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Abstract To examine the unity and diversity of inatten-
tion and hyperactivity/impulsivity symptom domains of
Attention-Deficit/Hyperactivity Disorder (ADHD) in a
clinical sample of adolescents with ADHD. Parents and
adolescents were administered a semi-structured diag-
nostic interview, the Schedule for Affective Disorders and
Schizophrenia for School-Age Children — Present and
Lifetime Version (K-SADS-PL), to assess adolescent
ADHD. Data from 201 parent interviews and 189
adolescent interviews were examined. Four potential
factor structures for the 18 ADHD symptoms were tested
using confirmatory factor analysis: two models with
correlated factors and two bifactor models. A bifactor
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model with two specific factors best accounted for
adolescent symptoms, according to both parent and
adolescents’ reports. Replication of these findings from
behavioral rating scales completed for this sample by
parents and teachers indicates that the findings are not
method— or informant-specific. The results suggest that
there is an important unitary component to ADHD
symptoms and separable dimensional traits of Inattention
and Hyperactivity/Impulsivity.

Keywords ADHD - Symptom domains - Inattention -
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Attention-Deficit/Hyperactivity Disorder (ADHD) is
characterized by problems with attention, impulsivity,
and hyperactivity [American Psychiatric Association
(APA), DSM-IV-TR, 2000]. Substantial behavioral re-
search has been devoted to searching for an optimal
phenotype for understanding ADHD. The basis for such
behavioral studies in ADHD has relied on the study of the
symptom domains (inattention, hyperactivity, and impul-
sivity), which serve as the basis for defining the
Inattentive, Hyperactive/Impulsive, and Combined sub-
types (DSM-IV-TR, 2000). An emerging literature has
examined whether these subtypes should be considered as
the same or separate disorders (Barkley 2001; Diamond
2005; Hinshaw 2001; Lahey 2001; Milich et al. 2001). To
examine the dimensionality of ADHD symptoms in this
study, rather than examining subtypes, we used a factor
analytic strategy to test the unity and diversity of these
symptom domains by comparing four different confirma-
tory factor analytic models, including correlated factor
models and bifactor models.
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The Unity and Diversity of Inattention, Hyperactivity,
and Impulsivity in ADHD

The relationship between the symptom domains in ADHD is
one of the most intriguing and important issues that determine
how we define this disorder, as evident in the evolving
definition of ADHD from the DSM-III to the DSM-IV-TR
(APA 1980, 2000; Barkley 2006). For instance, the DSM-IV-
TR (APA 2000) delineates two symptom dimensions
(inattention, hyperactivity/impulsivity) which yield three sub-
types: Predominantly Inattentive, Predominantly Hyperactive/
Impulsive, and Combined Type of ADHD. An argument has
been made for separating the Predominantly Inattentive
subtype from the Combined subtype into two distinct
disorders rather than subtypes of a single disorder
(Diamond 2005; Milich et al. 2001). However, there is no
robust evidence that the subtypes can be differentiated
reliably: they show developmental instability, are more
similar than different in terms of their neuropsychological
profiles, show comparable response to stimulant treatment,
and the diagnosis of ADHD subtype varies according to
informant, instrumentation, and algorithm for combining
information across informants (Hinshaw 2001; Lahey et al.
2005; Milich et al. 2001; Rowland et al. 2008; Baeyens et
al. 2006; Solanto et al. 2007).

An alternative strategy for understanding the structure of
ADHD symptoms is to consider the dimensional structure
of inattention, hyperactivity, and impulsivity, as opposed to
comparing subtypes. There has been substantial, accumu-
lating evidence for differentiating the symptom domains of
inattention and hyperactivity/impulsivity. Inattentive symp-
toms have been associated with executive dysfunction
(Chhabildas et al. 2001; Nigg et al. 2005) and the hyper-
active and impulsive symptoms have been associated with
risky decision making (Toplak et al. 2005). Recent psy-
chological models of ADHD also recognize the unique and
separable contributions of inattention and hyperactivity/
impulsivity. For example, dual pathway models suggest that
executive dysfunction and motivational or reinforcement-
related dysfunction both uniquely predict ADHD symptoms
(Sonuga-Barke 2002, 2003). Reinforcement-related dys-
function may be more highly linked with hyperactivity
(Kuntsi et al. 2001; Sonuga-Barke 2005) and impulsive
behaviors, as has been suggested in animal models (Rubia
2005; Van den Bergh et al. 2006). Other models have
identified inattention and hyperactivity as unique pathways,
including a differentiation between hyperactive and impul-
sivity pathways (Sagvolden et al. 2005). Thus, there is
converging evidence for an important distinction between
the symptom domains of inattention, hyperactivity, and
impulsivity.

