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Trajectories of Boys” Physical Aggression, Opposition, and Hyperactivity
on the Path to Physically Violent and Nonviolent Juvenile Delinquency

Daniel Nagin and Richard E. Tremblay

A semi-parametric mixture model was used with a sample of 1,037 boys assessed repeatedly from 6 to 15 years
of age to approximate a continuous distribution of developmental trajectories for three externalizing behav-
iors. Regression models were then used to determine which trajectories best predicted physically violent and
nonviolent juvenile delinquency up to 17 years of age. Four developmental trajectories were identified for the
physical aggression, opposition, and hyperactivity externalizing behavior dimensions: a chronic problem tra-
jectory, a high level near-desister trajectory, a moderate level desister trajectory, and a no problem trajectory.
Boys who followed a given trajectory for one type of externalizing problem behavior did not necessarily follow
the same trajectory for the two other types of behavior problem. The different developmental trajectories of
problem behavior also led to different types of juvenile delinquency. A chronic oppositional trajectory, with the
physical aggression and hyperactivity trajectories being held constant, led to covert delinquency (theft) only,
while a chronic physical aggression trajectory, with the oppositional and hyperactivity trajectories being held

constant, led to overt delinquency (physical violence) and to the most serious delinquent acts.

INTRODUCTION

In their review of the development of violent behav-
ior, the National Research Council’s Panel on Under-
standing and Preventing Violence (Reiss & Roth, 1993)
observed: “it is clear that aggressive children tend to
become violent teenagers and adults” (p. 358). In-
deed, a number of longitudinal studies in countries as
different as England, Finland, French-Canada, New
Zealand, Sweden, and the United States have shown
that boys’ childhood disruptive or troublesome be-
havior is one of the best predictors of adolescent and
adult criminality, including violent crimes (Farrington,
1994; Haapasalo & Tremblay, 1994; Huesmann, Eron,
Letkowitz, & Walder, 1984; Pulkkinen & Tremblay, 1992;
Stattin & Magnusson, 1989; White, Moffitt, Earls, Rob-
ins, & Silva, 1990).

From the perspective of understanding the devel-
opment of physically violent behavior, however,
there are several important limitations with extant re-
search. Over the past 4 decades, it has been repeat-
edly suggested that studies of children’s aggressive
behavior distinguish different types of aggression
(Buss, 1961; Crick & Grotpeter, 1995; Feshbach, 1984;
Lagerspetz, Bjorkqvist, & Peltonen, 1988; Tremblay,
1991). More often than not this suggestion has not
been heeded; the majority of developmental studies
continue to confound physical aggression with verbal
aggression, indirect aggression, opposition, hyperac-
tivity, and other disruptive or troublesome behaviors.
For example, the Pupil Evaluation Inventory peer rat-
ing instrument (Pekarik, Prinz, Liebert, Weintraub, &
Neale, 1976) and the Peer Nominated Index of Ag-

gression (Lefkowitz, Eron, Walder, & Huesmann,
1977) are commonly used in longitudinal studies of
the development of aggression (Huesmann et al,,
1984; Serbin, Peters, & Schwartzman, 1996; Vitaro,
Tremblay, Kerr, Pagani, & Bukowski, 1997). Both have
only two physical aggression items in their 10-item
“aggression” scales. Similarly, the frequently used
Child Behavior Checklist (CBCL) aggression scale for
parent or teacher rating of children’s behavior (Achen-
bach & Edelbrock, 1983; Hawkins, Von Cleve, & Cat-
alano, 1988; McFadyen-Ketchum, Bates, Dodge, & Pet-
tit, 1996) has only 3 of the 23 items that refer to physical
aggression. Thus, based on these very broadly defined
“aggression scales,” it is only possible to conclude that
disruptive or troublesome behavior during childhood
predicts later violent behavior, not that physical ag-
gression during childhood per se is a distinct risk fac-
tor for physical violence in adolescence or adulthood.

To be sure, much research has documented overlap
in externalizing behaviors—physically aggressive chil-
dren also tend to be in opposition, hyperactive, and
otherwise troublesome (Hinshaw, Lahey, & Hart,
1993; Hinshaw, Zupan, Simmel, Nigg, & Melnick,
1997; Kerr, Tremblay, Pagani-Kurtz, & Vitaro, 1997;
Tremblay, Masse, Pagani, & Vitaro, 1996). Still, this
does not mean that these other problem behaviors are
equivalently predictive of physical violence later in
life. An answer to the question of whether physical
aggression is a distinct risk factor for later physical vi-
olence is important for at least two reasons. First, an
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affirmative finding would be valuable for targeting
youth at greatest risk for becoming physically violent
adults. A screening strategy that focused on chronic
physical aggression rather than on generic trouble-
some behavior could increase predictive accuracy.
This would help to narrow the target population of
high-risk youth. Second, a finding that physical ag-
gression is a distinct risk factor for adult physical
violence speaks directly to a central question in de-
velopmental research on violence: Does physical
violence in adults have distinct developmental ante-
cedents in childhood physical aggression or is it sim-
ply a manifestation of a general potential for antiso-
cial behavior? Alternatively, as stated in Understanding
and Preventing Violence (Reiss & Roth, 1993), a key
question is:

What constructs underlie aggressive and violent
behavior, and how general or specific should they
be? Should we assume that all persons can be or-
dered on a dimension of violence potential at any
given age, or can they be ordered on a more gen-
eral dimension such as antisocial personality or
“potential for antisocial behavior”? (p. 361)

A number of developmental models address these
questions. Some argue for a single pathway to all
criminal behavior, some argue for specific pathways
to specific types of criminal behavior, and others argue
for multiple pathways to a general tendency for crim-
inal behavior. For example, in their general theory of
crime, Gottfredson and Hirschi (1990) argue for a sin-
gle pathway model. According to this model, children
who fail to learn to control their impulses (i.e., those
with low self-control), are most at risk of being unable
to resist the temptations of any criminal behavior.
From this model one would expect that chronically
hyperactive children, characterized by low impulse
control, are at greatest risk for all forms of criminal
behavior during adolescence and adulthood. Loeber
and colleagues (Loeber, 1991; Loeber et al., 1993) pro-
posed models with different developmental path-
ways leading to different types of offending in adoles-
cence and adulthood. For example, an overt behavior
problem pathway starts with minor problems such as
annoying others, leads to physical fighting, and is fol-
lowed by serious violence such as strong-arm robbery
and rape. By contrast, a covert behavior problem
pathway starts with minor problems such as lying,
leads to property damage, and is followed by serious
covert delinquent acts such as fraud and burglary.
Yoshikawa (1994) suggested still another model, a cu-
mulative effects model, in which the accumulation of
problems during childhood leads to a general pro-
pensity for criminal behavior. From this model, one

would expect that any combination of hyperactive,
oppositional, and physically aggressive developmen-
tal trajectories will increase the risk of any form of
criminal behavior.

A second problem with research linking childhood
aggression and adult violence is that most longitudi-
nal studies from childhood to adolescence and adult-
hood have assessed behavior problems at only one or
two points in time during childhood. Whereas such
limited measurements may be sufficient for predic-
tive purposes, it is insufficient for analyzing develop-
mental trajectories of behavior problems from child-
hood to adolescence, and for linking such trajectories
to criminal behavior. The few studies that have as-
sessed changes in physical aggression on population
samples with multiple assessments during childhood
indicate that as children grow older they resort less
and less frequently to physical aggression (Cairns,
Cairns, Neckerman, Ferguson, & Gariépy, 1989; Trem-
blay, Boulerice, et al., 1996). In other words, they learn
to use other means of problem solving. There is clear
evidence, however, that not all children follow this
developmental trajectory (Haapasalo & Tremblay, 1994;
Loeber, Tremblay, Gagnon, & Charlebois, 1989). Some
children appear never to engage in physical aggres-
sion, some are clearly chronic cases, and others are de-
sistors. Thus, developmental researchers commonly
create taxonomies of developmental trajectories using
ad hoc, albeit reasonable, categorization procedures
based on factors such as age of onset and the seeming
chronicity of the behavior (Haapasalo & Tremblay,
1994; Loeber et al., 1989; Moffitt, 1993; Patterson, De-
Baryshe, & Ramsey, 1989).

