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Abstract
Attention Deficit/Hyperactivity Disorder (ADHD) is a complex and heterogeneous disorder consisting of inattentive and
hyperactive/impulsive behaviors. Although, the multidimensionality of ADHD is widely accepted, questions remain regarding
the extent to which the components of this disorder are overlapping or distinct. Further, although the samemeasures are generally
used to assess inattentive, hyperactive, and impulsive behaviors across childhood, it has been argued that the structure and
measurement of inattentive, hyperactive, and impulsive behaviors may be susceptible to developmental influences. The purpose
of this study was to examine the factor structure and measurement invariance of inattentive and hyperactive/impulsive behaviors
in a large group of children (N = 10,047) ranging in grade level from preschool to grade 4. A bifactor model with a general factor
and two specific factors of inattention and hyperactivity/impulsivity fit the data best. This finding held across all groups and all
grade levels. In general, the bifactor model demonstrated measurement invariance from kindergarten through grade 4 but not for
preschool. Implications for the understanding and measurement of inattentive, hyperactive, and impulsive behaviors across early
and middle childhood are discussed.
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Attention Deficit/Hyperactivity Disorder (ADHD) is a com-
plex and heterogeneous developmental disorder consisting of
inattentive and hyperactive/impulsive behaviors that affects
approximately 3 to 7% of school-age children (American
Psychiatric Association [APA] 2013). Although, the multidi-
mensionality of ADHD is widely accepted, questions remain
regarding the extent to which the components of this disorder
are overlapping or distinct. Further, although the general be-
havioral descriptions that make up the diagnostic criteria for
ADHD are the same across childhood, it has been argued that

the structure and measurement of inattentive, hyperactive, and
impulsive behaviors may be susceptible to developmental in-
fluences (Lahey et al. 2005). Thus, studies that address issues
of measurement using samples of children at a range of devel-
opmental levels are needed. The purpose of this study was to
determine, in a large sample of children, if there were devel-
opmental differences in the structures and relations of the in-
attentive, hyperactive, and impulsive behaviors of ADHD
from preschool to grade 4.

Structure of ADHD

Although the concept of the disorder currently referred to as
ADHD has existed for more than a century, the underlying
structure of the behaviors associated with ADHD is still not
completely clear. ADHD has been conceptualized differently
across versions of the Diagnostic and Statistical Manual
(DSM; e.g., APA 1994, 2013). Although ADHD was initially
viewed as a unidimensional disorder (i.e., Hyperkinetic
Reaction of Childhood; APA 1968), later versions of the
DSM have defined the disorder as a multi-dimensional con-
struct. The current conceptualization of ADHD encompasses
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three distinct but closely related problem behavior areas: inat-
tention, hyperactivity, and impulsivity. Behaviors within these
areas are listed as separate symptoms; however, hyperactivity
and impulsivity traditionally have been combined to reflect a
single diagnostic construct.

Clarifying the structure of these closely related problem be-
haviors is important to the evolution of how ADHD and its
various presentations are conceptualized and classified. The
structural conceptualizations of these disorders are relevant to
the diagnosis, etiology, and treatment of the problem behaviors
associated with ADHD. Findings related to the structure of
these symptoms may guide the effective use of subtypes and
specifiers or assist in the identification of ADHD-related symp-
toms that may represent distinct disorders (e.g., sluggish cogni-
tive tempo). Furthermore, research examining the unique and
shared variance among ADHD symptoms informs an under-
standing of which symptoms do and do not share the same
underlying causes. Perhaps most importantly, research related
to the potential distinctness of certain ADHD symptom clusters
may lead to different treatment approaches for children who
exhibit different symptom presentations.

Across the four most recent editions of the DSM, hyperac-
tivity and impulsivity have been characterized as a single be-
havioral dimension. A number of factor analytic studies of
ADHD based on both parent and teacher ratings have support-
ed the presence of two factors: Inattention and Hyperactivity/
Impulsivity (H/I; e.g., Molina et al. 2001; DuPaul et al. 1997;
Wolraich et al. 2003). Although some evidence supports po-
tential utility in parsing hyperactivity and impulsivity,
researchers suggest that the two constructs should remain
together based on the rule of parsimony. For example,
Toplak et al. (2009) examined the factor structure of ADHD
based on categorical item-level data and found evidence of
similar fit between a two-factor and a three-factor models;
they determined that a bifactor model with two specific factors
(i.e., inattention and H/I) to be the best-fitting model based on
parsimony. Similarly, in an analysis of the factor structure of
both ADHD and Oppositional Defiant Disorder (ODD),
Burns et al. (2001) reported that a 4-factor model (ODD,
Inattention, Hyperactivity, and Impulsivity) in which hyperac-
tivity and impulsivity were modeled as distinct factors fit the
data best. However, because the incremental improvement in
fit was minimal and the correlations between the hyperactivity
and impulsivity factors were high, they determined the more
parsimonious model with hyperactivity and impulsivity items
modeled on the same factor to be the preferred model.

Given the substantial associations among the distinct di-
mensions of ADHD, research has also examined the hierar-
chical structure of ADHD. Ullebø et al. (2012) used bifactor
models to examine the dimensionality of ADHD in a commu-
nity sample of children in grades 2 to 4 using both parent and
teacher reports of ADHD. They tested both second-order CFA
and bifactor models and reported that a bifactor model with a

general ADHD factor and specific factors for inattention and
impulsivity provided the best fit for the data. In their model,
there was not support for a specific hyperactivity factor.
Martel et al. (2011) reported on a bifactor model of ADHD
in a group of children and adolescent boys, and they modeled
hyperactivity and impulsivity as a single specific factor.
Wagner et al. (2015) examined the structure of ADHD in a
sample of high-risk children and adolescents using both
correlated-traits and bifactor models. Although they reported
that a bifactor model with a General ADHD factor and three
specific factors (i.e., inattention, hyperactivity, and impulsivi-
ty), analyses concerning the reliability of the distinct factors
indicated that the specific factors did not account for substan-
tial variance above and beyond that which was accounted for
by the General ADHD factor. In a sample of younger children
(4 to 6 years of age) using bifactor exploratory structural equa-
tion modeling, Arias et al. (2016) found support for a model
with distinct inattention, hyperactivity, and impulsivity fac-
tors. Again, the weak reliability of the specific factors chal-
lenged the meaningfulness of the specific factors.

Taken together, these findings highlight some of the mixed
evidence concerning the separation of hyperactivity and im-
pulsivity as they related to ADHD. The use of bifactor model-
ing has introduced an intriguing way of characterizing behav-
iors, such as those associated with ADHD that comprises both
overlapping and unique components. Although extant bifactor
analyses have consistently identified a General ADHD factor
and a Specific Inattention Factor (e.g., Arias et al. 2016;
Gómez et al. 2017; Wagner et al. 2015; Willoughby et al.
2015), questions remain regarding whether to model hyperac-
tivity and impulsivity as distinct or combined behavioral
constructs.