One counter argument to the separability of inattention,
hyperactivity, and impulsivity is that these symptom
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domains may interact synergistically in a meaningful way
to give rise to the heterogencous expression of ADHD
(Sonuga-Barke 2005; Sonuga-Barke et al. 2008). Another is
based on evidence that inattention is more highly correlated
with hyperactivity and impulsivity than with other domains
of psychopathology and functioning, such as conduct
problems, emotional lability, and social problems (Adams
et al. 1997). This trend is also evident in correlations among
the Conners 3GI-P and BASC-2 Scales and the Conners 3
GI-P and ASEBA CBCL and TRF scales, with higher
correlations between the Restless-Impulsive Scale and
Attention Problems than among the Anxious/Depressed,
Withdrawn, Social Complaints, and Social Problems scales
(Conners 2008). An explanatory model of ADHD will need
to account for the separability and overlap between the
symptom domains of ADHD.

An additional method of investigation includes factor
analytic studies, which have generally supported a
conceptualization of ADHD based on two factors,
inattention and hyperactivity/impulsivity (Milich et al.
2001). Herein, we report a factor-analytic investigation
that examines whether there is a general factor common to
all symptoms along with specific factors for the separate
symptom domains in order to better conceptualize the
unity and diversity of the inattention, hyperactivity, and
impulsivity symptom domains. Such a model is referred to
as a bifactor model (Chen et al. 2006; Holzinger and
Swineford 1937; also known as a hierarchical factor
model, Schmid and Leiman 1957).

Evidence From Confirmatory Factor Analytic Studies

Many factor analytic studies have examined and found
support for the DSM-IV-TR’s two-factor conceptualiza-
tion of ADHD, separating inattention and hyperactivity/
impulsivity into two distinct dimensions (Collett et al.
2000; DuPaul 1991; Hart et al. 1995; Hudziak et al. 1998;
Lahey et al. 1988; Pillow et al. 1998; Rasmussen et al.
2002; Rohde et al. 2001; Wolraich et al. 1996). However,
some researchers have also found support for a three-
factor model of ADHD symptoms, separating inattention,
hyperactivity, and impulsivity (Glutting et al. 2005;
Gomez et al. 1999; Pillow et al. 1998; Proctor and Prevatt
2009; Span et al. 2002). Developmental level does not
explain differences in overall findings as these studies
have included child, adolescent, and young adult samples.
Based on this literature, both two— and three— correlated
factor models were examined as candidate models in the
current study.

To determine whether there is a single dimension
influencing all ADHD symptoms, we test two bifactor
models. A bifactor model includes a single general factor
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accounting for covariation among all symptoms along with
separate, specific factors of inattention, hyperactivity, and
impulsivity that vary independently from the general factor.
A useful analogy for understanding bifactor models is
Spearman’s (1904) two-factor theory of intelligence that
assumes that each observed variable is determined by a
general intelligence factor, but some variables are also
influenced by other more specific factors (e.g., verbal
versus nonverbal 1Q; crystallized versus fluid 1Q) that are
orthogonal to the general factor. The specific factors thus
contribute independent variance and covariance among the
symptoms beyond that accounted for the general factor.
This model provides a useful framework for explaining the
overlap and separability of the ADHD symptom domains.

To our knowledge, only one study to date has examined a
bifactor model for ADHD symptoms (Dumenci et al. 2004).
In this study, the authors examined the factor structure of
the 26 items on the Attention Problems syndrome of the
Teacher Report Form (Achenbach and Rescorla 2001)
using eight different samples distinguished by the following
variables: gender, clinical versus non-clinical, and age
group (6—11 years versus 12—18 years). The findings
consistently supported a bifactor model with two specific
factors of inattention and hyperactivity/impulsivity over
non-hierarchical factor models with either a single factor or
two correlated factors. Thus, the bifactor model suggested
the existence of a general ADHD construct to explain the
relationships among all symptoms and two specific factors
related to inattention and hyperactivity/impulsivity.

In the current study, we test two bifactor models: a
bifactor model with a general factor and two specific factors
that include inattention and hyperactivity/impulsivity, and a
bifactor model with a general factor and three specific
factors that include inattention and separate hyperactivity
and impulsivity factors. We also contrast the fit of these
bifactor models with the fit of non-hierarchical models with
two— and three-correlated factors. We predict that the
bifactor model with one general factor and two specific
factors will be the optimally fitting model that best explains
the unity and diversity of ADHD symptoms. Specifically,
this model acknowledges both the substantial overlap
(Adams et al. 1997; Conners 2008) and separability (such
as, Sagvolden et al. 2005) between the symptom domains
of inattention, hyperactivity, and impulsivity.

We selected an adolescent sample to test the models for
several reasons. First, adolescents represent a critical
developmental interface between childhood and adulthood,
but are understudied, so their inclusion addresses an
important gap in our understanding of the developmental
course of ADHD. Second, use of an adolescent sample
provides both conceptual and methodological strength,
because it allowed us to test the models in multiple
informants (parents, teachers, and adolescents) who are

differentially involved in the assessment of ADHD in
children and adults. For instance, whereas diagnosis of
ADHD in childhood relies almost exclusively on parent
(and sometimes teacher) reports because child report is
believed to be less reliable than that of adolescents and
adults, in adult samples diagnosis relies heavily on self-
report and sometimes a collateral report from a parent or
sibling, but not a teacher report. The primary data sets for
the current study were derived from semi-structured clinical
diagnostic interviews conducted separately with adolescents
and parents, but the analyses were replicated using data
derived from behavior questionnaires completed by parents
and teachers for the same sample of adolescents to permit
an examination of the effects of method variance on the
model. Our premise is that a latent model of ADHD should
remain robust regardless of informant or instrument, albeit
with some variance in symptom loadings. Thus, we
predicted that the bifactor model with two specific factors
akin to inattentive and hyperactive/impulsive traits would
be the best fitting model across all of our informants, but
with variation in the relative loadings of each symptom
across informants and instruments.

