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Abstract
Numerous studies have examined the structure of the childhood externalizing disorder symptoms
of Attention Deficit Hyperactivity Disorder (ADHD), Oppositional Defiant Disorder (ODD), and
Conduct Disorder (CD), both separately as well as simultaneously. The present study expanded on
previous findings by implementing a multi-level hierarchical approach to investigating the
component structure of ADHD, ODD, and CD criteria in 487 14-year-old boys from the
Minnesota Twin Family Study (MTFS). We found support for a hierarchical conceptualization of
externalizing behavior criteria in early adolescent boys by specifying how one-, two-, three-, four-,
five- and six-factor models of externalizing criteria can be integrated. These results suggest that it
may be more beneficial to conceptualize different levels of this hierarchy as relevant to different
issues in case conceptualization and research design, from the broad level of an overall
externalizing spectrum, to the level of finer-grained subtypes within specific disorders.
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1. Introduction
Findings from epidemiological studies consistently demonstrate high rates of co-occurrence
among childhood and adolescent “externalizing” disorders, including attention-deficit
hyperactivity disorder (ADHD; a continuing pattern of inattention and/or hyperactivity-
impulsivity), oppositional defiant disorder (ODD; negativistic, defiant, disobedient, and
hostile behavior directed at authority figures), and conduct disorder (CD; a continuing
pattern of behavior resulting in the violation of the basic rights of others; Fergusson et al.,
1993; Lahey and Loeber, 1997; and Ford et al., 2003). These externalizing disorders affect a
substantial number of children, and account for more than half of the childhood referrals to
mental health clinics (Robins, 1991; Fergusson and Horwood, 1995; Kazdin, 1995; Frick,
1998; Loeber et al., 2000; Costello et al., 2003; Frick and Kimonis, 2005; and Polanczyk et
al., 2007). To better understand these distressing and socially-burdening disorders,
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numerous studies have examined the underlying structure of ADHD, ODD and CD through
both exploratory and confirmatory factor analyses (Bauermeister et al., 1992a; Bauermeister,
1992b; Pelham et al., 1992; Frick et al., 1993; Lahey and Loeber, 1994; Molina et al., 2001;
Hommerson et al., 2006; Lahey et al., 2008; and Farmer et al., 2009).

Previous studies that have examined externalizing disorders including ADHD, ODD, and
CD symptoms and criteria have yielded valuable results (Lahey et al., 2008; and Farmer et
al., 2009); however, these studies have not investigated the structure of the symptomatology
of these childhood externalizing disorders simultaneously in the context of a hierarchical
approach that allows for the integration of both broad and specific components of these
disorders into a single model. The benefit of a hierarchical model of these externalizing
disorders is that it would allow for multiple levels of generality and specificity along a
continuum, ranging from broader factors to more fine-grained criterion clusters. This type of
hierarchy has the potential to reconcile both “lumping” and “splitting”; the broader
components would be what these disorders have in common, and the more refined
components (at the lower levels of the hierarchy) would be comprised of more specific
symptom or criterion clusters.

We next present a hierarchical approach to examining externalizing behaviors and how it
may be useful in conceptualizing the structure of childhood externalizing problems, from the
broad level of an overall externalizing spectrum to the level of finer-grained subtypes within
specific disorders. To provide a context for the current research, we begin with a brief
summary of the existing literature on the structure of these disorders, when considered both
individually and jointly.

1.1 Attention Deficit Hyperactivity Disorder (ADHD)
Previous studies examining the structure of DSM-IV criteria of ADHD generally
characterize it as consisting of two dimensions: ‘Inattention’ and ‘Hyperactivity/
Impulsivity’. Several studies examining DSM-IV criteria of ADHD, as well as measures of
more general disruptive behaviors, using multiple rater reports, have found support for a
two-factor structure of ADHD symptoms in both community and clinic-referred samples of
children (DuPaul, 1991; Pelham et al., 1992; Bauermeister et al., 1992a; Lahey and Loeber,
1994; Bauermeister et al., 1995; Burns et al., 1997a; 1997b; DuPaul et al., 1997, 1998;
Pillow et al., 1998; Beiser et al., 2000; and Molina et al., 2001).

1.2 Conduct Disorder (CD) and Oppositional Defiant Disorder (ODD)
A number of studies in the literature simultaneously focus on CD and ODD. As a result,
studies focusing on the structure of CD and ODD symptoms in children generally find
evidence for a two-dimensional structure of these criteria, consisting of ‘aggressiveness’ and
‘delinquency/rule-breaking’ (Frick et al., 1993; Loeber et al., 1991; Burns et al., 1997a,
1997b; Burns and Patterson, 2000). Studies examining the structure of DSM-IV criteria of
CD alone demonstrate that this same two-dimensional structure also characterizes CD
symptoms best (Frick et al., 1993; Moffitt and Caspi, 2001; Tackett et al., 2003; Maughan et
al., 2004). For example, Tackett and colleagues (2003) examined DSM-IV criteria of CD in
a sample of 6- to 17-year-old Australian boys, and found that symptoms of CD loaded onto
two sub-factors: a first factor encompassing overt aggressive behaviors such as, “initiating
physical fights,” and a second factor made up of more covert rule-breaking or delinquent
behaviors such as, “stealing without confrontation” (Tackett et al., 2003). (Empirical
evidence for CD subtypes mirroring the DSM-IV defined symptom clusters of CD, i.e.
aggression to people and animals, deceitfulness or theft, and serious violations of rules, is
limited, e.g. Nock et al., 2006; Janson and Kjelsberg, 2006.) In contrast to the two-
dimensional structure found for CD symptoms, studies examining criteria for ODD alone
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have generally found its symptoms to fall under a single factor of oppositional behavior
(Hommerson et al., 2006).

Despite the consistent finding of a two-factor model of CD and ODD symptoms in school-
aged children and adolescents, other studies primarily conducted with pre-school-aged
children have yielded a single factor of aggressive and oppositional behavior when
examining a combination of CD and ODD symptoms (McDermott, 1982; Doke and Flippo,
1983; Achenbach et al., 1987). As a result, some researchers have questioned the utility of
conceptualizing aggressive and rule-breaking behaviors, such as those embodied in ODD
and CD symptoms, as being multidimensional (Achenbach and Edelbrock, 1978; Dreger,
1981; Garber, 1984; Loeber et al., 1991; Frick and Kimonis, 2008). Thus, a closer
examination of these symptoms during early adolescence is warranted.

