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Abstract

A nationally representative sample of U.S. children was used to determine the empirical and
clinical differentiation of sluggish cognitive tempo (SCT) and attention-deficit/hyperactivity
disorder (ADHD) symptoms using both categorical and dimensional approaches. Mothers of
children (V= 2,056, MtSD,qe = 8.49+2.15 years, 49.3% girls) completed measures of SCT,
ADHD, oppositional defiant disorder (ODD), anxiety, depression, sleep difficulties, daily life
executive functioning, conflicted shyness, friendship difficulties, and social and academic
impairment. Scores greater than the top 5% on SCT and ADHD measures were used to create
SCT-only (n =53, 2.58%), ADHD-only (=93, 4.52%), SCT+ADHD (n= 49, 2.38%), and
comparison (/7= 1,861, 90.52%) groups. Fifty-two percent of the SCT group did not qualify for
the ADHD group, whereas 65% of the ADHD group did not qualify for the SCT group. The SCT-
only group had higher levels of anxiety, depression, conflicted shyness, and sleep difficulties than
the ADHD-only group. In contrast, the ADHD-only group had greater executive functioning
deficits and higher ODD than the SCT-only group. SCT-only and ADHD-only groups showed
similar levels of friendship, social, and academic impairment. Similar findings emerged when
using structural regression analyses to determine the unique clinical correlates of SCT and ADHD
dimensions. This is only the second study to examine the distinction of clinically-elevated SCT
from ADHD in a national sample of children and extends previous findings to a broader array of
functional outcomes. Normative information on the SCT scale also provides a validated rating
scale to advance research and clinical care.
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Growing evidence supports the differentiation of sluggish cognitive tempo (SCT) and
attention-deficit/hyperactivity disorder (ADHD). SCT symptoms, which include excessive
daydreaming, slowed behavior/thinking, staring into space, fogginess, and mental confusion,
are distinct from both ADHD inattentive (ADHD-IN) and hyperactive-impulsive (ADHD-
HI) symptoms (Becker, Leopold, et al., 2016). There is also evidence that SCT symptoms
are largely heritable (Moruzzi, Rijsdijk, & Battaglia, 2014), trait-like starting in early
childhood (Burns, Becker, Geiser, Leopold, & Willcutt, 2019), and prospectively associated
with poorer functioning in adolescence (Becker, Burns, Leopold, Olson, & Willcutt, 2018).
Further, SCT symptoms are associated with functional outcomes including poorer academic
functioning, internalizing symptoms, and social difficulties (Becker, Leopold, et al., 2016).

Despite the growing research supporting the internal and external validity of SCT, only two
studies have used large samples to examine whether children with clinical elevations in SCT-
only, ADHD-only, and SCT+ADHD symptoms can be meaningfully identified. In particular,
it is important to determine whether and at what prevalence rate there are children who
display clinically-elevated SCT symptoms but without elevated ADHD symptoms. Further,
if such groups can be identified, it is then necessary to evaluate whether these groups differ
across domains of functioning.

Using parent ratings in a nationally representative sample of 1,800 U.S. children and
adolescents, Barkley (2013) found that 59% of children meeting criteria for clinical SCT
also had clinically elevated ADHD; conversely, 39% of children meeting criteria for clinical
ADHD also had clinically elevated SCT.1 More recently, Servera and colleagues (Servera,
Séez, Burns, & Becker, 2018) examined the distinction and overlap of elevated SCT and
ADHD symptoms across mother, father, and teacher ratings in a school-based sample of
2,142 Spanish children. Largely consistent with Barkley’s (2013) findings, Servera et al.
(2018) found that, across informants, 44-54% of the elevated SCT group met criteria for
elevated ADHD, whereas 27-35% of the elevated ADHD group met criteria for elevated
SCT. Servera et al. (2018) further found that 28-46% of the children with elevated SCT
symptoms did 70¢ meet criteria for either elevated ADHD or depression.2