A Developmental Approach to ADHD

Another issue related to the conceptualization of attention,
hyperactivity, and impulsivity is the underdeveloped under-
standing of how these behaviors and the relations between
these behaviors change across development. With some ex-
ceptions, the DSM generally operates from a descriptive
symptom-based approach that bases disorders on the presence
of clearly observable or reportable behaviors (APA 2013). The
selection and wording of symptom criteria is particularly crit-
ical for disorders, such as ADHD, that appear in early child-
hood and often persist into adulthood (Barbaresi et al. 2013).
The symptoms that individuals experience and the manifesta-
tions of these symptoms may vary over the course of devel-
opment. Some behaviors may be more or less developmental-
ly appropriate at different ages. Some descriptions of inatten-
tion and H/I are based on English language idioms (e.g., driv-
en by a motor) that may evoke different interpretations de-
pending on the age of the child. Moreover, the overt
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manifestations of inattentive, hyperactive, and impulsive be-
haviors may change over the course of development
(Biederman et al. 2000; Larsson et al. 2011).

Using the DSM IV-TR and DSM-5, the same general
symptoms are used to determine the presence or absence of
ADHD in all individuals regardless of age. In the DSM-5,
efforts have been made to facilitate consideration of an indi-
vidual’s developmental level in the process of symptom iden-
tification. For example, when considering the presence, ab-
sence, severity, and frequency of symptoms on rating scales,
informants are typically asked to consider whether the behav-
ior is typical of children who are the same age. To help ac-
count for changing manifestations of symptoms across devel-
opment, the DSM-5 includes examples regarding symptom
presentation at different age groups. However, most of these
considerations address manifestations of ADHD in adulthood.
For example, the symptom Boften runs about…^ in children is
noted to be possibly limited to Brestlessness^ in adults.
Distinctions are typically not made between the manifesta-
tions of behaviors in early childhood and middle childhood;
however, these distinctions may be important. For example,
excessive motor activity may present as rolling on the floor
during circle time for preschoolers, but it may present as foot-
tapping and hand-fidgeting for fourth-graders.

Given that ADHD is a multidimensional disorder, develop-
mental differences may also exist at the construct level. There
is substantial longstanding evidence that hyperactivity
emerges early in childhood and often subsides over the course
of development, whereas inattention may not be easily dis-
cernable in preschool, but may become the more prominent
symptom cluster once children reach middle childhood and
adolescence (Biederman et al. 2000; Larsson et al. 2011).
Moreover, specific behaviors presumed to reflect one of these
symptom clusters may not be equally indicative of psychopa-
thology across different developmental stages. Importantly,
considering the age of the child and using developmentally-
appropriate examples of behavior in symptom descriptions
does not necessarily change the possibility that certain behav-
iors may be more or less indicative of significant problems
with inattention, hyperactivity, or impulsivity at different
points in development. For example, the DSM-5 impulsivity
symptom Boften interrupts or intrudes on others,^ as listed in
the DSM, offers several examples of how this behavior may
manifest at different developmental levels. However, impul-
sively taking a toy from another child may not be a behavior of
particular concern for preschoolers who are just learning to
share and take turns, but interrupting activities being complet-
ed by another child may be a stronger indicator of
symptomology for third-graders for which sharing and turn-
taking are well-established social norms. Thus, although these
behaviors reflect the same symptom at different developmen-
tal levels, they may be differentially related to overall levels of
ADHD-related problem behaviors.

Concerns related to the developmental changes in ADHD
presentation (Coghill and Seth 2011; Frick andNigg 2012) have
led to a growing body of research examining the measurement
of inattention and H/I across a wide developmental range. The
assessment of inattentive, hyperactive, and impulsive behaviors
during the preschool period may be vulnerable to lack of mea-
surement invariance, particularly when the ratings of behavior
are made by teachers who observe the child in the context of the
preschool classroom. Preschool may be a child’s first exposure
to structured group activities during which the self-regulation of
attention, motor activity, and impulses is critical. Moreover,
compared to elementary-level teachers, preschool teachers vary
in terms of their training, experience, and expectations for stu-
dent behavior. These variations in child behavior and teacher
factors may impact ratings of student behaviors.

An increasing number of studies have examined the factor
structure of ADHD in samples that include young children.
Many studies have supported measurement invariance from
early childhood through adolescence (e.g., Caci et al. 2016;
Leopold et al. 2016). However, extant studies examining the
factor structure of inattention and H/I across development ei-
ther do not include preschool children (e.g., DuPaul et al.
2016), do not test age-related measurement invariance at the
preschool level specifically (e.g., Caci et al. 2016), or do not
examine measurement invariance using bifactor models (e.g.,
Leopold et al. 2016; McGoey et al. 2015).

Summary and Purpose

Despite substantial advancements in developmentally-
sensitive conceptualizations of ADHD, questions remain re-
garding the structure and measurement of inattentive, hyper-
active, and impulsive behaviors across different developmen-
tal periods. Bifactor modeling offers a useful way of examin-
ing both the unique and overlapping aspects of the behaviors
associated with ADHD. The primary purpose of this study
was to examine the structure and measurement of inattentive
and hyperactive/impulsive behaviors in a large community-
based sample of children in early and middle childhood. The
first goal of the study was to examine the factor structure of
inattention, hyperactivity, and impulsivity across this age span
using confirmatory factor analysis (e.g., correlated-traits
models and bifactor models). Given that ADHD is currently
conceptualized as a unitary disorder with different presenta-
tions (American Psychiatric Association 2013), it was expect-
ed that a bifactor model comprised of a General ADHD Factor
and two specific factors (i.e., Inattention and H/I) would pro-
vide the best fit to the data. The second goal of the study was
to examine whether the measurement of inattention and H/I
was the same from preschool through grade 4. Given that the
same general behaviors are used to assess ADHD across child-
hood (American Psychiatric Association 2013), it was
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expected that the measurement of inattention, hyperactivity,
and impulsivity would be the same across grades.