1.3 Studies examining a combination of ADHD and ODD/CD criteria
Recent studies have also examined a combination of ADHD, CD and ODD criteria using
confirmatory factor analyses (Lahey et al., 2008; Farmer et al., 2009) and have generally
found factors that encompass inattention, impulsivity-hyperactivity, and oppositional
problems. Oppositional problems were in turn comprised of two sub-factors including
aggressive and rule-breaking symptoms (Achenbach and Edelbrock, 1978; Quay, 1986;
Pelham et al., 1992; Burns et al., 1997a; 2001; Conners et al., 1998; Burns and Patterson,
2000; Molina et al., 2001; Zuddas et al., 2006). These studies not only demonstrated that a
two-factor solution for ADHD symptoms was the most optimal, but they provided evidence
for a potential distinction between ODD and CD constructs (Pelham et al., 1992; Burns et
al., 1997a; Molina et al., 2001; Zuddas et al., 2006).

1.4 Synthesizing Models Using a Hierarchical Approach
While there has been extensive psychometric research conducted on the underlying factor
structures of ADHD, ODD, and CD, previous research has focused predominantly on
separate aspects of the factor structures of these disorders. The goal of the current work was
to articulate a hierarchical model that ties together previous research, which focused either
on specific disorders, or specific factors of specific disorders. With this goal in mind, we
implemented a hierarchical approach articulated by Goldberg (2006). We used this approach
to extract principal components connecting DSM-IV criteria of ADHD, ODD, and CD
(going from the broadest single component to the most refined interpretable set of multiple
components). The extracted components were varimax rotated such that each component
was orthogonal to the preceding one, and the extracted components were saved as regression
component scores (Goldberg, 2006). These scores were then correlated between different
levels of the hierarchy, to illustrate how components are related to each other between
adjacent levels (e.g., moving from level 2 to level 3).

Additionally, this model allows for varying degrees in breadth versus specificity of the
components within the spectrum (at different levels of the hierarchy). For example, there
may be specific factors that influence (and are shared among) all three disorders, which
make up the broadest first component because, by definition, it accounts for the most
variance among all criteria. Yet this model also allows for differences among specific
disorders to be expressed through subsequently extracted components, at the lower levels of
the hierarchy. In this way, at the higher levels of the hierarchy, components are more general
and broad, while elements at the hierarchy’s lower levels are more specific and refined (such
as specific disorder subtypes). This conceptualization may be helpful in identifying and
targeting prevention and treatment methods specific to certain sets of symptoms within each
component as well as more general behaviors.
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The purpose of the current study was to contribute to the existing literature on early
adolescent externalizing behaviors by examining the hierarchical structure of ADHD, ODD,
and CD criteria in 14-year-old boys. The advantage of using this approach was two-fold.
First, while previous studies have focused on different aspects of the structures of ADHD,
ODD and CD, the current study combined the component structure of these disorders into a
single model. Second, in a hierarchical-spectrum model, distinct clusters of criteria
aggregate to form specific disorders, which in turn come together to form broader
representations of a disorder. This allows for comparisons that can be described at different
levels, on a continuum ranging from very narrow or specific to very general or broad. This
may be beneficial because a hierarchical structure can be used to frame clinical and research
conceptualization. For example, Weiss, Susser, and Catron (1998) suggested that features
that are common across childhood psychopathology manifestations may be related to
severity, while specific features may be related to differentiation of psychopathology. The
current study is the first of which we are aware to examine the structure of these three DSM-
IV childhood externalizing disorders simultaneously while implementing a hierarchical
approach to investigating the dimensional structure of these symptoms.

2. Method
2.1 Participants

The present sample consisted of 487 individual 14-year-old boys participating in an ongoing
longitudinal study, the Minnesota Twin Family Study (MTFS). These boys were part of an
MTFS initiative known as the Enrichment Study (ES), which aimed to recruit twins at high
risk for the development of childhood disruptive disorders and substance abuse. This sample
was identified from the Minnesota birth records of same-sex twin pairs born between 1988
and 1994, and was ethnically representative of the Minnesota area (91% Caucasian). Of the
twin pairs targeted for inclusion, 82% were successfully recruited to participate starting
when the twins were 11 years of age. The present study included the boys of the ES sample,
since boys are disproportionately affected by these externalizing symptoms and criteria
(Crick, 2003; Maughan et al., 2004; Waschbusch and King, 2006). The mean age of the ES
boys at intake was approximately 11 years of age, while children at follow-up were
approximately 14-years-old.

The purpose of utilizing the ES sample for the current project was to ensure acceptable
variance on disruptive behavior symptoms and criteria by over-sampling for problematic
behaviors, but also to ensure the representativeness of the sample by appropriately weighting
the sample. (Additionally, the ES sample was utilized for the current project in order to
examine DSM-IV criteria; assessment of the original MTFS twin sample was begun prior to
the release of DSM-IV criteria.) Since the ES sample was over-sampled for twins likely to
have or develop ADHD and/or CD, a weighting scheme was utilized to account for non-
random sampling in the analyses of these data. For further details regarding the ES
recruitment, weighting scheme, and sample statistics, please see Keyes et al. (2009).

2.2 Measures and assessments
To obtain lifetime assessments of ADHD, ODD and CD criteria through age 14, we
combined information obtained from assessments when the twins were 11- and 14-years-
old. Assessments at age 11 (intake) inquired about symptoms and criteria that had ever been
present, while assessments at 14 years of age (the first follow-up) inquired about criteria
since the intake (age 11) assessment.

During day-long laboratory visits, each caregiver and twin was interviewed separately by
trained interviewers. Child and caregiver reports of DSM-IV ADHD, ODD, and CD criteria
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for each child were obtained through a modified version of the Diagnostic Interview for
Children and Adolescents – Revised (DICA-R; Reich and Welner, 1988). The presence or
absence of each DSM-IV symptom/criterion was determined by consensus teams of at least
two advanced clinical psychology doctoral students. Consensus teams were blind to
participant identity, and different teams reviewed interviews of different family members to
avoid contamination. Reliability (kappa) of the consensus diagnoses was high, exceeding
0.73 for all disorders. A best-estimate procedure was implemented where a symptom/
criterion was considered to be present if either the caregiver or child ever reported it as
present. That is, criteria were counted as being present if either the caregiver or child
definitely endorsed them, either through age 11 or between the 11-year-old and 14-year-old
assessments.

