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Context: Neurocognitive mechanisms have long been hypothesized to influence developmental trajectories of antisocial behavior. However, studies examining this association tend to aggregate a variety of problem behaviors that
may be differently affected by neurocognitive deficits.
Objective: To describe the developmental trajectories

of physical violence and theft from adolescence to adulthood, their associations, and the neurocognitive characteristics of individuals following different patterns of
trajectory association.
Design: Accelerated cohort-sequential, longitudinal de-

collected across 5 waves. Neurocognitive performance was
assessed with executive function and verbal IQ tests between late adolescence and early adulthood.
Results: The majority (55%) of subjects showed an increased frequency of theft during the study period, while
only a minority (13%) evinced an increasing frequency
of physical violence. Executive function and verbal IQ
performance were negatively related to high frequency
of physical violence but positively related to high frequency of theft.

Participants: Six hundred ninety-eight men.

Conclusions: Developmental trajectories of physical violence and theft during adolescence and early adulthood
are different and differently related to neurocognitive functioning. Global indexes of antisocial behavior mask the
development of antisocial behavior subtypes and putative causal mechanisms.

Main Outcome Measures: Self-reports of physical violence (ages 12-24 years) and theft (ages 12-31 years) were
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sign.
Setting: Rutgers Health and Human Development

Project.
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OUTH WHO REPETITIVELY AND

persistently violate the rights
of others, and breach ageappropriate norms of society, are classified by the
DSM-IV as having conduct disorder (CD).
The DSM-IV1 categorizes CD behaviors into
4 main groupings: (1) aggression to people
and animals; (2) destruction of property;
(3) deceitfulness or theft; and (4) serious
violations of rules. Neurocognitive impairments have traditionally been hypothesized to be a cause of chronic antisocial
behavior.2-4 However, it remains unclear if
neurocognitive deficits are related to all
forms of antisocial behavior, because most
studies aggregate different types of problems into a single outcome.5-8
Aggregating the 2 most feared antisocial behaviors, aggression to people and
theft, may be unwarranted for at least 2 reasons. First, it may mask important devel-
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opmental differences. There is indeed good
evidence that the frequency of physical aggression decreases with age, while theft appears to be increasing, at least from preadolescence to adulthood.9-13 The second
reason to disaggregate physical aggression and theft is that they may be differentially related to neurocognitive functioning. Although surprisingly few studies
have examined neurocognitive relationships to specific types of conduct problems,14,15 poor neurocognitive functioning has been found in incarcerated males
who have perpetrated violent acts16,17 and
is associated with a history of chronic
physical aggression.18 Theft, on the other
hand, has rarely been examined by itself.
However, there has been much speculation over close to 2 centuries19-21 about how
cognitive abilities associate with different forms of crime, and a 20-year-old crosssectional study of incarcerated male ado-
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lescents reported a positive relationship between property
crime and verbal IQ.22
The present study extends previous research by disaggregating trajectories of physical violence and theft from
adolescence into young adulthood and attempting to differentiate the joint development of these 2 types of behaviors through neurocognitive functioning. We used data
from male participants in the Rutgers Health and Human Development Project (HHDP), a metropolitan working- and middle-class sample followed up between the
ages of 12 and 31 years. This sample was of particular
interest for 2 reasons. First, White and colleagues8 identified developmental trajectories of aggregated antisocial behaviors, including physical violence and theft. Second, the developmental trajectory groups identified by
these researchers8 were not reliably differentiated by neurocognitive assessments.
The 2 most well-established neurocognitive impairments associated with conduct behavior problems are executive function (EF) and verbal IQ.4 Executive function underlies the self-regulation of thought, action, and
emotion, processes that depend largely on the integrity
of the prefrontal cortex and associated neural systems.14
Likewise, normal development in verbal ability is believed to promote verbal mediation for self-control, a
prosocial cognitive orientation that supports delay of gratification and communication skills, both of which may
circumvent negative interactions that lead to violence.2
We analyzed the HHDP data to (1) identify separate aggression and theft developmental trajectories; (2) identify
their association; and (3) determine if we could discriminate subgroups of joint developmental trajectories by using
indicators of EF and verbal IQ. We thus examined neurocognitive function in relation to subgroup differences in
the development of physical violence and theft. More specifically, we expected that individuals on a trajectory of frequent violence would have reduced neurocognitive performance, while individuals on a trajectory of frequent theft
would show greater neurocognitive performance.22
METHOD