These studies also found that children with SCT-only generally had greater internalizing
symptoms, community-leisure impairment, and conflicted shyness compared to children
with ADHD-only (Barkley, 2013; Servera et al., 2018). In contrast, children with ADHD-
only had greater oppositional defiant disorder (ODD) symptoms and daily life executive
functioning (EF) deficits than children with SCT-only (Barkley, 2013; Servera et al., 2018).
In addition, Barkley (2013) used regression analyses to demonstrate that dimensional ADHD
symptoms were more consistently associated than SCT symptoms with daily life EF deficits.
However, the Barkley (2013) study did not examine internalizing and externalizing

lBarkley (2013) used a symptom count procedure (six or more ADHD-IN symptoms [percentile > 93.1] and six or more ADHD-HI
symptoms [percentile > 95.2]) to define the clinical range on ADHD-IN and ADHD-HI. For SCT symptoms, Barkley (2013) selected
a number of SCT symptoms that identified a similar percentage of the sample as for the ADHD-IN and HI dimensions (percentile >
95.2 for SCT). Impairment was not used to define the groups because impairment was an outcome measure.

2Servera et al. (2018) used the criterion of greater than the top 5% to define the clinical range for SCT, ADHD-IN, and ADHD-HI
symptom dimensions, though similar findings were found when using a symptom count procedure. Impairment was again not used to
define the groups because impairment was an outcome measure. The symptom count and greater than top 5% procedures yielded
similar findings across Barkley (2013) and Servera (2018).
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symptoms or conflicted shyness, whereas the Servera et al. (2018) study did not examine
daily life EF. We sought to replicate these two previous studies by including all these
domains and to extend these findings to additional domains of friendship and sleep
difficulties. We also sought to determine if a dimensional approach (i.e., unique relative
external correlates of SCT, ADHD-IN, and ADHD-HI factors) would replicate the findings
from the clinical groups approach.

Objectives and Hypotheses

The seven objectives were to determine the (1) convergent and discriminant validity of SCT,
ADHD-IN, and ADHD-HI symptoms, (2) independence of clinically-elevated SCT and
ADHD groups, (3) external correlates of SCT-only, ADHD-only, and SCT+ADHD groups
relative to each other and a comparison group, (4) independence of the clinically-elevated
SCT group from clinically-elevated depression and from bot# clinically-elevated ADHD and
depression groups, (5) demographic characteristics of groups, (6) common and unique
external correlates of SCT, ADHD-IN, and ADHD-H]I factors (a dimensional regression
analysis as a follow-up to the categorical clinical groups analyses), and (7) establishment of
normative data on the SCT rating scale. We now note the hypotheses:

1 Convergent and discriminant validity of SCT and ADHD-IN symptoms.
SCT symptoms were expected to demonstrate substantial loadings on the SCT
factor and loadings close to zero on the ADHD-IN and ADHD-HI factors with
similar results for the ADHD-IN and ADHD-HI symptoms (high loadings on
their respective factors and low loadings on the other two factors). Such results
would establish convergent and discriminant validity of the symptom sets.

2. Creation and independence of clinically-elevated SCT and ADHD symptom
groups. Objective two involved two sequential aspects. The first determined if
clinical elevations (greater than the top 5%) on SCT, ADHD-IN, and ADHD-HI
dimensions would identify SCT-only, ADHD-only, and SCT+ADHD groups.
The second was to determine the independence of SCT and ADHD groups. It
was expected that approximately 50% of the SCT group would be independent of
the ADHD group whereas approximately 65% of the ADHD group would be
independent of the SCT group (Barkley, 2013; Servera et al., 2018). The greater
than the top 5% criterion was used to be consistent with the earlier study
(Serveraetal., 2018).

3. Common and unique external correlates of SCT and ADHD groups. A range
of functional outcomes were used to replicate and extend previous studies
examining the clinical differentiation of clinically-elevated SCT-only, ADHD-
only, and SCT+ADHD groups (Barkley, 2013; Servera et al., 2018). We now
note our predictions for these outcomes.

Comparison vs. clinical groups. The SCT-only, ADHD-only, and SCT+ADHD
groups were expected to have poorer functioning than the comparison group for
all outcomes except one (the ADHD-only and comparison groups would not
differ on conflicted shyness; Servera et al., 2018).
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Psychopathology symptoms. The ADHD-only and SCT+ADHD groups should
have higher ODD than the SCT-only group, whereas the SCT-only and SCT
+ADHD groups should have higher anxiety and depression than the ADHD-only
group (Barkley, 2013; Servera et al., 2018).