Weighted prevalence rates of all DSM-IV ADHD, ODD, and CD criteria for the current ES
sample are provided in Table 1, and are comparable to those found in other community
samples (e.g., Costello et al., 2003; Polanczyk et al., 2007). Two CD symptoms/criteria (‘ran
away for a lengthy period’; and ‘stolen with confrontation’) were excluded from the present
analyses due to prevalence rates below 0.5% (after combining caregiver and child self-
reports). The CD criterion ‘forced sex’ was not assessed in this sample. Additionally, the
number of total ADHD, CD, and ODD cases at age 11 (for boys in the ES sample) were N =
88, N = 130; and N = 92 for ADHD, CD, and ODD, respectively (see Keyes et al. 2009 for
further details).

2.3 Data Analysis
To examine the hierarchical structure of early adolescent externalizing behavior disorders,
ADHD, ODD, and CD criteria (43 total) were subjected to criterion-level principal
components analysis using varimax rotation in SPSS 15.0. The procedure implemented in
the current study has been described in detail by Goldberg (2006) and Tackett, Krueger,
Iacono, and McGue (2008). Briefly, we used a top-down approach to model successive
levels of the component hierarchy characterizing criteria of adolescent externalizing
behavior disorders. This approach began with extraction of the first unrotated principal
component (FUPC, which is the largest possible component) from the DSM-IV ADHD,
ODD, and CD criteria. That component was then represented as a regression-based
component score. In the second step, two varimax-rotated principal components were
extracted and those scores were saved as component scores. This procedure continued,
extracting greater numbers of components and saving the resulting component scores, until a
component emerged on which no criterion has its highest loading (Goldberg, 2006), which
in this report occurred with the seven component solution. Thus, for each successive number
of components the factor scores are computed and saved – one can then intercorrelate the
total set of factor scores or components. Correlations between the factor or component
scores at each level with those at the level below it can then be used to construct a
hierarchical representation (with broader levels on top and more refined components on the
bottom). The FUPC accounts for a significant portion of the disorder co-variation, while all
subsequent factors account for smaller, but independent factors, which contribute to the total
variance. The first principal component provides a measure of variance that is common to all
variables (in this case, symptoms) that have been included in these analyses, and each
subsequent component is again as large as possible after the influence of all preceding
factors or components have been partialed out (Goldberg, 2006). This approach allowed for
the development and integration of hierarchical representations of the structure of ADHD,
ODD and CD criteria.
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3. Results
Criterion-level principal component analyses were conducted on a total of 43 ADHD, ODD,
and CD criteria in 487 adolescent twin boys from the MTFS Enrichment Sample. We
present and discuss specific results at each level of the component hierarchy below.
Principal component loadings for each level of the hierarchy are presented in Tables 2
through 7 (that is, Table 2 presents the component loadings for the first component level,
Table 3 for the two-component level, up to the final six-component level which is presented
in Table 7). Component loadings greater than or equal to 0.30 are in bold. Each component
(along with its primary loadings) in the tables is identified by a separate color. Each criterion
was assigned to the component on which it had its greatest loading (if that met or exceeded
0.30), and was colored to match said component to illustrate this assignment. If a criterion
had no loadings of at least 0.30 on any component, it was not assigned to any component.
Figure 1 illustrates the hierarchical nature of all estimated component levels, and indicates
with arrows the significant correlations between components across levels.

Briefly, the first component level illustrated in Figure 1 depicts the broadest component
encompassing (and capturing 24% of the variance in) all ADHD, ODD, and CD symptom
criteria. Subsequent levels provide more specificity in the separate clustering of ADHD,
ODD, and CD symptoms, with the second through sixth component levels uniquely
explaining approximately 7%, 5%, 4%, 3%, and 3% of the symptom variance, respectively.
Notably, the third component level displays a near perfect correspondence in ADHD, ODD
and CD symptoms, respectively, while the fourth component level captures the separate
clustering of ADHD Inattentive and Hyperactive-Impulsive symptoms. The fifth and sixth
component levels provide even greater specificity in the separation of CD and ADHD
Impulsive and Hyperactive symptoms. We now turn to considering the interpretation of each
component level in greater detail.

3.1 First Component Level
The first level of the hierarchy presented in Figure 1 was the first unrotated principal
component (FUPC) obtained, and it explained 24.23% of the total variance among all
criteria. At this component level, all criteria have positive but highly variable loadings
ranging from 0.16 to 0.70 (see Table 2). This first component represents the broad
externalizing propensity that ties together the DSM-IV ADHD, ODD, and CD criteria.
Nevertheless, the variable magnitude of the loadings on this general propensity points to the
likelihood of finer-grained distinctions that would be predicted to emerge at lower levels of
an overall hierarchy.

3.2 Two-Component Level
At the two-component level, we see a break in the general cluster of externalizing criteria
into two separate clusters of ADHD and ODD/CD criteria. The first cluster of criteria was
comprised of all ADHD criteria, with loadings ranging from 0.34 to 0.76, as shown in red in
Table 3. Within this second level of the hierarchy, ODD and CD criteria clustered together
and loaded strongly onto a single component comprised of both ODD and CD criteria (with
loadings ranging from 0.30 to 0.78, shown in blue, Table 3), with no CD or ODD criteria
loading most strongly onto the ADHD component (Table 3). This illustrates a stronger
empirical connection between the constructs and criteria of ODD and CD, by contrast with
the connection between either of these constructs and ADHD. Additionally, three CD
criteria “cruel to animals”, ‘broken into house, car, or building”, and “stays out late before
age 13” did not strongly load onto either component of criteria (with loadings less than or
equal to 0.24).
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The ADHD component correlated r = 0.75, p<0.001 with the broader externalizing
propensity (the FUPC), and the ODD/CD component correlated r = 0.67, p<0.001 with the
FUPC. These correlations demonstrate the hierarchical nature of the first two levels
presented in Figure 1. That is, each of the two components accounts for a proportion of the
variance in the FUPC. The ADHD component accounts for 56% of the variance in the
FUPC (0.75 squared) and the ODD/CD component accounts for the remaining 44% of the
variance in the FUPC (0.67 squared). With regard to the total variance in all criteria, the
two-component level captured an additional 6.59% of the total variance, beyond the 24.23%
accounted for by the FUPC. Thus, the first and second components cumulatively captured
30.82% of the total variance.

