;
SRMR =0.010. The mean of the intercept (b=0.271; p <.001)
and slope (b=0.921; p <.001) were significant, and there was
significant variance (b=0.868, p<.001; b=1.004, p<.001, re-
spectively). These results imply that cannabis use increases at
a steady rate during adolescence (from T1 to T2 and from T2
to T3), and there were individual differences in this growth.
Finally, the intercept and slope were negatively correlated
(r=-.096; p<.001), indicating that cannabis use increased
faster for those who had a lower initial level of cannabis use.

Parallel process latent growth models

The parallel process model (Chi-square (35)=182.116,
p<.001) had a good fit: RMSEA=0.053; CFI=0.953;
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TABLE 3 Correlations between the growth factors of short-term mindsets and risk behaviors.

Impulsivity Future orientation Cannabis use Delinquency

Variable Intercept Slope Intercept Slope Intercept Slope Intercept Slope
Impulsivity

Intercept -

Slope —.814%* -
Future orientation

Intercept —.292** -

Slope —.245% —-.568**
Cannabis use

Intercept 178** —.273%* -

Slope -.030 -.124 —-.120%* -
Delinquency

Intercept 311 —.373% 591 -

Slope .100* -.192 .091 —.489** -

Note: Correlations between the slopes (bold font) and correlations between the intercepts (italicized) in the parallel process growth models. The intercept and slope
correlation within each construct is also depicted. The remaining correlations are presented in Table SI in the supplemental materials. *p <.01; **p <.001.

TLI=0.911; SRMR=0.032. The correlations between the
growth factors are reported in Table 3. The intercepts of
impulsivity and cannabis were modestly but significantly
positively correlated, and the intercepts of impulsivity and
delinquency had a significant positive medium-size correla-
tion. This indicates that higher initial levels of impulsivity
are associated with higher initial levels of cannabis use and
delinquency. Additionally, the intercepts of cannabis use and
delinquency were strongly and positively correlated. The
slopes of impulsivity and cannabis use were not significantly
correlated, whereas the slopes of impulsivity and delin-
quency were positively and modestly correlated. The latter
significant results suggest that impulsivity has a positive
association with delinquency, and vice versa. Specifically,
faster increases in impulsivity are associated with slower de-
clines in delinquency. Considered together, these two con-
structs show co-development over time.

The intercepts of school/career future orientation and
cannabis use, as well as the intercepts of school/career fu-
ture orientation and delinquency had a significant negative
medium-sized correlation. This indicates that lower base-
line levels of school/career future orientation are associated
with higher baseline levels of cannabis use and delinquency.
However, there was no co-development between SFO and
cannabis or between SFO and delinquency over time.

Finally, on the one hand, the intercepts of cannabis and
delinquency showed a large correlation, indicating that
higher baseline levels of delinquency were strongly associ-
ated with higher baseline levels of cannabis use. On the other
hand, their slopes were not significantly correlated (p=.019;
thus this correlation did reach significance at the traditional
p<.05 cut-off, however), suggesting no co-development at a
p<.01 cut-off. In sum, in the current study, co-development
between cannabis use and delinquency only approached
significance.

DISCUSSION

Using three waves of data spanning early (T1), middle (T2),
and late adolescence (T3), the current study sought to ex-
amine whether the developmental course of cannabis use
and delinquency are related to each other (i.e., demonstrate
co-development), as well as (2) whether the developmental
course of these risk behaviors and short-term mindsets are
related during adolescence. Extrapolating from the psycho-
social maturity hypothesis and the General Theory of Crime,
we hypothesized that (1) significant concurrent relations be-
tween cannabis use and delinquency would exist, and that
their trajectories would be inter-related, and (2) that signifi-
cant concurrent relations between these risk behaviors and
short-term mindsets would also exist, and that their trajec-
tories would be inter-related. These hypotheses were par-
tially confirmed.