PARTICIPANTS AND PROCEDURE
Data were collected as part of the HHDP, a prospective cohortsequential, longitudinal study. Adolescents were originally identified by a random telephone survey in New Jersey. Following
the telephone survey, field staff interviewed interested participants and their parents at their homes. Subsequently, the participants came to the test site for a full day of testing. Families
were paid for their participation, and informed consent was obtained from both the participants and their legal guardians.
The HHDP sample includes 698 males and 682 females who
were tested initially between 1979 and 1981 (time 1). Three cohorts were tested. The youngest cohort was aged 12 years at time
1, the middle cohort was aged 15 years at time 1, and the oldest
cohort was aged 18 years at time 1. These participants returned
for retest 3 years later between 1982 and 1984 (time 2), again
between 1985 and 1987 (time 3), and finally between 1992 and
1994 (time 4). Ninety-one percent (n = 1257) of the original
sample returned at time 4. The youngest cohort returned between 1999 and 2000 (time 5) at ages 30 or 31 years. Most participants were from a metropolitan area consisting of working-
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and middle-class families. Parents’ median family income was
between $20 000 and $29 000 at time 1. Half of the participants
were Catholic; 30% were Protestant; 9% were Jewish; and 11%,
other. With regard to racial background, 90% were white, 8%
were black, and the remaining 2% were other or mixed.
We limited the present study to males (n=698). Physical violence could not be modeled in the females because its occurrence was too rare. To take advantage of the cohort-sequential
design, age scores for violence and theft were created. There were
5 ages at which physical violence was measured (ages 12, 15, 18,
21, and 24.5 years) and 7 ages at which theft was measured (ages
12, 15, 18, 21, 24.5, 28, and 31 years). Physical violence had fewer
data points than theft because of a change in the violent selfreport items at 28 and 31 years of age. The cohort-sequential design of the HHDP sample is described in detail elsewhere.8,23
Delinquent behavior ratings were obtained through selfreports. Self-reports have been described as valid indicators of
delinquent behavior and are commonly used in the antisocial
behavior literature.24,25 To maximize reliability and validity of
the self-report data, participants were instructed not to put their
names on any questionnaire and were repeatedly assured of the
complete confidentiality of all data, especially with regard to
parents, teachers, and public authorities. Participants were
treated according to the ethical guidelines of the American Psychological Association26 and protected by a Certificate of Confidentiality obtained from the National Institutes of Health.
Eighty-eight percent (n=617) of the male participants yielded
complete neurocognitive information. To examine whether incomplete responses on the neurocognitive tests were associated with the variables in the present study, we compared those
young men with complete neurocognitive information (617)
with those with incomplete neurocognitive information (n=82).
Individuals with complete information did not differ from individuals with incomplete neurocognitive information on any
of the variables used in the study. The trajectories were estimated with the full sample (n=698) and trajectory relations
to the neurocognitive tests were examined with the 617 men.

PHYSICAL VIOLENCE AND THEFT
The physical violence items measured how often (5-point scale,
from 0=never to 4=⬎10 times) the participants had engaged
in the following behaviors during the past 3 years (ever at time
1): used a weapon in a fight, committed armed robbery, and
hurt someone badly. To avoid the use of a theft-related behavior (ie, armed robbery) in the physical violence measurements, we excluded this item. The frequencies of these 2 items
(ie, used a weapon in a fight and hurt someone badly) were
summed within each assessment (range, 0-8) between 12 to 24
years of age. The theft items measured how often (5-point scale,
from 0=never to 4=⬎10 times) the participants had engaged
in the following behaviors during the past 3 years (ever at time
1): breaking and entering, auto theft, petty theft (theft of things
worth ⬍$50), and grand theft (theft of things worth ⬎$50).
The frequencies of these 4 items were summed within each assessment (range, 0-16) between 12 to 31 years of age.

NEUROCOGNITIVE TESTS
Executive function and verbal ability were assessed with tests administered at time 3 (ages 18-24 years). The neurocognitive measures were originally chosen for their demonstrated sensitivity
to cognitive impairment in multiple populations, their ability to
discriminate persons with and without brain damage, time efficiency, age appropriateness, standardized administration procedures, and the availability of normative data.27,28 Verbal ability was
measured by the Shipley Institute of Living Scale Vocabulary Test
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Figure 1. Trajectories for physical violence (12 to 24 years of age). Error bars represent 95% confidence intervals.

