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Abstract Differences in developmental trajectories of
physical violence, vandalism, theft, and alcohol-drug use
from ages 10 to 15 were studied. For females and for males,
three trajectories of theft and of alcohol-drug use increased
from 10 years to 15 years, while only the high trajectory of
vandalism increased from ten to 14. All trajectories of
physical violence decreased. Children who engaged in the

high trajectories of vandalism, theft, and alcohol-drug use
had a high probability of also being high in physical
violence. Compared to males, females were less likely to be
on the high trajectory of physical violence, and their
trajectories of other antisocial behaviors were less strongly
associated with high levels of physical violence. The results
suggest that physical violence during pre-adolescence and
adolescence has a different developmental pattern than
other forms of antisocial behavior, and that its relation to
these other forms of antisocial behavior differs by sex.
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The childhood versus adolescent onset theory is widely em-
braced and describes the onset of antisocial behavior (ASB)
among children and adolescents (Loeber and Stouthamer
Loeber 1998; Moffitt 1993; Patterson et al. 1989; Patterson
and Yoerger 1993, 1997). According to this theory, some
children will be engaging in ASB early in life—at or before
age 10 (American Psychiatric Association 1994)—and
follow a life course persistent pathway of ASB. This onset
pattern is rare, persistent, pathological and believed to occur
primarily among males. Amongst other youth, however, the
onset of antisocial behavior occurs in adolescence and is
believed to be relatively more common, limited to adoles-
cence and early adulthood, and with less gender disparity
when compared to early onset pathway (Moffitt 1993).
Moffitt and colleagues (Moffitt and Caspi 2001; Moffitt et al.
1996, 2002) used longitudinal data and identified youth
following the childhood or the adolescent onset path of ASB.
In accordance with the theory, these researchers showed that
although 5–10% of children first engage in ASB in
childhood, a considerably larger percentage starts in adoles-
cence (26%). Findings from other longitudinal studies were
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also in support of this theory (e.g., Fergusson and Horwood
2002; Hoeve et al. 2008; van Lier et al. 2007).

Despite support for a distinction based on the age of onset
of ASB, it is important to note that some studies did not find
both childhood and adolescent onset patterns paths (Chung
et al. 2002; Fergusson et al. 2000; Wiesner and Capaldi
2003). One possible explanation of these contradictory
results may be a methodological artefact that we refer to as
‘lumping or splitting’ (see Vitaro et al. 2006). Specifically,
studies that supported the childhood vs. adolescent onset
distinction often lumped different forms of ASB into a
single score. Although the specific items differed across
studies, the ASB scores in each study were comprised of
various behaviors including oppositional behavior, physical
aggression, vandalism, and property offenses (Fergusson
and Horwood 2002; Moffitt et al. 1996, 2002; van Lier
et al. 2007). These different behaviors, however, may have
specific developmental courses (Barker et al. 2007;
Tremblay 2003). Moreover, they may have unique under-
lying causes associated with their emergence and course
over time. For example, we know that physical aggression
is already present during the infancy-toddler period (Koot
et al. 1997; NICHD Early Child Care Research Network
2004; Tremblay et al. 1996, 2004) and thereafter decreases
from early childhood through adolescence (Côté et al.
2006; Tremblay 2006). Indeed, in a number of studies an
adolescent onset pathway specific to physical aggression
failed to be identified (Bongers et al. 2004; Brame et al.
2001; Nagin and Tremblay 1999). By contrast, behaviors
such as vandalism, truancy, substance use and property
offenses (such as stealing cars) become increasingly pro-
nounced during adolescence (Barker et al. 2007; Bongers
et al. 2004; Chassin et al. 2004; Chassin et al. 2002;
Lacourse et al. 2002). Lumping different forms of antisocial
behavior may therefore obstruct the study of domain-
specific development of ASB and underlying mechanisms
(Barker et al. 2007). Tremblay (2003) suggested the study
of specific forms of ASB may enhance our understanding
of the types of ASB emerging in childhood and the types
that emerge in adolescence (see also Loeber and Hay 1997).
The first aim of this study is to explore the developmental
trajectories of physical violence, theft, vandalism, and alcohol-
drug use from late childhood to middle adolescence (ages 10–
15 years), and to test whether all forms of antisocial problems
have childhood as well as adolescent onset trajectories.