In the past decade, major advances have been
made in methodology for analyzing individual level
developmental trajectories that allow researchers to
move beyond the use of such categorization proce-
dures for studying developmental trajectories. The
two main branches of methodology are hierarchical
modeling (Bryk & Raudenbush, 1987, 1992; Gold-
stein, 1995), and growth curve modeling (Meredith &
Tisak, 1990; Muthen, 1989; Willett & Sayer, 1994). A
third alternative for analyzing individual level devel-
opment is semi-parametric and is designed to iden-
tify distinctive groups of developmental trajectories
within the population (Land & Nagin, 1996; Nagin,
1999; Nagin, Farrington, & Moffitt, 1995; Nagin &
Land, 1993; Roeder, Lynch, & Nagin, 1999).

One of the principle advantages of this third ap-
proach is that it is well suited to analyzing questions
about developmental trajectories that are inherently
categorical —do certain types of people tend to have
distinctive developmental trajectories? In contrast,
because hierarchical and latent growth curve model-



ing assume a continuous distribution of trajectories
within the population, it is difficult to designate dis-
tinct regions of the response surface (e.g., the chronic
region versus the desister region). Consequently, it
would be awkward to use these methods to address re-
search questions that contrast categories of develop-
mental trajectories (e.g., Moffitt, 1993). Another useful
feature of the trajectory estimation method is that it is
well suited for identifying heterogeneity in types of
developmental trajectories rather than assuming them.

In this article, we generalize the semi-parametric
mixture model method by adapting it for the analy-
sis of psychometric scale data. We apply this gener-
alized method to repeated measures of externalizing
behavior problems during childhood for the pur-
poses of identifying different developmental trajecto-
ries of physical aggression, opposition, and hyper-
activity, and examining to what extent the different
trajectories lead to different levels of involvement in
physically violent and nonviolent delinquent behav-
ior during adolescence. From the numerous studies
that have linked hyperactivity to delinquency (see
Lahey, McBurnett, & Loeber, in press) as well as from
Gottfredson and Hirchi’s (1990) self-control model,
we expect that a chronic hyperactivity trajectory will
lead to higher levels in both physically violent and
nonviolent delinquent behavior involvement. From
Loeber’s model (Loeber, 1991; Loeber et al., 1993) we
expect that a trajectory of chronic physical aggression
will lead to higher levels of physically violent crimi-
nal behavior involvement, and that a trajectory of
chronic oppositional behavior will lead to higher lev-
els in nonviolent delinquent behavior involvement.
From Yoshikawa’s (1994) cumulative effect model, we
expect that the accumulation of opposition, hyper-
active, and physical aggression trajectories will increase
the risk of both physically violent and nonviolent de-
linquent behavior involvement.

METHOD
Participants and Procedures

In the spring of 1984, all teachers of kindergarten
classes at 53 schools in low socioeconomic areas in
Montréal, Québec, Canada, were asked to rate the be-
havior of each boy in their classroom. A total of 1,161
boys were rated by 87% of the kindergarten teachers.
To control for cultural effects, the boys were included
in the longitudinal study only if both their biological
parents were born in Canada and their parents” mother
tongue was French. Thus a homogeneous White,
French-speaking sample was created. After apply-
ing these criteria, and eliminating those who refused
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to participate, and those who could not be traced,
the sample was reduced to 1,037. The boys were then
assessed annually in the spring by their classroom
teachers, between the ages of 10 and 15 years. Each
spring the boys also were met at school and asked to
complete a questionnaire.

When they were assessed in kindergarten, 67%
lived with both of their parents, 24% lived only with
their mothers, and 5% lived with their mother and a
man other than their father; the rest lived in other
family arrangements. The mean age of the parents at
the birth of the child was 25.4 years (SD = 4.8) for
mothers and 28.4 years for fathers (SD = 5.6). The
mean age at the birth of their first child was 23.8 years
(SD = 4.1) for mothers and 26.4 years (SD = 5.1) for
fathers. The mean number of school years completed
by the parents was 10.5 (SD = 2.8) for the mothers
and 10.7 (5D = 3.2) for the fathers. The mean score on
the Canadian socioeconomic index for occupations
(Blishen, Carroll, & Moore, 1987) was 38.15 for moth-
ers and 39.19 for fathers.

Measures

Teachers’ behavioral ratings of externalizing behavior
problems. Physical aggression, opposition, and hy-
peractivity were rated by the boys’ classroom teach-
ers in the spring of each year using the Social Behav-
ior Questionnaire (Tremblay et al.,, 1991). Physical
aggression was assessed with three items: kicks, bites,
hits other children; fights with other children; and
bullies or intimidates other children. The internal
consistency index (Cronbach’s «) for the physical
aggression scale ranges from .78 to .87 (M = .84) for
assessments between age 6 and 15 years. Opposition
was assessed with five items: doesn’t share materi-
als, irritable, disobedient, blames others, and incon-
siderate. The internal consistency index ranged from
.81 to .84 (M = .83). Hyperactivity was assessed with
two items: squirmy, fidgety; and doesn’t keep still.
The internal consistency index ranged from .85 to .89
(M = .86).

Self-reported delinquency. Questions concerning the
boys’ delinquent behavior over the past 12 months at
15,16, and 17 years of age were used to create a phys-
ically violent behavior scale, a serious delinquency
scale, and a nonviolent (property offense) delinquent
behavior scale. The physically violent scale included
fist fighting, gang fighting, carrying/using a deadly
weapon, threatening or attacking someone, and throw-
ing an object at someone. The internal consistency in-
dex (Cronbach’s a) for that scale ranged from .76 to
.81 (M = .79). The serious delinquency scale included
breaking and entering, arson, attacking someone, de-
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stroying property, stealing something worth more
than $100, and carrying or using a deadly weapon.
The internal consistency index for the scale ranged
from .73 to .79 (M = .77). The property offense scale
included stealing from a store, keeping objects worth
more than $10, stealing something worth more than
$100, entering without paying admission, stealing
money from home, stealing a bicycle, stealing some-
thing worth between $10 and $100, buying stolen
goods, being in an unauthorized place, and breaking
and entering. The internal consistency index for the
scale ranged from .86 to .87 (M = .87).

Juvenile infractions. Youths in the province of Québec
are considered juveniles by the courts up to their 18th
birthday. Following the 18th birthday of each partici-
pant, we searched the files of each juvenile court in
the province of Québec and recorded all their infrac-
tions. Although some participants may have been ar-
rested outside the province of Québec, these would
be exceptional cases. Between ages 16 and 17 we iden-
tified three subjects who were living outside of the

province of Québec, and five others whose addresses
were unknown. Cumulative juvenile infractions for
all offense types averaged 1.1 (SD = 4.6) with about
14% of the sample having at least one infraction. Less
than 5% of the sample had infractions for property of-
fenses and even fewer for violent offenses. Due to the
very low prevalence of infractions for violent and
property offenses, meaningful analysis of offense-
specific juvenile infractions was not possible.

Statistical Methodology

Developmental trajectory models were estimated
for physical aggression, opposition, and hyperactivity.
Recall that the scales are based on teacher ratings
made at about ages 6, 10, 11, 12, 13, 14, and 15 years.
For all three scales, the trajectory estimation method
described below identified four distinct groups.
Figures 1, 2, and 3 graph the actual versus predicted
trajectories by group for each of the problem be-
haviors. Before commenting substantively on the

Physical Aggression

—e— Moderate desister-actual
-+ ® -~ Moderate dest pred-52%

—&— Low-actual
--¢-- Low-pred-17%

—&— High desister-actual —%— Chronic-actual

- - & - - High desis pred-28% -~ % - - Chronic-pred-4%

Figure 1 Trajectories of physical aggression.
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Opposition

—&— Moderate desister-actual
-+ ® -~ Moderate dest pred-46%

—&— Low-actual
-- % -- Low-pred-25%

—&— High desister-actual —%— Chronic-actual
-- & -- High desis pred-25%  -- % -- Chronic-pred-5%

Figure 2 Trajectories of opposition.

figures, we describe the statistical procedure used
to estimate them.