(VT) (mean [SD] score, 29.65 [5.06]).29,30 This test comprises
40 multiple-choice–based items and provides a time-saving (10minute) yet valid alternative to more intensive verbal IQ measurements; studies have shown that the VT is highly (r⬎0.72)
correlated with the Wechsler Adult Intelligence Scale–Revised,
Wechsler Adult Intelligence Scale III, and Kaufman Brief Intelligence Test.31 The VT also exhibits good internal consistency,
test-retest validity, and criterion-related validity.32-34
Executive function was assessed by 2 tests: the TrailMaking Test Part B (TMT-B)35 and the Booklet Category Test
(BCT).36 The TMT-B (mean [SD] score, 55.26 [23.60]) involves drawing a continuous line to circled numbers and letters in an alternating but ordered sequence (ie, 1-A-2-B-3-C and
so on). Response time is the dependent variable, with longer
responses indicating a reduced ability to follow more than 1
mental sequence at a time and inflexibility in shifting cognitivebehavioral activities.37,38 The BCT36 (mean [SD] score, 20.21
[17.68]) requires developing and elaborating abstract concepts that relate subsets of multidimensional visual stimuli. Increasing errors are indicative of a deficit in the ability to develop (with feedback) conceptual rules to use in solving novel,
unfamiliar problems. A shortened version39 was used, which
correlates highly with the full BCT and has been found to be
as accurate as full scores in discriminating participants with and
without brain damage.40
Mean scores on these 3 tests are indicative of average performance levels based on normative data from similarly aged
and educated samples.41,42 A recent confirmatory factor analysis in a different sample that included multiple indicators of
verbal and executive functions found that the VT loaded highest on a latent verbal factor, while the TMT-B and BCT loaded
highest on a latent executive factor.34
The analysis proceeded in 3 steps. First, individual trajectory models were empirically identified for theft and physical
violence. A finite mixture of Poisson distributions was used to
identify distinctive clusters of individual trajectories in an SASbased procedure, TRAJ.43 For each distinctive trajectory group,
the model defined the shape of the trajectory (ie, linear, quadratic, cubic) and the proportion of youth belonging to each
group. Model selection was based on the Bayesian Information Criteria, calculated as –2log(L)⫹log(n)*k, where L is the
model’s maximized likelihood, n is the sample size, and k is
the number of parameters in the model.44 The Bayesian Information Criteria rewards parsimony for the number of groups
included in a trajectory model.45
In the second step, joint trajectories of violence and theft
were estimated. The individual models identified in the first
step guided this analysis. Key outputs of the joint model were
the conditional probabilities and the joint probabilities. Conditional probabilities (eg, the probability of chronic physical
violence given chronic theft and the converse conditional probability) and the joint probabilities of belonging to both trajectories (eg, the probability of following chronic violence and
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chronic theft) are useful in concretely describing the developmental overlap between 2 types of distinct but related behavioral phenomena.45,46
In the second step, we also examined potential cohort effects. No cohort effects were identified in the joint trajectories
of violence and theft. Variance attributable to the cohorts in
the neurocognitive tests was also examined. In the results presented in the next section, the cohort effects are nonsignificant in both the trajectories and the neuropsychological tests.
In the third step, we examined differences in neurocognitive ability levels associated with the theft and physical violence trajectories. The distributional properties of the 2 test scores
were examined prior to analysis. To correct for skew, the TMT-B
time score required a log transformation. The TMT-B, BCT, and
VT were then standardized to a mean of 0 and standard deviation of 1 to facilitate comparison across tests. Because of unequal n’s in trajectory groups, mean differences were tested with
a general linear model multivariate analysis of variance in SAS47
with weighted data. When data are weighted, each participant
is represented in each cell as a function of his probability of
being assigned to that cell. This preserved the continuous nature of the classification variable and corrected for potential uncertainty in trajectory assignment.
RESULTS

STEP 1: TRAJECTORY MODELS
The trajectories for violence and theft, and the corresponding 95% confidence intervals for each year, are
shown in Figure 1 and Figure 2, respectively. Two developmental trajectories were observed for physical violence. More than 1 in 10 (13.1%) were on a high trajectory, confirming that the chronically violent adolescents
were already using physical violence frequently at 12 years
of age. Frequency of physical violence increased to a peak
at 18 years of age and then decreased until age 24 years.
Males on the second trajectory (86.9%) very rarely engaged in physical aggression from 12 to 24 years of age.
Four developmental trajectories were observed for frequency of theft between 12 and 31 years of age. The modal
theft trajectory represented mainly those who rarely (low)
self-reported this behavior (44.7%). The second most
prevalent trajectory for theft identified 36.5% of the male
sample. These individuals increased from near-zero levels of theft at 12 years of age, peaked to relatively higher
but overall low levels at 18 years of age, and thereafter
desisted (medium). The third most common trajectory
consisted of those (12%) who increased their frequency
WWW.ARCHGENPSYCHIATRY.COM
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Figure 2. Trajectories for theft (12 to 31 years of age). Error bars represent 95% confidence intervals.