Method
Participants

The sample included 201 adolescents referred for assessment
of ADHD: 152 males (76%) and 49 females (24%). Their ages
ranged from 13 to 18 years (M=15.06, SD=1.48) and all
participants were native English speakers. A telephone
screening interview conducted prior to the assessment con-
firmed that all participants had a history of ADHD symptoms
or a previous diagnosis of ADHD, and parents and teachers
completed behavioral ratings prior to the assessment. Adoles-
cents were excluded from the study if there was any evidence
of psychosis, pervasive developmental disorder, or a serious
medical condition during the screening interview. The adoles-
cents were recruited either through advertisements at pediatric
offices in a large metropolitan city in Canada. Complete data
on the parent interview reports were available for all 201
participants and for 189 adolescent self-report interviews.

Measures and Procedure

Clinical Interview A semi-structured diagnostic interview
was conducted with adolescents and parents using the
Schedule for Affective Disorders and Schizophrenia for
School-Age Children — Present and Lifetime Version (K-
SADS-PL; Kaufman et al. 1997). A clinical psychologist or a
supervised PhD candidate in clinical psychology performed
the interviews. Interviews were conducted separately with
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parents and adolescents, but the same clinician interviewed
both informants. The K-SADS-PL is a widely used
diagnostic measure that allows for the comparison of
responses from multiple informants. In the current study,
the data used were the individual parent and adolescent
reports on each symptom, as opposed to a clinician’s
summary. [tems were scored using a 3-point rating scale
(1=symptom not present, 2=sub-threshold symptom, and
3=symptom present). For the K-SADS-PL, moderate test-
retest reliability has been demonstrated with »=0.63,
comparable with other child psychiatric interviews, and
interrater reliability has been reported as 98% agreement
(Kaufman et al. 1997).

SWAN Questionnaire The Strengths and Weaknesses of
ADHD-symptoms and Normal Behaviour Scale (SWAN)
assesses inattention and hyperactive and impulsive behaviours
on a continuum, from positive attention skills to attention
problems (Swanson et al. 2005). The SWAN Scale includes
the 18 diagnostic criteria items for ADHD based on the
DSM-IV-TR (APA 2000). The SWAN differs from most
behavior rating scales used for assessing developmental
psychopathology in that the symptoms of ADHD are
reworded using a strength-based rather than a weakness-
based formulation as in the DSM-IV. For instance, the DSM-
IV symptom “Often avoids, dislikes, or reluctantly engages
in tasks requiring sustained mental effort” is reworded as
“Engage in tasks that require sustained mental effort” and
“Often fidgets with hands or feet or squirms in seat” is
rephrased as “Sit still (control movement of hands/ feet or
control squirming)”. The informant is asked to rate the
child’s behavior for each of the 18 items using a seven point
scale ranging from “ far below average” to “far above
average”, relative to other children of the same age. The
SWAN has been shown to have strong cohesiveness among
items rating inattention (mean inter-item correlation=0.64)
and hyperactivity/impulsivity (mean inter-item correlation of
0.66; Young and Hay 2009). Data were available for 166
parent reports and 167 teacher reports.

Intellectual Assessment Participants also completed the
WASI (Wechsler 1999), WISC-IV (Wechsler 2003), or the
WAIS-III (Wechsler 1997). Full-scale IQ scores were based
on the four subtest administration of the WASI and full
administration of the WISC-IV and WAIS-III; reliability
and validity of these measures are reported to be adequate
for providing an estimate of full-scale 1Q (Sattler 2008).
These estimates are reported in Table 1.

Diagnostic Characteristics and Sample Description Mean
level of symptoms and behavioral ratings of the current
sample are presented in Table 1. Of the participants included
in this study, 135 (67% of the referred sample; of whom 81%
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were male) met criteria for an ADHD diagnosis. ADHD was
diagnosed if the following conditions were satisfied: 1) the
participant met the DSM-IV criteria for ADHD according to
the clinician’s summary of the K-SADS-PL'; 2) presented
with the externalizing symptoms of ADHD according to
teacher ratings on the Strengths and Difficulties Questionnaire
(SDQ; Goodman 1997) or the SWAN Scale (SWAN;
Swanson et al. 2005) to verify the existence of symptoms
across settings; and 3) evidence of impairment. The CRS-R
is used to assess ADHD in children and adolescents; it is
well normed with internal reliability greater than 0.90 on
parent and teacher forms (Conners 1997). The SDQ is a brief
screening questionnaire that examines children and adoles-
cents’ behaviours, emotions, and relationships, and has been
shown to have excellent concurrent validity with the Rutter
questionnaires (Goodman 1997). To establish the subtypes of
ADHD, the number of relevant symptoms on the K-SADS-
PL were summed for those who met criteria for ADHD. To
obtain an ADHD subtype classification, participants needed
a total of six symptoms from one of the domains. To be
identified as the Combined subtype, they needed to display
six symptoms from each of the inattentive and hyperactive/
impulsive domains. Within the ADHD group, 70 (52% of
the ADHD sample; 84% were male) adolescents were
diagnosed as the Predominantly Inattentive subtype, 2
(1.5%; both male) as the Predominantly Hyperactive/
Impulsive subtype, and 63 (47%; 78% were male) as the
Combined subtype. Many of those who met criteria for
ADHD had comorbid diagnoses, including Depression
(21%), Generalized Anxiety Disorder (35%), Social Phobia
(7%), Enuresis (5%), Oppositional Defiant Disorder (44%),
and Conduct Disorder (12%).