A second issue in regard to the age of onset of ASB
pertains to the question of whether or not certain types of
ASB evolve from other types (e.g., adolescent engagement
in theft being preceded by childhood physical violence),
and the likelihood of “de novo” onset of types of ASB.
Moffitt’s theory assumes a de novo onset of certain non-
violent forms of ASB among adolescent onset youths.
Childhood onset is—according to the theory—associated

with persistent behavioral difficulty in early childhood.
However, this theory does not describe how different
manifestations of ASBs develop once they have started.
For the childhood onset group, it is likely that the mani-
festations of ASB change over time. As stated previously,
studies have shown that physical aggression peaks in early
childhood and declines thereafter for the majority of
children (Archer and Côte 2005; Broidy et al. 2003; Côté
et al. 2006; NICHD Early Child Care Research Network
2004). However children on a high trajectory of physical
aggression throughout the elementary school years will use
most other forms of antisocial behavior such as theft, and
vandalism (Broidy et al. 2003; Côté et al. 2006; Nagin and
Tremblay 1999), which typically increase in adolescence
(Bongers et al. 2004). Therefore, and given the stability of
ASB for early onset youth, it is unlikely that these individuals
simply cease to be physically aggressive. Rather, these highly
physically aggressive youth will likely engage in other types
of ASB that are more salient in adolescence, such as high level
vandalism, theft, and alcohol-drug use.

In contrast, adolescent onset youth are unlikely to be
engaging in high levels of physical violence during
adolescence, given that physical aggression normatively
declines with age. However, and according to Moffitt
(1993), these individuals are more likely to be engaging
in non-violent forms of ASB (theft, vandalism, and drug-
alcohol). Hence, high levels of physical aggression should
differentiate the two onsets. Although studies on the co-
occurrence of forms of ASB are limited, support for this
distinction is found. For instance, Barker et al. (2007)
reported that many children who were high in physical
violence—with already elevated levels behavior in late
childhood—were likely to also engage in high levels of
theft, which increased throughout adolescence. In contrast,
only the minority of children who engaged in high levels of
theft were also high in levels of physical violence. These
results suggest that cases with a de novo onset of ASB are
much more likely to engage in theft than in physical
violence. Similar findings were reported by Loeber and
colleagues (Loeber et al. 1993). These authors found that
among those who engaged in deviant forms of covert ASB
(e.g., theft, vandalism), 40% never engaged in serious
forms of overt ASB (physical violence). Age may have
been the decisive factor. That is, Loeber’s study reported
that older boys (mean age 13.4 years old) were more likely
to engage in serious covert ASB than younger boys (mean
age 10.2 years old). In contrast, younger boys were as
likely to engage in serious overt ASB as older boys. Similar
effects of age on the engagement in overt and covert ASBs
have been reported in the National Youth Study (Elliott
et al. 1985), and in the Chicago Youth Development Study
(Tolan et al. 1997). The second purpose of this study was,
therefore, to examine the trajectories of vandalism, theft
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and alcohol-drug use depended on physical aggression.
Toward this end, the developmental courses of vandalism,
theft, and alcohol-drug use were estimated conditional on
the developmental trajectories of physical aggression.

In studying the developmental trajectories of physical
violence, theft, vandalism, and alcohol-drug use we take into
account possible sex differences. It is well established that high
levels of ASBs are most prevalent in boys during childhood
(Barker et al. 2007; Bongers et al. 2004; Broidy et al. 2003;
Côté et al. 2006, 2007; Crick and Zahn-Waxler 2003; van
Lier et al. 2005). However, such differences may diminish
with age as Moffitt and colleagues (Moffitt et al. 2001) found
that males and females are most alike in their level of ASB in
mid-adolescence. Indeed Silverthorn and Frick (1999) argued
that girls exclusively follow a ‘delayed’ adolescent onset
path. However, as stated previously, physical aggression is
high during childhood, whereas covert antisocial acts
(vandalism & theft) are more common during adolescence.
Our third objective is therefore to explore whether males and
females are equally distributed over the developmental
trajectories, and whether the co-occurrence patterns between
trajectories of specific forms of ASB differ between the sexes.