Table. Joint and Conditional Probabilities of Physical Violence and Theft Trajectories
Variable

Low

Medium

Increasing

High

0.106
0.015

0.032
0.036

Low theft
Medium theft
Increasing theft
High theft

Probabilities of Violence Trajectory Membership Conditional on Theft Trajectory
0.959
NA
NA
0.831
NA
NA
0.879
NA
NA
0.465
NA
NA

0.041
0.169
0.121
0.535

Low violence
High violence

Probabilities of Theft Trajectory Membership Conditional on Violence Trajectory
0.493
0.349
0.122
0.141
0.471
0.111

0.037
0.278

Joint Probabilities of Violence and Theft
0.428
0.303
0.018
0.062

Low violence
High violence

Abbreviation: NA, not applicable.

of theft from 12 to 31 years of age (increasing). The fourth
theft trajectory (high) included 6.8% of the individuals
who rapidly increased their frequency of theft from 12
to 21 years of age and thereafter steadily desisted to low
levels at 31 years of age.
STEP 2: THE JOINT TRAJECTORIES
Joint Probabilities of Theft and Violence
The upper portion of the Table shows the joint probabilities of trajectory membership. In the Table, probabilities across all cells sum to 1. The modal trajectory
identified those who were low in violence and low in theft
(42.8% of the sample). The second most prevalent trajectory comprised those who were low in violence but
followed the medium-theft trajectory (30.3%), followed
by the low-violence/increasing-theft trajectory (10.6%)
and the low-violence/high-theft trajectory (3.2%). The
high-violence group was subdivided into 3.6% on the
high-theft trajectory, 1.5% on the increasing-theft trajectory, 6.2% on the medium-theft trajectory, and 1.8%
on the low-theft trajectory.
Conditional Probabilities of Violence Given Theft
The second part of the Table contains the likelihood of
belonging to a violence trajectory conditional on mem(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAY 2007
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bership in a theft trajectory. In this section of the Table,
probabilities within rows sum to 1. Those in the lowtheft trajectory had a 0.96 probability to follow the lowviolence trajectory and a corresponding 0.04 probability to follow the high-violence trajectory. The probability
of following the high-violence trajectory was highest
(0.54) for those on the high-theft trajectory and much
lower (0.12 and 0.17, respectively) for those on the increasing and medium trajectories.
Conditional Probabilities of Theft Given Violence
In the third part of the Table, the probabilities within rows
also sum to 1. Here, a different picture emerged. Given
membership in the high-violence trajectory, the likelihood to follow the high-theft trajectory was much lower
(0.28) than the probability of following the mediumtheft trajectory (0.47), while the probability of following the increasing-theft trajectory was as low (0.11) as
following the low-theft trajectory (0.14).
STEP 3: VIOLENCE, THEFT, AND
NEUROCOGNITIVE PERFORMANCE
A multivariate analysis of variance using the general linear model was conducted using the trajectory groups as
independent variables and the neurocognitive assessments (TMT-B, BCT, and VT) as dependent variables.
WWW.ARCHGENPSYCHIATRY.COM
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Figure 3. Means and standard errors for the Trail-Making Test Part B35
(TMT-B) physical violence ⫻theft interaction.
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Figure 4. Adjusted means and standard errors for the Booklet Category
Test36 (BCT) physical violence main effect.

Mean differences in neurocognitive performance were
evaluated in a 4 (theft)⫻2 (physical violence) factorial
design. As expected, the TMT-B, BCT, and VT were moderately correlated (mean r = 0.30 [range, 0.29-0.30];
n=617; P⬍.001). No curvilinear relationships were identified between violence and theft and the TMT-B, BCT,
and VT. The overall general linear model multivariate
analysis of variance F test was significant for the interaction between theft and physical violence (F9,1848 =1.92;
P=.045). A significant interaction for violence and theft
(F3,616 =4.01; P⬍.008) was identified for the TMT-B. For
the BCT and VT, significant main effects were identified
for physical violence (BCT, F1,616 = 52.34; P⬍.001; VT,
F1,616 = 156.67; P⬍.001) and theft (BCT, F3,616 =7.86;
P⬍.001; VT, F3,616 =2.75; P⬍.04). The interaction for violence and theft on the BCT was significant at a trend level
(F3,616 =2.40; P⬍.07).48 For the follow-up contrasts, Bonferroni corrections were set at 0.013 for the 3 dependent variables.49
Means with the corresponding standard errors for the
TMT-B interaction are presented in Figure 3. Contrasts for this interaction indicated significant differences for theft trajectory groups within the high–
physical violence group (F3,75 = 24.87; P⬍.001) but not
the low–physical violence group (F3,536 =1.28; P=.28). Follow-up Bonferroni-corrected contrasts indicated that,
within the high-violence group, the low-theft individuals scored more poorly on the TMT-B compared with the
3 other groups: (1) medium theft, t36 = 6.42; P⬍.001;
d=2.26; (2) increasing theft, t18 = 6.98; P⬍.001; d=3.36;
and (3) high theft, t30 =8.05; P⬍.001; d=3.11. When comparing the 3 latter groups, results indicated that the me(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAY 2007
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Figure 5. Adjusted means and standard errors for the Booklet Category
Test36 (BCT) theft main effect.