3.3 Three-Component Level
At the three-component level, the three components roughly corresponded to the three
disorders (ADHD, ODD, and CD), and uniquely captured 4.85% of the total variance (thus,
the three preceding component levels cumulatively captured 35.67% of the total variance).
The first component encompassed all ADHD criteria, with strong loadings ranging from
0.32 to 0.76 (shown in red, see Table 4) and showing a perfect correspondence of ADHD
criteria from level two to level three, with a correlation of r = 0.99, p<0.001. The second
component included ODD criteria (with loadings ranging from 0.49 to 0.85; shown in blue,
see Table 4). The third component was comprised of CD criteria (with loadings ranging
from 0.33 to 0.62; shown in green in Table 4). One DSM-IV ODD criterion, “often spiteful
and vindictive,” loaded onto both the second (ODD) cluster (with a loading of 0.30) and
third (CD) cluster (with a loading of 0.35). Similarly, one CD criterion, “lies to con others,”
loaded most highly on the second (ODD) component with a loading of 0.35 (and a loading
of 0.34 on the CD component). The CD criterion “stays out late before age 13” did not
strongly load onto any of the components (with loadings of 0.03, 0.13, and 0.24 on the
ADHD, ODD, and CD components, respectively). Both the ODD and the CD component
clusters correlated highly with the broader ODD/CD factor found at the two-component
level (r = 0.82, p<0.001; and r = 0.57, p<0.001, respectively), but were essentially
uncorrelated with the broader ADHD component from the previous two-component level (r
= 0.005, p = 0.915; r = 0.09, p = 0.05 for ODD and CD, respectively). At this level of the
hierarchy, ODD and CD criteria were correlated but separable constructs, further illustrating
hierarchy.

3.4 Four-Component Level
As with the three-component level, both ODD and CD criteria loaded onto separate clusters
or components at the four-component level. CD criteria at the fourth component level
correlated r = 0.90, p<0.001 with CD criteria from the previous level. Similarly, the ODD
component correlated almost perfectly with the ODD component from the previous level (r
= 0.99, p<0.001), demonstrating continuity throughout the hierarchy. Again at this level, we
see the CD criterion “lies to con others” loaded onto the component of ODD criteria (with a
loading of 0.35), while “spiteful and vindictive” (an ODD criterion) loaded onto the CD
component (with a loading of 0.32, see Table 5).

At this level of the hierarchy, ADHD criteria became more refined and two separate
components of ADHD criteria emerged: a cluster comprised of Inattentive criteria, and a
cluster comprised of Hyperactive/Impulsive criteria. The ADHD ‘Inattentive’ component
included criteria such as “difficulty sustaining attention,” with principal component loadings
ranging from 0.46 to 0.74. The second cluster of ADHD criteria, the Hyperactivity/
Impulsivity component, included criteria such as “difficulty remaining seated,” with
loadings ranging from 0.43 to 0.65. Both of these two ADHD subtype components
correlated substantially with the broader ADHD component found at the three-component
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level (r = 0.88, p<0.001 for ADHD Inattention, and r = 0.48, p<0.001 for ADHD
Hyperactivity/Impulsivity) demonstrating that they were related but separable subtypes at
this level. Although no CD criteria loaded strongly onto the ADHD Hyperactive/Impulsive
cluster of criteria, these two constructs were moderately correlated between the third and
fourth component levels (r = 0.40, p<0.001). Additionally, this four-component level
uniquely captured an additional 4.17% of the total variance (cumulatively capturing
approximately 40% of the total variance).

3.5 Five-Component Level
At the five-component level, both ADHD Inattentive and ADHD Hyperactive/Impulsive
components moved from level four to level five perfectly, with correlations of r = 1.0,
p<0.001, and r = 0.99, p<0.001, respectively, demonstrating the stable hierarchical nature of
these ADHD sub-types. Similarly, the ODD component at the five-component level
correlated almost perfectly with ODD at the four-component level (r = 0.99, p<0.001).

Additionally, at the five-component level two separate clusters of CD criteria emerged.
‘Aggressive’ criteria comprised the primary CD component, while ‘rule-breaking’ criteria
comprised the secondary CD component. The ‘aggressive’ component, including criteria
such as “often initiates physical fights,” had loadings ranging from 0.34 to 0.65 (shown in
plum, see Table 6); and the ‘rule-breaking’ component, including criteria such as “truancy”
and “staying out,” had loadings ranging from 0.41 to 0.60 (shown in pink, see Table 6).
These two newly-emerging clusters of CD criteria correlated strongly with the broader
cluster of CD criteria found at the previous four-component level (‘aggressive’ component: r
= 0.60, p<0.001; ‘rule-breaking’ component: r = 0.80, p<0.001), indicating that they were
separable but correlated subtypes of CD. CD criteria “sets fires to cause damage” and “stays
out late before age 13” did not load strongly onto any of the components at the five-
component level (with loadings ranging from 0.07 to 0.29 and 0.02 to 0.23, respectively).
Additionally, “lies to con others” still loaded (at 0.35) onto the ODD cluster of criteria. This
level uniquely captured 3.13% of the total variance and approximately 43% of the total
variance cumulatively.

3.6 Six-Component Level
To lend further support to the hierarchical nature of these constructs, ADHD Inattention and
ODD criteria move almost in unity from the five- to the six-component level (with
correlations of r = 0.99, p<0.001 for both ADHD Inattention and ODD). Both CD
‘aggressive’ and ‘rule-breaking’ criteria also correlated highly between the five- and six-
component levels (with correlations of r = 0.93, p<0.001 and r = 0.85, p<0.001,
respectively), which further illustrates hierarchy within this model.