Like hierarchical and latent curve modeling, we
use a polynomial relationship to model the link be-
tween age and behavior. Specifically, we use a qua-
dratic equation:

Vil = Bo/ + B1/Agey + Br/Age?; + & 1)

where y;,7 is a latent variable characterizing the behav-
ior (e.g., physical aggression) of subject i at time ¢ given
membership in group j, Age; is subject i’s age at time
t, Age?; is the square of subject i’s age at time ¢, and €
is a disturbance assumed to be normally distributed
with zero mean and constant variance 2.! The model’s
coefficients, By/, B1/, and B,/, determine the shape of

1We use the term latent variable to describe y;7 because, as
discussed below, it is not fully observed. Thus, our use of the
term “latent” is different from that in the psychometric litera-
ture, where the term latent factor refers to an unobservable con-
struct that is assumed to give rise to multiple manifest variables.

the trajectory and are superscripted by j to denote
that the coefficients are not constrained to be the same
across the j groups. By freeing the model parameters
to differ across groups, the estimation procedure al-
lows for cross-group differences in the shape of devel-
opmental trajectories. This flexibility is a key feature
of the model, because it allows for easy identification
of population heterogeneity not only in the level of
behavior at a given age but also in its development
over age. In principal we could use an even higher or-
der polynomial to model the relationship between y;;/
and Age;. Typically, this would be difficult due to the
high intercorrelation of the age terms raised to vari-
ous powers.

Figure 4 illustrates two hypothetical possibilities.
A single peaked trajectory is implied if ; > 0 and B, <
0. Thus, if data collection began at age 1 year old, the
trajectory would imply that for this group the prob-
lem behavior rose steadily until age 6 and then began
a steady decline. Alternatively, if data collection be-
gan at age 6, as is the case with the data used in this
study, generally it would be inappropriate to extrap-
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Hyperactivity
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Figure 3 Trajectories of hyperactivity.

olate backward to a younger age outside the period of
measurement. Thus, for a model based on data from
age 6 onward, this trajectory would imply a steady
decline in the behavior following the initial assess-
ment. Such a trajectory would typify desistance from
the problem behavior. The second trajectory depicted
in Figure 4 has no curvature; rather, it remains con-
stant over age. This trajectory is implied if 3; = 0 and
B, = 0. If that stable level of the behavior is high, this
trajectory would typify a group that chronically en-
gages in the problem behavior.

The trajectories depicted in Figures 1, 2, and 3 are
the product of maximum likelihood estimation. The
likelihood function linking y;; to the latent constructs
yif! is specified to capture an important feature of data
from developmental studies such as that used in this
analysis—the distribution of measured behavior, y;,
is usually censored. Commonly, a sizeable contingent
of the sample exhibit none of the problem behaviors
measured by the scale. The result is a clustering of
data at the scale minimum. Also, there is usually a
smaller contingent that exhibit all of the behaviors

measured by the scale. The result is another cluster of
data at the scale maximum. We take advantage of long-
established results on the censored normal distribu-
tion (Greene, 1990; Maddala, 1983) to accommodate
this censoring problem. A derivation of the likelihood
is reported in the Appendix.

Here we briefly describe key outputs of model es-
timation. One is the shape of each group’s trajectory
as determined by the parameter estimates of Equa-
tion 1. A second key output is the estimated propor-
tion of the population belonging to each trajectory
group. A third important output is the “posterior
probability” of group membership for each individ-
ual in the estimation sample. Specifically, for each in-
dividual, the model’s coefficient estimates can be
used to calculate the probability that the individual
belongs to each group. Based on these calculations,
individuals can be assigned to the group that best
conforms to their observed behavior. For example,
consider a person who started high on the problem
behavior but who subsequently desisted. Based on
the posterior probability calculations, this individual
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Figure 4 Two hypothetical trajectories.

would most likely be assigned to a trajectory group
exhibiting a declining rate of problem behavior rather
than to a group exhibiting chronic problem behavior.

Final model selection requires a determination of
the number of groups that best describes the data. De-
termination of the optimal number of groups is a dif-
ficult statistical problem. The conventional likelihood
ratio test cannot be used to test whether the addition
of a group results in a significant improvement in ex-
planatory power (Ghosh and Sen, 1985). Thus, we fol-
low the lead of D'Unger, Land, McCall, and Nagin
(1998) and use the Bayesian Information Criterion
(BIC) as a basis for selecting the optimal model. Kass
and Raftery (1995) and Raftery (1995) argue that BIC
can be used for comparison of both nested and un-
nested models under fairly general circumstances.
When prior information on the correct model is lim-
ited, they recommend selection of the model with the
largest BIC. For any given model, BIC is calculated as:

BIC = —2log(L) + log(n)-(k),

where L is the model’s maximized likelihood, 7 is the
sample size, and k is the number of parameters in
the model. As Kass and Raftery note, the BIC rewards
parsimony. For this application the BIC criterion will
tend to favor models with fewer groups.

Before turning to the results, we briefly speak to
the issue of the use of groups to approximate an un-
derlying continuous phenomenon. Our model as-
sumes that the population is comprised of a mixture
of distinct groups defined by their developmental tra-
jectory. This assumption, of course, is not literally cor-
rect. Unlike biological or physical phenomena in
which populations may be comprised of literally dis-
tinct groups such as different types of animal or plant
species, population differences in developmental tra-
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jectories of behavior are unlikely to reflect such
bright-line differences (although biology has a long
tradition of debates concerning classification; see Ap-
pel, 1987). To be sure, there are many taxonomic the-
ories that predict different trajectories of develop-
ment across sub-populations (e.g., Belsky, Steinberg,
& Draper, 1991; Kandel, 1975; Loeber, 1991; Moffitt,
1993; Patterson et al., 1989), but the purpose of such
taxonomies is generally to draw attention to differ-
ences in the causes of distinct developmental trajecto-
ries within the population rather than to suggest that
the population is comprised of literally distinct groups.

Thus, we use trajectory groups to approximate an
unspecified but possibly continuous distribution of
population heterogeneity in developmental trajec-
tories. In so doing, we adopt a standard procedure in
non-parametric and semi-parametric statistics of ap-
proximating a continuous distribution by a discrete
mixture (Follman & Lambert, 1989; Heckman & Singer,
1984; Lindsay, 1995). Thus the trajectory groups exist
only as approximations.

The idea of using a discrete mixture to approxi-
mate a continuous distribution is easily illustrated
with an example. Suppose Figure 5A depicts the pop-
ulation distribution of some behavior z. In Figure 5B,
this same distribution is replicated and overlaid with
a histogram that approximates its shape. Figure 5B

A
10 —
05 A
=
00 —
T T T
0 10 20
zZ
B

f(z)

. -

20

-

[e]
[y
[e]

Figure 5 Approximating a continuous distribution.
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illustrates that any continuous distribution with finite
end-points can be approximated by a discrete distri-
bution (i.e., a histogram) or alternatively by a finite
number of “points of support” (i.e., the dark shaded
“pillars”).

Why use groups to approximate what we acknowl-
edge is probably a continuous population distribu-
tion of developmental trajectories? The answer is that
we have no good empirical or theoretical basis for
specifying that distribution. This brings us to the key
distinction between the approach developed here and
the two more widely known and used approaches
to modeling developmental trajectories—hierarchical
modeling and latent growth curve modeling. All
three approaches model individual trajectories with a
polynomial relationship that links age to behavior.
The approaches differ in their modeling strategy
for incorporating population heterogeneity in the
growth curve parameters that for the quadratic
model are By, B, and B,. In hierarchical and latent
growth curve modeling, these parameters are as-
sumed to be normally distributed in the population.
In the semi-parametric approach developed here, no
assumption is made about this distribution. Instead it
is approximated by trajectory groups.