Sleep difficulties. The SCT-only and SCT+ADHD groups were expected to have
more sleep difficulties than the ADHD-only group (Becker, Garner, & Byars,
2016).

Social impairment and academic impairment. The SCT-only, ADHD-only, and
SCT+ADHD groups were expected to show similar levels of social and academic
impairment. The SCT-only and SCT+ADHD groups, while not differing in
conflicted shyness, should be higher in conflicted shyness than the ADHD-only
group (Servera et al., 2018). Given the absence of research examining SCT and
friendship, no hypothesis was made here.

Daily life EF. Increasing deficits in EF were expected across the SCT-only,
ADHD-only, and SCT+ADHD groups for self-organization, self-restraint, self-
motivation, and emotional regulation. The ADHD-only and SCT+ADHD groups,
while not significantly differing, were expected to show greater deficits in time
management than the SCT-only group (Barkley, 2013).

4. Independence of SCT group from ADHD and depression groups. Scores
greater than the top 5% on the depression measure were used to create a
depression group. Approximately 60% of the SCT group were expected notto be
in the depression group with approximately 30% of the SCT group notbeing in
the ADHD ordepression groups (Servera et al., 2018).

5. Demogr aphic characteristics of SCT and ADHD groups. The ADHD-only
group was expected to contain significantly more boys than the comparison and
SCT-only groups (Barkley, 2013; Servera et al., 2018). The four groups were also
compared on children’s age, race (White vs. other), ethnicity (Hispanic vs. non-
Hispanic), and family structure (one parent vs. two parents) as well mothers’
education and income. No predictions were made here.

6. Unique associations of SCT, ADHD-IN, and ADHD-HI factorswith other
symptom and impairment factors. SCT’s unique relative associations with
anxiety, depression, conflicted shyness, and sleep difficulties were expected to be
larger than the unique relative associations for ADHD-IN and ADHD-HI (Séez,
Servera, Becker, & Burns, 2018). In contrast, ADHD-IN’s and ADHD-HI’s
unique relative associations with ODD and daily life EF were expected to be
larger than the unique relative associations for SCT (Barkley, 2013). Finally,
SCT and ADHD-IN were expected to have similar unique relative associations
with friendship difficulties, number of friends, and social impairment. Such
results from the structural regression analysis would replicate the results from the
clinical-groups analyses.

7. Normative Data on SCT. Providing norms for the SCT module of the Child and
Adolescent Behavior Inventory (CABI), a frequently used parent-report
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measures of SCT, is important for advancing research and clinical care. Our final
objective was to provide such norms for clinicians and researchers.

Participants and Procedures

Qualtrics (www.qualtrics.com) leveraged partnerships with online panels to obtain a sample
of mothers of kindergarten through sixth grade U.S. children whose characteristics were
nationally representative of the latest U.S. census information. The goal was to obtain a
sample of 2,100 children (300 per grade). Once a mother was identified as meeting the
criteria for the study, the mother was presented with the informed consent form. A total of
62 mothers declined the invitation to participate in the study. Two questions were then used
to improve the quality of the answers. The first question—2Do you commit to thoughtfully
provide your best answers to each question in this survey?—required a positive answer to
move forward with the survey (i.e., / will provide my best answers). A positive answer was
not provided by 82 mothers. The second question was an attention check question (i.e.,
Please select “sometimes” for this question). A failure to select “sometimes” resulted in the
elimination of the mother. The attention check item was failed by 240 mothers with the final
number of mothers being 2,056. Table 1 shows the characteristics of children (M + SD,ge =
8.49 + 2.15 years) and mothers. The university’s Institutional Review Board determined the
research protocol was exempt from IRB review. The research protocol was then approved by
the university’s Department of Psychology.

