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Abstract Sluggish Cognitive Tempo (SCT) has been defined
by a constellation of caregiver-reported symptoms that in-
cludes daydreaming, difficulty initiating and sustaining effort,
lethargy, and physical underactivity. These symptoms have
been observed in both typically developing children and in
some children with Attention-Deficit/Hyperactivity Disorder
(ADHD)—especially those with the predominantly inatten-
tive presentation. Symptoms of SCT (typically identified via
rating scales) appear separable from DSM inattentive ADHD
symptoms, but have also been associated with internalizing
symptoms. To date, however, few studies have examined as-
sociations among ratings of SCT and speeded performance-
based measures. The present study examined associations
among SCT, processing speed, and internalizing symptoms
in a sample of 566 clinically referred children (65% male),
while also considering how these associations change with
age. Findings revealed small but significant age-related differ-
ences in the strength of associations between the
“Daydreamy” element of SCT and processing speed (as mea-
sured by the WISC-IV Processing Speed Index—PSI), with
stronger associations observed in younger children.
Importantly, this difference in strength of association was
not accounted for by the change in WISC-IV test forms for
PSI subtests between 6—7 year-olds and 8-16 year-olds.
Conversely, the association between SCT and internalizing
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symptoms remained generally consistent across the age range.
Findings contribute to further characterization of the
“slowness” of responding seen in SCT and may have impli-
cations for behavioral intervention.

Keywords Attention - ADHD - Children - Motor speed -
Depression

Sluggish Cognitive Tempo (SCT) has been defined by a con-
stellation of caregiver-reported symptoms that includes
daydreaming, difficulty initiating and sustaining effort, lethar-
gy, and physical underactivity (Barkley 2012; Becker and
Langberg 2013; Carlson and Mann 2002). Youth with SCT
are typically described as “slow moving” and “under-
responsive,” characteristics of the SCT construct that appear
to be separable from both inattention and other characteristics
of SCT, such as daydreaminess and low initiation/poor persis-
tence (Hartman et al. 2004; Jacobson et al. 2012). Relative to
typically-developing peers, youth with ADHD—particularly
the inattentive or combined presentations—have been found
to demonstrate slower cognitive processing speed (Chhabildas
et al. 2001; Jacobson et al. 2011; Rucklidge and Tannock
2002; Willcutt et al. 2005) and slowed motor reaction time
(Lee et al. 2012; Rucklidge and Tannock 2002; Shanahan
et al. 2006; Wodka et al. 2007). As approximately 30-60%
of youth with ADHD may also exhibit high levels of SCT
(Barkley 2012; Garner et al. 2010; Skirbekk et al. 2011), the
hypomotoric presentation seen in youth with SCT may, at
least in part, contribute to this pattern of slower processing
speed and reaction time. It is not yet clear, however, whether
the slowed processing in SCT reflects slowed motor
responding or slowed cognitive processing (e.g.,
“bradyphrenia”), or a combination. For the purposes of this
paper, we will use the term “processing speed” to reflect the

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10802-017-0281-x&domain=pdf

128

J Abnorm Child Psychol (2018) 46:127-135

measured speed of performance, acknowledging that this gen-
erally includes both cognitive processing speed and motor
response or performance speed.

The limited initial work examining neuropsychological corre-
lates of caregiver-reported SCT has been inconsistent. An inves-
tigation in 140 Puerto Rican children recruited for ADHD symp-
tomatology found no association between parent-rated SCT se-
verity and performance-based processing speed, as measured by
a rapid naming task (Bauermeister et al. 2012), nor was SCT
significantly associated with other performance-based measures
of executive control, including working memory, interference
control, or problem-solving skills. Conversely, other researchers
(e.g., Willcutt et al. 2014) have found that, after controlling for
inattentive and hyperactive symptoms, caregiver ratings of SCT
were significantly associated with weakness in sustained atten-
tion (i.e., omissions) on a continuous performance task (CPT),
but not with naming speed, a composited processing speed score,
or response inhibition (CPT commission errors). Notably, how-
ever, SCT in these studies was represented by a limited item pool,
with either four (Bauermeister et al. 2012) or six (Willcutt et al.
2014) items. In many recent studies, investigators have relied on
more comprehensive measures of SCT consisting of 14 (Penny
et al. 2009) up to 44 (McBurnett et al. 2014) items. Thus, the
construct of SCT may have been only partially characterized in
these initial investigations, while more comprehensive character-
ization of SCT (beyond rating scales) may yield a differing pat-
tern of associations. When considering expanding the assessment
of SCT to performance-based measures, it is important to note
that identifying meaningful associations between parent ratings
and performance-based measures of a similar construct has been
challenging, a fact highlighted by investigations of executive
function (e.g., McAuley et al. 2010). Further examination of this
putative association between SCT and processing speed is need-
ed to clarify whether youth rated as showing greater SCT symp-
toms are also more likely to demonstrate slower processing or
more delayed responses on performance-based measures.