In summary, we aimed to study whether or not differences
in the manifestation of ASB should be taken into account
when trying to understand the distinction in age of onset of
ASB. The first research goal was to explore the develop-
mental trajectories of physical violence, theft, vandalism,
and alcohol-drug use, and to test whether they follow similar
or dissimilar developmental trajectories. We hypothesized
that a high trajectory of physical violence would onset
already in childhood, and would tend to decrease between
10 years and 15 years of age. In contrast, trajectories of
vandalism, theft, and alcohol-drug use would have low
levels in childhood (although some variation is expected),
but would increase during adolescence. Given that we
anticipate trajectories of physical violence to onset in
childhood, we hypothesize that females are especially
unlikely to follow a high physical violence trajectory
(Fontaine et al. 2008; Moffitt et al. 2001; Silverthorn and
Frick 1999). Our second goal was to study the co-
occurrence between trajectories of physical violence, with
theft, vandalism, and alcohol/drug use. We hypothesized
that children who are high on physical violence already at
age 10 years (i.e., early onset) are very likely to engage in a
high trajectory of vandalism, theft, and alcohol/drug use.
We expected that especially males will follow this (early
onset) pattern. We also expect that high trajectories of
vandalism, theft and alcohol-drug would not be exclusively
followed by children who were also on the high trajectory
of physical aggression. That is, we hypothesize that
adolescent onset cases would follow high trajectories of
vandalism, theft and alcohol/drug use, but not the high
trajectory of physical violence.

Method

Participants

Participants in the present study were 360 Caucasian
children (52% boys) in which self-reported ASB was
surveyed yearly from age 10 to age 15 (i.e., six data
waves) in addition to teacher rated problem behavior from
age 6 years to 10 years. All children lived in a small city in
northwestern Quebec, Canada, and attended five different
elementary schools (up to age 12), after which they
transferred to one large high school (except for those who
were retained). The schools were relatively homogeneous
in size, number of classes, characteristics of the children in
the classes, and characteristics of the neighborhood. In
addition, all children attended regular classrooms, although
12% of the sample was in classrooms with younger
classmates because of grade retention. In each year of data
collection, at least 90% of children in the targeted class-
rooms participated in the study. Those who did not
participate did not receive parental permission or were
absent from school on the day of data collection.

Data used in this study come from a larger study of 455
children. Two criteria were used for inclusion in the present
study. First, self-reported ASB scores at age 10 years had to
be present to as an indication of ASB in childhood. DSM-
IV (American Psychiatric Association 1994) regards age 10
as the critical age to for childhood conduct disorder.
Second, the child had to have participated in at least three
of the six annual assessments. In total 95 participants were
excluded by virtue of these two criteria, leading to the final
sample of 360 participants (188 boys and 172 girls). No
differences were present in gender distribution and grade
retention between included and excluded children. The
overall delinquency scores from age 10 years to 15 years
were similar for included and excluded children. Partic-
ipants’ socioeconomic status (SES) was similar to the SES
of a representative sample of 2,000 same age children
throughout the Province of Quebec, according to the
Blishen et al. (1987) occupational prestige scale (M=
43.15; SD=13.12). Parental permission was obtained each
year for all participants. At age 10, 73% of children lived in
intact families with two biological parents, 11% lived in
blended family households, 14% in single parent families
(predominantly with their mothers), and 2% lived in other
family configurations.

Procedure

Each spring, participants spent 2 hours of classroom time,
divided by a 20-min break, answering questionnaires. After
the children were informed about the purpose of the study,
they were told that all of their answers would be con-
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fidential and that they did not have to answer any of the
questions if they did not want to. The children were
encouraged to keep their answers confidential and not to
talk with classmates about their answers. Trained research
assistants administered and collected the questionnaires.
Teachers were asked to leave the classroom during the
assessment time to emphasize that participants’ answers
would not be revealed to their teachers.

From age 6 through age 10, the teachers completed the
questionnaires during school time while research assistants
took charge of the classroom to collect sociometric data
(not reported here).

Measures

Participants’ antisocial behaviors from age 10 through 15
were assessed by means of the Self-Reported Delinquency
Questionnaire (SRDQ; LeBlanc and Fréchette 1989). At
each assessment, the participants reported whether they had
been involved in a variety of antisocial behaviors, such as
physical violence (six items; e.g., Threaten to beat
someone, Used a weapon, Beat someone without a reason,
Engaged in a fistfight, Threw rocks or other objects at
someone), vandalism (six items, e.g., Broken or destroyed
something that did not belong to you, Demolishing school
equipment, Having broken down part of a car deliberately,
Setting fire), theft (ten items; e.g., Taken and kept
something in a store without paying, Steals something from
parents, Steals an amount of 10 Canadian dollars or more
from school, Buying, using or selling something that has
been stolen, Stealing by breaking and entering), or drug-
alcohol use (three items; Used marijuana, Binge drinking,
Drinks alcohol) over the past 12 months. They indicated
how frequently in the last year they had engaged in each
act, with the following possible responses: 0 = never, 1 =
rarely, 2 = sometimes, or 3 = often. These scores were
summed into the four ASB scales. Cronbach’s alphas varied
between 0.84 and 0.94, 0.81 and 0.90, 0.82 and 0.90, and
0.77 and 0.86 from age 10 years through age 15 years for
the physical violence, vandalism, theft, and alcohol-drug
use scale, respectively. To explore whether each of these
four ASB scales fitted a general ASB construct, confirma-
tory factor analyses were run at each time-point. CFIs
ranged from 0.92–1.0, (with CFI in five of the six
assessments ≥0.97) indicating that at each assessment,
ASB was well indicated by the four scales.