Measures

Child and Adolescent Behavior Inventory (CABI) (Burns et al., 2015)

The CABI measures SCT (15 symptoms), DSM-5 ADHD-IN (nhine symptoms), DSM-5
ADHD-HI (nine symptoms), DSM-5 ODD (eight symptoms), anxiety (six symptoms)
depression (six symptoms), social impairment (six items: quality of interactions with
parents, other adults, siblings, peers, visiting others homes, and community activities),
friendship difficulties (five items: left out of activities by peers, teased by peers, difficulty
making friends, difficulty keeping friends, and number of friends), and academic impairment
(five items: quality of homework, reading skills, arithmetic skills, writing skills, and global
academic skills). Bernad, Servera, Becker, and Burns (2016, Table 1) lists the anxiety and
depression symptoms.

Symptoms were rated with 6-point anchors for the past month (0 = almost never [never or
about once per month], 1 = seldom [about once per week], 2 = sometimes [several times per
week], 3 = offten [about once per day], 4 = very often [several times per day], and 5 = almost
always [many times per day]. Social and academic impairment items were rated with 7-point
anchors (0 = severe difficulty, 1 = moderate difficulty, 2 = slight difficulty, 3 = average
performance [average interactions] for grade level, 4 = slightly above average, 5 =
moderately above average, and 6 = excellent performance [ excellent interactions) for grade
level). Social and academic items were reverse keyed, so higher scores indicate more
impairment. The four friendship difficulty items were rated with 5-point anchors (0 = not at
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all, 1 = seldom, 2 = sometimes, 3 = often, 4 = very often). A single item assessed number of
friends (0 = no friends, 1 = 1 friend, 2 = 2 friends, 3 = 3 friends, 4 = 4 friends, 5 = 5 or more
friends).

Earlier studies support the factor structure, reliability (internal consistency, test-retest, inter-
rater), and validity of CABI scores (Becker, Burns, Schmitt, Epstein, & Tamm, 2019; Burns,
Becker, Servera, Bernad, & Garcia-Banda, 2017; Lee, Burns, & Becker, 2018; Séez et al.,
2018). The friendship difficulties scale and number of friends’ item were new to this study.
Cronbach’s alpha (a) for SCT, anxiety, depression, ADHD-IN, ADHD-HI, ODD, social
impairment, friendship difficulties, and academic impairment scores

were .94, .86, .92, .96, .94, .95, .92, .90, and .93 for this study, respectively.

Barkley Deficits in Executive Functioning Scale—Child and Adolescent Short Form
(BDEFS-CA SF) (Barkley, 2012a)

This scale assesses daily life EF in five areas: (1) time management (a = .90), (2) self-
organization and problem-solving (a = .91), (3) self-restraint (a = .92), (4) self-motivation
(a =.89), and (5) emotion regulation (a = .94). The 20 items were rated with 4-point
anchors for the past 6-months (0 = never or rarely, 1 = sometimes, 2 = often, and 3 = very
often). Higher scores represent greater deficits. Within our sample, the primary loadings of
each item on its own scale was substantial with the cross-loadings close to zero. The five-
factor model with our sample also resulted in a close fit, CFl = .997, SRMR =.009. The
correlations among the five EF factors ranged from .62 (self-organization with emotion
regulation) to .76 (time management to self-motivation), thus there was good to reasonable
discrimination among the five daily EF factors within our sample. The manual provides
psychometric information on the long version of the measure (Barkley, 2012a).

Child Social Preference Scale (CSPS) (Coplan, Prakash, O’Neil, & Armer, 2004)

The CSPS measures conflicted shyness with seven items (e.g., “My child will turn down
social initiations from other children because he/she is shy”) with the items rated with 5-
anchors (0 = not at all, 1 = seldom, 2 = sometimes, 3 = often, 4 = very often, a = .88)
(Coplan et al., 2004 for positive psychometric properties).

Children’s Sleep Scale (CSS) (Becker & Burns, 2018)

The CSS was developed for this study with items modeled after other frequently-used
measures of sleep problems (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989; Owens,
Spirito, & McGuinn, 2000). Five items were used to measure sleep difficulties (Goes to bed
at the same time each night, Falls asleep within 20 minutes of going to bed, Wakes up more
than once during the night, Has trouble getting out of bed in the morning, and Has trouble
staying awake during the day [e.q., while watching TV or riding in the caf]) and one item
assessing overall sleep quality (How would you describe your child’s overall sleep quality?).
Ratings were for the past month (sleep difficulties items: 0 = never, 1 = rarely [once per
week or less in the last month), 2 = sometimes [ 2-3 times per week], 3 = often [4-5 times
per week], and 4 = very often [6-7 times per week]; and sleep quality item: 0 = very bad, 1
= pretty bad, 2 = fair, 3 = pretty good, and 4 = very good). Higher scores represent greater
sleep difficulties (a = .68, slightly lower than ideal).
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Analytic Strategy

Results

Factor and structural regression analyses used the Mplus software (version 8.1). Here the
items were treated as categorical indicators (robust weighted least squares estimator). The
ANOVA and chi-square analyses for the group comparisons used the Stata statistical
software (version 14).