Method

Participants

As a part of three larger studies, children were recruited from
schools that served primarily children from low-income fami-
lies in north Florida. The sample included a total of 10,047
children (Preschool n = 1532; Kindergarten n = 2404; Grade 1
n = 1916; Grade 2 n = 1618; Grade 3 n = 1248; Grade 4 n =
1618). The sample was 50.3% female and was racially diverse
(i.e., 59% White, 29% African-American/Black, 12% other
ethnicities). Results of a χ2 test, χ2 = 7.71 (5), p = .17, indicated
that the distributions of gender were similar across grades.
However, a χ2 test, χ2 = 30.84 (5), p < 0.001, indicated that
there was a higher proportion of students from racial minority
backgrounds in the younger grades compared to the older
grades (Preschool = 43.1%, Kindergarten = 43.6%, Grade 1 =
41.2%, Grade 2 = 40.6%, Grade 3 = 35.9%, Grade 4 = 37.2%).
Across grades, mean age was 56.02 months (sd = 4.61) in pre-
school, 68.34months (sd = 4.94) in kindergarten, 80.90months
(sd = 5.74) in Grade 1, 93.21 months (sd = 6.38) in Grade 2,
106.17 months (sd = 6.95) in Grade 3, and 118.79 months (sd-
= 7.01) in Grade 4.1 Although specific data related to socio-
economic status was not available, all schools from which par-
ticipants were recruited served a high proportion of children
who are eligible for free and reduced price lunch.

Measures

The Strengths and Weaknesses of ADHD-Symptoms and
Normal-Behaviors Rating Scale (SWAN) The SWAN
(Swanson et al. 2001) includes 27 items that correspond to
the diagnostic criteria for ADHD and Oppositional Defiant
Disorder as described in the Diagnostic Statistical Manual
Text Revision 4th Edition (American Psychiatric Association
2000). Children were rated based on comparisons to same-age
peers, and scores ranged from −3 to 3 for each item. The SWAN
has been shown to have strong internal consistency (alpha
values are greater than or equal to .95) and test-retest reliability
(rs between .71 and .76) for each subscale (Lakes et al. 2012).
The measure has also been shown to have good validity as

evidenced by strong correlations with other established mea-
sures of ADHD (e.g., Arnett et al. 2013). In this sample, the
SWAN also showed a high level of internal consistency (α =
0.98), with good reliability for the inattention items (α = 0.98),
the hyperactivity items (α = 0.96), and the impulsivity items
(α = 0.93). Reliability and validity has been demonstrated in
children as young as 3-years-old (Lakes et al. 2012).

Procedure

Data for this study came from three larger studies (e.g., see
Connor et al. 2018; Lonigan and Burgess 2017; Lonigan and
Milburn 2017; Lonigan et al. 2018) investigating the develop-
ment of reading-related skills or evaluating instructional ap-
proaches to improve reading-related skills. Procedures for all
projects were approved by Florida State University’s
Institutional Review Board. At participating schools, parents
were invited to participate via parental consent forms sent home
by their child’s teacher. Across all studies, informed consent was
obtained from children’s parents or legal guardians before data
collection began. The children’s primary teachers were asked to
complete the SWAN within the first two to three months of the
school year, and teachers completed their ratings prior to any
additional instruction conducted as part of the intervention pro-
ject for children in the intervention projects. Teachers completed
the SWAN either as a pen-and-paper questionnaire or as an on-
line questionnaire. Teacher ratings were completed by 1155
teachers working in 113 schools within 11 school districts in
North Florida. Across projects, teachers received nominal mon-
etary compensation for the time required to complete the SWAN.

Results

Descriptive statistics for all items on the SWAN are presented
in Table 1. Across items, data was missing for less than 0.1%
of the data. Overall, the means reflect those of an average
sample. Because of the large sample available in each grade
and to prevent identification of statistically significant but
trivial differences, children within each grade were divided
into three randomly derived subsamples (as determined based
on random number generation in Microsoft Excel). This ap-
proach allowed for cross-subsample replication of each test of
factor structure and each test of measurement invariance.
Because of the large sample size and the number of multiple
comparisons, Bonferroni corrections were used for each set of
comparisons within subsample to provide more conservative
estimates of statistical significance.

Confirmatory Factor Analyses

CFAs were conducted using Mplus version 7.3 (Muthén and
Muthén 2014). Full informationmaximum likelihood was used

1 The potential impact of within-grade age on the findings was examined by
calculating the amount of variance in item-level scores accounted for by age
within grade. With few exceptions, age accounted for less than 1% in item-
level scores across items. For most items, the amount of variance accounted for
by age was less than .04%. Age ranges are as follows: Preschool: 39 months to
103 months; Kindergarten: 52 months to 107 months; Grade 1: 54 months to
107 months; Grade 2: 59 months to 124 months; 66 months to 139 months;
Grade 4: 95 months to 148 months.
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to account for missing data. The Yuan-Bentler scaled chi-
square (Y-B χ2) was used to account for the lack of indepen-
dence between the variables (Yuan and Bentler 2000). Because
children were nested within classrooms, robust standard errors
were calculated using a sandwich estimator (Muthén and
Satorra 1995). Models were first examined for overall model
fit using the Y-B χ2, the Akaike’s Information Criterion (AIC),
the Bayesian Information Criterion (BIC), the comparative fit
index (CFI), the Tucker Lewis Index (TLI), the root mean
square error of approximation (RMSEA), and the standardized
root mean square residual (SRMR). The criteria for a good-
fitting model included a nonsignificant Y-B χ2, a CFI value
equal to or greater than .95 and a RMSEA value below .05
(Hu and Bentler 1999; MacCallum et al. 1996). SRMR values
close to .08 and below suggest adequate fit (Hu and Bentler
1999; MacCallum et al. 1996). Because achieving a non-
significant Y-B χ2 is a common problem for analyses using
large samples, greater weigh was placed on CFI, RMSEA,
and SRMR values than on the Y-B χ2. Nested models were
compared sequentially using chi-square difference testing. A
significant chi-square difference indicated that the nested (less
parsimonious) model provided improved fit to the data com-
pared to the more parsimonious model. Lower BIC and AIC
values also indicated better model fit.

Several a priori hypothesized correlated traits CFA models
were compared sequentially. Model comparisons were made

separately for each subsample within each grade level. The
baseline model consisted of all items loading on a single fac-
tor. This model was compared to a two-factor model with an
Inattention factor comprising the nine items representing the
symptoms of inattention and a H/I factor comprising the six
items representing the symptoms of hyperactivity and the
three items that represent impulsivity. This two-factor model
was compared to a three-factor model in which each of the
attention, hyperactivity, and impulsivity constructs was
modeled as a separate factor. The differences in chi-square
values, all of which were significant, and changes in CFI
values comparing the 1-factor correlated-traits model, the 2-
factor correlated-traits model, and the 3-factor correlated-traits
model are listed by grade and by group in Table 2. A complete
report of all fit statistics and comparisons between 1-factor, 2-
factor, and 3-factor models by grade and subsample are avail-
able in Section A of the online supplemental materials. Across
all subsamples and grade-levels, the 3-factor model was de-
termined to be the best-fitting correlated-traits model, and it
demonstrated generally good model fit. The correlations be-
tween factors in the 3-factor model were large. The correla-
tions between the Inattention factor and the Hyperactivity fac-
tor ranged between .68 and .82 across subsample and grade;
the correlation between the Inattention factor and the
Impulsivity factor ranged between .72 and .82 across subsam-
ple and grade; the correlation between the Hyperactivity factor