The 25 items of the SRDQ were embedded in various
other items pertaining to school, hobbies, social relation-
ships, and parent relationships. LeBlanc and McDuff
(1991) reported satisfactory convergent validity with higher
correlations among the subscales of the SRDQ (r∼0.35)
than with other scales tapping into family relationships and
school (r∼0.20). As for discriminant and predictive

validity, the SRDQ scales significantly distinguished
groups of adjudicated and non-adjudicated juveniles and
distinguished adolescents who subsequently received a
criminal record by age 30 years from those who remained
without a crime record (see also Loeber and LeBlanc 1990).
Other researchers have also documented the validity of self-
reported measures of delinquency (Hindelang et al. 1981;
Klein 1989).

Participant’s physical aggression from age 6 to age 10
was annually rated by the teachers through the Social
Behavior Questionnaire (SBQ; Loeber et al. 1989). The
SBQ is a 32-item behavior-rating questionnaire in which
teachers indicated whether items did not apply (0), applied
sometimes (1), or applied often (2) to a target child. The
physical aggression scale was comprised of four items
including Gets into fights, and Physically attacks others.
Raw mean scores were (with SD’s in parentheses) 0.68
(1.26), 0.49 (1.07), 0.63, (1.29), 0.53 (1.12), and 0.36
(0.93) for ages 6-10 years respectively. The physical
aggression scores were normalized through a square root
transformation. Cronbach’s alphas ranged from 0.80 to 0.87
from age 6 through age 10.

Statistical Approach

The analyses were performed in two stages. First, the
developmental trajectories of self-reported physical vio-
lence, vandalism, theft and alcohol-drug use were analyzed
using Growth Mixture Modeling (GMM; Muthén and
Shedden 1999; Nagin 1999). The objective of GMM is to
find the smallest number of groups of individuals with
similar developmental trajectories of ASB. The optimal
number of trajectories was chosen via three criteria. The
first was the relative fit of the models, through the Bayesian
Information Criterion (BIC), the sample size adjusted BIC
(aBIC), and the Lo-Mendell-Rubin Likelihood Ratio Test
(LMR-LRT) (Kass and Raftery 1993; Nylund et al. 2007;
Schwartz 1978). Lower BIC values indicate a more
parsimonious model. LMR-LRT provides a k-1 likelihood-
ratio based method for determining the ideal number of
trajectories; a low p-value (p<0.05) indicating a better fit to
the data. Moreover, the entropy statistic, a measure of
classification accuracy with values closer to 1 indexing
greater precision (range 0 to 1) has to be above 0.70 (Nagin
2005). The second is the usefulness of the trajectories
criterion (Muthén and Muthén 2000; Nagin 2005). Given
our sample size, trajectories which were comprised of less
than 5% of the sample were considered; in the trajectory
models in which two forms of ASB were analyses
simultaneously (see description below), smaller trajectory
classes would make the proportion of children following
certain transitions near zero. The third criterion is the
stability of the different model solutions. For each model,

484 J Abnorm Child Psychol (2009) 37:481–492



100 random perturbations of starting values were generated
by the program and the model was run for 20 iterations.
The ending values from the ten optimizations with the
highest log-likelihood were used as the starting values for
the final-stage optimization. A model was considered
stable when random perturbations of starting values were
replicated.

The criteria for choosing the optimal number of
trajectories were used in a hierarchical manner. That is,
as long as the usefulness and stability criteria were met,
the model with the lowest BIC value was considered the
optimal solution. For type of ASB, a model with three
growth parameters (intercept, linear and quadratic term),
per trajectory, was specified. For the initial identification
of the number of trajectories, the variances and covari-
ances of the growth parameters were held equal to zero,
and the (residual) variances of the observed delinquency
scores were held equal across time and trajectories (see
Muthén 2004; Muthén and Muthén 1998). We then
allowed these parameters to freely vary across trajectories
(and time), to examine whether or not additional parame-
ters improved model fit. The distributions of the self-
reported ASB scores were non-normal, with the largest
proportion of the sample exhibiting none of the problem
behaviors. To accommodate this censoring problem, we
modeled the developmental trajectories using a censored
normal distribution.