SCT and Internalizing Symptoms

Given the relatively apathetic and lethargic presentation charac-
teristic of youth with high levels of SCT, SCT symptoms have
also been hypothesized to overlap with symptoms of internaliz-
ing disorders. Although some data suggest SCT may be more
closely associated with inattention symptoms than with internal-
izing psychopathology (e.g., Lahey et al. 2004), there is growing
evidence supporting the SCT-internalizing association, with a
recent meta-analysis suggesting a potentially stronger association
between SCT and depressive symptoms than anxiety symptoms
(Becker et al. 2016). Specifically, children with higher levels of
SCT symptomatology have been found to show greater unhap-
piness, withdrawal, anxiety/depression, and social dysfunction
relative to children with lower levels of SCT symptomatology,
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suggesting a link between SCT and mood symptoms (Becker
and Langberg 2013; Carlson and Mann 2002; Hartman et al.
2004). After controlling for symptoms of ADHD
(Bauermeister et al. 2012) and Conduct Disorder (Becker and
Langberg 2013), ratings of SCT remained significantly associat-
ed with internalizing symptoms in youth with ADHD. Clinically-
referred children with comorbid ADHD and anxiety were found
to be more likely to display SCT than those with ADHD alone
(Skirbekk et al. 2011). The strength of the SCT-internalizing
symptoms association has been somewhat variable across stud-
ies, with somewhat stronger correlations in non-referred versus
clinically-referred samples. In a clinical sample, Garner et al.
(2010) reported correlations of 0.28 and 0.20 between parent-
reported SCT symptoms and ratings of anxiety/depression and
aggression, respectively, whereas the bivariate SCT-internalizing
association was stronger within a sample of non-referred youth
(e.g., r=0.55, and r,=0.31 after controlling for inattention;
Penny et al. 2009).

Growing evidence also suggests that observable ADHD
symptomatology appears to shift as children age (Lahey
et al. 2005), with fewer adolescents exhibiting primarily hy-
peractive symptoms relative to younger children. At the same
time, data suggest a greater likelihood of preadolescent or
adolescent youth presenting with mood symptomatology, rel-
ative to younger children (Kessler et al. 2001). Recent evi-
dence from a 10-year period in a population-based sample
found latent stability of the SCT construct over this period
and suggested that mean levels of parent-reported SCT symp-
toms may actually increase over time (Leopold et al. 2016).
As such, it is important to consider the role of age when
considering the relationships between SCT and internalizing
behaviors. Although the relation between SCT and internaliz-
ing symptoms appears to be present across both community
and clinical samples, no published studies have examined the
moderating effect of age or examined whether SCT is more
common in younger versus older children, and the implica-
tions of age for associations between SCT, speed, and anxiety
or depressive symptoms.

The present study examined the associations between
SCT, processing speed, and internalizing symptoms (anx-
iety, depression), while also considering how these rela-
tionships may change with age. We hypothesized that
those elements of SCT previously shown to be most sep-
arable from ADHD in other samples would be separable
from ADHD-related inattention, and that those separable
components of SCT would be associated with lower
scores on performance-based measures of processing
speed. In addition, we hypothesized that the relationship
between SCT and internalizing symptoms (anxiety, de-
pression) would be moderated by age, with different pat-
terns of association (i.e., likely stronger associations) in
older children, compared to those observed in younger
children.
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Methods
Procedures

As part of routine clinical practice at a large outpatient neuro-
psychology assessment center, parents of children referred to
the clinic are asked to complete a set of behavioral rating
scales including the Penny et al. (2009) SCT Scale, the
ADHD Rating Scale-IV (ADHDRS; DuPaul et al. 1998),
and portions of the Vanderbilt Parent Rating Scale (VPRS;
Wolraich et al. 2003) through a secure survey web link prior
to the assessment appointment. All data are then entered into a
clinical database. Data from routine clinical assessments are
also entered into this database by department clinicians via the
hospital electronic health record, and these data are securely
maintained by the hospital’s Information Systems
Department. Data were collected from unique patient visits
over a 2-year period.