Table 1 Descriptive statistics for SWAN items across grade

PKa Kb Grade 1c Grade 2d Grade 3e Grade 4f

Item M SD M SD M SD M SD M SD M SD

1 −0.14 1.39 −0.10 1.55 −0.10 1.67 −0.13 1.67 −.17 1.60 −0.30 1.57
2 −0.04 1.32 −0.03 1.50 −0.04 1.52 −0.02 1.61 −.02 1.52 −0.13 1.50
3 0.14 1.28 0.24 1.36 0.27 1.40 0.36 1.47 .43 1.35 0.26 1.34
4 0.03 1.38 0.02 1.51 0.07 1.58 0.14 1.65 .13 1.58 −0.07 1.59
5 −0.09 1.30 −0.03 1.45 −0.02 1.53 0.00 1.60 .01 1.54 −0.12 1.53
6 −0.06 1.35 0.03 1.51 0.07 1.60 0.07 1.67 0.05 1.58 −0.09 1.57
7 −0.01 1.28 0.03 1.45 0.07 1.50 0.09 1.57 0.03 1.52 −0.03 1.53
8 −0.37 1.23 −0.34 1.44 −0.32 1.45 −0.29 1.58 −0.33 1.49 −0.37 1.52
9 0.31 1.27 0.29 1.31 0.36 1.39 0.35 1.45 0.26 1.37 0.13 1.39
10 −0.10 1.37 −0.08 1.49 −0.01 1.53 0.08 1.57 0.10 1.46 0.09 1.43
11 0.04 1.34 0.02 1.48 0.11 1.50 0.23 1.55 0.25 1.43 0.21 1.41
12 0.09 1.23 0.06 1.32 0.17 1.33 0.37 1.44 0.29 1.28 v.33 1.30
13 0.11 1.26 0.06 1.36 0.18 1.39 0.32 1.46 0.30 1.33 0.29 1.33
14 0.13 1.26 0.03 1.37 0.14 1.38 0.26 1.45 0.28 1.32 0.25 1.31
15 −0.01 1.26 −0.14 1.45 −0.06 1.46 0.06 1.54 0.05 1.43 0.05 1.45
16 0.01 1.29 0.04 1.47 0.12 1.49 0.19 1.56 0.19 1.44 0.14 1.47
17 0.11 1.26 0.20 1.36 0.32 1.37 0.38 1.47 0.40 1.35 0.34 1.34
18 −0.03 1.24 0.05 1.33 0.12 1.35 0.22 1.47 0.20 1.34 0.15 1.33

SWAN, The Strengths and Weaknesses of ADHD-Symptoms and Normal-Behaviors Rating Scale
a n = 1532
b n = 2404
c n = 1916
d n = 1618
e n = 1248
f n = 1329
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and the Impulsivity factor ranged between .91 and .96 across
subsample and grade.

Given the strong correlations between the Hyperactivity and
Impulsivity factors in the 3-factor correlated-traits model,
omegas were computed to examine the reliability of the vari-
ance explained by each scale in both the 2-factor and 3-factor
correlated-traits models; results are presented in Table B1 in the
supplemental materials. In the 3-factor correlated-traits model,
across grade level and group, both the Inattention and
Hyperactivity factors demonstrated excellent reliability (Ωs be-
tween .93 and .98); however, the reliability of the Impulsivity
factor was below what is considered adequate (Ωs between .38
and .49). In the 2-factor correlated-traits model, across grade
level and groups, both the Inattention factor and H/I factor
demonstrated adequate reliability (Ωs between 0.80 and 0.98).
Taken together, the strong interrelatedness of the Hyperactivity
and Impulsivity factors and the poor reliability of the impulsiv-
ity items when modeled as a separate factor, the more parsimo-
nious 2-factor correlated-traits model was selected as the best-
fitting correlated-traits model.

Following the selection of the best-fitting correlated-traits
model, the 2-factor correlated traits model was then compared
to a bifactor model. The bifactor model consisted of two orthog-
onal specific Inattention and H/I factors and a General ADHD
factor that modeled the variance shared among all the items. The
results for comparisons between the 2-factor correlated-traits
model and the bifactor model are shown in Table 2. Across all
grade levels and subsamples, the bifactormodel fit the data better

than did the two-factor correlated-traits model as evidenced by
significant chi-square difference tests and change in CFI equal or
greater than .01. The model fit indices for the bifactor model for
each grade level and group are shown in TableB2.Across grades
and subsamples, with the exception of RMSEA values greater
than .05, the bifactormodels demonstrated generally goodmodel
fit (i.e., CFIs > 0.95, SRMR < 0.08).

Invariance Testing

Because the bifactor model was the best fitting model
across grades and subsamples, invariance testing was con-
ducted using this model. Two forms of measurement in-
variance were tested in the present study: metric invari-
ance and scalar invariance. Metric invariance is used to
determine whether a factor assesses the same underlying
latent construct (i.e., the latent variable has the same
meaning) across groups and is tested by examining wheth-
er factor loadings of items are equivalent across groups.
Scalar invariance is used to determine whether means of
specific item scores are equivalent across groups at the
same level of a latent construct (i.e., the latent variable
has the same effect on item-level scores across groups)
and is tested by examining whether item intercepts are
equal across groups. Scalar invariance indicates that means
on the latent variable can be compared across groups. In
the present study, scalar invariance was only tested if met-
ric invariance was established.

Table 2 Chi-Square differences between models across grade and groups

ΔChi-Square ΔCFI

Group 1 Group 1

PK K Grade 1 Grade 2 Grade 3 Grade 4 PK K Grade 1 Grade 2 Grade 3 Grade 4

Model 1 vs. 2 178.96 --a 1656.73 115.77 147.52 1514.48 0.15 0.20 0.22 0.27 0.24 0.20

Model 2 vs. 3 56.40 103.01 40.35 25.55 17.99 54.12 0.01 0.02 0.01 0.01 0.01 0.01

Model 2 vs. BF 158.87 346.52 243.26 138.94 210.84 218.98 0.03 0.04 0.04 0.02 0.04 0.03

Group 2 Group 2

PK K Grade 1 Grade 2 Grade 3 Grade 4 PK K Grade 1 Grade 2 Grade 3 Grade 4

Model 1 vs. 2 130.05 2235.04 --a 205.79 279.04 105.06 0.16 0.22 0.27 0.28 0.19 0.18

Model 2 vs. 3 24.56 77.01 52.34 83.98 43.70 39.26 0.01 0.01 0.01 0.01 0.01 0.02

Model 2 vs. BF 180.94 310.50 185.67 324.85 226.92 228.64 0.05 0.04 0.02 0.05 0.04 0.05