Thirty-five participants (17% of sample, 63% male) met
subclinical criteria for ADHD, and 31 (15%, 64% male)
displayed ADHD symptoms that were better accounted for by
another diagnosis; these participants were described as
psychiatric controls. Participants in the subclinical ADHD
group had a profile suggestive of ADHD, but did not reach the
threshold for diagnosis. Participants who fell in this group did
not have six full symptoms on either or both of the ADHD
symptom domains, did not demonstrate evidence across
settings, or did not show adequate evidence of impairment.
Also, although referred for concerns about ADHD and indeed
manifest many symptoms of ADHD (see Table 1), 31

"The clinician’s summary on the K-SADS-PL integrated parent,
adolescent, and teacher reported symptoms. Each symptom was
scored when the informant provided evidence of an observed behavior
for each symptom. In the case of any discrepancies between
informants, evidence of observed behavior by one informant was
scored as a symptom over a lack of symptom endorsement. In general,
when discrepancies occurred, parents tended to endorse symptoms
over adolescent report, which is consistent with others who have
reported that adolescents tend to underreport symptoms of ADHD
(Barkley, 2006).



J Abnorm Child Psychol (2009) 37:1137-1150

1141

Table 1 Descriptive Statistics on Adolescent Sample

Measure Mean — all groups (SD)  Mean ADHD group (SD)  Mean subthreshold group (SD)  Mean psychiatric controls (SD)
FSIQ (N=201) 101.98 (12.46) 103.23 (11.06) 103.60 (13.29) 94.74 (14.93)
KSADS—parent report (N=201) number of inattentive symptoms
6.57 (2.08) 7.05 (1.79) 5.44 (1.95) 5.77 (2.63)
Number of hyperactive symptoms
2.07 (1.78) 2.39 (1.82) 1.53 (1.50) 1.28 (1.53)
Number of impulsive symptoms
1.16 (1.08) 1.33 (1.08) 0.82 (1.06) 0.80 (0.96)
KSADS—adolescent report (N=189) number of inattentive symptoms
434 (2.73) 4.75 (2.79) 3.45 (2.15) 3.42 (2.67)
Number of hyperactive symptoms
2.02 (1.81) 2.29 (1.80) 1.52 (1.81) 1.44 (1.65)
Number of impulsive symptoms
0.76 (0.99) 0.86 (0.97) 0.47 (1.01) 0.64 (1.03)
SWAN-—parent report (N=166) inattentive symptoms rating
13.91 (6.92) 14.81 (6.16) 10.97 (7.76) 13.79 (7.28)
Hyperactive symptoms rating
2.64 (5.70) 3.20 (5.01) 0.74 (5.67) 2.54 (6.66)
Impulsive symptoms rating
1.50 (3.33) 1.91 (3.38) -0.16 (2.73) 1.77 (3.22)
SWAN-teacher report (N=167) inattentive symptoms rating
9.53 (10.16) 10.76 (9.97) 5.68 (11.03) 9.16 (8.90)
Hyperactive symptoms rating
1.76 (7.90) 2.96 (7.29) 0.77 (8.85) -0.64 (7.53)
Impulsive symptoms rating
0.63 (4.06) 1.20 (4.00) -0.27 (3.85) -0.12 (4.06)

adolescents did not meet diagnostic criteria for ADHD but
instead met criteria for other mental health problems and so
constituted a psychiatric control group. Other mental health
problems included Mood disorders (13% of this control
group), Anxiety (10%) Learning Disorder (23%), Conduct
Disorder (3%), Substance Use (3%), Asperger’s Disorder
(16%), Bipolar Disorder (13%), Delusional Disorder (3%),
PTSD (3%), and Reactive Attachment Disorder (6%). Given
the primary reason for their referral together with the high
number of ADHD symptoms, we decided to include this
psychiatric control group in the analysis®.

Data Analysis

The 18 symptoms used to assess ADHD from the K-SADS-
PL parent and adolescent reports and the SWAN parent and

2 We also conducted these analyses without the psychiatric control
group, and found that the bifactor model still fit well without these
cases (parent-report KSADS: df=46, chi-square=54, CFI=0.98,
TLI=0.98, RMSEA=0.03; adolescent-report KSADS: df=48, chi-
square=60, CFI=0.98, TLI=0.98, RMSEA=0.04).

teacher reports were used for the present analyses. Analyses
were conducted separately for each informant on both the
interview and questionnaire.