Following approval from the hospital’s Institutional
Review Board, the de-identified clinical database was queried,
and a limited dataset was constructed of patients between the
ages of 6 and 16 years of age for whom valid scores were
available on the Wechsler Intelligence Scale for Children,
Fourth Edition (WISC-IV) Processing Speed Index (PSI)
and for whom parent ratings were available on the
ADHDRS, the SCT Scale, and the VPRS. There were no
exclusionary criteria beyond complete data on these four
measures.

Measures

Wechsler Intelligence Scale for Children, Fourth Edition
(WISC-IV, Wechsler 2004) The WISC-IV is a frequently
administered measure of intellectual ability. In addition to
providing a Full Scale IQ (FSIQ), this measure provides four
Index scores: Verbal Comprehension, Perceptual Reasoning,
Working Memory, and Processing Speed. Internal consistency
for the Index scores and FSIQ is good (Cronbach’s alpha [r,]
ranging from 0.81 to 0.95), with good test-retest reliability (»
from 0.86 to 0.93). The Processing Speed Index (PSI) is also a
reliable measure across the test-specific age span (r,, ranging
from 0.81 to 0.91), with a corrected test-retest reliability esti-
mate across age groups of 0.86.

Sluggish Cognitive Tempo (SCT) Scale (Penny et al. 2009)
The SCT Scale is a 14-item teacher- or parent-report rating
scale of symptoms that correspond to the SCT construct. For
the purposes of the present study, only the parent report version
was used. Ratings are made on a 4-point scale (0 = Never
or Rarely; 1 = Sometimes; 2 = Often; 3 = Very Ofien). The scale
was originally normed on a Canadian sample of school chil-
dren, and data from parent reports in this sample demonstrated
adequate internal consistency. Test-retest reliability estimates

for the parent-report version were adequate (ranging from
0.70 to 0.87). Total composite score for the SCT scale is the
sum of the ratings on all 14 items. In the current sample,
internal consistency for the SCT scale was very good
(ro,=0.88).

ADHD Rating Scale-1V, Home Version (ADHDRS;
DuPaul et al. 1998) The ADHDRS is an 18-item measure,
reflecting the DSM-IV ADHD diagnostic criteria. The scale is
designed to be completed by parents or teachers, although for
the purposes of the current study, only the home (parent) ver-
sion was used. Item content reflects DSM-IV diagnostic
criteria and items were rated based on the child’s behavior
over the past 6 months, using a 4-point scale (0 = Not at all,
1 = Sometimes; 2 = Often; 3 = Very Much). Subscales corre-
spond to the DSM-IV Inattentive and Hyperactive/Impulsive
criteria. Total subscale scores were obtained by adding item
ratings (range: 0—27 for each). The ADHDRS has been shown
to demonstrate adequate reliability and validity (DuPaul et al.
1998); internal consistency estimates for the parent-report ver-
sion ranged from 0.86 for the Inattention scale to 0.88 for the
Hyperactivity/Impulsivity scale, with test-retest reliability
over short periods of time ranging from 0.78 for Inattention
to 0.86 for Hyperactivity/Impulsivity. In the current sample,
internal consistency for the ADHDRS subscales was excellent
(Inattention 7., = 0.90; Hyperactivity/Impulsivity 7, = 0.90).

The Vanderbilt Parent Rating Scale (VPRS, Wolraich
et al. 2003) The VPRS is a parent report questionnaire de-
signed to assess a variety of symptoms of childhood behav-
ioral disorders; for the purposes of the present study, only the
items related to internalizing symptoms were included.
Specifically, the seven items designed to assess for internaliz-
ing behavior symptoms suggestive of anxiety or depression
were included to provide an estimate of internalizing symp-
toms (e.g., is fearful, anxious, or worried; feels worthless or
inferior; is sad, unhappy, or depressed). Items are rated on a 4-
point scale (0= Never; 1= Occasionally, 2 = Often; 3 = Very
Often). The anxiety/depression composite score is the sum of
ratings on the three anxiety symptom items (range =0 to 9)
and the four items assessing depressive symptomatology
(range =0 to 12). In this sample, internal consistency for the
Vanderbilt Anxiety/Depression composite was good
(ro,=0.87).