Group 3 Group 3

PK K Grade 1 Grade 2 Grade 3 Grade 4 PK K Grade 1 Grade 2 Grade 3 Grade 4

Model 1 vs. 2 248.01 629.32 534.37 322.96 129.23 411.34 0.16 0.20 0.20 0.28 0.27 0.23

Model 2 vs. 3 46.85 77.16 53.31 19.12 31.74 26.64 0.01 0.01 0.01 0.00 0.01 0.00

Model 2 vs. BF 234.41 297.78 226.85 129.30 211.17 198.03 0.05 0.03 0.04 0.02 0.04 0.03

Group 1 N = 3358. Group 2 N = 3363. Group 3 N = 3326. Model 1 = 1-factor correlated traits model. Model 2 = 2-factor correlated traits model. Model
3 = 3-factor correlated traits model. BF = Bifactor Model. All values are significant at p < 0.001. a Because the robust χ2 difference test resulted in a
negative test statistic, a Wald Test was used to compare the 1- and 2-factor models for Kindergarten Group 1 and Grade 1 Group 2. The Wald tests for
both Kindergarten in Group 1 (value = 83.15, p < 0.001) and Grade 1 in Group 2 (value = 59.83, p < 0.001) indicated that constraining the correlation
between Inattention and Hyperactivity/impulsivity to 1.0 resulted in significantly poorer model fit
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Overall Metric Invariance To examine whether the factors on
the SWAN measured the same underlying behaviors
across grades, metric invariance was evaluated by com-
paring models in which factor loadings were constrained
to be equal across grades to models in which the factor
loadings were freed for a specific grade level. In the
model comparisons used to evaluate metric invariance,
intercept values were estimated freely across grade lev-
el. Comparisons were examined using the chi-square
difference test and change in CFI values. A summary
of the results is shown in Table 3. Evidence of non-
invariance was judged to be present if the lack of in-
variance was replicated in at least two of the three sub-
samples for each comparison. As seen in Table 3, there
was a consistent significant difference between the mod-
el with factor loadings constrained to equality and the

model with factor loadings freed for preschool across
groups, although changes in the CFI value were mini-
mal (i.e., Δ CFI = 0.001).

Construct-Level Metric Invariance For each comparison in
which overall metric invariance was not supported (i.e., across
the preschool groups), additional analyses were conducted at
the factor (construct) level (e.g., inattention, H/I, ADHD) to
determine the source of the lack of invariance. Results are
shown in the lower panel of Table 3. Lack of metric invariance
on the General ADHD Factor was found for preschool across
groups. Both specific factors demonstrated metric invariance.

Item-Level Metric Invariance Wald Tests were conducted to
examine the equality of factor loadings across items on the
ADHD General Factors for preschool. Wald test values were

Table 3 Results of invariance testing presented by group

Overall Metric Invariance

Group 1 Group 2 Group 3

Model χ2 scaling Δ χ2 CFI Δ CFI χ2 scaling Δ χ2 CFI Δ CFI χ2 scaling Δ χ2 CFI Δ CFI

Overall metric invariance

Fully Constrained 2851.33 1.58 – 0.956 – 2754.76 1.59 – 0.959 – 2521.37 1.63 – 0.963 –

PK released 2784.40 1.57 73.61* 0.957 0.001 2693.11 1.58 68.47* 0.960 0.001 2430.10 1.63 91.27* 0.964 0.001

K released 2811.67 1.57 50.02 .956 .000 2728.46 1.58 37.86 .959 .000 2499.27 1.63 22.10 .963 0.000

Grade 1 released 2783.42 1.58 67.91* 0.957 0.001 2712.65 1.59 42.11 .959 0.000 2491.72 1.63 29.65 0.963 0.000

Grade 2 released 2819.47 1.57 43.27 .956 0.000 2702.76 1.59 52.00 .960 0.001 2491.68 1.63 29.69 .963 0.000

Grade 3 released 2795.08 1.58 56.25 .957 .001 2725.83 1.60 13.83 .959 0.000 2493.95 1.63 27.42 .963 0.000

Grade 4 released 2804.81 1.58 46.52 .957 .001 2717.30 1.58 47.53 0.959 0.000 2446.06 1.63 75.31* 0.964 0.001

Overall scalar invariance

Metric 2871.50 1.54 – .956 2844.17 1.55 0.958 2482.80 1.60 0.963

PK released – – – – – – – – – – – – – – –

K released 2788.69 1.55 93.12* 0.957 0.001 2808.14 1.55 36.03* 0.959 .001 2429.59 1.61 53.84* 0.964 0.001

Grade 1 released – – – – – 2810.69 1.55 33.48 .959 .001 2465.23 1.61 3.06 0.963 0.000

Grade 2 released 2841.84 1.55 16.13 .956 0.000 2814.21 1.55 29.96 .958 .000 2432.47 1.61 49.74* 0.964 0.001

Grade 3 released 2826.63 1.55 38.16* 0.956 0.000 2806.32 1.55 37.85* 0.959 0.001 2445.87 1.61 30.64 0.964 0.001

Grade 4 released 2830.10 1.55 33.13 .956 .000 2795.12 1.55 49.05* 0.959 0.001 – – – – –

Construct level metric invariance

Fully Constrained 2851.33 1.58 – 0.956 – 2754.76 1.59 – 0.959 – 2521.37 1.63 – 0.963 –

PK

General released 2799.43 1.58 51.90* 0.957 0.001 2697.63 1.60 57.53* 0.960 0.001 2460.44 1.64 64.97* 0.964 0.001

IA released 2846.06 1.57 23.22 .956 0.000 2735.54 1.59 19.22 .960 .001 2496.41 1.63 24.96 .963 0.000

HI released 2841.32 1.57 27.91 .956 0.000 2769.76 1.58 2.41 .960 .001 2514.16 1.63 7.21 .963 0.000

Group 1 N = (PK = 503; Grade 1 = 612). Group 2 N = (PK = 528; Grade 1 = 647; Grade 2 = 520). Group 3 N = (PK = 501; Grade 1 = 657; Grade 2 = 553;
Grade 4 = 420). Bolded values are significant at p < 0.003. Factor loadings were constrained to equality across grades in the base model for metric
invariance testing. DF = 882 in the base model for metric invariance testing. DF = 846 for models in which factor loadings are released for a single grade.
DF = 864, 918, and 864 in the base model for scalar invariance testing in groups 1, 2, and 3, respectively. DF = 846, 900, and 846 for models in which
item intercepts are released for a single grade for group 1, 2, and 3, respectively. DF = 864, 873, 873 for models in which the factor loadings were released
for general factor, the IA factor, and the HI factor, respectively. * Sig at < 0.008. Scalar invariance was only tested for groups which were found to have
metric invariance
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considered significant at p ≤ 0.003. Overall, there very few
patterns across groups. One inattention item (i.e., BSustain at-
tention on tasks or play activities^) was found to be non-invariant
in all groups (Group 1 Wald test value = 11.67; Group 2 Wald
test value = 19.67; Group 3 Wald test value = 10.94). Four inat-
tention items (i.e., BOrganizes tasks or activities,^ BEngages in
tasks that require sustainedmental effort,^ BKeeps track of things
necessary for activities,^ and BIgnores extraneous stimuli^) were
found to be non-invariant across two groups (Wald test values
between 8.52 and 22.23). Three hyperactivity items (i.e., BPlay
quietly [keep noise level reasonable],^ BSettles down and rests
[controls constant activity],^ BModulate verbal activity [control
excess talking]^) and one impulsivity item (i.e., BReflects on
questions [controls blurting out answers]^) were found to be
non-invariant across two groups (Wald test values between
8.70 and 16.74).