dium-theft individuals also performed more poorly than
the high-theft trajectory (t56 = 2.93; P⬍.005; d = 0.82).
There were no significant differences between the individuals following the increasing- and high-theft trajectories. The differences between trajectory groups in TMT-B
scores (ie, d) all represent large effect sizes.50 The medium and increasing trajectory contrast missed the Bonferroni-corrected P value (t44 =2.57; P⬍.01; d=0.99) but
is nevertheless a large effect size difference; the mediumtheft trajectory performed worse than those in the increasing trajectory.
The adjusted means (violence controlling for theft; theft
controlling for violence) for the BCT main effects are presented in Figure 4 and Figure 5. A contrast indicated, as expected, that those in the low-violence trajectory performed better than those in the high-violence
trajectory (t615 =−7.23; P⬍.001; d=−0.88). For theft, however, the low-theft trajectory performed worse than the
high-theft (t314 =3.91; P⬍.001; d=0.66), the increasingtheft (t350 = 4.00; P⬍.001; d = 0.52), and the mediumtheft trajectories (t499 =4.14; P⬍.001; d=0.37). All other
theft contrasts failed to reach the Bonferroni significance level. The difference between the high– and low–
physical violence trajectory groups was a large effect; the
differences between the low-theft and the high, increasing, and medium groups were moderate.50
The adjusted means (violence controlling for theft; theft
controlling for violence) with the corresponding standard errors for the VT main effects are presented in
Figure 6 and Figure 7. As expected, contrasts for the
VT indicated those in the low-violence trajectory performed better than those in the high-violence trajectory
(t615 =−12.52; P⬍.001; d=−1.52). Similar to the BCT, for
theft, the group of individuals in the low-theft trajectory performed worse than the high-theft trajectory
(t314 = 2.80; P⬍.005; d = 0.48). All other theft contrasts
failed to reach the Bonferroni significance level. The difference between the high– and low–physical violence trajectory groups was a large effect, whereas the difference
between the high- and low-theft groups was a moderate
effect size.50
COMMENT

The main goal of the present study was to test to what
extent the negative association between neurocognitive
performance and antisocial behavior held for 2 major types
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Figure 6. Adjusted means and standard errors for the Shipley Institute of
Living Scale Vocabulary Test29,30 (VT) physical violence main effect.

Figure 7. Adjusted means and standard errors for the Shipley Institute of
Living Scale Vocabulary Test29,30 (VT) theft main effect.

of antisocial behavior: physical violence and theft. Longitudinal data on frequency of physical violence and theft
from a large population sample of males were used, first,
to verify to what extent physical violence and theft developed differently from adolescence to adulthood; second, to identify the different patterns of developmental
trajectories when both types of behavior are jointly analyzed; and finally, to describe the neurocognitive characteristics of individuals following different patterns of
trajectory association. Results revealed that the development of physical violence and theft was asymmetrical and
tended to be associated with neurocognitive performance in opposite directions. These results are important because they clearly show that the aggregation of different subtypes of antisocial behaviors can impede the
identification of specific neurocognitive mechanisms associated with chronic antisocial behavior. This tendency to aggregate different forms of antisocial behavior is most clearly illustrated by the DSM-IV diagnostic
rules for CD.1
With the developmental trajectory analyses, we first
confirmed that the development of physical violence and
theft between the start of adolescence and early adulthood was strikingly different.10,12 Indeed, few males (13%)
increased the frequency of physical aggressions, while a
majority (55%) increased their frequency of theft. Hence,
while the frequency of thefts substantially increased from
early to late adolescence, the same was not the case for
physical violence. Developmental differences were also
reflected in the asymmetry of the conditional probabilities of following a theft trajectory, given membership in
a violent trajectory, and the converse set of probabilities, violence given theft. Herein we showed, for the first
time, to our knowledge, that young men who followed
the high–physical violence trajectory were most likely
(47% probability) to follow the medium-theft trajectory
rather than the high-theft trajectory (28% probability),
while young men who followed the high-theft trajectory were most likely (54% probability) to follow the high–
physical violence trajectory. The joint analysis of the 2
sets of developmental trajectories, thus, showed very
clearly that, within the group of males who frequently
use physical violence during adolescence, there are large
differences in frequency of theft. From a developmental
phenotype perspective, this is an important observation. Not all frequently violent adolescents frequently steal,
and the frequent stealers are not all frequent aggressors.