The cost of approximation is obvious. Approxima-
tions are just that—there is a loss of accuracy. Bal-
anced against this are gains in generality and flexibil-
ity. Generally, we have no empirical or theoretical
basis for specifying the distribution of the growth
curve parameters within the population. Although
for some phenomenon a normal assumption may be
reasonable, for others it is questionable. For example,
the distribution of problem behaviors is very skewed
in the population and developmental trajectories seem-
ingly quite varied. In these circumstances the assump-
tion that the growth curve parameters are trivariate
normally distributed is suspect, if only because of the
skew in the data.

Furthermore, and perhaps even more important,
the semi-parametric, group-based approach is a flexi-
ble and easily applied method for identifying vastly
different trajectories of behaviors within the popula-
tion. Trajectories can vary greatly across groups both
in terms of the level of behavior at the outset of the
measurement period and in the rate of growth and
decline over age. For research questions about devel-
opmental trajectories that are categorical in nature,
the flexibility of the method for identifying differ-
ences across groups is ideal. For example, Moffitt’s
(1993) developmental theory predicts that chronic of-
fenders are likely to suffer from various neurological
deficits, whereas adolescent-limited offenders who
desist from delinquency as young adults are not.

Within our semi-parametric framework, this hypoth-
esis is readily tested by comparing the prevalence and
severity of neurological problems in the group whose
behavior most closely corresponds to chronic behav-
ior with that of the group whose behavior corre-
sponds with a desistance-like decay in problem be-
havior. In contrast, because hierarchical and latent
growth curve modeling assume a continuous distri-
bution of trajectories within the population, it is diffi-
cult to designate distinct regions of the response sur-
face (e.g., the chronic region versus the desister region).
Consequently, it would be awkward to use these
methods to address research questions that contrast
categories of developmental trajectories.

Finally, this method provides an alternative to us-
ing assignment rules based on subjective categoriza-
tion criteria to construct typologies of developmental
trajectories. For example, Haapasalo and Tremblay
(1994), Loeber et al. (1989), Séguin, Pihl, Harden,
Tremblay, and Boulerice (1995), as well as Tremblay et
al. (1991), subjectively defined a cut-off point to iden-
tify high physically-aggressive boys in each of the as-
sessment years, and then created trajectories of phys-
ical aggression based on the timing and number of
years an individual had reached the high fighting cri-
terion. Although such assignment rules are generally
reasonable, there are limitations and pitfalls atten-
dant to their use. One is that the existence of the vari-
ous developmental trajectories that underlie the taxo-
nomic theory cannot be tested; they must be assumed
a priori. A related pitfall of constructing groups with
subjectively defined classification procedures is “over-
fitting” the data by creating clusters of trajectories
that reflect only random variation. Second, ad hoc
rules provide no basis for calibrating the precision
of individual classifications to the various groups
that comprise the taxonomy. The semi-parametric,
group-based method avoids each of these limita-
tions. It provides a formal basis for testing the exist-
ence of various developmental trajectories and also
provides an explicit metric, the posterior probability
of group membership, for evaluating the precision of
group assignments.

RESULTS
Identification of Trajectories

For each of the externalizing problem behaviors,
Table 1 reports BIC scores for models with two, three,
and four groups. BIC scores for two four-group mod-
els are reported—one in which all four groups follow
the quadratic trajectory described by Equation 1
(Model 4a) and a second (Model 4b) in which the tra-



Table1 Bayesian Information Criterion (BIC) by Model Type

Problem Behaviors

Physical
Model Aggression Opposition  Hyperactivity
Two group —7704.1 —11825.1 —8324.4
Three group —7668.1 —11693.2 —8276.5
Four group
Model 4a —7667.6 —11694.0 —8277.0
Model 4b —7667.4 —11685.5 —8279.3

jectory of the fourth group is constrained to be con-
stant over age. This is accomplished by defining the
trajectory for this group in terms of a single parame-
ter (Bo, the constant term of Equation 1, and thereby
setting both 3, and 3, equal to zero). Thus, Model 4b
saves two parameters compared to 4a. Inspection of
Table 1 shows that for physical aggression and oppo-
sition, BIC is maximized (i.e., is least negative) for
Model 4b. For hyperactivity, BIC is minimized for the
three group model.

The analyses reported below are based on Model 4b
for all three externalizing behaviors. We use Model
4b for hyperactivity to err on the side of caution in
testing the different theoretical models. The three
group hyperactivity model does not identify a chronic
hyperactivity group, whereas Model 4b does find
such a group. We note, however, that our conclusions
are not affected by this choice.

Inspection of Figures 1, 2, and 3 shows that for each
externalizing problem behavior the trajectories are
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very similar. Specifically, there is a group we call
“lows” who rarely display the problem behavior to
any substantial degree. Depending on the problem
behavior, the lows are estimated to account for about
15% to 25% of the sampled population. A second
group, which comprises about 50% of the population
for each behavior, is best characterized as “moderate-
level desisters.” At age 6 they manifested modest
levels of the externalizing problem behavior, but by
age 10 to 12 they have largely desisted from displays
of that behavior. A third group, comprising about
20% to 30% of the population, start off scoring rela-
tively high on the problem behavior at age 6, but by
age 15 score far lower. We call this group “high-level
near desisters.” Finally, there is a small group of
“chronics” who comprise less than 5% of the popula-
tion for each externalizing problem behavior. They
start off scoring high on the behavior and continue to
score high throughout the observation period. It
should be noted that for each of the externalizing prob-
lem behaviors, we did not identify a late onset group.

The similarity of the trajectory groups across the
externalizing behavior types would seem to suggest
that although the behaviors—physical aggression,
opposition, and hyperactivity—are different, they
are driven by a common developmental process. Sta-
tistics on group overlap reported in Table 2 suggest,
however, that this conclusion is premature. Panel A of
this table reports the percentage of individuals in
each of the groups defined by physical aggression
who are also members of the counterpart group de-
fined by opposition and hyperactivity, respectively.
For example, of the 298 individuals assigned to the

Table 2A  Overlap in Group Membership of Physical Aggression Groups with Counterpart Oppo-

sition and Hyperactivity Groups

Physical Aggression Group

Moderate-Level High-Level
Lows Desister Desister Chronic
(n =191) (n = 518) (n = 298) (n = 30)
Opposition 76.4% 67.7% 65.8% 46.7%
Hyperactivity 56.8% 58.7% 58.1% 13.3%

Table 2B Overlap in Group Membership of Opposition Groups with Counterpart Hyperactiv-

ity Groups
Opposition Group
Moderate-Level High-Level
Lows Desister Desister Chronic
(n = 254) (n = 484) (n = 260) (n = 39)
Hyperactivity 55.1% 63.5% 65.4% 23.1%
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high-level near desister physical aggression group,
65.8% and 58.1% were also, respectively, assigned to
this counterpart group for oppositional behavior and
hyperactivity. Panel B reports the percentage of indi-
viduals in each of the groups defined by opposition
who are also members of the counterpart group de-
fined by hyperactivity. Although the overlap percent-
ages are high, they are not near 100%, particularly for
the group of greatest concern, the chronics. Only about
half of the chronic physical aggressives are also in the
chronic opposition group and only 13% are also chron-
ically hyperactive. Overlap between the chronic op-
position and chronic hyperactive groups is similarly
small; only 23% of those in the chronic opposition
group are also in the chronic hyperactive group.

Delinquent Outcomes of the Trajectories

Table 3 reports summary statistics on self-reported
serious delinquency, physical violence, and theft at
age 17 by group for each of the three externalizing
problem behaviors. The entries are the average num-
ber of self-reported events over the past year. Note
that these self-reports were elicited 2 years after the fi-
nal wave of assessments upon which the trajectories
themselves were based. Observe that for all but the
chronic groups, the average number of events of phys-
ical violence, serious delinquency, or theft are very
similar across the problem behavior types. For exam-

ple, the moderate-level physical aggression desister
group, on average, reported one event of physical vi-
olence at age 17. The counterpart average for the
moderate-level desister group for opposition is 1.28
and for hyperactivity is 1.25. The chronic group de-
fined by physical aggression seems, however, to have
distinctly higher levels of physical violence (3.6 events),
serious delinquency (2.0 events), and theft (6.1 events)
than the chronic group defined by opposition behavior
(24, 1.2, and 4.3 events of physical violence, serious
delinquency, and theft, respectively) or by hyperac-
tivity (2.4, .9, and 3.3 events, respectively). The aver-
age number of juvenile infractions by age 18 also are
reported. Average cumulative infractions of the
chronic physical aggression group, 7.2, is far greater
than the average for the chronic hyperactivity group,
2.3. The average infraction rate for the chronic oppo-
sition group of 6.4, however, is only slightly smaller.