At this level of the hierarchy, we see an additional refinement in ADHD Hyperactive/
Impulsive criteria, with two separate components emerging. One component was comprised
of predominantly ‘hyperactive’ criteria, including “often fidgets, squirms, restless,” with a
pattern of strong component loadings ranging from 0.53 to 0.61 (shown in green under
‘component 3’). A second component encompassed predominantly ‘impulsive’ criteria,
including “often interrupts or intrudes,” with loadings ranging from 0.35 to 0.64 (shown in
pink, Table 7). These two newly-formed components of ‘Hyperactivity’ and ‘Impulsivity’
correlated highly with the combined Hyperactive/Impulsive component found at the
previous five-component level; both the hyperactivity and the impulsivity components
correlated r = 0.70, p<0.001 with the single Hyperactive/Impulsive cluster from the previous
level of the hierarchy. This illustrates that these two new clusters of ADHD Hyperactive and
Impulsive criteria were strongly related but also separable at this level of the hierarchy.
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Additionally at this level (which captured 2.91% of the total variance and approximately
46% of the total variance cumulatively), we observed several instances of cross-disorder
criterion loadings. The CD criterion “lies to con others” loaded strongly onto the ODD
cluster, as well as onto the ADHD ‘hyperactive’ cluster and the CD ‘aggressive’ cluster of
criteria (with loadings of 0.36, 0.31, and 0.32, respectively). The ODD criterion “often
spiteful and vindictive” loaded onto the CD ‘aggressive’ cluster of criteria with a loading of
0.31, and the CD criterion “cruel to animals” loaded strongly onto the ADHD ‘impulsive’
cluster of criteria with a loading of 0.35. The previously ‘aggressive’ CD criterion, “sets
fires to cause damage,” loaded strongly onto the ‘rule-breaking’ cluster of CD criteria at this
level; however, the cluster of CD ‘aggressive’ criteria was not strongly associated with the
more ‘rule-breaking’ cluster of CD criteria found at the five-component level (see Figure 1).
Additionally, CD ‘rule-breaking’ criteria from the previous five-component level were
negatively correlated with the six-component level ADHD ‘impulsive’ criteria (r = -0.32,
p<0.001), but positively correlated with the six-component level ‘hyperactive’ criteria of
ADHD (r = 0.39, p<0.001). No criterion loaded most strongly onto a seventh component;
thus, the model reached a stopping-point prior to the addition of a seventh level to this
hierarchy (Goldberg, 2006).

4. Discussion
The goal of the present study was to examine the hierarchical factor structure of ADHD,
ODD and CD criteria in early adolescent boys in an attempt to further understand how to
conceptualize relationships among criteria or subtypes of these externalizing disorders
within a hierarchical spectrum. Current results integrated the existing structural literature on
ADHD, ODD, and CD into a single model. Our findings showcase both the similarities
among ADHD, ODD, and CD with regard to a broader propensity for externalizing
behaviors, as well as the distinctions among these disorders at more refined levels. At the
higher levels of the hierarchy, we saw collective clusters of criteria that represent general
aspects of childhood or adolescent externalizing psychopathology. At the more refined
lower levels of the hierarchy, we saw evidence for more specific features that enabled us to
distinguish the individual disorders (and in some cases, subtypes) from one another. We turn
now to considering the strengths and limitations of the current study and, keeping these in
mind, continue to examine the integration of the present hierarchical model into the existing
literature on the structure of externalizing disorders in early adolescence, as well as the
benefits of conceptualizing psychopathology in a hierarchical fashion.

4.1 Strengths and Limitations
Several factors must be considered when interpreting the current results. First, the sample
was over-sampled for externalizing behavior, but an examination of the prevalence rates of
ADHD, CD, and ODD criteria indicated that the weighted prevalence rates found in the
current sample were comparable to those found in other community samples. Similarly,
Keyes et al. (2009) found that weighted rates of these disorders were virtually identical to
those from the original population-based MTFS sample of twins, underlining the utility of
the sampling weights used here. Additionally, the twins were treated as independent
observations in the current analyses, which should not affect parameter estimates (i.e. factor
loadings). Twins may differ from non-twins and exhibit slower language development and
somewhat more ADHD symptoms (Lahey et al., 2008), but do not tend to differ in other
symptoms (Ehringer et al., 2006). The use of both caregiver reports as well as child self-
reports of ADHD, CD, and ODD behaviors may be considered a strength, by increasing
validity through multiple rater reports. Also, the current study examined these externalizing
behaviors in a community sample of boys in early adolescence, while most previous studies
have focused their attention on examining these traits in younger school-aged children.
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Additionally, the specific age range employed in the current study (with lifetime
assessments through age 14) may limit the generalizability of our results. A final limitation,
which is common within the early externalizing behavior literature, was that we found it
necessary to limit our model (and findings) to boys, since boys are generally
disproportionately affected by externalizing behavior criteria (Crick, 2003; Maughan et al.,
2004). Furthermore, recent evidence has also suggested structural differences in disruptive
behaviors when comparing girls with boys (Ford et al., 2003; Loeber et al., 2009). Future
studies from this sample will explore these externalizing behaviors and criteria in adolescent
girls, to extend the findings for boys presented here.

4.2 Integrating the Current Model into the Existing Externalizing Structural Literature
Previous studies that have examined the structural nature of ADHD, ODD, and CD report
(symptom/criterion) clustering patterns that are consistent with different levels of the single
hierarchical model presented here. For instance, studies examining the structure of DSM-IV
ADHD criteria have generally found it to yield two factors: one factor comprised mainly of
‘Inattentive’ criteria and another a factor comprised of ‘Hyperactive/Impulsive’ criteria
(Burns et al., 1997a, 1997b; Waschbusch and King, 2006). The results from these previous
studies on ADHD were well-integrated into the current hierarchical model, which also
demonstrated the clustering of ADHD criteria into these same inattentive and hyperactive/
impulsive subtypes. For example, both Toplak et al. (2009) and Martel et al., (2010)
demonstrated that ADHD symptoms not only have a unitary component, but also discreet
and distinct separable factors or components for inattention and hyperactivity/impulsivity
symptoms similar to the hierarchical component structures found in the current study.
Results from the present study complement previous work conducted by Toplak et al.,
(2009) who used a clinical sample to investigate the component structure of ADHD
symptoms. Thus, studies using both community and clinical samples find similar support for
a multidimensional structure for ADHD symptoms.

The factor structure of CD has also been extensively explored (Moffitt and Caspi, 2001;
Tackett et al., 2003; Maughan et al., 2004). The literature often characterizes CD as
consisting of predominantly aggressive traits; however, several lines of research including
the current study indicate that purely aggressive criteria cluster into a separate subtype that
does not seem to be pervasive (Nock et al., 2006). Consistent with this, in our model we
observed that the more common ‘rule-breaking’ criteria of CD clustered into a separate
component or subtype from the less common ‘aggressive’ criteria. The identification of
reliable subtypes of CD criteria may help bring order to the variety of symptom profiles that
can be obtained from the current DSM-IV criteria for CD (Nock et al., 2006).