The unstandardized factor loadings for each item,
when the loadings for the elementary grades are held
to be equal, listed separately for preschool and the ele-
mentary grade levels, are presented in Table 4. The
standardized factor loadings derived from the models
are available in section C of the supplemental materials.
Across groups and items, factor loadings on the general
ADHD factor were, with few exceptions, higher for the
invariant grades than they were for preschool.

Scalar Invariance To examine whether the means of specific
items were similar across grades at the mean levels of the latent
constructs, scalar measurement invariance was evaluated by
comparing models in which item intercepts were constrained
to be equal across grades to models in which the item intercepts
were freed for a specific grade level. Across groups, scalar
invariance was only evaluated for grades in which metric in-
variance was established. Comparisons were examined using
the chi-square difference test and change in CFI values. A
summary of the results is shown in Table 3. Overall, only
Grade 1 and Grade 2 demonstrated scalar invariance in at least
two of the groups. Modification indices were examined to ex-
plore whether specific items were driving the lack of invariance
across grades and groups. A modification index value of 3.84
(i.e., p < 0.001) was used to examine items that, if freed from
constraint across grades, would result in significant improve-
ment to model fit. In Group 1, modification indices were sig-
nificant for items 1, 3, 8, 12, 13, and 14 in Kindergarten and for
items 1 and 4 in Grade 3. In Group 2, modification indices were
significant for item 12 in Kindergarten, items 1 and 3 in Grade
1, for items 1 and 3 in Grade 3, and item 9 in Grade 4. In Group
3, modification indices were significant for items 4 and 13 in
Kindergarten, for items 10, 12, and 13 in Grade 2 and for items
3 and 9 in Grade 3. In sum, no consistent patterns emerged
across groups or grades.

Table 4 Factor Loadings in the Bifactor Model (with Elementary Grades Combined)

Group 1 Group 2 Group 3

Item Preschool Elementary Preschool Elementary Preschool Elementary

S G S G S G S G S G S G

1 0.86 0.88 0.89 1.03 0.88 0.84 0.96 1.10 0.83 0.97 0.94 1.08

2 0.82 0.87 0.81 1.10 0.83 0.81 0.87 1.15 0.72 0.98 0.82 1.16

3 0.59 1.00 0.59 1.02 0.47 0.94 0.63 1.11 0.52 0.99 0.62 1.07

4 0.79 1.04 0.92 1.11 0.79 0.94 0.98 1.18 0.71 1.08 0.95 1.16

5 0.83 0.93 0.91 1.05 0.81 0.84 0.98 1.11 0.76 0.94 0.95 1.11

6 0.86 0.96 0.98 1.03 0.96 0.79 1.02 1.11 0.88 0.87 0.98 1.13

7 0.81 0.91 0.84 1.05 0.80 0.83 0.90 1.13 0.76 0.90 0.90 1.11

8 0.50 0.94 0.54 1.10 0.43 0.85 0.57 1.21 0.37 0.91 0.55 1.18

9 0.64 0.85 0.70 0.90 0.65 0.79 0.74 0.99 0.60 0.87 0.73 0.97

10 0.45 1.29 −0.21 1.39 −0.32 1.16 −0.33 1.46 −0.20 1.28 −0.25 1.42

11 0.34 1.29 −0.11 1.37 −0.38 1.21 −0.26 1.44 −0.23 1.24 −0.17 1.4

12 0.07 1.02 0.07 1.02 −0.06 0.83 −0.03 1.13 0.05 0.98 0.03 1.07

13 0.07 1.20 0.32 1.18 0.13 1.04 0.18 1.28 0.24 1.04 0.26 1.21

14 −0.06 1.11 0.23 1.23 0.04 1.04 0.07 1.32 0.15 1.04 0.14 1.27

15 −0.05 1.15 0.43 1.25 0.33 1.04 0.30 1.35 0.30 1.06 0.37 1.28

16 −0.23 1.10 0.49 1.19 0.43 1.07 0.40 1.32 0.41 1.08 0.43 1.30

17 −0.22 1.11 0.38 1.13 0.29 1.09 0.35 1.26 0.28 1.10 0.36 1.21

18 −0.26 1.09 0.39 1.06 0.35 0.97 0.34 1.20 0.44 1.02 0.35 1.14

S = Factor loading on the respective specific factor; G = Factor Loading on the general factor. Bolded values are significant at p < 0.003
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Discussion

The two goals of this study were to examine the structure of
inattentive, hyperactive, and impulsive behaviors in a large
sample of children ranging from preschool to grade 4 and to
examine whether the measurements of these behavioral con-
structs were consistent across grade levels. A bifactor model
with a general ADHD factor and two specific Inattention and
H/I factors provided the best fit to the data. Results supporting
the bifactor model were consistent across all grades and for
each of three subgroups of children within each grade.
Overall, item loadings were moderate to high for the general
ADHD factor and for the specific Inattention factor. Item load-
ings, particularly for the hyperactivity items, were low and
sometimes inconsistent across subsamples for the specific H/
I factor. Together, the mixed findings regarding the distinction
of hyperactivity and impulsivity and the inconsistent item-
loadings on the specific H/I factor challenge the conceptuali-
zation of hyperactivity and impulsivity as a unitary presenta-
tion of ADHD-related behaviors. Further, the weak loadings
on the specific factor, despite strong loadings on the general
factors suggest that hyperactive/impulsive behaviors may be
implicated in halo effects that contribute to the high interrelat-
edness among teachers’ ratings of the different behavioral
dimensions associated with ADHD (Hartung et al. 2010).
Still, the consistent finding that hyperactivity and impulsivity
fit the data well when modeled as a single factor, suggests that
these constructs are best conceptualized as unidimensional.
Thus, findings regarding the dimensionality of hyperactivity
and impulsivity were mixed.