Explanatory Power of the Three Externalizing
Problem Behavior Trajectories

Even though this study used a large sample size of
inner city boys, it is not feasible to make meaningful
statistical contrasts of non-overlapping chronic groups,
due to small sizes of these groups (e.g., persons who
are chronically hyperactive but not chronically phys-
ically aggressive versus those who are chronically
physically aggressive but not chronically hyperactive).

Table 3 Self-Reported Physical Violence, Serious Delinquency, and Theft Events at Age Seventeen Years and Lifetime Juvenile

Infractions by Trajectory Group for Each Problem Behavior

Physical
Group Aggression Opposition Hyperactivity
Physical violence (average no. of events)
Low 72 .60 98
Moderate-level desister 1.03 1.28 1.25
High-level near-desister 1.95 1.88 1.71
Chronic 3.58 2.38 2.39
Serious delinquency (average no. of events)
Low .28 15 .10
Moderate-level desister 44 .60 .57
High-level near-desister 91 .89 .83
Chronic 1.95 1.21 91
Theft (average no. of events)
Low 1.36 1.20 97
Moderate-level desister 2.14 2.30 2.32
High-level near-desister 2.52 2.76 2.80
Chronic 6.05 4.33 3.26
Cumulative juvenile infractions (average no. of infractions) up to 18th birthday
Low .06 .01 .33
Moderate-level desister .50 76 .64
High-level near-desister 221 1.88 2.03

Chronic

717 6.38 2.34




Furthermore, such comparisons treat the group des-
ignations as unambiguous identifications, rather than
as approximations based on the estimated group
membership probabilities. In some circumstances
the inherent uncertainty in classification can seri-
ously undermine inference based on conventional
methods of statistical inference that assume no clas-
sification error (Roeder et al., 1999). Thus, to test the
comparative explanatory power of the three child-
hood externalizing problem behaviors in explaining
self-reported theft, physical violence, serious delin-
quency, and total infractions, we estimated the fol-
lowing two regression models. Model 1 includes only
the probabilities for opposition and hyperactivity,
whereas Model 2 also includes the physical aggres-
sion probabilities. Our testing strategy is to examine
whether physical aggression adds significantly to the
explanatory power of the model, controlling for op-
position behavior and hyperactivity, and whether
these variables continue to provide independent ex-
planatory power if physical aggression is controlled
for. We perform these tests using the likelihood ratio
test. Use of the test in this application is appropriate
because the models are nested.

Because the response variable measures a count
(i.e., number of events) the models were estimated us-
ing a generalization of the standard Poisson regression
procedure, the negative binomial model. Like the Pois-
son model, the negative binomial regression model is
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designed for analysis of count data. It generalizes the
Poisson by accounting for the “over-dispersion” prob-
lem, a common phenomenon in highly skewed data
such as counts of individual criminal events (Land,
McCall, & Nagin, 1996). The results are reported in
Table 4. Without controls for the physical aggression
group membership probabilities (Model 1), the prob-
abilities defining opposition group membership have
a jointly significant (5% level) relationship to physical
violence, serious delinquency, and theft for each of
the 3 assessment years. The hyperactivity probabili-
ties are never jointly significant.

With the addition of the physical aggression prob-
abilities (Model 2), the results for theft are little changed.
The physical aggression probabilities never contrib-
ute significantly to the model’s explanatory power,
whereas opposition continues to make a distinctly
significant contribution in 2 of 3 years, ages 15 and 16.
The addition of the physical aggression probabilities,
however, does materially change the results for phys-
ical violence and serious delinquency. For physical vi-
olence the opposition probabilities are only jointly sig-
nificant at the 5% level at age 15, and for serious
delinquency joint significance is only achieved at age
17. In contrast, for physical violence the physical ag-
gression probabilities are jointly significant at age 15
and 16 and nearly significant at age 17 (p = .06). For
serious delinquency the physical aggression group
membership probabilities are jointly significant at age

Table 4 The Statistical Significance (5% level) of Physical Aggression, Opposition, and Hyperactivity in Explaining Physical Vio-

lence, Serious Delinquency, Theft, and Juvenile Infractions

17y loy 15y

Behavior Model 1 Model 2 Model 1 Model 2 Model 1 Model 2
Self-reported violence

Opposition S ns S ns S S

Hyperactivity ns ns ns ns ns ns

Physical aggression — S — S — S
Self-reported serious delinquency

Opposition S S S ns S ns

Hyperactivity ns ns ns ns ns ns

Physical aggression — ns — S — S
Self-reported theft

Opposition S S S S S ns

Hyperactivity ns ns ns ns ns ns

Physical aggression — ns — ns — ns

Model 1 Model 2

Cumulative juvenile infractions

Opposition S S

Hyperactivity ns ns

Physical aggression — S

Note: S = significant; ns = not significant.
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15 and 16 but fall short of significance at age 17 (p =
.08). Thus, physical aggression seems to be a distinct
predictor of self-reported physical violence and seri-
ous delinquency, but not of theft. In this latter case,
opposition seems to be the distinct predictor.

Consider finally the results for cumulative contacts
with the juvenile justice system. Both the physical ag-
gression and opposition group membership probabil-
ities make a significant contribution to explaining
variation in contacts with the juvenile justice system.
In light of our findings that physical aggression is a
distinct predictor of violence and serious delinquency
and opposition a distinct predictor of theft, the result
that both predict juvenile infractions is not surprising.

The results reported in Table 4 are based on the en-
tire sample and thus include large numbers of per-
sons who never displayed high levels of any of the
three externalizing problem behaviors. Such individ-
uals populate the low and moderate-level desister
groups. Inspection of Table 3 shows that, on average,
these individuals report few incidents of violence and
serious delinquency. We also performed an analysis
in which the sample is restricted to persons assigned
to the chronic or high-level near-desister group for
one or more of the three externalizing problem be-
haviors (n = 475). Because of this sample restriction,
we limit the explanatory variables in the regression to
the probability of membership in each of the three
chronic groups. At all ages the probability of member-
ship in the chronic physical aggression groups is pos-
itively and significantly related to self-reported phys-
ical violence. In 2 of 3 years it is also significantly
related to serious delinquency. By contrast, the coun-
terpart probabilities for opposition behavior and hy-
peractivity are never significantly related to these be-
haviors controlling for probability of chronic physical
aggression. These findings strengthen our conclusion
from Table 4 that physical aggression seems to be a
distinct risk factor for violence and serious delin-
quency. For this restricted sample, however, opposi-
tion was no longer a distinct risk factor for theft.

DISCUSSION

From the results it is clear that as boys grow older
they generally show less and less physical aggres-
sion, opposition, and hyperactivity. The results for
physical aggression replicate previous studies and
contradict the popular belief that as boys become
older they increase the frequency of their opposi-
tional and physically-aggressive behavior (Cairns &
Cairns, 1994; Tremblay, Boulerice, et al., 1996). The op-
positional and physically aggressive adolescents were
oppositional and physically aggressive children. Con-

trary to the idea that there is a group of males who
have a late onset trajectory of problem behaviors
(Haapasalo & Tremblay, 1994; Moffitt, 1993; Patterson et
al., 1989), we did not identify such a group. There were,
however, clearly many boys with high levels of external-
izing behavior problems when they started school who
became better adjusted as they grew older. Two decades
ago, Robins (1978) observed that “adult antisocial be-
havior virtually requires childhood antisocial behav-
ior [yet] most antisocial children do not become anti-
social adults” (p. 611). For each type of externalizing
problem behavior, the relative size of the high-level
near-desister group compared to the chronic group pro-
vides still further evidence of “Robins’ Maxim.” For ex-
ample, for physical aggression, about 28% of the sample
was estimated to be in the high level near-desister
group, but only 4% was estimated to be in the chronic
group. Thus, of the boys who displayed elevated lev-
els of physical aggression in kindergarten, only 1in 8,
thatis, 4/(28 + 4), continued to exhibit elevated levels
of physical aggression in later adolescence.