Although not as extensive, researchers have also investigated the underlying structure of
ODD symptoms/criteria and have generally found evidence that a single-factor adequately
captures the disorder (Burns et al., 1997a, 1997b; Hommerson et al., 2006). Similarly, the
model presented in the current study also demonstrates the consistently one-dimensional
nature of ODD.

4.3 Advantages of the Current Hierarchical Model
Findings from the current study demonstrated the advantages in examining criteria from
multiple disorders within a single hierarchical model. This hierarchical approach reconciled
both “lumping” and “splitting”; the broader components (at the higher levels of the
hierarchy) captured the elements common across disorders, and the more refined
components (at the lower levels of the hierarchy) represent elements unique to each
disorder. Thus, the general externalizing component (the FUPC) accounts for a significant
portion of the variation (24% of the variance explained), while all subsequent factors
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account for smaller, but independent, portions of variance, which in total explain substantial
variance above and beyond that captured by the general externalizing component. Each
subsequent component is again as large as possible after the influence of all preceding
factors or components have been partialed out (Goldberg, 2006). The second through sixth
component levels as a whole explained nearly 21% of the total variance; while, the first
principal component explains the larger part of the variance, the lower subsequent
component levels capture unique, important information for specificity in these behaviors.
Thus, these analyses not only provide satisfactory evidence for ‘lumping’ but also for
‘splitting’ components such as those observed for CD and ADHD. One advantage of
examining criteria from multiple disorders hierarchically is that certain common features
may exist across multiple forms of externalizing psychopathology, as evidenced by the
broader components at the top levels of the hierarchy. However, there may also be specific
features that distinguish certain disorders or subtypes from one another, such as CD
‘aggressive’ versus ‘rule-breaking’ criteria (Weiss et al., 1998). Recognizing hierarchy in
this domain may, in turn, be beneficial in devising treatment options targeting either specific
or common features, perhaps depending on presenting comorbidity, as well as useful in
devising assessments that evaluate both the common and specific features captured by these
childhood externalizing disorders (Weiss et al., 1998).

In addition to identifying common or specific disorder features expressed at different levels
of the hierarchy, another significant advantage to this approach is the illustration of the co-
morbidity among these components as demonstrated by the presence of moderate to high
cross-disorder correlations between component levels (Figure 1). In the current model, we
identified specific boundaries between various disorders, but we also identified substantial
overlap among disorders. Recognizing associations or covariation among disorders and
subtypes may be crucial in identifying both common and specific risk factors for these
behaviors, as well as explaining the pervasive pattern of comorbidity often observed among
externalizing disorders. For instance, by focusing on the broader levels of the hierarchy,
researchers may identify common risk factors for the development of any externalizing
disorder, while focusing on risk factors for the criteria found at the more refined levels of the
hierarchy (after accounting for common variance shared among disorders, as has been done
in our model by the inclusion of the broader components) may help identify risk factors
involved in the development of a specific externalizing disorder or subtype.

Additionally, the current findings may aid in identifying and targeting specific sets of
symptoms within each component as well as more general behaviors for both prevention and
treatment applications. Our findings suggest that both common and unique factors may be
important for understanding not only the etiology of certain disorders, but also for treatment
methods. For example, this conceptualization suggests that general and specific risks for
inattention, hyperactivity, impulsivity, conduct disorders and other externalizing behaviors
may need to be assessed separately to provide maximal information about the symptom
profiles for ADHD for each individual in order to accurately predict risk and outcome. In
turn, treatment may be tailored accordingly to specific constellations of general and or
specific symptoms (and risk) that characterize the individual. For example, general ADHD
risk may be best treated with a combination of medication and behavioral therapy, whereas
specific inattentive symptoms may be treated with medication alone (Martel et al., 2010).
Thus, researchers and clinicians should consider both specific and unique factors for
assessment, prediction, prevention and treatment methods.

4.4 Conclusions
In sum, the current study’s findings effectively integrated different aspects of the existing
literature on the structure of ADHD, ODD, and CD criteria into a single hierarchical model.
The current results suggest that focusing on one particular aspect or level of the hierarchy
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may be limiting in terms of conceptualizing the underlying structure of childhood
externalizing problems. Thus, it may be beneficial to examine behavioral differences at
different levels of the hierarchy ranging from very broad to very narrow (e.g., examining
aspects common across externalizing disorders, as well as those specific to certain disorders
or subtypes). Future studies could expand on the hierarchical conceptualization presented
here by identifying risk factors that may be more related to externalizing in general, and
others that may be associated with externalizing at the level of more refined and specific
disorders or subtypes.
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Figure 1.
Principal components of lifetime DSM-IV ADHD, ODD, and CD criteria in a sample of 14-
year-old boys, organized in a single hierarchical model. All correlations between
components are significant at p<.001, and only correlation coefficients greater than 0.30 are
presented on the diagram. FUPC = First Unrotated Principal Component.
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Table 1

MTFS Enrichment Sample weighted prevalence rates for forty-three ADHD, ODD, and CD criteria in 14-
year-old males (N = 478) based on combined caregiver and child self-reports.

DSM-IV criteria Prevalence

Attention Deficit Hyperactivity Disorder

A 1. ADHD Inattention

  a. Makes careless mistakes 42.4%

  b. Difficulty sustaining attention 32.8%

  c. Often does not seem to listen 21.3%

  d. Difficulty following through on instructions 25.1%

  e. Difficulty organizing tasks 34.9%

  f. Avoids mental effort 23.2%

  g. Often loses necessary items 26.8%

  h. Often easily distracted 48.0%

  i. Often forgetful 35.9%

  2. ADHD Hyperactivity/Impulsivity

Hyperactivity

  a. Often fidgets or squirms 37.2%

  b. Difficulty remaining seated 24.6%

  c. Inappropriate running about 12.3%

  d. Difficulty playing quietly 19.8%

  e. Often “on the go” 21.2%

  f. Often talks excessively 25.5%

Impulsivity

  g. Often blurts out answers 16.2%

  h. Difficulty awaiting turn 9.3%

  i. Often interrupts or intrudes 20.0%

B. Onset before age 7 61.3%

 Impairment: multiple settings 50.7%

Oppositional Defiant Disorder

  1. Often loses temper 29.9%

  2. Often argues with adults 21.7%

  3. Defies adults’ requests 15.8%

  4. Deliberately annoys people 31.5%

  5. Blames others for mistakes 32.4%

  6. Touchy/easily annoyed by others 16.3%

  7. Often angry and resentful 12.6%

  8. Often spiteful and vindictive 6.9%

 Impairment: multiple settings 37.1%

 Duration of 6 months or more 64.7%

Conduct Disorder

  1. Often bullies, threatens, or intimidates 3.6%
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DSM-IV criteria Prevalence