It is obvious that the aggregation of these 2 types of behavior in a total antisocial score confounds different developmental trajectories that should be taken into account for preventive and treatment purposes. But, more
importantly, the aggregation of different types of antisocial behavior may seriously impede understanding the
etiology of the disorders.
The results from our analyses provide a good example of why aggregation of antisocial behaviors can prevent the identification of underlying mechanisms. The
neurocognitive mechanisms that are postulated to be correlates of antisocial behavior may be different for different forms of antisocial behaviors. As expected, frequent
physical violence was found to be associated with lower
cognitive performance,15,16 both for verbal performance
and EF. However, frequent theft was associated with better cognitive performance, both for the verbal and EF tests.
The statistical interaction between theft and violence for
the TMT-B was especially striking. This test measures
working memory, mental flexibility, capacity to plan action, and control of interference. Within the group of violent males, TMT-B scores were lower for those with the
least frequent thefts and higher for those with the most
frequent thefts. Hence, within the current sample of young
men, chronically violent individuals had lower neurocognitive abilities, but chronic thieves had better neurocognitive abilities even if they used physical violence.
These results suggest that the 4 categories of CD defined by DSM-IV1 (physical aggressions, theft, vandalism, rule breaking) need to be studied separately, as well
as from a comorbid perspective. Such analyses are necessary for understanding onset, development, and underlying mechanisms. From this perspective, the CD diagnosis should be reconsidered to take into account the
development of each of the subcategories, the underlying developmental mechanisms, and the important sex
differences.51 DSM-IV apparently replaced the earlier DSM
symptom-based subtypes (aggressive and nonaggressive) with age-based subtypes (early and late) because
of lack of evidence for the former subtypes.52 The results presented in this article support other recent developmental trajectory analyses indicating that there are
symptom-based subtypes, especially the physical aggression variety, which has an earlier onset than the present
“age 10 years” criterion.9,11,12,53 Taking into account these
subtypes may lead to more effective preventive and treatment interventions.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAY 2007
597

WWW.ARCHGENPSYCHIATRY.COM

©2007 American Medical Association. All rights reserved.
Downloaded From: http://archpsyc.jamanetwork.com/ on 12/08/2016