In the second stage of the analysis, the model coef-
ficient estimates were used to compute the posterior
probability of group membership for each individual
in the estimation sample. These probabilities created
the basis for examining the differences in annual self-
reports of delinquent behavior between ages 15 and
17 for groups of boys who showed different develop-
mental trajectories between 6 and 15 years of age. Our
purpose was to test different models of the paths from
childhood externalizing problem behaviors to juve-
nile delinquency.

Results clearly indicated that boys who show high
levels of hyperactive behavior from kindergarten to
high school are much less at risk of juvenile delin-
quency than those who show high levels of physical
aggression or opposition. This finding suggests that
studies that have found hyperactivity to be a good
predictor of juvenile delinquency had failed to control
for physical aggression and opposition (Farrington,
Loeber, & Van Kammen, 1990; Satterfield, Hoppe, &
Schell, 1982; Weiss & Hechtman, 1993). Lahey et al. (in
press) came to the same conclusion concerning the
developmental links between attention deficit hyper-
activity disorder (ADHD) and conduct disorder. Our
findings also suggest that Gottfredson and Hirschi’s
(1990) hypothesis of low self-control as the underly-
ing cause of most criminal and delinquent behavior
must be reconsidered. Only 13% of the chronically
physically aggressive and 23% of the chronically op-
positional were chronically hyperactive. Many chron-
ically antisocial boys are not among the most im-
pulsive, and many chronically impulsive are not
chronically antisocial.



As there were few additive effects in the regres-
sion, Yoshikawa’s hypothesis that childhood problem
behaviors accumulate to increase the risk of all forms
of delinquent behavior also did not get strong sup-
port from our results. It was the hypothesis of specific
pathways to overt and covert delinquency (Loeber,
1991; Loeber et al., 1993) that was most strongly sup-
ported by our results. A chronic oppositional trajec-
tory, with the physical aggression and hyperactivity
trajectories being held constant, led to covert delin-
quency (theft) only, whereas a chronic physical ag-
gression trajectory, with the oppositional and hyper-
activity trajectories being held constant, led to overt
delinquency (physical violence) and to the most seri-
ous delinquent acts.

Loeber’s (Loeber, 1991; Loeber & Hay, 1994; Loe-
ber, Keenan, & Zhang, 1997) model suggested that the
overt pathway starts in early childhood with opposi-
tional behavior, leads to physically aggressive behav-
ior during middle childhood, and is transformed into
violent delinquency during adolescence. Our results
do not support the idea that chronic physical aggres-
sion appears after oppositional behavior, because we
did not have a late onset group for physical aggres-
sion. It could be argued that our study, which began
during the kindergarten year, started too late to ob-
serve the path from opposition to physical aggres-
sion. The available data on physical aggression before
entry in a kindergarten indicates, however, that the
frequency of physical aggression reaches its peak
around age 2 and then slowly declines up to adoles-
cence (Restoin et al., 1985; Tremblay, Boulerice, et al.,
1996). It is most likely that the boys in the high level
and chronic physically aggressive trajectories were al-
ready highly physically aggressive by age 2 (Cum-
mings, lannotti, & Zahn-Waxler, 1989; Keenan & Shaw,
1994). For opposition to be antecedent to physical ag-
gression we would probably need to be referring to
opposition in the first year of life.

We have the impression that the boys on the overt
delinquency or physical aggression path are those
who did not learn to regulate the physically aggres-
sive reactions that approximately 50% of boys mani-
fest from the middle of their 2nd year of life to the
middle of their 3rd year of life (Tremblay, Boulerice, et
al., 1996). This behavioral trajectory appears to start
with physical aggression as soon as the child is suffi-
ciently coordinated to do so. The changes in behavior
are probably changes in the frequency, means, con-
text, victims, and consequences of his physical ag-
gression, which are probably related to his physical,
cognitive, emotional, and social development.

Our results for the oppositional trajectory appear
to confirm that subjects who follow Loeber et al.’s
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(1993) covert pathway from pre- to late adolescence
start with early childhood oppositional behavior
(Loeber’s authority conflict pathway). Thus, the chronic
covert behavior problem trajectory would start with
preschool oppositional behavior problems. Future
longitudinal studies of preschool children should focus
on the factors that put some children on the chronic
oppositional trajectory and others on the chronic physi-
cal aggression trajectory. Early temperamental charac-
teristics certainly need to be taken into account (e.g.,
Kagan & Snidman, 1991; Tremblay, Pihl, Vitaro &
Dobkin, 1994), but complex early interactions among
biopsychosocial factors are probably major determi-
nants of these chronic trajectories (see Raine, Far-
rington, Brennan, & Mednick, in press).

This study is different from previous studies of the
trajectories leading to juvenile delinquency for a
number of reasons. It used a large sample of inner
city, nonimmigrant, culturally homogeneous White
males. Seven annual assessments over a 10-year pe-
riod, starting in kindergarten, were used to assess the
developmental trajectory of problem behaviors with
a specific focus on the differences between the three
major externalizing behaviors: physical aggression,
opposition, and hyperactivity. Three annual assess-
ments of offending during the peak juvenile delin-
quency years (15 to 17 years) were used. Data were
collected from different sources. Assessments of be-
havior problems were obtained from different teach-
ers over the 10-year period, delinquency was as-
sessed from self-reports and official files. Finally, the
study demonstrates a new semi-parametric method
for estimating developmental trajectories that com-
bines the strengths of categorical and continuous data
analyses. This method adapts prior work based on
mixtures of zero-inflated Poisson distributions to the
analysis of psychometric scale data. It accommodates
missing data so that individuals with incomplete as-
sessment histories do not have to be dropped from
the analysis. Also, time between assessment periods
do not have to be equally spaced.

There also are limitations to the study. Because it
was restricted to boys with a specific set of character-
istics, replications will be needed with other popula-
tions to verify to what extent the results are general-
izable. It will be especially important to replicate the
study with samples of females. Although the sample
was large compared to most studies, it was still not
sufficient to create and compare groups of subjects
with specific characteristics such as chronically phys-
ically aggressives who were or were not also in chronic
opposition. Our use of three annual assessments of
self-reported delinquency during the peak antisocial
years was more extensive than in most developmen-
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tal studies. Notwithstanding, the variation of results
over the years indicates that an extended period of re-
peated measures would provide a clearer picture of the
long-term trajectories of overt and covert delinquency.
In 1984, when the study started, assessments of exter-
nalizing behavior problems from kindergarten teachers
appeared to be early enough to understand the onset of
the paths toward violent juvenile delinquency (Eron,
1990). The results from the present study and others
(e.g., Eron, 1990; Stattin & Klackenberg-Larsson, 1993;
Tremblay, Masse et al., 1996; White et al., 1990), how-
ever, indicate that we need longitudinal studies of be-
havioral development starting in the first year of life to
understand the early development of chronic physi-
cally violent and nonviolent antisocial behavior. We
will also need to wait at least another decade to trace
the paths through adult criminal behavior.
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APPENDIX

As described in the main text, the form of the like-
lihood for each individual i is:

P(Y) = 3 7PI(Y)
J

where P(Y)) is the unconditional probability of ob-
serving individual i’s longitudinal sequence of be-
havioral measurements—Y;, Pi(Y;) is the probabil-
ity of Y; given membership in j, and m; is the
probability of j. Thus, the likelihood for the entire
sample of N individuals is:

N
L= [P

For given j, conditional independence is assumed

for the sequential realizations of the elements of Y, y;;
over the T ages of measurement. Thus,

T
PJ(Yi) = |_| pl(yit)

where pi(Y})) is the probability distribution function of
Vi given membership in group j.
For the censored normal, p/(Y};) equals:

_ i
j 1 . — By
pl(yi) = aq%y”tTﬁx'% for Snin< YitS Smax

j j
and pl(yit = Shax) = l—(‘DM.

where ¢ and @ are, respectively, the density function
and cumulative distribution function of a normal ran-
dom variable with mean Bix;; = B,/ + B,/ Age; + B,/
Age;? and standard deviation, o, Age;; is individual
i’s age at time f, and S.,;, and S, are, respectively,
the scale minimum and maximum.