Analysis Plan

First, associations between the primary variables of interest
(age, SCT, internalizing symptoms) were examined using
zero-order Pearson correlations. Second, an exploratory factor
analysis (principal axis factoring with Promax rotation) was
conducted including both the SCT and the inattention items of
the ADHDRS, in order to identify the elements of SCT that
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are most unique from inattention in this clinical sample. Third,
age, SCT, and the age-by-SCT interaction were then entered
into a series of linear regression equations in order to deter-
mine the strongest predictors of processing speed and inter-
nalizing symptoms, and whether/how these associations are
moderated by age. In these analyses, two age groups were
used: younger (ages 69 years) and older (ages 1016 years).
Given concerns for multicollinearity, a separate set of analyses
were run covarying for inattention symptom severity. When
age-by-SCT interactions were observed, separate analyses of
simple slopes and the associations in younger (69 years) and
older (10-16 years) groups were completed, and compared
using Fisher’s r-to-z transformations. Age 10 years as selected
at the split point for three reasons: first, this provided an es-
sentially median split, allowing for fairly even groups in each
subsample; second, a split at 10 years allowed (generally) for a
pre-post-pubertal split; and third, this cut point has clinical
significance in that children under 10 are elementary age and
those over 10 are moving into middle school and beyond,
which is developmentally and clinically relevant. A secondary
set of analyses were run examining age as a continuous
variable.

Results
Participants
The total sample included 566 children (M Age=10.37,

SD =2.76) referred for psychological or neuropsychological
assessment in a large outpatient neuropsychology clinic (see

Table 1). The majority of children were male (65.0%) and
Caucasian (57.8%); 23.6% were African American, 5.7%
were multi-racial, 3.4% were Asian American, and 6.8% were
ofunknown racial background, while 1.3% were reportedly of
Hispanic ethnicity. With regard to parent characteristics,
25.6% of caregivers completing the parent-report measures
had completed high school and/or at least some college
coursework, 0.7% earned less than a high school education,
4.4% had completed an associate’s degree or had some type of
vocational training, 32.2% graduated from college, and 25.2%
earned a graduate or post graduate degree (11.8% of the sam-
ple did not report parent education level). With regard to clin-
ical diagnoses, approximately 82% were assigned mental
health diagnoses, including ADHD, disruptive behavior dis-
orders, mood, anxiety, and learning disorders. Approximately
18% were evaluated secondary to medical diagnoses, includ-
ing epilepsy, oncologic conditions, brain injury, neurofibro-
matosis, and spina bifida. Overall, the sample was generally
of average intellectual functioning, as measured by untimed
verbal reasoning ability (Table 1).

Associations Among Age, SCT, PSI, and Mood

Parent ratings of SCT (SCT Total score) were more strongly
associated with ratings of inattentive symptoms, »=0.77,
p<0.001, than hyperactive/impulsive symptoms, »=0.33,
p<0.001; r-to-z, p < 0.001 (Table 2). SCT Total was also sig-
nificantly inversely associated with performance-based mea-
sures of processing speed (WISC-IV PSI; »=-0.21,
p <0.001—such that greater SCT rating was associated with
poorer performance on PSI)y—and positively associated with

Table 1 Sample demographic

and behavioral characteristics Total sample Younger Older
n=>566 n=275 n=291
Mean SD Mean SD Mean SD P n?
Sex (% male) 65.0% 62.2% 67.5% 0.186
Age 10.37 2.76 8.00 1.05 12.61 1.85 <0.001 .699
WISC-IV
VCI 97.17 16.44 98.44 15.74 95.97 17.01 0.082 0.006
PSI 89.22 15.87 92.59 15.93 86.03 15.16 <0.001 0.043
Parent ratings
SCT total 15.98 8.00 14.74 7.51 17.17 8.26 <0.001 0.023
ADHD RS 1A 15.17 6.55 14.60 6.26 15.71 6.78 0.044 0.007
ADHD RS HI 10.39 6.90 11.73 6.87 9.12 6.69 <0.001 0.036
VPRS Anxiety 3.79 2.52 3.65 2.56 3.92 2.48 0.206 0.003
VPRS depression 2.82 2.84 2.57 2.80 3.06 2.85 0.041 0.007