Confirmatory factor analysis (CFA) was utilized to
test four potential factor structures underlying the 18
ADHD symptoms: a) a non-hierarchical two-factor
model of inattention and hyperactivity/impulsivity; b) a
non-hierarchical three-factor model of inattention, hy-
peractivity, and impulsivity; c) a bifactor two-factor
model of a general ADHD factor plus two specific
factors of inattention and hyperactivity/impulsivity; and
d) a bifactor three-factor model of a general ADHD
factor plus three specific factors of inattention, hyper-
activity, and impulsivity. As explained above, the bi-
factor models differ from non-hierarchical models in
that they account for the covariation among all ADHD
symptoms in terms of a general factor reflecting the overlap
across all items, along with separate, uncorrelated specific
factors reflecting coherency among particular subgroups of
items. Alternatively, the non-hierarchical models include
only specific factors for subgroups of items, and the
relationships among items from different subgroups are
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accounted for by allowing the specific factors to
correlate’.

The CFA models were fitted to polychoric correlations
among the K-SADS-PL items using robust weighted
least squares estimation with adjusted standard errors and
fit statistics, as implemented with “WLSMV” estimation
in Mplus Version 4.21 (Muthén and Muthén 2002).
Rather than using normal-theory estimation methods to fit
models to product-moment correlations or covariances,
analysis of polychoric correlations using WLSMV estima-
tion is more appropriate when data are categorical (see
Flora and Curran 2004), as in the current study. Further,
Flora and Curran (2004) suggest that parameters and their
standard errors may be reliably estimated using this
method for as many as 20 variables on a sample of 200
participants. Because the SWAN items have a seven-point
response scale, these items were factor analyzed as
continuous variables with traditional maximum likelihood
estimation with robust standard errors and fit statistics
because research shows this method is preferable with
seven-category ordinal variables (e.g., Finney and DiS-
tefano 2006). Model fit was evaluated using the root mean
square error of approximation (RMSEA), comparative-fit
index (CFI), and Tucker-Lewis index (TLI) fit indices
because Yu and Muthén (2002) suggest that these fit
statistics perform well with the analysis of categorical item
data, with RMSEA values 0.07 or lower indicating good
model fit along with CFI values 0.96 or higher and TLI
values 0.97 or higher.

Results

Model Selection Fit indices for each CFA model using
parent- and adolescent-reported K-SADS-PL data appear in
Table 2. All of the fit statistics indicated that the bifactor
two-factor model had a very good fit to the K-SADS-PL
symptoms, as reported by both adolescents and their
parents (parent-reported RMSEA=0.044, CFI=0.96, and
TLI=0.97; adolescent-reported RMSEA=0.045, CFI=0.97,
and TLI=0.98). Based on both parent— and adolescent self-
reported data, the two— and three-factor non-hierarchical
models and the bifactor three-factor model did not account
for the relationships among ADHD symptoms in adoles-

3 Yet another model structure is a second-order factor model, where
the correlations among the specific, lower-order factors imply a
general, second-order factor that leads to the lower-order factors.
However, in the current context, there would be only two lower-order
factors (inattention and hyperactivity/impulsivity), and so a second-
order model is statistically under-identified (i.e., the model’s param-
eters cannot be uniquely estimated; Rindskopf and Rose 1988).
However, the bifactor model and second-order models are mathemat-
ically related, which suggests that similar conceptual interpretations of
the factors can be made (see Yung et al. 1999).
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cence as well as the bifactor two-factor model.* Thus, the
bifactor two-factor model is the best-fitting model to
account for the K-SADS-PL ADHD symptoms in this
sample of adolescents.

Bifactor model interpretation With the parent-interview
data, all symptoms except three (“forgetful in daily
activities”, “blurts out answers”, and “talks excessively”)
had significant, positive loadings on the general ADHD
factor (all ps<0.05; see Fig. 1 for standardized factor
loading estimates). The symptoms from the inattention
symptom domain tended to be more strongly related to the
general factor than their specific factor, whereas the
symptoms from the hyperactivity/impulsivity domain were
more strongly related to their specific factor. All factor
loadings for the specific hyperactivity/impulsivity factor
were significantly greater than zero (all ps<0.05). However,
findings for the specific inattention factor were more
complex; only four of the nine symptoms produced
significant factor loadings on this factor. Overall, the
general ADHD factor accounted for 29.60% of the shared
variance among symptoms from the inattention domain,
whereas the specific inattention factor accounted for
19.25% of variance among these symptoms. There was a
different pattern for the symptoms from the hyperactivity/
impulsivity domain, with the general factor accounting for
13.58% of shared variance among these symptoms and the
specific factor accounting for 36.27% of their variance.
With the adolescent interview data, all symptoms except
one (“talks excessively”) had significant, positive loadings
on the general ADHD factor (all ps<0.05; see Fig. 2 for
standardized factor loadings). Similar to the parent inter-
view data, most of the symptoms from the inattention
symptom domain were more strongly related to the general
factor than their specific factor, but some of the symptoms
from the hyperactivity/impulsivity domain were more
strongly related to their specific factor. Furthermore, all
factor loadings for the specific hyperactivity/impulsivity
factor were positive and significant (all ps<0.05), whereas
again the pattern of the specific inattention factor loadings
was more complex. Three of the nine inattention symptoms
had significant positive loadings on the specific inattention
factor, but two had significant negative loadings (“losing
things” and “forgetfulness”), and the remaining four items
did not have significant loadings on the inattention factor. It
is critical to keep in mind that these significant negative
factor loadings on the specific inattention factor occur
simultaneously in the context of strong, positive factor