REFERENCES

Achenbach, T. M., & Edelbrock, C. (1983). Manual for the Child
Behavior Checklist and Revised Child Behavior Profile. Burl-
ington: University of Vermont, Department of Psychiatry.

Appel, T. A. (1987). The Cuvier-Geoffroy debate: French biology
in the decades before Darwin. New York: Oxford University
Press.

Belsky, J., Steinberg, L., & Draper, P. (1991). Childhood ex-
perience, interpersonal development and reproductive
strategy: An evolutionary theory of socialization. Child
Development, 62, 647-670.

Blishen, B. R., Carroll, W. K., & Moore, C. (1987). The 1981
socioeconomic index for occupations in Canada. Cana-
dian Review of Sociology and Anthropology, 24, 465—488.

Bryk, A. S., & Raudenbush, S. W. (1987). Application of hier-
archical linear models to assessing change. Psychology
Bulletin, 101, 147-158.

Bryk, A. S., & Raudenbush, S. W. (1992). Hierarchical linear
models for social and behavioral research: Application and
data analysis methods. Newbury Park, CA: Sage.

Buss, A. H. (1961). The psychology of aggression. New York:
Wiley.

Cairns, R. B., & Cairns, B. D. (1994). Life lines and risks: Pathways
of youth in our time. New York: Cambridge University Press.

Cairns, R. B., Cairns, B. D., Neckerman, H. J., Ferguson, L.
L., & Gariepy, J. L. (1989). Growth and aggression: 1.
Childhood to early adolescence. Developmental Psychol-
ogy, 25, 320-330.

Crick, N. R, & Grotpeter, ]. K. (1995). Relational aggression,
gender and social-psychological adjustment. Child De-
velopment, 66, 710-722.



Cummings, E. M., Jannotti, R. J., & Zahn-Waxler, C. (1989).
Aggression between peers in early childhood: Individ-
ual continuity and developmental change. Child Develop-
ment, 60, 887-895.

D’Unger, A., Land, K., McCall, P., & Nagin, D. (1998). How
many latent classes of delinquent/criminal careers? Re-
sults from mixed Poisson regression analyses of the Lon-
don, Philadelphia, and Racine cohorts studies. American
Journal of Sociology, 103, 1593-1630.

Eron, L. D. (1990). Understanding aggression. Bulletin of the
International Society for Research on Aggression, 12, 5-9.
Farrington, D. P. (1994). Childhood, adolescent, and adult
features of violent males. In L. R. Huesmann (Ed.), Ag-
gressive behavior: Current perspectives (pp. 215-240). New

York: Plenum Press.

Farrington, D. P, Loeber, R., & Van Kammen, W. B.
(1990). Long-term criminal outcomes of hyperactivity-
impulsivity-attention deficit and conduct problems in
childhood. In L. N. Robins & M. Rutter (Eds.), Straight
and devious pathways from childhood to adulthood (pp. 62—
81). New York: Cambridge University Press.

Feshbach, S. (1984). The function of aggression and the regula-
tion of aggressive drive. Psychological Review, 71, 257-272.

Follman, D. A., & Lambert, D. (1989). Generalized logistic
regression by non-parametric mixing. Journal of the Amer-
ican Statistical Association, 84, 295-300.

Ghosh, J. K., & Sen, P. K. (1985). On the asymptotic perfor-
mance of the log-likelihood ratio statistic for the mixture
model and related results. In L. M. LeCam and R. A.
Olshen (Eds.), Proceedings of the Berkeley Conference in
Honor of Jerzy Neyman and Jack Kiefer (Vol. I, pp. 789—
806). Monteray, CA: Wadsworth.

Goldstein, H. (1995). Multilevel statistical models (2nd ed.).
London: Edward Arnold.

Gottfredson, M. R., & Hirschi, T. (1990). A general theory of
crime. Stanford, CA: Stanford University Press.

Greene, W. H. (1990). Econometric analysis. New York:
Macmillan.

Haapasalo, J., & Tremblay, R. E. (1994). Physically aggres-
sive boys from ages 6 to 12: Family background, parent-
ing behavior, and prediction of delinquency. Journal of
Consulting and Clinical Psychology, 62, 1044—1052.

Hawkins, J. D., Von Cleve, E., & Catalano, R. F. (1988). Re-
ducing early childhood aggression: Results of a primary pre-
vention program. Seattle: University of Washington, Cen-
ter for Social Welfare Research, School of Social Work.

Heckman, J., & Singer, B. (1984). A method for minimizing
the impact of distributional assumptions in econometric
models for duration data. Econometrica, 52, 271-320.

Hinshaw, S. P, Lahey, B. B., & Hart, E. L. (1993). Issues in
taxonomy and comorbidity in the development of con-
duct disorder. Development and Psychopathology, 5, 31-49.

Hinshaw, S. P, Zupan, B. A, Simmel, C., Nigg, . T., & Melnick,
S. (1997). Peer status in boys with and without attention-
deficit hyperactivity disorder: Prediction from overt and
covert antisocial behavior, social isolation, and authorita-
tive parenting beliefs. Child Development, 68, 800-896.

Huesmann, L. R., Eron, L. D., Lefkowitz, M. M., & Walder,
L. O. (1984). Stability of aggression over time and gener-
ations. Developmental Psychology, 20, 1120-1134.

Nagin and Tremblay 1195

Kagan, J., & Snidman, N. (1991). Temperamental factors in
human development. American Psychologist, 46, 856—862.

Kandel, D. B. (1975). Stages in adolescent involvement in
drug use. Science, 190, 912-914.

Kass, R. E., & Raftery, A. E. (1995). Bayes factor. Journal of the
American Statistical Association, 90, 773-795.

Keenan, K., & Shaw, D. S. (1994). The development of ag-
gression in toddlers: A study of low-income families.
Journal of Abnormal Psychology, 22, 53-77.

Kerr, M., Tremblay, R. E., Pagani-Kurtz, L., & Vitaro, F.
(1997). Boys’ behavioral inhibition and the risk of later
delinquency. Archives of General Psychiatry.

Lagerspetz, K. M., Bjorkqvist, K., & Peltonen, T. (1988). Is in-
direct aggression typical of females: Gender differences
in aggressiveness in 11- to 12-year-old children. Aggres-
sive Behavior, 14, 403-414.

Lahey, B. B., McBurnett, K., & Loeber, R. (in press). Are Atten-
tion-Deficit/Hyperactivity Disorder and Oppositional
Defiant Disorder developmental precursors to Conduct
Disorder? In M. Lewis & A. Sameroff (Eds.), Handbook of
developmental psychopathology. New York: Plenum.

Land, K., McCall, P, & Nagin, D. (1996). A comparison of Pois-
son, negative binomial, and semiparametric mixed Poisson
regression models with empirical applications to criminal
careers data. Sociological Methods & Research, 24, 387-440.

Land, K., & Nagin, D. (1996). Micro-models of criminal ca-
reers: A synthesis of the criminal careers and life course
approaches via semiparametric mixed Poisson models
with empirical applications. Journal of Quantitative Crim-
inology, 12, 163-191.

Lefkowitz, M. M., Eron, L. D., Walder, L. O., & Huesmann,
L. R. (1977). Growing up to be violent: A longitudinal study
of the development of aggression. New York: Pergamon.

Lindsay, B. G. (1995). Mixture models: Theory, geometry, and appli-
cations. Hayward, CA: Institute of Mathematical Statistics.

Loeber, R. (1991). Questions and advances in the study of
developmental pathways. In D. Cicchetti & S. Toth (Eds.),
Models and integrations: Rochester symposium on develop-
mental psychopathology (Vol. 3, pp. 97-115). Rochester,
NY: University of Rochester Press.