Younger subsample: participants ages 6.0 to 9.9 years; Older subsample: participants aged 10.0 to 16.9 years;
WISC-1V Wechsler Intelligence Scale for Children, Fourth Edition, VCI Verbal Comprehension Index, PS/
Processing Speed Index, SCT Sluggish Cognitive Tempo, ADHD RS Attention Deficit Hyperactivity Disorder
Rating Scale-1V, /A Inattention scale, HI Hyperactive/Impulsive scale, VPRS Vanderbilt Parent Rating Scale

*p: difference between the younger and older groups
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Table 2 Correlations among age
and measures of SCT, processing SCT: SCT: WISC-1V ADHDR ADHDR Anx- Age
speed, attentional regulation, and F3 F4 PSI IA HI Depr
mOOd EEE esksk * B EEd B B
SCT: F2 4297 2417 —0.096 396" 1137 315" 263"
SCT: F3 50677 01217 7557 4177 357 0.071
SCT: F4 -325" 6397 189" 123" 0.014
WISC PSI -.130" 0.028 -0.015 256"
ADHDR 538" 320" 0.088"
1A
ADHDR 2317 —0.225™
HI
Anx-Depr 0.094"

WISC Wechsler Intelligence Scale for Children, Fourth Edition, PS/ Processing Speed Index, SCT Sluggish
Cognitive Tempo, F2 Sleepy Sluggish SCT factor, /'3 Daydreamy SCT factor, /4 Low Initiation SCT factor,
ADHDR Attention Deficit Hyperactivity Disorder Rating Scale, /A Inattention, H/ Hyperactive/Impulsive, Anx-
Depr Vanderbilt Parent Rating Scale Anxiety and Depression sum. * p < 0.05; **: p <0.01; ***p < 0.001

ratings of internalizing symptomatology, including both anx-
iety and depression (greater SCT associated with greater anx-
iety and depression). In addition, parent ratings of SCT were
modestly correlated with age, with older children more likely
to display SCT symptoms, »=0.20, p <0.001.

Determining the Unique Components of SCT

To determine unique components of SCT (i.e., those that have
least overlap with the inattentive symptoms of ADHD), all 14
items from the SCT scale and the nine inattention items from
the ADHDRS were entered into an exploratory factor analy-
sis, using principal axis factoring with Promax rotation.
Criteria for determining the number of factors included eigen-
values >1.0 and examination of the scree plots. In terms of the
item-factor loadings (as presented in Table 3), factor loadings
<0.20 were suppressed for clarity and only a few cross load-
ings higher than this threshold were observed (and presented
in the table). The analysis produced four primary factors ac-
counting for 58% of the total variance. Eight of the nine inat-
tention items loaded on Factor 1 (40.2% total variance) along
with three of the SCT items assessing low initiation/
persistence (i.e., lacks initiative, effort fades quickly, and ap-
pears unmotivated). All of the SCT items describing the
“sleepy/sluggish” presentation loaded uniquely on Factor 2
(10.2% total variance). The “daydreamy” SCT items loaded
on Factor 3 (4.4% total variance) along with the remaining one
inattention item from the ADHDRS (i.e., is forgetful).
Notably, this item also showed a substantial cross loading on
Factor 1 (i.e., the DSM inattention factor). Finally, the two
remaining SCT items (“low initiation/persistence”) loaded
uniquely on Factor 4 (3.1% total variance), representing a
construct related to slower speed of performance (i.e., needs
extra time, slow completing tasks). Given the separation of
variance associated with inattention symptoms, Factor 2

(Sleepy/Sluggish), Factor 3 (Daydreamy), and Factor 4
(Low Initiation) were used as variables in subsequent
analyses.