“ Tt is not possible to test whether these differences in fit across models
are statistically significant because the models are not formally nested
(that is, it is not possible to specify a correlated factor model by
placing constraints on the parameters of the bifactor model, or vice
versa).
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Table 2 Fit of ADHD Symptom CFA Models for Parent— and Adolescent-Report K-SADS

Parent report

Adolescent report

Model df N CFI TLI

Correlated 2-factor 51 104 0.90 0.92
Correlated 3-factor 51 99 0.91 0.93
Bifactor 2-factor 51 70 0.96 0.97
Bifactor 3-factor 49 90 0.92 0.93

RMSEA
0.073
0.069
0.044
0.065

df x> CFI TLI RMSEA

55 137 0.90 0.93 0.089
54 135 0.90 0.93 0.089
52 72 0.97 0.98 0.045
51 123 0.91 0.93 0.086

df degrees of freedom; x° chi-square fit statistic; CFI Comparative Fit Index; TLI Tucker-Lewis Index; RMSEA Root Mean Square Error of

Approximation
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Fig. 1 Two-factor bi-factor model of ADHD symptoms on KSADS interview: Parent report Dashed lines indicate non-significant (p>0.05) factor
loadings. Symptoms are listed in order of magnitude on each inattention and hyperactivity/impulsivity symptom domains of the general factor
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loadings on the general ADHD factor. Overall, the general
ADHD factor accounted for 42.06% of the shared variance
among symptoms from the inattention domain, whereas the
specific inattention factor accounted for only 11.84% of
variance among these symptoms. For the symptoms from the
hyperactivity and impulsivity domain, the general factor
accounted for 22.85% of shared variance among these
symptoms and the specific factor accounted for 25.20% of
their variance. The most important conclusion from these
findings is that a general factor accounts for the relationships
among all of the ADHD symptoms, and the specific factors
account for additional variance not from this general factor.
A comparison of the parent and self-reports indicates
similar findings in terms of the general ADHD factor as
the models for both reports produce mostly significant
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factor loadings, with many of these moderate to strong in
magnitude (i.e., standardized loadings>0.40). Thus, there
is cross-reporter convergence, regardless of whether their
content pertains to inattention or hyperactivity/impulsivity.
Similarly, models for adolescent and parent-report con-
curred in that all loadings on the specific hyperactivity/
impulsivity factor were significant and most were moderate
to strong. However, results for the specific inattention
factor were less consistent. The parent and adolescent
reports suggest that only four and five of the nine
symptoms load significantly onto the specific inattention
factor, respectively. Finally, the parent- and self-report
results were consistent in that the general factor
accounted for more variance among inattention symp-
toms than did the specific inattention factor, but the
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specific hyperactivity/impulsivity factor accounted for
more variance among its symptoms than did the general
factor.

Replication with SWAN Questionnaire The four models
were also tested using parent and teacher reports from the
SWAN Scale. The purpose of this analysis was to
determine whether the bifactor model would replicate
with another instrument. This would demonstrate conver-
gent validity with respect to questionnaire data rather than
interview, with respect to teachers as informants in
addition to parent- and self-report, and with respect to
independent parent and teacher reports that are not
affected by clinician judgment as in coding of the K-
SADS-PL interview. The fit statistics for each model are
presented in Table 3. In the both the parent and teacher
report of the SWAN, the bifactor two-factor model was the
best fitting model of the four candidate models (CF1=0.96,
TLI=0.95, and RMSEA=0.047 for parent report, CFI=
0.96, TLI=0.95, and RMSEA=0.067 for teacher report).
Notably, the bifactor model with two specific and three
specific factors displayed the same fit indices with the
teacher SWAN data, but we interpreted the bifactor model
with two specific factors, as it is the more parsimonious
model. The factor loadings for these models were similar to
our findings for the K-SADS-PL bifactor models (see
Figs. 3 and 4), with consistently moderate to strong
loadings on the general ADHD factor across all items.