In the second stage of the analyses, the co-occurrence
between optimal solutions on physical violence and
vandalism, theft, and alcohol-drug use was analyzed. The
final trajectory models from the first stage served as the
starting point. Three growth mixture models were used to
estimate the co-occurrence patterns, in which physical
violence was combined with the other outcome variables
(vandalism, theft, alcohol-drug use, respectively). In each
of these models, the trajectories of vandalism, theft and
alcohol-drug use were regressed on the trajectories of
physical violence to estimate the co-occurrence between
each of the trajectory classes.

To test whether children on a high ASB trajectory from
age 10 years to 15 years were already characterized by high
level problem behaviors from age 6 years onwards (i.e., to
make a claim of early onset plausible), the predictive link of
age 6–10 years physical aggression to the trajectories of
ASB from age 10 years to 15 years was estimated. A
growth model, in which the population variance in initial
level (age 6 years) and growth with age (6–10 years) in
physical aggression was modeled using an intercept and
linear growth parameter. These growth parameters were
used to predict high trajectory of physical violence,
vandalism, theft and alcohol-drug use, and were expressed
as odds ratios. All analyses were performed with Mplus
4.21 (Muthén & Muthén 2007).

Results

Trajectories of Physical Violence, Vandalism, Theft,
and Alcohol-Drug Use

For the first research question, we examined the develop-
mental trajectories of self-reported physical violence,
vandalism, theft, and alcohol-drug use. The means of the
self-reports for males and females are in Table 1. For each
of our four ASBs, a model with three growth parameters
(intercept, linear and quadratic term) was specified. Based
on the criteria for deciding the optimal number of
developmental trajectories (Table 2), three trajectories of
physical violence, vandalism, and theft were identified as
the best fit to the data. The additional trajectories resulted in
either unstable solutions, non-converging solutions or in
trajectory classes comprised of very few subjects (<5%).
For alcohol-drug use, up to six trajectories could be
determined. However, the five-class solution yielded a
trajectory with few subjects (<5%) and the six class
solution was unstable. The four-class solution was therefore
chosen as the optimal one.

After determining the number of trajectories, we tested
whether model fit could be improved. First we freed the
variances of the growth parameters in the overall model,
but constrained them to be equal over the trajectories.
Second, we allowed the variances of the growth parameters
to be different for the trajectories. Both strategies resulted in
unstable and non-converging solutions. Third, we allowed
trajectory specific (residual) variances for the observed
ASB scores, across time. This improved model fit for
physical violence, vandalism, and theft. Specifically, for
physical violence, the optimal solution had trajectory-
specific variance for the observed scores in the high
physical violence trajectory (BIC=5,433, aBIC=5,391,
entropy=0.74; all ten final-stage models had identical
solutions). The optimal vandalism solution had time
specific residual variances of the observed scores in the
overall model (i.e., variances were equal between trajecto-
ries but estimated for each time-point; BIC=4,443, aBIC=
4,389, entropy=0.71; all models replicated). The optimal
theft solution had trajectory specific variance in the high
theft trajectory (BIC=5,828, aBIC=5,787, entropy=0.74;
all models replicated). Allowing for trajectory specific
residual variances did not improve model fit for alcohol-
drug use (entropy=0.79). The developmental trajectories
for physical violence, vandalism, theft, and alcohol-drug
use, and the percentage of children in each trajectory are
shown in Fig. 1. The growth parameter estimates of the
models are in “Appendix”.

Physical Violence Of all children, 15.6% followed a high
developmental trajectory of physical violence from ages
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10 years to 15 years old. Approximately 38% of the
children followed a trajectory with stable moderate levels of
physical violence. The remaining children, 46% of the total
sample followed a low trajectory. Table 3 gives the odds
ratios for males of being in the high and intermediate
trajectories, as compared to females. The low physical

violence trajectory is used as reference category. Males had
a higher probability than females of following the high and
intermediate trajectories.

Vandalism As expected, the three vandalism trajectories
began with low levels at age 10. However, 8.9% of the total
sample reported increasing levels of vandalism during
adolescence, which peaked at about age 14. Children who
followed the two remaining developmental trajectories all
had stable moderate (52.5%) or low to absent (38.6%)
levels of vandalism. Males had a higher probability than
female of following the high and intermediate vandalism
trajectories (Table 3)

Theft All theft trajectories began with low levels at age 10.
However, 15.6% of the children reported increasing levels
of theft through age 15. The remaining two theft trajectories
had slightly increasing but overall moderate levels of theft
(35% of the sample) or stable low levels of theft (49.4% of
the sample). Boys were more likely to follow the moderate
theft trajectory (Table 3).