  2. Often initiates physical fights 7.9%

  3. Used a weapon with potential for harm 14.6%

  4. Cruel to people 4.6%

  5. Cruel to animals 10.8%

  6. Sets fires to cause damage 4.6%

  7. Deliberately destroyed property 7.9%

  8. Broken into house, car, building 0.7%

  9. Lies to con others 26.9%

  10. Stolen nontrivial items 6.2%

  11. Stays out late before age 13 2.0%

  12. Truant before 13 0.8%

  13. Impairment – multiple settings 22.7%

Note: Prevalence rates are based on number of definite criteria.
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Table 2

Principal Component Loadings for the One-Component Level

Component 1

Attention Deficit Hyperactivity Disorder

A 1. ADHD Inattention

 a. Makes careless mistakes 0.53

 b. Difficulty sustaining attention 0.56

 c. Often does not seem to listen 0.51

 d. Difficulty following through on instructions 0.48

 e. Difficulty organizing tasks 0.57

 f. Avoids mental effort 0.61

 g. Often loses necessary items 0.47

 h. Often easily distracted 0.56

 i. Often forgetful 0.62

  2. ADHD Hyperactivity/Impulsivity

Hyperactivity

 a. Often fidgets or squirms 0.49

 b. Difficulty remaining seated 0.51

 c. Inappropriate running about 0.51

 d. Difficulty playing quietly 0.43

 e. Often “on the go” 0.52

 f. Often talks excessively 0.39

Impulsivity

 g. Often blurts out answers 0.48

 h. Difficulty awaiting turn 0.54

 i. Often interrupts or intrudes 0.51

B. Onset before age 7 0.52

 Impairment: multiple settings 0.70

Oppositional Defiant Disorder

 1. Often loses temper 0.57

 2. Often argues with adults 0.59

 3. Defies adults’ requests 0.47

 4. Deliberately annoys people 0.45

 5. Blames others for mistakes 0.47

 6. Touchy/easily annoyed by others 0.54

 7. Often angry and resentful 0.51

 8. Often spiteful and vindictive 0.40

 Impairment: multiple settings 0.69

 Duration of 6 months or more 0.60

Conduct Disorder

 1. Often bullies, threatens, or intimidates 0.37

 2. Often initiates physical fights 0.36
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Component 1

 3. Used a weapon with potential for harm 0.42

 4. Cruel to people 0.36

 5. Cruel to animals 0.26

 6. Sets fires to cause damage 0.39

 7. Deliberately destroyed property 0.41

 8. Broken into house, car, building 0.16

 9. Lies to con others 0.54

 10. Stolen nontrivial items 0.36

 11. Stays out late before age 13 0.20

 12. Truant before 13 0.18

 13. Impairment – multiple settings 0.64
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Table 3

Principal Component Loadings for the Two-Component-Level

Component 1 Component 2

Attention Deficit Hyperactivity Disorder

A 1. ADHD Inattention

 a. Fails to give close attention, makes careless mistakes 0.57 0.17

 b. Difficulty sustaining attention 0.62 0.15

 c. Often does not seem to listen 0.63 0.07

 d. Difficulty following through on instructions 0.55 0.10

 e. Difficulty organizing tasks 0.65 0.13

 f. Avoids mental effort 0.59 0.26

 g. Often loses necessary items 0.58 0.05

 h. Often easily distracted 0.62 0.15

 i. Often forgetful 0.66 0.19

 2. ADHD Hyperactivity/Impulsivity

Hyperactivity

 a. Often fidgets or squirms 0.54 0.14

 b. Difficulty remaining seated 0.53 0.18

 c. Inappropriate running about 0.43 0.29

 d. Difficulty playing quietly 0.38 0.22

 e. Often “on the go” 0.52 0.19

 f. Often talks excessively 0.34 0.21

Impulsivity

 g. Often blurts out answers 0.41 0.26

 h. Difficulty awaiting turn 0.46 0.30

 i. Often interrupts or intrudes 0.46 0.25

B. Onset before age 7 0.66 0.04

 Impairment: multiple settings 0.76 0.19

Oppositional Defiant Disorder

 1. Often loses temper 0.28 0.54

 2. Often argues with adults 0.20 0.67

 2. Defies adults’ requests 0.11 0.58

 3. Deliberately annoys people 0.07 0.60

 4. Blames others for mistakes 0.17 0.52

 5. Touchy/easily annoyed by others 0.25 0.53

 6. Often angry and resentful 0.18 0.57

 7. Often spiteful and vindictive 0.15 0.44

 Impairment: multiple settings 0.23 0.78

 Duration of 6 months or more 0.25 0.62

Conduct Disorder

 1. Often bullies, threatens, or intimidates 0.14 0.41

 2. Often initiates physical fights 0.15 0.37
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Component 1 Component 2