Discussion

The present study compared four confirmatory factor
analysis models to determine the most appropriate account
of the relationships among inattention, hyperactivity, and
impulsivity symptoms in a clinical sample of adolescents
referred for ADHD. The bifactor two-factor model was the
best model of the relationships among adolescent ADHD
symptoms, according to both parent— and adolescent
interview data (using the K-SADS-PL), as well as parent

and teacher questionnaire data completed for the same
adolescent sample (using the SWAN questionnaire). A key
implication for these findings is that there is general ADHD
factor that accounts for the covariation among all symp-
toms along with separate inattention and hyperactivity/
impulsivity specific factors contributing independent
variance to individual symptoms beyond that accounted
for the general factor. This finding acknowledges the
important overlap between inattentive, hyperactive, and
impulsive symptoms, and is consistent with the notion
that the symptom domains interact synergistically to give
rise to the heterogeneous expression of ADHD (Sonuga-
Barke 2005; Sonuga-Barke et al. 2008).

Comparison of Parent— and Adolescent Self-report

There have been mixed findings with respect to conver-
gence among parent and adolescent reports of ADHD
symptoms (e.g., Collett et al. 2000; Hudziak et al. 1998;
Rasmussen et al. 2002; Glutting et al. 2005). In contrast to
this literature, the current study found evidence for a
bifactor two-factor model of ADHD symptoms as the best
fitting model according to reports from both adolescents
and their parents, irrespective of whether the reports were
ascertained via a semi-structured clinical interview or
questionnaire rating scales. One potential explanation for
this difference is that most of these previous studies
examined non-hierarchical correlated factor models without
considering bifactor models. Another potential explanation
for this difference is that the current study used a modern
approach to estimating confirmatory factor analysis models
that explicitly accounts for the categorical nature of the
item-level symptom variables (cf. Flora and Curran 2004).
Alternatively, the more traditional methods are more likely
to incorrectly reject a model with fewer factors (e.g., one
that combines Hyperactivity and Impulsivity) in favor of a
model with additional factors (e.g., one with separate
Hyperactivity and Impulsivity factors; see West et al.
1995). Testing of these alternative models and the proper
categorical treatment of the data both likely contributed to
the consistency of findings across informants.

Table 3 Fit of ADHD Symptom CFA Models for Parent— and Teacher-report SWAN

Parent report

Teacher report

Model df X CFI TLI RMSEA df e CFI TLI RMSEA

Correlated 2-factor 134 343 0.80 0.77 0.097 134 385 0.88 0.86 0.106
Correlated 3-factor 132 318 0.82 0.79 0.092 132 350 0.90 0.88 0.099
Bifactor2-factor 117 161 0.96 0.95 0.047 117 204 0.96 0.95 0.067
Bifactor 3-factor 117 178 0.94 0.92 0.056 117 204 0.96 0.95 0.067

df degrees of freedom; x° chi-square fit statistic; CFI Comparative Fit Index; TLI Tucker-Lewis Index; RMSEA Root Mean Square Error of

Approximation
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Factor Structure of ADHD Symptoms

The present study found support for a bifactor two-factor
model consisting of a general ADHD factor along with two
specific factors consisting of inattention and hyperactive/
impulsive symptom domains, using data from both semi-
structured interviews and questionnaires. Dumenci et al.
(2004) is the only other study that has examined and
reported support for such a model; this study used teacher
reports on 6—18 year-old students from both clinical and
community samples. However, Dumenci et al. tested a set
of 26 items on the Attention Problems scale, many of which
were not DSM-IV-TR (2000) symptoms of ADHD. The
current study provides evidence to support the bifactor
model as the best fit for the 18 symptoms of ADHD from
the DSM-IV-TR. In addition, concurrent support for the
bifactor model was obtained with the SWAN questionnaire,
which uses a different (positive) phrasing of symptoms,
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strengthening the evidence for the bifactor model. In
general, this model indicates that the correlations among
inattention symptoms and hyperactivity/impulsivity symp-
toms can be explained by a latent construct of a general
ADHD psychopathology. At a theoretical level, this finding
suggests an integral association between inattention and
hyperactivity/impulsivity, suggesting important overlap and
interactions among associated pathways (Sonuga-Barke et
al. 2008). Indeed, these findings also support the separa-
bility of inattention and hyperactivity/impulsivity domains,
as evident in the specific factors, but only after the general
ADHD factor has been taken into account. What is
important and novel from these findings is that they
highlight the importance of considering the integral
relationship between the symptom domains of inattention
and hyperactivity/impulsivity. Notably, the bifactor model
with two specific and three specific factors displayed the
same fit indices with the teacher SWAN data. We interpret
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the bifactor model with two specific factors, as it is the
more parsimonious model, and importantly, the presence of
a general factor is common to both models.