Alcohol-Drug Use Likewise to vandalism and theft, the
alcohol-drug use trajectories had low to absent levels at age
10. All developmental trajectories showed increasing levels
of alcohol-drug use with age. However, 10.6% of the
sample already showed increasing levels of alcohol-drug
use in late childhood and were among the highest users at
age 15. An additional 14.4% started later, in early
adolescence, but had similar levels of alcohol-drug use at
age 15 years as youths who followed the early increasing
path. The remaining children followed the moderate path
(29.2% of the sample) or low path (remaining 45.8%).

Table 3 Male Gender and Trajectories of Physical Violence,
Vandalism, Theft, and Alcohol/Drug use

OR 95% CI

Physical violence
High 18.84** 9.83–36.12
Moderate 20.11** 17.74–22.79
Vandalism
Adolescent increasers 4.74** 3.26–6.89
Moderate 3.08** 2.72–3.49
Theft
Adolescent increasers 1.48 0.75–2.88
Moderate 2.72* 1.47–5.05
Alcohol/Drug use
Childhood increasers 0.43 0.18–1.02
Adolescent increasers 0.47 0.19–1.13
Moderate 0.82 0.43–1.57

The low trajectories served as reference category
OR Odds Ratio, CI Confidence Interval
**p<0.01;*p<0.05
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Fig. 1 Developmental trajectories of physical violence, vandalism,
theft, and alcohol-drug use
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Males and females were equally likely to follow each of the
alcohol-drug use trajectories (see Table 3).

In summary, for each type of ASB and alcohol-drug use,
approximately 9–15% of children followed a high trajectory
from late childhood into adolescence. However, for
physical violence, children on the high trajectory already
had high levels of such problems at age 10. This is in
contrast to vandalism, theft, and alcohol-drug use, where all
trajectories, even the most high, were nevertheless low in
mean levels of these behaviors at age 10 years and peaked
later in adolescence. That is, physical violence tended to
decrease into middle adolescence, even for the high
trajectory, whereas children on the high theft, vandalism,
and alcohol-drug use trajectories showed increases in such
behaviors.

Children with already high levels of ASB at age 10 years
primarily exhibited physically violent acts. We therefore
tested whether children on the high physical violence
trajectory were already high on physical aggression in
childhood, as an indication of persistent problems from
childhood onwards. To test this, the growth parameters of
physical aggression (intercept, slope) were used to predict
high physical violence class membership. Because males
had higher levels of physical aggression from age 6–
10 years (βintercept=0.45, p<0.05), we controlled for sex in
the growth parameters. Results showed that compared to
children in the low physical violence trajectory, the
intercept (level) of physical aggression from age 6 years
to 10 years significantly increased the likelihood of
following the high physical violence trajectory (OR=4.30,
95% CI=1.03−17.94). We then tested whether childhood
physical aggression predicted trajectories of vandalism,
theft, and, alcohol drug use. The low trajectories always
served as the reference category. No significant links were
found.

Co-occurrence Between Developmental Trajectories
of Physical Violence and Trajectories of Vandalism,
Theft, and Alcohol-Drug Use

To address the second research question, we examined the
co-occurrence patterns of physical violence with vandalism,
theft, and alcohol-drug use.

Vandalism and Physical Violence The co-occurrence of the
trajectories of physical violence and the other trajectories
are presented in Table 4. Children who followed the
adolescent increasing trajectory of vandalism almost all
followed the high physical violence trajectory. No sex
difference was found (OR=4.5, CI=0.5-34.9).

Theft and Physical Violence The majority of the children
who followed the adolescent increasers theft trajectory also

followed the high physical violence trajectory (56.3%, see
Table 4). However, males on the high physical violence
trajectory had a higher probability than females to also
follow the adolescent increasing theft trajectory (OR=7.1,
CI=2.0−25.7).

Alcohol-Drug Use and Physical Violence Less than half of
the children who followed the early increasing high
alcohol-drug use trajectory also followed the high physical
violence trajectory (45.9%, see Table 4). Males were more
likely than females to follow this developmental pattern
(OR=7.3, CI=1.7−32.2. No children in the early increasing
trajectory followed the low physical violence trajectory.

In summary, significant co-occurrences were found be-
tween physical violence and theft, vandalism, and alcohol-
drug use. This pattern of co-occurrence was especially high
for physical violence and vandalism (91%). Nevertheless,
approximately 50% of the children on the high physical
violence path also engaged in high level theft and alcohol-
drug use from age 10 years to 15 years.