Table 3  Factor structure of the sluggish cognitive tempo and
inattention items

Item Factor

1 2 3 4
SCT_Lacks initiative 952
SCT _Effort fades quickly 938
IA_avoids tasks requiring sustained effort  .803
IA Does not seem to listen 762
IA Fails to finish work 738
IA_Loses things .618
IA_Difficulty organizing .590
SCT_Appears unmotivated 549 269
IA_Difficulty sustaining attention .529
IA_Makes careless mistakes .524
IA_Is easily distracted 466 304
SCT_Apathetic 449 396
SCT_Drowsy appearance .854
SCT_Appears sluggish 793
SCT_Appears lethargic 723
SCT Underactive 713
SCT_Yawning appearance 107
SCT_Lost in own thoughts .873
SCT In own word 147
SCT Daydreams 671
IA Forgetful 409 454
SCT Needs extra time 814
SCT_Slow completing work 262 .586

SCT Sluggish Cognitive Tempo, /A Inattention. Factor loadings <0.20
were suppressed for clarity
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Age as a Potential Moderator of Associations
Between SCT and Processing Speed

To determine the associations between unique elements of SCT
(i.e., those factors that diverge from inattentive symptoms in this
sample) and PSI, a series of linear regression models were
employed, using age group, SCT (i.e., Factors 2, 3, 4), and the
age-by-SCT interaction as independent variables, and WISC-IV
PSI as the dependent variable (Table 4).

There was a significant effect for age group on PSI (i.e., youn-
ger children showing higher PSI than older children; p < 0.001).

For Factor 2 (Sleepy/Sluggish), neither the effect for SCT,
p=0.195, nor the age group-by-SCT interaction, p =0.458,
were significant. This pattern of associations remained when
inattention severity was included in the model.

For Factor 3 (Daydreamy), the effect of SCT, p = 0.006, and the
age group-by-SCT interaction, p =0.005, were both significant
predictors of PSI. The interaction remained significant when inat-
tention was included in the model (see Table 4). The interaction
effect was explored by examining associations in the younger and
older groups separately. The association between SCT and PSI
was larger and statistically significant in the younger group,

r=-0.23, p<0.001, compared to the older group, »=-0.01,
p=0.837, and the difference (one-tailed) between the correlations,
r-to-z=2.60, p = 0.0047, was also significant (Fig. 1). In the youn-
ger group, higher ratings of Daydreamy SCT were associated with
slower processing speed scores. Examination of simple slopes
across the age distribution confirmed the differential impact of
Daydreamy SCT in younger, ¢ =—2.653, p = 0.008, but not older,
t=-1.085, p=0.278, children.

Given that children 6-7 years old are administered different
test forms for the WISC-IV subtests comprising the Processing
Speed Index (Coding, Symbol Search) than children ages 8-16,
an additional analysis, comparing associations between SCT and
PSI for younger (ages 6-7) and older (ages 8-9) children in the
(overall) younger age group, was employed to determine whether
the significant associations observed were being driven primarily
by the use of a different test form in the 67 year-olds. The
association between SCT and PSI was actually significantly
higher (one-tailed) in the 89 year-old group, »=-0.33; n=
138, than in the 6-7 year old group, r=—0.11; n=137; r-to-z=
1.93, p=0.027, suggesting that the significant association be-
tween SCT and PSI observed in the (overall) younger age group

Table 4 Regression models

examining moderating effects of DV v B AR? p Covarying inattention
age group
G AR*  p

PSI Age Group —0.207 0.043 <0.001
Inattention Total —0.128 0.016 0.002
Factor 2 —0.083 —0.055 0.195 —0.012 0.000 0.786
Age Group x Factor 2 0.038 0.038 0.558 0.045 0.001 0.479
Factor 3 —0.112 0.013 0.006 —0.066 0.002 0.288
Age Group x Factor 3 0.172 0.013 0.005 0.172 0.013 0.005
Factor 4 —0.324 0.105 <0.001 —0.429 0.108 <0.001
Age Group x Factor 4 0.075 0.003 0.168 0.070 0.003 0.193
Age* —0.255 0.065 <0.001 —0.246 0.076 <0.001
Age x Factor 2 0.113 0.001 0.480 0.126 0.001 0.429
Age x Factor 3 0.200 0.003 0.211 0.205 0.003 0.199
Age x Factor 4 0.063 0.000 0.670 0.044 0.000 0.766