Examination of the factor loadings of the individual
symptoms on each of the general and specific symptoms
in the parent and adolescent reports may provide further
insight with respect to the relative contribution and
clinical significance of each symptom. Parent and
adolescent report on the K-SADS-PL semi-structured
interview generated a similar pattern of overall factor
loadings. For both reports, all but one symptom in the
parent report and two in the adolescent report of the
individual symptoms loaded significantly onto the gen-
eral factor, all of the hyperactive/impulsive symptoms
significantly loaded on the specific factor, and five
inattentive symptoms in the parent report and four
inattentive symptoms on the adolescent report did not
significantly load on the inattention specific factor. The

inattention specific factor seems to be the least robust,
but there is an interesting pattern in the factor loadings
of the inattentive symptoms on the general and specific
factors. Specifically in the parent report, the symptoms
of “difficulty organizing tasks”, “losing things”, and
“forgetful in daily activities” were more strongly related
to the specific factor than the general factor, indicating
that these symptoms measure something beyond the
general factor. This finding is consistent with recent
clinical descriptions that refer to the inattention dimen-
sion as “inattention-disorganization” (e.g., Martel et al.
2007; Nigg 2006), and these loadings on the specific
factor of the parent report highlight the separability of
these disorganized symptoms (although “difficulty orga-
nizing tasks” and “losing things” were still significantly
influenced by the general factor). Some symptoms of
hyperactivity/impulsivity also loaded more strongly on the
specific than general factor in the parent interview data,

@ Springer



1148

J Abnorm Child Psychol (2009) 37:1137-1150

including “fidgeting”, “blurts out answers”, and “inter-
rupts”, which suggest the potential separability of these
symptoms that may be more consistent with the behavioral
manifestation of the hyperactive/impulsive behaviors in
adolescence and adulthood (Barkley 2006; although
“fidgeting” and “interrupts” were still significantly influ-
enced by the general factor). The pattern of loadings for
the adolescent report is somewhat consistent with these
patterns observed in the parent report data. These
interpretations are somewhat speculative given that the
factor loadings displayed some variation across informant
and instrument. It is not surprising that loadings with
hyperactivity and impulsivity were most robust, as these
behaviors are easier to objectify, and factor loadings may
also be somewhat different across instruments given that
the K-SADS-PL is problem-based and the SWAN items
are strength-based.

The current findings provide important implications
for defining ADHD in the DSM-V. These findings
provide a framework for developing integrated models
that take into account the overlap and interaction among
inattention, hyperactivity, and impulsivity symptoms in
ADHD, as opposed to parsing these symptom domains
into separate disorders. Integrated models that include
cognitive control, affect regulation, and their mutual
influence have been proposed for understanding ADHD
(Nigg and Casey 2005). These domains, while separable,
may importantly interact and influence one another. For
example, children with ADHD may be working to recruit
prefrontal circuits associated with higher cognitive control
to inhibit hyperactive and impulsive tendencies but also
activate these prefrontal processes at the same time in
order to sustain attention, which may be one account for
understanding why inattention, hyperactivity, and impul-
sivity symptoms were related to a single general factor in
the current study. Support for the idea that children with
ADHD may need to recruit more cognitive resources has
been reported in studies using fMRI technology (Suskauer
et al. 2008) and in cognitive studies (Toplak and Tannock
2005). This type of model based on the idea of
compensatory mechanisms may account for why there is
not a single deficit observed in executive function (Nigg et
al. 2004; Willcutt et al. 2005), but rather multiple
executive, effortful processes may be impacted as part of
a compensatory model (Sonuga-Barke 2005). Further
research will be needed to describe the general ADHD
factor more precisely, for example, examination of
whether measures of executive function relate more
strongly to the general or specific factors. Evidence for
this bifactor model has important theoretical implications
for etiological models of ADHD, studying external
correlates of the general and specific factors in this study,
and the development of improved criteria in the DSM-V.
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In terms of clinical implications, these results suggest the
importance of considering the relative contributions of
inattention, hyperactivity, and impulsivity in the clinical
presentation of ADHD, as opposed to focusing on
subtypes or individual symptom domains,

There are limitations in this study. The generalizability
of this study may be somewhat limited by the fact that only
adolescents were included, and some did not meet criteria
for ADHD. Further replication of these findings will be
needed with other large datasets using different develop-
mental samples, including children and adults with ADHD
and across different instruments and informants, including
parents and teachers. Developmental considerations likely
impact the relative loadings of each of these symptoms;
ongoing research indicates that the bifactor model also
replicates in data from a child sample (DeBono, Flora,
Ghelani, Jain, Tannock, & Toplak, in preparation). Some
may regard the sample in the current study as heteroge-
neous, with the inclusion of psychiatric controls; replication
of this model in pure groups of ADHD will further validate
the current findings. The generalizability of this model
would be strengthened if replication occurred in separate
male and female samples, and in a separate control sample.
Our sample size was adequate to test the models in the
current study reliably (Flora and Curran 2004), but
replication with larger samples to permit separate analysis
for males and females and for children and adolescents
would be optimal.

The present study demonstrated that a bifactor two-factor
model consisting of a general ADHD factor plus two
specific factors of inattention and hyperactivity/impulsivity
provided the best fit to parent and adolescent reports of
ADHD symptoms in a clinically referred sample of
adolescents on a semi-structured interview, and further
replicated using parent and teacher ratings on a question-
naire. This result suggests that there is a general ADHD
factor that accounts for covariation among all of the
symptoms characteristic of the disorder, as well as distinct
specific factors of ADHD that explain additional relation-
ships among symptoms beyond general ADHD-related
psychopathology. These findings provide important impli-
cations for the impending DSM-V in terms of how ADHD
is defined as a disorder and provide a framework for
developing more dynamic models to account for the
heterogeneity and complexity of ADHD.
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