Discussion

The first question of this study was whether all forms of
ASB develop in approximately identical ways. The second
concerned the co-occurrence between forms of ASB. We
also examined potential sex-differences in both the likeli-
hood of following a high trajectory and in the co-
occurrence between high trajectories. As we found that
the sex of the child was related to both the level and course

Table 4 Co-occurrence between Developmental Trajectories of
Physical Violence and Developmental Trajectories of Vandalism,
Theft, and Alcohol-Drug Use

Other trajectories Physical Violence Trajectories

High Moderate Low

Vandalism
Adolescence increasing 91.3 8.7 0.0
Moderate 4.6 82.1 13.3
Low 4.3 14.9 80.9
Theft
Adolescence increasing 56.3 43.8 0.0
Moderate 17.1 78.6 4.3
Low 0.6 30.8 68.6
Alcohol-drug use
Early increasing 45.9 54.1 0.0
Adolescence increasing 22.4 40.8 36.7
Moderate increasing 12.8 61.6 25.6
Low 3.4 26.8 69.8

Entries reflect joint class percentages of trajectories of physical
violence, with trajectories of vandalism, theft, and alcohol-drug use
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of ASB and to the co-occurrence between forms of ASB,
we will address our results and their implications for
understanding ASB development taking into account these
sex differences.

ASB Development

Approximately 16% of the children followed a high
physical violence trajectory. Children on this trajectory
were likely to also have physical aggression problems in
childhood. As expected, females were less likely than males
to follow the high physical violence trajectory, in addition
to, on average, being less physically aggressive from age 6
onwards. These findings support previous research on
physical aggression (Bongers et al. 2004; Côté et al.
2006; NICHD 2004) and may suggest that girls learn more
rapidly than boys to control their use of physical aggression
and learn to express conflict in more socially acceptable
manners (Côté et al. 2007; NICHD 2004; Tremblay 2003).

In contrast to physical violence, trajectories of van-
dalism, theft, and alcohol-drug use were characterized by,
on average, low levels at age 10, but increasing levels into
adolescence, which supported previous research (Bongers
et al. 2004; Chassin et al. 2004; Chassin et al. 2002;
Lacourse et al. 2002). We also expected and found that
males were more likely than females to follow the high
vandalism trajectory, whereas no sex-differences were
identified in the high theft and alcohol-drug use trajectories.
This suggests that females engage in approximately similar
levels of non-violent ASB as their male counterparts, and is
in accordance with previous findings on the diminishing
sex-differences in adolescence (Moffitt et al. 2001).

The differences in the developmental courses of physical
violence and the other forms of ASB (vandalism, theft and
alcohol drug use) are inconsistent with the assumption that
all forms of ASB develop in an identical way. They also
appear to contradict the idea that there are early and late
onset paths for all forms of ASB. Early onset appears to be
specific to physical aggression (i.e., by age 10), while late
onsets appears to characterize children who primarily
engage in theft, vandalism, and alcohol-drug use. Hence,
onset of physical violence is not typical of adolescence, as
suggested by the World Health Organization report on
violence and health (Krug et al. 2002), and by recent
reports on youth violence from the Surgeon General of the
US and the NIH (see Tremblay 2006).

Co-occurrence Between Physical Violence, Vandalism,
Theft and Alcohol-Drug Use

Children on the high physical violence trajectory had high
probabilities of also being on the high level vandalism, and
to a slightly lesser extent, high level theft and alcohol-drug

use trajectories. Moreover, none of the children who
followed a high level trajectory of vandalism, theft, or
alcohol-drug use followed the low physical violence trajec-
tory. This suggests that adolescents who engaged in frequent
non violent forms of ASB are likely to have engaged in
physical violence (either high or moderate physical violence
trajectory), during childhood and early adolescence.

The pattern of high physical violence trajectory with high
level theft, vandalism, and alcohol-drug trajectories was
especially observed among males. As stated previously,
youth following the high physical violence trajectory were
already highly physically aggressive in childhood (see also
Côté et al. 2006; NICHD 2004; Nagin and Tremblay 1999).
Thus, early onset cases, who are likely males, engage in
high levels of all types of ASB. Adolescent onset cases,
conversely, showed less gender disparity in non-aggressive
antisocial acts, which were not predicted by childhood
physical aggression. This suggests that in order to under-
stand the development of antisocial behavior, we need to
consider the development of specific forms of antisocial
behavior, and their gender specific co-occurrence from early
childhood to adolescence.