Anx-Depr Age Group 0.078 0.006 0.064
Factor 2 0.312 0.093 <0.001 0.220 0.039 <0.001
Age Group x Factor 2 0.007 0.000 0.909 —-0.009 0.000 0.881
Factor 3 0.353 0.124 <0.001 0.267 0.031 <0.001
Age Group x Factor 3 0.004 0.000 0.949 0.003 0.000 0.957
Factor 4 122 0.015 00.004 —0.134 0.011 0.010
Age Group x Factor 4 —0.023 0.000 0.699 —-0.034 0.001 0.539
Age* 0.094 0.009 0.026
Age x Factor 2 —0.035 0.000 0.825 —0.061 0.000 0.690
Age x Factor 3 —0.009 0.000 0.953 —0.019 0.000 0.902
Age x Factor 4 —0.085 0.000 0.599 —0.130 0.001 0.398

PSI Processing Speed Index (from Wechsler Intelligence Scale for Children, Fourth Edition), Anx-Depr combined
Vanderbilt Anxiety and Depression scale severity score. * Age as a continuous variable
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Fig. 1 Younger children (ages 6-9 years) show greater association
between Daydreamy SCT and WISC-IV Processing Speed scores
compared to older children (10-16 years)

(6-9 year olds) was not being driven solely by those children
who had been given Form A of Symbol Search and Coding.
For Factor 4 (Low Initiation), there was a significant main
effect for SCT (i.e., higher ratings of SCT predicting lower
PSI scores; p < 0.001); however, the age group-by-SCT inter-
action was not significant, p=0.168. This pattern remained
the same when inattention severity was included in the model.

Age as a Potential Moderator of Associations
Between SCT and Internalizing symptoms

To determine the associations between unique elements of SCT
(i.e., those factors that diverge from inattentive symptoms) and
parent reported anxiety and depression symptoms, a series of
linear regression models were employed, using age, SCT (i.e.,
Factors 2, 3, 4), and the age-by-SCT interaction as independent
variables, and the VPRS Anxiety/Depression composite score as
the dependent variable. The association between age group and
VPRS Anxiety/Depression approached significance, p = 0.060,
with a significant association when age was examined continu-
ously (Table 4). For Factor 2 (Sleepy Sluggish), the effect of SCT
was significant (i.e., greater report of SCT was associated with
greater internalizing symptoms; p < 0.001), but the age group-by-
SCT interaction was not, p =0.782. For Factor 3 (Daydreamy), a
very similar pattern emerged, such that the main effect of SCT
was significant (i.e., greater report of SCT was associated with
greater internalizing symptoms; p <0.001), but not the age
group-by-SCT interaction, p =0.993. Likewise, for Factor 4
(Low Initiation), the main effect for SCT, p =0.004, was signif-
icant but not the age group-by-SCT interaction, p = 0.732. In each
case, the pattern was consistent when inattention severity was
included in the model.

Discussion

In this clinically referred sample, there were age-related dif-
ferences in the strength of association between parent ratings
of the “Daydreamy” component of SCT (which is statistically
unique from parent-rated DSM inattentive ADHD symptoms)
and processing speed, with a stronger association observed in
younger children. For this element of SCT both age and the
age-by-SCT interaction were significantly associated with
performance on WISC-IV PSI, such that younger children
showed a significantly stronger association than older children
for Daydreamy SCT (Factor 3) with higher ratings of
Daydreamy SCT associated with slower processing speed.
Importantly, this difference in strength of association was
not accounted for by inattention severity or the change in
measurement format between younger and older children on
the WISC-IV, suggesting that younger children with
Daydreamy SCT symptoms may manifest graphomotor
slowing more than older children rated similarly in terms of
SCT symptoms. Unlike processing speed, the association be-
tween SCT and internalizing symptoms appeared consistent
across the age range, even when inattention severity was in-
cluded in the model, for all three SCT factors.

A growing body of evidence suggests that SCT is signifi-
cantly associated with both academic and functional impair-
ment (Barkley 2012; Becker and Langberg 2013), as well as
the lethargy and low initiation thought to be characteristic of
depression. Few published studies, however, have investigat-
ed whether behavioral ratings of SCT provided by caregivers
are also predictive of actual “slowing” assessed directly
through performance-based measures and these findings have
been inconclusive. Moreover, the moderating effects of age
(known to be significant in ADHD) have not been examined
in SCT. Our results indicate that SCT ratings are predictive of
not only internalizing symptoms, but also slowed processing
speed, and that the association between SCT symptoms and
PSI may be stronger in younger (elementary school age)
children.