Missing Information

Completion rate was greater than .998 for items with most completion rates being 1.00. For
the group comparisons, if a scale had missing information, then the average of the other
items was used for the scale score. This procedure allowed the inclusion of all 2,056
children. For factor and structural regression analyses, the WLSMYV estimator uses a
pairwise approach to missing information. Supplemental Table S1 shows the description
information for the measures.

Convergent and Discriminant Validity of SCT, ADHD-IN, and ADHD-HI Symptoms

An a priori three-factor model with cross-loadings was applied to SCT, ADHD-IN, and
ADHD-HI symptoms (exploratory confirmatory factor analysis with target rotation;
Asparouhov & Muthén, 2009). This model yielded a close fit, x2 (432) = 6858, p < .001,
CFI =.951, and SRMR = .031. Only two of the 528 standardized residuals in the residual
matrix were larger than .10 (.138 and .151) with these results indicating no major localized
ill-fit.

For SCT symptoms, mean loadings were .75 (SD = .10), .06 (SD = .06), and .03 (SD = .04)
on the SCT, ADHD-IN, and ADHD-HI factors, respectively. For ADHD-IN symptoms,
mean loadings were .76 (SD = .07), .02 (SD = .18), and .10 (SD = .09) on the ADHD-IN,
SCT, and ADHD-HI factors, respectively. Finally, for ADHD-HI symptoms, mean loadings
were .75 (SD=.09), .10 (SD = .07), and -.01 (SD = .17) on the ADHD-IN, ADHD-HI, and
SCT factors, respectively. The symptoms thus showed convergent and discriminant validity.
Supplemental Table S2 shows the individual symptom loadings. The correlation of SCT
factor with the ADHD-IN and ADHD-HI factors was .73 (S£=.01) and .49 (SE = .02),
respectively, with the ADHD-IN with ADHD-HI factor correlation being .67 (SE=.02).

Creation and Independence of SCT and ADHD groups

Creation of the groups—Scores greater than the top 5% on SCT (score = 2.73, n= 102,
4.96%), ADHD-IN (score = 4.22, n=97, 4.72%), and ADHD-HI (score = 4.11, n= 94,
4.57%) distributions defined the clinical range (possible score range 0 to 5). Cut scores for
SCT, ADHD-IN, and ADHD-HI were 2.05, 2.16, and 2.17 standard deviations above their
respective means. Clinical scores were thus greater than two standard deviations above the
means.

The SCT-only group (7= 53, 2.58%) had scores greater than the top 5% on SCT but not
greater than the top 5% on ADHD-IN or ADHD-HI. The ADHD-only group (/7= 93, 4.52%)
had scores greater than the top 5% on ADHD-IN or ADHD-HI but not greater than the top
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5% on SCT. The SCT+ADHD group (1= 49, 2.38%) had scores greater than the top 5% on
SCT and greater than the top 5% on ADHD-IN or ADHD-HI. The comparison group (7=
1,861, 90.52%) consisted of all other children (scores not greater than the top 5% on SCT,
ADHD-IN, or ADHD-H]I). A total of 142 children (6.9%) met our criteria for ADHD (34%
inattentive presentation, 32% hyperactive/impulsive presentation, and 34% combined
presentation) and 102 children (4.96%) met our criterion for SCT.3