Loeber, R., & Hay, D. E. (1994). Developmental approaches
to aggression and conduct problems. In M. Rutter & D. F.
Hay (Eds.), Development through life: A handbook for clini-
cians (pp. 488-516). Oxford: Blackwell.

Loeber, R., Keenan, K., & Zhang, Q. (1997). Boys’ experi-
mentation and persistence in developmental pathways
toward serious delinquency. Journal of Child and Family
Studies, 6, 321-357.

Loeber, R., Tremblay, R. E., Gagnon, C., & Charlebois, P.
(1989). Continuity and desistance in boys’ early fighting
at school. Development and Psychopathology, 1, 39—50.

Loeber, R., Wung, P., Keenan, K., Giroux, B., Southamer-
Loeber, M., Van Kammen, W. B., & Maughan, B. (1993).
Developmental pathways in disruptive child behavior.
Development and Psychopathology, 5, 103-133.

Maddala, G. S. (1983). Limited dependent and qualitative variables
in econometrics. New York: Cambridge University Press.
McFadyen-Ketchum, S. A., Bates, J. E., Dodge, K. A., & Pet-
tit, G. S. (1996). Patterns of change in early childhood
aggressive-disruptive behavior: Gender differences in



1196  Child Development

predictions from early coercive and affectionate mother-
child interactions. Child Development, 67, 2417-2433.

Meredith, W., & Tisak, J. (1990). Latent curve analysis. Psy-
chometrika, 55, 107-122.

Moffitt, T. E. (1993). Adolescence-limited and life-course
persistent antisocial behavior: A developmental taxon-
omy. Psychological Review, 100, 674-701.

Muthen, B. O. (1989). Latent variable modeling in hetero-
geneous populations. Psychometrika, 54, 557—-585.

Nagin, D. (1999). Analyzing developmental trajectories: A
semi-parametric, group-based approach. Psychological
Methods, 4, 139-157.

Nagin, D., Farrington, D., & Moffitt, T. (1995). Life-course
trajectories of different types of offenders. Criminology,
33, 111-139.

Nagin, D. S., & Land, K. C. (1993). Age, criminal careers,
and population heterogeneity: Specification and estima-
tion of a nonparametric, mixed Poisson model. Criminol-
ogy, 31, 327-362.

Patterson, G. R., DeBaryshe, B. D., & Ramsey, E. (1989). A
developmental perspective on antisocial behavior. Ameri-
can Psychologist, 44, 329-335.

Pekarik, E. G., Prinz, R. J., Liebert, D. E., Weintraub, S., &
Neale, J. N. (1976). The Pupil Evaluation Inventory: A
sociometric technique for assessing children’s social be-
havior. Journal of Abnormal Child Psychology, 4, 83-97.

Pulkkinen, L., & Tremblay, R. E. (1992). Patterns of boys’ so-
cial adjustment in two cultures and at different ages: A
longitudinal perspective. International Journal of Behav-
ioral Development, 15, 527-553.

Raftery, A. E. (1995). Bayesian model selection in social re-
search. Sociological Methodology, 25, 111-164.

Raine, A., Farrington, D. P.,, Brennan, P., & Mednick, S. A.
(Eds.). (in press). Unlocking crime: The biosocial key. New
York: Plenum.

Reiss, A. J., & Roth, J. A. (Eds.). (1993). Understanding and pre-
venting violence. Washington, DC: National Academy Press.

Restoin, A., Montagner, H., Rodriguez, D., Girardot, J. J.,
Laurent, D., Kontar, F, Ullmann, V., Casagrande, C., &
Talpain, B. (1985). Chronologie des comportements de
communication et profils de comportement chez le jeune
enfant. In R. E. Tremblay, M. A. Provost, & F. F. Strayer
(Eds.), Ethologie et développement de I'enfant (pp. 93—130).
Paris: Editions Stock/Laurence Pernoud.

Robins, L. N. (1978). Sturdy childhood predictors of adult
antisocial behavior: Replication from longitudinal studies.
Psychological Medicine, 8, 611-622.

Roeder, K., Lynch, K., & Nagin, D. (1999). Modeling uncer-
tainty in latent class membership: A case study from
criminology. Journal of the American Statistical Association,
94.

Satterfield, J. H., Hoppe, C. M., & Schell, A. M. (1982). A
prospective study of delinquency in 110 adolescent boys
with attention deficit disorder and 88 normal adolescent
boys. American Journal of Psychiatry, 139, 795-798.

Séguin, J. R., Pihl, R. O., Harden, P. W,, Tremblay, R. E., &
Boulerice, B. (1995). Cognitive and neuropsychological
characteristics of physically aggressive boys. Journal of
Abnormal Psychology, 104, 614—624.

Serbin, L. A., Peters, P. L., & Schwartzman, A. E. (1996). Lon-
gitudinal study of early childhood injuries and acute ill-
nesses in the offspring of adolescent mothers who were
aggressive, withdrawn, or aggressive-withdrawn in
childhood. Journal of Abnormal Psychology, 105, 500-507.

Stattin, H., & Klackenberg-Larsson, 1. (1993). Early lan-
guage and intelligence development and their relation-
ship to future criminal behavior. Journal of Abnormal Psy-
chology, 102, 369-378.

Stattin, H., & Magnusson, D. (1989). The role of early ag-
gressive behavior in the frequency, seriousness and
types of later crime. Journal of Consulting and Clinical Psy-
chology, 57, 710-718.

Tremblay, R. E. (1991). Aggression, prosocial behavior and
gender: Three magic words but no magic wand. In D.
Pepler & K. Rubin (Eds.), The development and treatment of
aggression (pp. 71-78). Hillsdale, NJ: Erlbaum.

Tremblay, R. E., Boulerice, B., Harden, P. W., McDulff, P,
Pérusse, D., Pihl, R. O., & Zoccolillo, M. (1996). Do chil-
dren in Canada become more aggressive as they ap-
proach adolescence? In Human Resources Development
Canada & Statistics Canada (Eds.), Growing up in Canada:
National Longitudinal Survey of Children and Youth (pp.
127-137). Ottawa: Statistics Canada.

Tremblay, R. E., Loeber, R., Gagnon, C., Charlebois, P,
Larivée, S., & LeBlanc, M. (1991). Disruptive boys with
stable and unstable high fighting behavior patterns dur-
ing junior elementary school. Journal of Abnormal Child
Psychology, 19, 285-300.

Tremblay, R. E., Masse, L. C., Pagani, L., & Vitaro, F. (1996).
From childhood physical aggression to adolescent mal-
adjustment: The Montreal Prevention Experiment. In R.
D. Peters & R. J. McMahon (Eds.), Preventing childhood
disorders, substance abuse and delinquency (pp. 268-298).
Thousand Oaks, CA: Sage.

Tremblay, R. E., Pihl, R. O., Vitaro, F,, & Dobkin, P. L. (1994).
Predicting early onset of male antisocial behavior from
preschool behavior. Archives of General Psychiatry, 51,
732-738.

Vitaro, F,, Tremblay, R. E., Kerr, M., Pagani, L., & Bukowski,
W. B. (1997). Disruptiveness, friends’ characteristics, and
delinquency in early adolescence: A test of two compet-
ing models of development. Child Development, 68, 676—
689.

Weiss, G., & Hechtman, L. T. (1993). Hyperactive children
grown up: ADHD in children, adolescents, and adults. New
York: Guilford.

White, J. L., Moffitt, T. E., Earls, F,, Robins, L., & Silva, P. A.
(1990). How early can we tell? Predictors of childhood
conduct disorder and adolescent delinquency. Criminol-
ogy, 28, 507-533.

Willett, ]. B., & Sayer, A. G. (1994). Using covariance struc-
ture analysis to detect correlates and predictors of indi-
vidual change over time. Psychological Bulletin, 116, 363—
381.

Yoshikawa, H. (1994). Prevention as cumulative protection:
Effects of early family support and education on chronic
delinquency and its risks. Psychological Bulletin, 115, 28—
54.