Treatment of ADHD symptoms with stimulant medication
is recommended by the AACAP (Pliszka 2007); however,
response rates in ADHD are incomplete: 25-35% of individ-
uals tend not to respond to initial treatment with stimulant
medication (Pliszka 2007) and a crossover trial found that
22% did not respond to either stimulant or a non-stimulant
treatment (Newcorn et al. 2008). Some data suggest this find-
ing may be particularly true of the inattentive presentation, as
up to one-third of youth with ADHD-I may not respond to
stimulant medications (Barkley et al. 1991). SCT, alone or in
conjunction with ADHD, appears to convey significant risk
for impairment (Barkley 2012). Thus appropriate identifica-
tion and clarification of co-occurring risks (e.g., low mood,
slow motor speed) associated with SCT may provide appro-
priate targets for intervention or accommodation.
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Additionally, some emerging evidence suggests that children
with SCT may respond to treatment with non-stimulant med-
ication (e.g., atomoxetine; Wietecha et al. 2013); therefore,
accurately identifying those children with ADHD plus SCT
may be important for determining the type of medication in-
tervention. The present data add to the growing literature on
SCT by first, adding to the evidence for performance-based
impact of SCT on processing speed, and second, identifying
age-related differences in the association with the Daydreamy
component of SCT, which is consistently separable from inat-
tention symptomatology. Additionally, secondary analyses
suggest that the pattern of findings is not due solely to the
multicollinearity between SCT and inattention symptoms.
Consideration of age-related changes and careful assessment
of both SCT and associated internalizing symptomatology is
important to ensure effective treatment and interventions for
children with ADHD.

The differences in the pattern of associations across the age
span examined between SCT and processing speed versus
SCT and affective symptoms may reflect differences in the
biological bases of these behaviors in younger children versus
adolescents. Specifically, it may be that earlier motor response
control is very closely tied to affective control, due to overlap
in recruitment of similar brain regions for both (e.g., basal
ganglia, cingulate; Mogenson et al. 1980; Shackman et al.
2011); whereas in older children (pubertal and post-pubertal),
greater frontal lobe recruitment may allow for more differen-
tiation of these regulatory mechanisms (Yurgelun-Todd 2007).
It may be that this difference in neurobiological substrates
underlies the age difference in the association between SCT
and graphomotor processing speed. Alternatively, it may be
that the observed age difference is simply a function of the
referred nature of the sample in that the older children show
greater impairment in processing speed relative to the younger
children. Additionally, it is important to note that these find-
ings examine two separate patterns of associations: parent
ratings compared to parent ratings (SCT-internalizing
symptoms) versus parent ratings compared to performance
(SCT-PSI). As such, method variance may also play a role in
interpretation of the pattern of findings. Further investigations
will help to elucidate the nature of the observed differences.
Furthermore, additional work will be needed to identify
whether there is a difference in the consistency of motor
slowing in youth with SCT, who may be consistently slow
in responding as compared with youth with ADHD who have
been shown to be slow but highly variable in responding
(Jacobson et al. 2013).

Although these data provide a first examination of age-related
differences in the SCT-motor processing speed association in a
large sample, further work will be needed to clarify the nature of
these age-related differences in children’s presentations with
SCT. Limitations of the study include use of a mixed
diagnostic/referred sample, in which incidence of anxiety and
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depression may be greater than within a community sample. In
addition, medication status and past medical history were not
available for review or inclusion in analyses. Furthermore, given
the increased incidence of slower processing in a variety of de-
velopmental and medical conditions, the referred nature of the
sample may also convey greater risk for slowed processing rela-
tive to a community sample (as suggested by the average mean
VCI score, but below average mean PSI score of the overall
sample). Also, given the age range of the sample and inclusion
of younger children for whom self-report of symptoms has been
shown to be less reliable (Ebesutani et al. 2011), particularly for
specific aspects of internalizing symptoms, anxiety and depres-
sion symptoms were assessed via parent report only. However,
we acknowledge that parent ratings provide a limited measure of
such symptoms and, in many cases, these symptoms might be
more comprehensively assessed by including self-report.
Additional work should examine whether these associations re-
main using self-reports of mood and anxiety symptomatology.
Overall, however, these data provide initial evidence for associ-
ations between ratings of SCT and performance-based motor
slowing as well as for age-related differences in this SCT-motor
processing speed association, which may offer targets for inter-
vention in youth with SCT.
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