Independence of the groups—Of 102 children in the SCT group, 49 (48%) were also
in the ADHD group. For these 49 children, 18 (37%) qualified for the ADHD-IN
presentation (> top 5% of IN dimension), 5 (10%) qualified for the ADHD-HI presentation
(> top 5% of HI dimension), and 26 (53%) qualified for the ADHD-combined presentation
(> top 5% for IN and HI dimensions). Of the 142 children in the ADHD group, 49 (35%)
were also in the SCT group. To summarize, 52% of the SCT group did not qualify for the
ADHD group, whereas 65% of the ADHD group did not qualify for the SCT group.4

SCT, ADHD-IN, and ADHD-HI means for groups—Table 2 shows SCT, ADHD-IN,
and ADHD-HI means for the comparison, SCT-only, ADHD-only, and SCT+ADHD groups.
These means reflect the group creation procedures. First, the comparison group had
significantly (per-comparison p, < .008 for the six comparisons per measure, Bonferroni
correction) lower SCT, ADHD-IN, and ADHD-HI scores than the SCT-only, ADHD-only,
and SCT+ADHD groups. Second, the SCT-only and SCT+ADHD groups, while not
differing significantly on SCT, both were significantly higher on SCT than the ADHD-only
group. Third, the ADHD-only and SCT+ADHD groups, while not differing significantly on
ADHD-HI, both had significantly higher ADHD-HI scores than the SCT-only group. Fourth,
the SCT+ADHD group had significantly higher ADHD-IN scores than the ADHD-only and
SCT-only groups with the ADHD-only group having significantly higher ADHD-IN scores
than the SCT-only group.

Common and Unique External Correlates for the SCT and ADHD Groups—
Table 3 shows the correlates associated with group membership. A per-comparison alpha of
Pa < .008 was used for the six subsequent tests per measure (Bonferroni correction)
subsequent to a significant ~value (p < .001).

Externalizing behaviors—The three clinical groups were significantly higher in ODD
than the comparison group. In addition, the ADHD-only and SCT+ADHD groups were
significantly higher in ODD than the SCT-only group with the SCT+ADHD group also
being significantly higher in ODD than the ADHD-only group.

Internalizing behaviors—The three clinical groups had significantly higher anxiety and
depression than the comparison group. The SCT+ADHD group had significantly higher

3The current study used the same criterion (greater than top 5%) to form the groups as Servera et al. (2018) to allow a direct
comparison with the results with the Spanish children. The current study also used Barkley’s (2013) symptom count procedure to
create the groups in a secondary analysis. The symptom count procedure yielded the same results as the greater than top 5% procedure
reported in this paper.

The sample was not large enough to perform the analyses on all eight possible groups—(1) comparison (7= 1,861), (2) SCT-only (7
=53), (3) IN-only (7= 30), (4) HI-only (7= 40), (5) IN & HI (7= 23), (6) SCT & IN (n=18), (7) SCT & HI (17=5), and (8) SCT, IN,

& HI (n=26).
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anxiety and depression than the SCT-only and ADHD-only groups with the SCT-only group
also having significantly higher anxiety and depression than the ADHD-only group.

Sleep difficulties—The three clinical groups had significantly more sleep difficulties than
the comparison group. Although the SCT+ADHD and SCT-only groups did not differ
significantly, both had significantly greater sleep difficulties than the ADHD-only group.

Social difficulties—The SCT-only and SCT+ADHD groups were significantly higher in
conflicted shyness than the comparison group (the ADHD-only and comparison groups did
not differ significantly on conflicted shyness). Although the SCT-only and SCT+ADHD
groups did not differ, both were significantly higher on conflicted shyness than the ADHD-
only group. All three clinical groups had significantly more friendship difficulties, fewer
friends, and greater social impairment than the comparison group. For friendship difficulties,
the SCT+ADHD and ADHD-only groups, while not differing significantly, were both
significantly higher on friendship difficulties than the SCT-only group. Finally, the three
clinical groups had significantly higher levels of social impairment and fewer friends than
the comparison group with the three clinical groups not differing significantly.

Academic impairment—The three clinical groups were significantly higher in academic
impairment than the comparison group with the three clinical groups not differing
significantly.