It is important to note that not all children in the physical
violent trajectory were also in the high theft, vandalism and
alcohol-dug use trajectories. To understand what factors
protect the children with a history of physical aggression
from frequent theft and alcohol-drug use we will need to
take into account individual characteristics, such as cogni-
tive functioning (Barker et al. 2007), and environmental
circumstances, such as peer influences (Lacourse et al.
2006; Moffitt 1993; Patterson et al. 2000). Such factors
may also explain why some children who were not high on
physical violence do engage in the deviant theft and
alcohol/drug use trajectories.

Limitations

Our first limitation regards the sample and age range studied.
The sample was comprised of Caucasian youths from a small
town in the Canadian province of Quebec. As such it was not
a representative sample of the general population, and our
findings may not generalize to specific risk populations. In
addition, with a total of 360 children, the deviant trajectories
were comprised of relatively small numbers of youths,
especially among females. Consequently, the power in the
estimation of the co-occurrence between the deviant trajec-
tories was higher for males than for females. An alternative
for exploring sex-differences in the developmental trajecto-
ries would have been to estimate the developmental
trajectories for boys and girls separately. However, this
would have drastically reduced the power to identify growth
trajectories. The age range of the self-reported delinquency
data was 10–15 years of age. To fully understand the
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development of ASB data from early childhood to adulthood
is required. For instance, previous studies have shown that
physical aggression trajectories have their highest peaks in
early childhood (Côté et al. 2007; NICHD 2004). This may
also be the case for other forms of ASB, such as stealing
(e.g., taking away things from others) and vandalism (e.g.,
destroying others toys). In addition, the highest levels of
some forms of delinquent acts may not be at their peak at
age 15 (White et al. 2001). Our results should thus be taken
with reserve until they are replicated in larger and more
diverse samples.

Second, GMMs have been criticized; this method can
result in the detection of trajectory classes that are not
present in the data (Bauer 2007). One way of minimizing
this risk is to not use GMM in an exploratory manner, but
rather to specify specific a priori hypotheses based on prior
research regarding the shape of the trajectories and the
relationship between trajectory membership and covariates
(Muthén 2004). The shape of our trajectories and the
relationship between following particular trajectories, and

co-occurrence patterns with (male) sex were in accordance
with our hypotheses.

Third, although our results underscore the importance of
physical violence in the pathway to adolescent forms of
ASB, it does not imply a causal link. Other, individual or
contextual factors (e.g., genes, temperament, family charac-
teristics, peers) may account for both the early development
of physical violence and the later use of other forms of ASB.
Fourth, all results were based on self-reports. The use of
additional informants would have provided a more thorough
picture of the antisocial behaviors exhibited in this sample.

Taken together, the results of this study and previous
studies on the development of specific forms of ASB
suggest that in order to understand the development of
ASB, the onset, the course, and the (time varying)
consequences of all forms of ASB, in addition to the
patterns of co-occurrence needs to be studied from early
childhood onwards. For each of these, sex differences
should be taken into account to ensure that our knowledge
can be generalized to both males and females.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

Appendix

Table 5 Growth Factor Means and Standard Errors of Trajectories of Physical Violence, Vandalism, Theft, and Substance Use From Age
10 Years to 15 Years

Intercept Linear slope Quadratic slope

Estimate SE Estimate SE Estimate SE

Physical violence
High 3.457 0.574 0.972 0.507 −0.243 0.105
Moderate 1.176 0.296 0.070 0.201 −0.041 0.043
Low −1.300 0.334 −0.492 0.247 0.068 0.053
Vandalism
Adolescent increasers 0.808 0.298 1.190 0.369 −0.158 0.074
Moderate 0.172 0.179 0.141 0.181 −0.029 0.039
Low −1.297 0.268 −0.860 0.479 0.106 0.098
Theft
Adolescent increasers −1.737 0.834 3.644 0.633 −0.332 0.131
Moderate −0.441 0.336 1.443 0.241 −0.184 0.052
Low −1.733 0.305 −0.218 0.294 0.079 0.057
Substance use
Childhood increasers 0.241 0.191 2.874 0.268 −0.311 0.069
Adolescent increasers 0.386 0.139 0.212 0.190 0.234 0.041
Moderate 0.363 0.061 −0.146 0.106 0.180 0.025
Low 0.162 0.034 0.023 0.047 0.039 0.012

A censored normal distribution assumption was used in the estimation of the GMM models for physical violence, vandalism, and theft. As a
consequence estimates of for instance the intercept, does not represent (by approximation) observed means at age 10 years
SE Standard Error
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