The (co-)development of cannabis use and
delinquency

In support of our first hypothesis, we found that baseline
levels (i.e., during early adolescence) of cannabis use and de-
linquency were correlated. However, the association between
the development of cannabis use and delinquency through-
out adolescence did not reach significance (p=.019) at the
used p<.01 level. These results suggest that co-development
between these two risk behaviors was not found in the cur-
rent study. Thus, while we found that cannabis use and de-
linquency are related to each other, they do not appear to
“travel together” during adolescence, at least not in a cul-
ture such as in Switzerland, where there are liberal views on
cannabis. Of note, is that it may still be the case, that espe-
cially in cultures where cannabis use is less normative, its'
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development may coincide with the development of delin-
quency. This was the case in Dembo et al. (2007) that used
a similar methodology to investigate the co-development
between heavy cannabis use and delinquency among a
sample of youth from the United States. However, it should
be noted that Dembo et al. (2007) was conducted almost 2
decades ago, when cannabis use was even less normative in
the United States, which limits any comparison between the
results of Dembo et al. (2007) and the current study. Also
of note is that the sample of Dembo et al. (2007) included
justice-involved adolescents with heavy cannabis use and
more severe forms of delinquency, while the current study
did not include such at risk youth. Thus the varying sever-
ity of cannabis use and delinquency across the two samples
might have contribute to the differing results. Especially
taken into account that the co-development between can-
nabis use and delinquency only approached significance in
the current study, future studies should confirm whether it
is indeed the development of more serious forms of delin-
quency and heavy cannabis use that are interrelated with
each other over time, and particularly so in cultures with
less liberal views on cannabis use.

Finally, of note, is that perhaps only baseline associations
were shown between delinquency and cannabis use in the
current study but not co-development because we simulta-
neously controlled for associations between these risk behav-
iors and short-term mindsets in the same model. Similarly,
other studies have reported that cannabis use did not signifi-
cantly predict delinquency after accounting for confounders
among adolescents (Chabrol & Saint-Martin, 2009; McGee
etal., 2000).

The (co-)development of short-term
mindsets and delinquency

In support of the first hypothesis, baseline levels of short-
term mindsets, both impulsivity and SFO, and risk behav-
iors, both cannabis use and delinquency, were related. This
finding is consistent with the psychosocial maturity hypoth-
esis as well as the General Theory of Crime. As for the devel-
opmental trajectories, in support of the second hypothesis,
rate of change in impulsivity was correlated with the rate of
change in delinquency. In more substantive terms, steeper
increases in impulsivity were associated with increases in
delinquency, whereas less steep increases in impulsivity were
associated with decreases in delinquency. Extrapolating
from especially the psychosocial maturity hypothesis, one
could argue that this development of impulsivity during ad-
olescence could be driving the development of adolescent de-
linquency. Nonetheless, there is growing empirical evidence
showing that conduct problems such as delinquency might
equally predict impulsivity (e.g., Clinkinbeard et al., 2018;
Defoe et al., 2022; Van Gelder et al., 2020).

We did not find a significant correlation between the
growth factors of SFO and delinquency. As far as we know,

although the current study is the first to investigate whether
the developmental trajectories of these two constructs are
related, a few other longitudinal studies have shown that
SFO at one point in time (e.g., during early adolescence)
predicts the development of delinquency throughout ad-
olescence (Chen & Vazsonyi, 2011; Stoddard et al., 2011).
However, our results suggest that those findings might not
be generalizable to the simultaneous development of SFO
and delinquency throughout the adolescent period. Instead,
when it comes to the role of the development of short-term
mindsets in delinquency, it appears that the development
of impulsivity, is more important than the development of
SFO. Taken together, our results suggest interrelated co-
development of impulsivity and delinquency throughout
adolescence—which could serve as useful developmental
information for intervention efforts.

The (co-)development of short-term
mindsets and cannabis use

As predicted by both the psychosocial maturity hypothesis
and the General Theory of Crime, higher initial levels of
short-term mindsets at baseline (thus during early adoles-
cence) were associated with higher initial levels of canna-
bis use. However, the developmental courses of short-term
mindsets and cannabis use were not related to each other over
time. Similarly, one of the few longitudinal adolescent stud-
ies that came close to investigating a similar co-development
hypothesis as the current study, showed via a sequential
LGM design that—although initial levels of impulsivity and
cannabis use were positively concurrently correlated (con-
sistent with findings of the current study)—developmental
changes in impulsivity from grades 6-8 were not related to
subsequent changes in cannabis use from grades 8-11 (King
etal., 2011).