In general, the bifactor model demonstrated metric invari-
ance from kindergarten through grade 4 but not for preschool.
The results of this study regarding the structure of the SWAN
support the conceptualization of ADHD as a single disorder
with different sub-presentations. The finding of metric invari-
ance from kindergarten to grade 4 indicate that inattention,
H/I, and the variance common among these behaviors reflect
the same underlying constructs across this age range. The lack
of metric invariance between preschool and the other grade
levels indicates that the problem behaviors associated with
general ADHD differ for preschool children.

Structure of Inattentive, Hyperactive, and Impulsive
Behaviors

Tests examining the factor structure of inattention and H/I
indicated that inattentive, impulsive, and hyperactive behav-
iors were best conceptualized as behavior constructs with both
unitary and distinct features. The finding that a bifactor model
comprising a General ADHD Factor and two specific factors
provided the best fit to the model across all grades and all
group suggests that this is a robust conceptualization of inat-
tentive, hyperactive, and impulsive behaviors. The emergence

of a general underlying ADHD factor is in line with other
recent analyses of inattentive and hyperactive/impulsive be-
haviors using bifactor and hierarchical modeling techniques
(e.g., Toplak et al. 2012; Ullebø et al. 2012; Willoughby et al.
2015). This common finding across studies offers further sup-
port for grouping these heterogeneous behavioral constructs
under the classification of a single disorder.

The finding that the factor loadings for the items on the
specific H/I factor were often weak and sometimes negative
suggests that although there may be unique aspects of inatten-
tion that are distinct from more general problem behaviors
associated with ADHD, behaviors characterizing H/I may be
better understood as reflective of the more general problem
behaviors associated with ADHD. The pattern of frequent
negative loadings on the specific H/I factor likely represents
a suppression effect in which the general ADHD factor ac-
counts for such a large amount of variance in items that the
relations between the items and the remaining variance left
over to be accounted for by the specific factor were inflated
and related in the opposite direction than would be expected.

The unexpected results regarding the specific H/I Factor mir-
ror unexpected results reported by other researchers who have
modeled specific hyperactivity or specific combined H/I factors.
For example, using bifactor modeling and symptom classifica-
tions based on the ICD-10, Ullebø et al. (2012) reported support
for a general ADHD factor and two specific Inattention and
Impulsivity factors, but their results did not support a specific
Hyperactivity factor. Willoughby et al. (2015) reported results
supporting a bifactor model with a general ADHD factor and
two specific Inattention and combinedH/I factors. In their study,
Willoughby et al. reported that the specific H/I factor had few
significant associations with other outcomes, such as academic
skills and treatment utilization. Although the specific H/I factor
was associatedwith aspects of social development, it was related
opposite to the expected direction (e.g., greater hyperactivity
was associated with more closeness to teachers). Thus, the em-
pirical analyses of the variance in ADHD-related behaviors con-
ducted in the present study and previous research suggests that
ADHD rating scales based on the 18 symptoms of ADHD may
not adequately capture unique and meaningful specific aspects
of hyperactivity and impulsivity.

The presence of a well-defined General ADHD factor sup-
ports the conceptualization of ADHD, despite its sub-presen-
tations, as a unified disorder. However, the degree of shared
variance among ratings of individual items may also reflect
potential halo effects. Halo effects refer to potential biases in
informant ratings that occur when an individual’s general im-
pressions of a child unduly influence her or his evaluations of
the child. In the context of behavior-ratings, halo effects may
lead informants who observe one type of behavior to report
the presence of another, related behavior that was actually not
observed (e.g., Hartung et al. 2010). The finding that the hy-
peractivity and impulsivity items on the SWAN demonstrated
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strong loadings on the general ADHD factor but failed to form
a strong and consistent specific factor suggests that
hyperactive/impulsive behaviors may most heavily influence
possible halo effects. It may be that these behaviors are the
most readily observable, leading an informant who observes
these hyperactive and impulsive behaviors to draw inferences
regarding other less noticeable behaviors such as those asso-
ciated with inattention.

Similar to the extant research on the distinctness of
hyperactivity and impulsivity (see Willcutt et al. 2012
for review), the results of this study raise several mixed
points regarding the separation of these two closely re-
lated constructs. Taken together, the strong correlation
between hyperactivity and impulsivity and the poor re-
liability of the impulsivity factor in the 3-factor corre-
lated traits model suggested limited utility in separating
these closely related behaviors. As such, the bifactor
model tested in the present study was based on the 2-
factor correlated traits model. However, it is notable that
changes in both the chi-square and approximate fit in-
dices pointed to the 3-factor correlated traits as the best
fit to the data. This indicates that despite the strong
interrelatedness of these constructs, modeling hyperac-
tivity and impulsivity as distinct constructs results in
empirical improvements to the modeling of variance in
ADHD-related behaviors. This finding echoes concerns
discussed by others (e.g., Coghill and Seth 2011; Frick
and Nigg 2012) that impulsivity may deserve further
consideration as a distinct aspect of ADHD. Given the
influence of scale size on reliability estimates (Trizano-
Hermosilla and Alvarado 2016), it may be that more
items are needed for impulsivity scales to reflect a reli-
able unitary construct with variance that allows it to be
distinguished empirically from hyperactivity. Although
many discussions concerning the addition of impulsivity
items have focused on adults (e.g., Coghill and Seth
2011; Frick and Nigg 2012), our findings suggest that
this issue also is relevant in early and middle childhood
populations.

It may be that hyperactivity and impulsivity are indeed
distinct constructs; however, the overlap in the functional im-
pairment caused by these difficulties and possible shared cog-
nitive mechanisms that lead to the expression of both hyper-
activity and impulsivity make it difficult to separate these
dimensions (Raiker et al. 2012). Research is needed to deter-
mine whether there are meaningful differential relations be-
tween these two types of problem behaviors, in the context of
a bifactor model, and other important outcomes such as social
skills, academic skills, and other developmental disorders. A
more nuanced understanding of the distinctness of these con-
structs may guide the field’s understanding of the etiology of
different manifestations of ADHD and may improve how the
disorder is conceptualized, diagnosed, and treated.

Measurement Invariance

Results supported metric invariance for inattentive and
hyperactive/impulsive behaviors from kindergarten through
fourth-grade. Although children undergo substantial cogni-
tive, emotional, and behavioral changes from kindergarten to
fourth-grade, this finding indicates that similar behaviors re-
flect underlying inattention, H/I, and general ADHD behav-
iors across this developmental span. In contrast to results
across the elementary school grades, measurement of the be-
haviors associated with ADHD differed between preschool
and the elementary school grades. In general, factor loadings
were smaller in preschool than they were for the older grades.
More detailed analysis at the construct level revealed that the
lack of invariancewas attributable to differences between chil-
dren in preschool and children in other grades in how items on
the SWAN related to the General ADHD factor and not how
the items on the SWAN related to the specific Inattention and
H/I factors. These results indicate that behaviors associated
with the unique aspects of inattention and H/I are generally
similar across development from preschool to fourth grade;
however, how these behaviors reflect the shared variance of
inattention, hyperactivity, and impulsivity differs between the
preschool and elementary school years.