This study has limitations that should be taken into account. First, the neuropsychological tests were first administered when the participants were 18 to 24 years of
age (time 3). To understand to what extent the neurocognitive abilities are antecedents or consequences of the developmental trajectories, future research should include assessments of cognitive performance at the beginning of
adolescence and in early adulthood. These measures should
also be broader in scope and include more refined aspects
of EF as well as EF tests that have been functionally validated.18 More comprehensive assessments of verbal functioning and IQ are also needed to provide a more differentiated neurocognitive characterization of developmental
trajectories. Second, the present results add to the literature on criminal versatility/specialization.54-56 Some individuals appear to specialize in theft and others in violence, while a third group appears to be “versatile.” This
issue relates to the CD symptom-based subtype discussed
earlier, but from a criminological perspective. Future research on this topic could clearly benefit from the use of
the dual trajectories. Third, both violence and theft can be
the result of instrumental (planned) or impulsive (emotive) processes. Future studies should examine the relation of neurocognitive function to instrumental and impulsive acts of violence and theft. Fourth, the number of
individuals in the high–physical violence/low-theft trajectory, the group responsible for the largest effect size differences when compared with the other high-violent young
men, was small. Low sample sizes in elevated trajectories
of antisocial behaviors, however, are the norm and not the
exception.57-59 Fifth, the sample comprised white males from
working- to middle-class backgrounds. Replications are
needed with diverse ethnic groups in rural and urban settings to verify the generalizability of the results. In addition, although violence in females was too infrequent to
model in the present sample (and other samples60), groupbased trajectories have been modeled for physical aggression in females from early childhood to puberty.9,53,61,62 Additional longitudinal studies of the conjoint development
of both physical violence and theft in females from early
childhood to adulthood are needed to better understand
underlying relations to neurocognitive performance. Additional research is needed to replicate our findings with
young women. Sixth, the measurements of violence and
theft relied on self-reports. Future studies should also collect collateral reports and/or official reports to avoid limitations associated with a single reporter and data collection method. Seventh, the study used data on physical
violence and theft from early adolescence to early adulthood. It is clear that physical aggression9 and objectrelated aggression63 begin very early in the life span. Future research should focus on the development of the various
conduct problems during early childhood and their association with cognitive abilities at that point. Longitudinal
studies of these associations from early childhood to adulthood will give a better understanding of the extent to which
the developmental trajectories of antisocial behavior are influenced by early cognitive abilities and also influence cognitive development.4
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18. Séguin JR, Nagin DS, Assaad J-M, Tremblay RE. Cognitive-neuropsychological
function in chronic physical aggression and hyperactivity. J Abnorm Psychol.
2004;113:603-613.
19. Quetelet A. Research on the Propensity for Crime at Different Ages. Brussels,
Belgium: M. Hayez, Printer to the Royal Academy; 1833.
20. Burt C. The Young Delinquent. London, England: London University Press; 1944.
21. Tennent G, Gath D. Bright delinquents: a three year follow-up study. Br J Criminol.
1975;15:386-390.
22. Walsh A. Cognitive functioning and delinquency: property versus violent offenses.
Int J Offender Ther Comp Criminol. 1987;31:285-289.
23. Padina RJ, Labouvie E, White HR. Potential contributions of the lifespan developmental approach to the study of adolescent alcohol and drug use: the Rutgers
Health and Human Development Project, a working model. J Drug Issues. 1984;
14:253-268.
24. Loeber R, Farrington DP. Young children who commit crime: epidemiology, developmental origins, risk factors, early interventions, and policy implications. Dev
Psychopathol. 2000;12:737-762.
25. Jolliffe D, Farrington DP, Hawkins J, Catalano RF, Hill KG, Kosterman R. Predictive, concurrent, prospective and retrospective validity of self-reported delinquency.
Crim Behav Ment Health. 2003;13:179-197.
26. Association AP. Ethical Principles of Psychologists and Code of Conduct. Washington, DC: American Psychological Association; 2002.
27. Spreen O, Strauss E. A Compendium of Neuropsychological Tests: Administration, Norms, and Commentary. 2nd ed. New York, NY: Oxford University Press;
1998.
28. Lezak MD. Neuropsychological assessment. In: Frederiks JAM, ed. Handbook
of Clinical Neurology: Vol I, Clinical Neuropsychology. New York, NY: Elsevier;
1985:515-530.
29. Shipley WC. A self-administering scale for measuring intellectual impairment and
deterioration. Am J Psychol. 1940;9:371-377.
30. Shipley WC. Shipley Institute of Living Scale. Los Angeles, Calif: Western Psychological Services; 1986.
31. Bowers TL, Pantle ML. Shipley Institute for Living Scale and the Kaufman Brief
Intelligence Test as screening instruments for intelligence. Assessment. 1998;
5:187-195.
32. Zachary RA, Crumpton E, Spiegal DE. Estimating WAIS-RIQ from the Shipley Institute of Living Scales. J Clin Psychol. 1985;41:532-540.
33. Weiss JL, Schell RE. Estimating WAIS–R IQ from the Shipley Institute of Living
Scale: a replication. J Clin Psychol. 1991;47:558-562.
34. Bates ME, Voelbel GT, Buckman JF, Labouvie EW, Barry D. Short-term neuropsychological recovery in substance use disordered clients. Alcohol Clin Exp Res.
2005;29:367-377.
35. Reitan RM, Wolfson D. The Halstead-Reitan Neuropsychological Test Battery.
In: Wedding D, MacNeill Horton A Jr, Webster JS, eds. The Neuropsychology
Handbook: Behavioral and Clinical Perspectives. New York, NY: Springer; 1986.
36. DePhillippis NA, McCampbell E. The Booklet Category Test: Research and Clinical Form Manual. Odessa, Fla: Psychological Assessment Resources; 1991.
37. Eson ME, Yen JK, Bourke AL. Assessment of recovery from serious head injury.
J Neurol Neurosurg Psychiatry. 1978;41:1036-1042.
38. Gaudino EA, Geisler MW, Squires NK. Construct validity in the trail making test:
what makes part b harder. J Clin Exp Neuropsychol. 1995;17:529-535.
39. Russell EW, Levy M. Revision of the Halstead Category Test. J Consult Clin Psychol.
1987;55:898-901.
40. Russell EW, Barron JH. A difference that is not a difference: reply to Vanderploeg and Logan. J Consult Clin Psychol. 1989;57:317-318.