With regard to SFO, of note is that Chen and
Vazsonyi (2011) found that SFO measured in early adoles-
cence did predict decreases in cannabis use from early to
late adolescence. Then again, Chen and Vazsonyi (2011)
is not directly comparable to the current study, because it
did not measure developmental changes in SFO over time.
Moreover, Chen and Vazsonyi (2011) confounded delin-
quency and cannabis use in their deviance measure. This
approach can be problematic because these behaviors show
different developmental courses—as shown in the present
and other empirical studies (e.g., Fromme et al., 2008). What
is more, is that the current study further demonstrates that
the relationship between these two behaviors and short-term
mindsets might also differ. Namely, whereas development in
delinquency is associated with the development of impulsiv-
ity, the development of cannabis use was not associated with
the development of impulsivity. Thus, for future investiga-
tions, the current findings could be useful when contemplat-
ing on a composite deviance score including cannabis and
delinquency.
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Limitations and future directions

The current study was also prone to several limitations.
Importantly, shortcomings of self-report data, and the use
of scales with a limited number of items should be consid-
ered as this is vulnerable to idiosyncratic variation (Nestor
& Schutt, 2018). Also, it is relevant to note that we did not
analyze cannabis dependence/addiction; thus, our results do
not rule out the possibility that increases in impulsivity and
increases cannabis use dependence/addiction might be inter-
related over time. Similarly, while there were no associations
between growth in cannabis use and the minor delinquency
assessed in the current study, this does not preclude that no
growth exists in more non-normative forms of cannabis use
(e.g., cannabis addiction/dependence) and delinquency (e.g.,
serious delinquency including violence) (see e.g., Dembo
et al,, 2007). It should further be noted that the current study
was conducted in Switzerland, where cannabis is illegal, but
the culture toward it is relatively liberal. Hence, cannabis use
might not be considered as a typical deviant behavior (per-
haps especially so for older youth), which could explain why
increases in short-term mindsets were unrelated to increases
in cannabis use in our sample. Finally, another study (Murray
et al., 2021) using latent class growth analyses on the current
sample, showed that delinquency peaked for a sub-sample
(7.4% of the total sample) of the current youth. Thus readers
should consider that perhaps the co-development we found
might even be stronger in that particular sub-sample.

Although we found that short-term mindsets—particu-
larly impulsivity—and delinquency to develop in tandem,
research is needed to further identify whether these changes
are indeed reciprocal/bi-directional or whether they are
unidirectional. Our findings do suggest that a reciprocal
relation between short-term mindsets and risk behaviors is
plausible, which could have implications for interventions.
For example, if the association between short-term mind-
sets and the risk behaviors were static, treating baseline
levels of short-term mindsets would suffice to reduce fu-
ture delinquent behavior (Lee et al., 2017). However, if this
relationship is dynamic, as suggested by our findings, this
would imply possible points of intervention throughout ad-
olescence and young adulthood. Finally, unstudied genetic
and social influences might also contribute to the develop-
ment of short-term mindsets and risk behaviors; thus, future
studies could additionally consider those variables (e.g., Van
Gelder et al., 2018). For example, it is to be expected that
changes in peer cannabis use are associated with peer can-
nabis use which could in turn predict delinquency (see e.g.,
Defoe et al., 2019).

CONCLUSION

Cannabis use and delinquency are often grouped together
under the overarching term risk behaviors and are theorized
to have similar developmental courses. However, in the cur-
rent study, we found that the development of short-term
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mindsets, particularly impulsivity, is important for the de-
velopment of delinquency, but not for the development of
cannabis use. Taken together, the results stress the impor-
tance of investigating the predictors and correlates of change
of delinquency and cannabis use separately, as divergent
findings might emerge for these two risk behaviors. Such di-
vergent findings for associations with cannabis use versus
delinquency may perhaps especially occur in (1) cultures
with liberal views on cannabis use, (2) when cannabis is used
to a moderate extent in the studied sample, and/or (3) when
only minor forms of delinquency are considered.

All in all, the current findings could be useful for inter-
ventions including adolescents, as they suggest that develop-
mental changes in impulsivity and delinquency do not occur
in isolation during this period. Consequently, intervening
on one of these factors might halt the development of the
other.
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