 3. Used a weapon with potential for harm 0.09 0.53

 4. Cruel to people 0.18 0.33

 5. Cruel to animals 0.18 0.19

 6. Sets fires to cause damage 0.23 0.33

 7. Deliberately destroyed property 0.12 0.48

 8. Broken into house, car, building 0.01 0.22

 8. Lies to con others 0.31 0.47

 9. Stolen nontrivial items 0.19 0.34

 10. Stays out late before age 13 0.05 0.24

 11. Truant before 13 −0.02 0.30

 12. Impairment – multiple settings 0.31 0.61
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Table 4

Principal Components Loadings for the Three Component Level

Component 1 Component 2 Component 3

Attention Deficit Hyperactivity Disorder

A 1. ADHD Inattention

 a. Makes careless mistakes 0.55 0.10 0.20

 b. Difficulty sustaining attention 0.62 0.23 0.00

 c. Often does not seem to listen 0.63 0.10 0.04

 d. Difficulty following through on instructions 0.54 0.05 0.16

 e. Difficulty organizing tasks 0.66 0.21 −0.01

 f. Avoids mental effort 0.58 0.21 0.20

 g. Often loses necessary items 0.60 0.19 −0.12

 h. Often easily distracted 0.62 0.20 0.04

 i. Often forgetful 0.66 0.27 0.02

 2. ADHD Hyperactivity/Impulsivity

Hyperactivity

 a. Often fidgets or squirms 0.51 0.01 0.28

 b. Difficulty remaining seated 0.49 −0.01 0.37

 c. Inappropriate running about 0.40 0.13 0.36

 d. Difficulty playing quietly 0.35 0.06 0.34

 e. Often “on the go” 0.50 0.03 0.33

 f. Often talks excessively 0.32 0.17 0.16

Impulsivity

 g. Often blurts out answers 0.39 0.20 0.21

 h. Difficulty awaiting turn 0.43 0.13 0.37

 i. Often interrupts or intrudes 0.45 0.25 0.13

B. Onset before age 7 0.65 0.00 0.12

 Impairment: multiple settings 0.76 0.23 0.08

Oppositional Defiant Disorder

 1. Often loses temper 0.26 0.60 0.12

 2. Often argues with adults 0.18 0.69 0.20

 3. Defies adults’ requests 0.09 0.60 0.17

 4. Deliberately annoys people 0.05 0.61 0.17

 5. Blames others for mistakes 0.16 0.53 0.16

 6. Touchy/easily annoyed by others 0.24 0.56 0.14

 7. Often angry and resentful 0.15 0.49 0.30

 8. Often spiteful and vindictive 0.11 0.30 0.35

 Impairment: multiple settings 0.22 0.85 0.16

 Duration of 6 months or more 0.25 0.77 0.01

Conduct Disorder

 1. Often bullies, threatens, or intimidates 0.09 0.13 0.53

 2. Often initiates physical fights 0.11 0.15 0.43
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Component 1 Component 2 Component 3

 3. Used a weapon with potential for harm 0.04 0.33 0.46

 4. Cruel to people 0.14 0.10 0.44

 5. Cruel to animals 0.15 0.01 0.33

 6. Sets fires to cause damage 0.19 0.12 0.42

 7. Deliberately destroyed property 0.08 0.25 0.49

 8. Broken into house, car, building −0.02 −0.01 0.40

 1. Lies to con others 0.28 0.35 0.34

 2. Stolen nontrivial items 0.14 0.07 0.49

 3. Stays out late before age 13 0.03 0.13 0.24

 4. Truant before 13 −0.06 0.07 0.42

 5. Impairment – multiple settings 0.25 0.33 0.62
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Table 5

Principal Component Loadings for the Four-Component Level

Component 1 Component 2 Component 3 Component 4

Attention Deficit Hyperactivity Disorder

A 1. ADHD Inattention

 a. Makes careless mistakes 0.49 0.08 0.26 0.20

 b. Difficulty sustaining attention 0.64 0.19 0.14 0.06

 c. Often does not seem to listen 0.59 0.07 0.24 0.05

 d. Difficulty following through on instructions 0.46 0.03 0.31 0.13

 e. Difficulty organizing tasks 0.72 0.16 0.08 0.09

 f. Avoids mental effort 0.55 0.18 0.23 0.23

 g. Often loses necessary items 0.68 0.14 0.00 −0.01

 h. Often easily distracted 0.63 0.16 0.15 0.10

 i. Often forgetful 0.73 0.21 0.07 0.13

 2. ADHD Hyperactivity/Impulsivity

Hyperactivity

 a. Often fidgets or squirms 0.36 0.01 0.43 0.18

 b. Difficulty remaining seated 0.28 0.00 0.53 0.22

 c. Inappropriate running about 0.23 0.14 0.44 0.24

 d. Difficulty playing quietly 0.10 0.09 0.57 0.14

 e. Often “on the go” 0.25 0.06 0.59 0.15

 f. Often talks excessively 0.07 0.21 0.55 −0.06

Impulsivity

 g. Often blurts out answers 0.13 0.24 0.59 −0.01

 h. Difficulty awaiting turn 0.15 0.17 0.65 0.15

 i. Often interrupts or intrudes 0.23 0.28 0.52 −0.04

B. Onset before age 7 0.51 −0.00 0.43 0.05

 Impairment: multiple settings 0.74 0.19 0.25 0.12

Oppositional Defiant Disorder

 1. Often loses temper 0.29 0.58 0.07 0.15

 2. Often argues with adults 0.13 0.69 0.18 0.17

 3. Defies adults’ requests 0.10 0.59 0.06 0.18

 4. Deliberately annoys people 0.01 0.62 0.13 0.13

 5. Blames others for mistakes 0.05 0.55 0.27 0.06

 6. Touchy/easily annoyed by others 0.29 0.54 0.00 0.21

 7. Often angry and resentful 0.15 0.48 0.09 0.32

 8. Often spiteful and vindictive 0.06 0.30 0.17 0.32

 Impairment: multiple settings 0.20 0.85 0.15 0.14

 Duration of 6 months or more 0.24 0.77 0.11 −0.00

Conduct Disorder

 1. Often bullies, threatens, or intimidates 0.08 0.11 0.10 0.56

 2. Often initiates physical fights 0.08 0.14 0.13 0.43
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Component 1 Component 2 Component 3 Component 4

 3. Used a weapon with potential for harm −0.00 0.33 0.16 0.43

 4. Cruel to people 0.15 0.07 0.07 0.49

 5. Cruel to animals 0.05 0.01 0.24 0.27

 6. Sets fires to cause damage 0.08 0.13 0.29 0.35

 7. Deliberately destroyed property 0.08 0.23 0.07 0.52

 8. Broken into house, car, building 0.04 −0.04 −0.09 0.49

 9. Lies to con others 0.20 0.35 0.26 0.30

 10. Stolen nontrivial items 0.14 0.05 0.10 0.53

 11. Stays out late before age 13 0.02 0.12 0.05 0.24

 12. Truant before 13 −0.00 0.04 −0.07 0.50

 13. Impairment – multiple settings 0.18 0.31 0.26 0.61
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