(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 64, MAY 2007
599

41. Heaton RK, Grant I, Matthews CG. Comprehensive Norms for an Expanded HalsteadReitan Battery: Demographic Corrections, Research Findings, and Clinical
Applications. Odessa, Fla: Psychological Assessment Resources, Inc; 1991.
42. Zachary RA. Shipley Institute of Living Scale: Revised Manual. Los Angeles, Calif:
Western Psychological Services; 1986.
43. Jones BL, Nagin DS. Advances in group-based trajectory modeling and a SAS
procedure for estimating them. Sociol Methods Res. In press.
44. Nagin DS. Analyzing developmental trajectories: a semiparametric, groupbased approach. Psychol Methods. 1999;4:139-157.
45. Nagin DS. Group-based Modeling of Development Over the Life Course. Cambridge, Mass: Harvard University Press; 2005.
46. Nagin DS, Tremblay RE. Analyzing developmental trajectories of distinct but related behaviors: a group-based method. Psychol Methods. 2001;6:18-34.
47. The SAS System for Windows [computer program]. Version 8.2. Cary, NC: SAS
Institute Inc; 2001.
48. Tukey JW. The philosophy in multiple comparisons. Stat Sci. 1991;6:100-116.
49. Tabachnick BG, Fidell LS Using Multivariate Statistics. 4th ed. Boston, Mass: Allyn & Bacon; 2001.
50. Cohen J. Statistical Power Analysis for the Behavioral Sciences. 2nd ed. Hillsdale,
NJ: Lawrence Erlbaum; 1988.
51. Tremblay RE. Prevention of youth violence: why not start at the beginning?
J Abnorm Child Psychol. 2006;34:481-487.
52. Quay H, Hogan A. Handbook of Disruptive Behavior Disorders. New York, NY:
Kluwer Academic/Plenum Publishers; 1999.
53. Broidy LM, Nagin DS, Tremblay RE, Bates JE, Brame B, Dodge KA, Fergusson
D, Horwood JL, Loeber R, Laird R, Lynam DR, Moffitt TE, Pettit GS, Vitaro F.
Developmental trajectories of childhood disruptive behaviors and adolescent delinquency: a six site, cross national study. Dev Psychol. 2003;39:222-245.
54. Sullivan CJ, McGloin JM, Pratt TC, Piquero AR. Rethinking the “norm” of offender generality: investigating specialization in the short-term. Criminology. 2006;
44:199-233.
55. Lynam DR, Piquero AR, Moffitt TE. Specialization and the propensity to violence: support from self-reports but not official records. J Contemp Crim Justice.
2004;20:215-228.
56. Piquero A. Frequency, specialization, and violence in offending careers. J Res
Crime Delinquency. 2000;37:392-418.
57. Barker ED, Tremblay RE, Nagin DS, Vitaro F, Lacourse E. The development of
male proactive and reactive aggression in adolescence. J Child Psychol Psychiatry.
2006;47:783-790.
58. Nagin D, Barker ED, Lacourse E, Tremblay RE The inter-relationship of temporally distinct risk markers and the transition from childhood physical aggression
to adolescent violent delinquency. In: Cohen P, Pruzek R, Cudeck R, eds. Applied Data Analytic Techniques for Turning Points Research. Mahwah, NJ: Lawrence
Erlbaum Associates Publishers; In press.
59. Moffitt TE, Caspi A, Harkness AR, Silva PA. The natural history of change in intellectual performance: who changes? how much? is it meaningful? J Child Psychol Psychiatry. 1993;34:455-506.
60. Tremblay RE. Why socialization fails: the case of chronic physical aggression.
In: Lahey BB, Moffitt TE, Caspi A, eds. Causes of Conduct Disorder and Juvenile
Delinquency. New York, NY: Guilford Publications; 2003:182-224.
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Correction
Error in Results. In the Original Article by Barker et al
titled “Developmental Trajectories of Male Physical
Violence and Theft: Relations to Neurocognitive Performance,” published in the May 2007 issue of the Archives
(2007;64[5]:592-599), a computation error affected the
conclusions drawn about the relationship between neurocognition and theft. The original conclusion stated in
the “Results” section of the Abstract was that “Executive function and verbal IQ performance were negatively related to high frequency of physical violence but
positively related to high frequency of theft.” The sentence should have read “Executive function and verbal
IQ performance were negatively related to high frequency of physical violence but were unrelated to theft.”
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