There are several explanations for the differences in the
measurement of general ADHD behaviors in preschool com-
pared to other grade levels. It could be that there are genuine
developmental differences between preschool children and
children in the primary grades. The executive processes used
to control inattention, hyperactivity, and impulsivity are rap-
idly developing during the preschool years (Espy 2004).
Inattentive, hyperactive, and impulsive behaviors are relative-
ly common in preschool-age children, and, thus, the presence
of these behaviors may not indicate overall behavior problems
in preschool children to the same extent they do in older chil-
dren. The general variability in preschooler’s behavior may
attenuate the precision of the measurement of problem behav-
iors, which might explain the generally lower factor loadings
for this age-group.

Differences in how behaviors characterized by inattention,
hyperactivity, and impulsivity relate to a common ADHD
construct also may be the result of differences in teacher char-
acteristics, teacher expectations, and setting demands in pre-
school compared to older grades. Whereas teaching positions
in elementary school generally require a post-secondary de-
gree, degree requirements for teaching positions in preschool
are more varied. Preschools teachers’ educational back-
grounds may range from masters level degree to less than a
high school degree, depending on the organization of which
the preschool is a part. As such, preschool teachers vary in
terms of their training, their views on classroom structure, and
their expectations for children’s roles and behaviors in the
classroom.

984 J Abnorm Child Psychol (2019) 47:975–987



Many of the behaviors used to operationalize the presence
of inattention and H/I require teachers to observe the ability, or
lack thereof, to perform tasks that may or may not be expected
of children in a preschool classroom. The item that was non-
invariant between preschool and older grades across all three
groups refers to the ability to Bsustain^ attention. Given that
activities in preschool classrooms are typically more play-
based, fast moving, and loosely structured than are activities
in the primary grades, preschool teachers may have fewer
opportunities to observe children in Bsustained^ activities.
Other inattention items that were non-invariant across two
groups (e.g., BOrganizes tasks and activities,^ BEngage in
tasks that require sustained mental effort,^ Bkeep track of
things necessary for activities^) involved activities that may
be less relevant in preschool classrooms. Consequently, the
same behaviors in preschool and elementary grades may re-
flect different degrees of overall difficulties. Similarly, the
hyperactivity items that were not invariant in at least two
groups (i.e., Bplay quietly,^ Bsettle down,^ and Bmodulate
verbal activity.^) may reflect behaviors that are less important
or salient in less-structured and play-based preschool class-
rooms than they are in elementary-level grades. Similarly,
the impulsivity item that was non-invariant between preschool
and older grades in two groups was Breflects on questions
(controls blurting out answer).^ Compared to Elementary
school, whole-group activities in preschool tend to be less
formal and less dependent on Bcorrect or incorrect^ answers.
Therefore, judging a child’s ability to Breflect^ in preschool
may be more difficult than judging other impulsive behaviors
such as awaiting turns and entering games without intruding.

In summary, the underlying mechanism driving the differ-
ences in the measurement of inattentive, hyperactive, and im-
pulsive behaviors between preschool children and older chil-
dren are not completely clear. Regardless, the results of this
study suggest that caution should be taken when interpreting
preschoolers’ scores on measures of inattention and H/I that
are typically used with populations of older children. Further,
the same behaviors observed in preschool and older grades
may have differential impacts on teachers’ conceptualizations
of children’s overall levels of problem behaviors.

Limitations and Future Directions

There are several strengths of this study including the use of a
large sample of both preschool and school-age children and
the use of a relatively novel statistical technique that may be
particularly useful for understanding the complex structure of
the behaviors associated with ADHD; however, it is not with-
out limitations. For one, this study was conducted using a
community-based sample rather than a sample of children
who have been identified as exhibiting problem behaviors.
Although a range of scores on the SWAN, including scores
in the clinical range, were present in this sample, it is possible

that the structure and measurement of inattention, hyperactiv-
ity, and impulsivity would differ in a sample of mostly chil-
dren with clinical levels of these behaviors. As such, the find-
ings of the present study only generalize to the structure and
measurement of inattentive and hyperactive/impulsive behav-
iors as they occur in the general population. Research on a
clinical sample would be needed to establish whether these
results generalize to children with diagnosed ADHD.
Further, although the use of a bifactor model represents a
significant strength of this study, no external variables were
included to examine whether the general and specific factors
had differential and meaningful relations to other childhood
outcomes (e.g., academic skills, social skills).

Another limitation was the use of a single method (i.e.,
teacher-ratings) of measuring inattention, hyperactivity, and
impulsivity. Further these ratings were made after the teachers
had interacted with the child for no more than two or three
months. Although teachers are considered ideal informants of
children’s behavior (e.g., Evans et al. 2005), parents are an-
other important informant of their child’s behaviors. However,
parent-ratings were not available for the majority of children
in the present study. It is possible that the results would have
differed for ratings provided by other informants (e.g., parents,
self). Thus, a comprehensive understanding of the structure
and measurement of inattention and H/I will require that the
factor structure andmeasurement invariance of inattention and
H/I be examined using ratings provided by other informants.

Given the aforementioned differences between preschool
and elementary-school level classrooms and teachers, it is
possible that school-related factors contributed to the observed
lack of invariance across preschool and school-age children.
To address the possibility that classroom expectations drive
differences in measurement, future research should examine
whether the measurement of inattentive and hyperactive/
impulsive behaviors differs across preschools with varying
structures (e.g., those that primarily focus on free-play com-
pared to those with a direct-instruction component).

Conclusions

The results of this study indicate that inattention, hyperactiv-
ity, and impulsivity were best characterized as behavioral con-
structs with both shared and unique components. The lack of
strong specific H/I factor challenges the utility of conceptual-
izing H/I, as rated by teachers, as a behavioral construct that is
distinct from the general problem behaviors that are accounted
for by the shared variance among all three ADHD-related
behaviors. Although the practice of merging hyperactive and
impulsive behaviors for diagnostic purposes persists, the find-
ings of the current study suggest that further examination of
the distinct aspects of these behavioral constructs is warranted.
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The findings of this study related to measurement invari-
ance testing point to the need for caution when interpreting
differences in inattention and H/I between preschoolers and
older children. Informants’ ratings of inattention and H/I may
not necessarily provide an assessment of the same underlying
behavioral constructs across early and middle childhood.
Further inquiry into the underlying reasons for the observed
differences between preschooler and school-age children (e.g.,
developmental, measurement-related) may help guide and im-
prove the early identification of children who are at-risk for
developing long-term behavioral difficulties.
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