EF deficits—The three clinical groups were significantly higher than the comparison group
on the five EF deficits measures. The ADHD-only and SCT+ADHD groups were
significantly higher in deficits in time management and self-restraint than the SCT-only
group but did not differ significantly from each other. For self-motivation and emotion
regulation, the SCT+ADHD group showed significantly higher deficits than the ADHD-only
and SCT-only groups with the ADHD-only group being significantly higher than the SCT-
only group. For self-organization and problem-solving, the SCT+ADHD group showed
significantly higher deficits than the SCT-only and ADHD-only groups with the SCT-only
and ADHD-only group not differing significantly from each other.®

Independence of the SCT Group from ADHD and Depression Groups—The
percentage of children with scores greater than the top 5% on the depression measure was
2.10%, 34.96%, 11.83%, and 51.02% for the comparison, SCT-only, ADHD-only, and SCT
+ADHD groups, respectively. For the SCT-only group, 65.04% did not thus qualify for the
depression group while 34.31% did not qualify for either the clinically-elevated ADHD or
depression groups.

5Supplemental Table S3 examines the differences on the external correlates for the comparison (n=1,861), SCT-only (n=53), IN-
only (/7= 130), and Hl-only (1= 40) groups, thus allowing a comparison of SCT-only and IN-only groups. SCT-only group had
significantly (o < .05) higher scores on depression, sleep difficulties, and shyness than the IN-only group whereas the SCT-only group
had significantly (p < .05) /ower scores than the IN-only group on ODD as well as time management, self-restraint, and self-
motivation deficits in daily EF. These findings indicate group differences in these domains reported in the main text were not due to
creating an ADHD group based on elevations in ADHD-IN and/or ADHD-HI.
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Sex Differences across SCT and ADHD Groups—Group membership varied
significantly as a function of children’s sex, /1/2 (3) =11.24, p= .01, comparison group: 50%
boys, SCT-only group: 50% boys, SCT+ADHD group: 61% boys, and ADHD-only group:
66% boys. The ADHD-only group had significantly more boys than the SCT-only and
comparison groups.

Demographic Characteristics of SCT and ADHD Groups—The four groups did not
differ significantly (os >.001) on children’s age, race (White vs. other), and ethnicity
(Hispanic vs. non-Hispanic) as well as family structure (two parents vs. one parent), family
income, mother’s age, and mother’s education.

Diagnoses Associated with SCT and ADHD Groups—Mothers indicated if their
child had received a professional diagnosis from a list of mental and developmental
disorders. Only Attention Deficit Disorder (ADD)/ADHD (13.33%), oppositional defiant
disorder (ODD)/conduct disorder (CD) (2.53%), anxiety disorders (6.47%), depressive
disorders (2.24%), autism/autism spectrum disorders (4.67%), reading disorder (2.24%), and
language delay (3.75%) had occurrences greater than 2.00%. The other disorders had rates
too low for analysis (bipolar disorder 0.68%; sleep disorders 1.02%; math disorder: 1.07%;
spelling disorder: 0.88%; writing disorder: 1.12; intellectual disability: 1.02%).

Supplemental Table S4 shows the variation of the ADD/ADHD, ODD/CD, anxiety,
depressive, autism, reading, and language delay disorders as a function of group
membership. The overall /1/2 evaluation was significant (ps < .001) for the ADD/ADHD,
ODD/CD, anxiety, depressive, and autism disorders. The SCT-only group had significantly
fewer ODD/CD diagnoses than the ADHD-only group and did not differ from the
comparison group. The SCT-only and ADHD-only groups also differed in the expected
manner on ADD/ADHD, anxiety, and depression disorders yet none of these comparisons
were significant. Supplemental Table S4 shows all the non-significant and significant
differences. These findings should be considered tentative due to the small number of cases
in the three clinical groups.

Unique Relative Associations of SCT, ADHD-IN, and ADHD-HI Factors with Other Symptom
and Impairment Factors

Supplemental Table S5 shows the first order correlations of the SCT, ADHD-IN, and
ADHD-HI factors with the other symptom and impairment factors. Of greater interest, Table
4 shows the partial standardized regression coefficients for the unique relative associations
of SCT, ADHD-IN, and ADHD-HI factors with the other symptom and impairment factors.
The significant level for the coefficients was set at p < .001 given the large size of the
sample.

Externalizing symptom factor—Higher scores on SCT, ADHD-IN, and ADHD-HI
were uniquely associated with significantly higher scores on ODD (8= .07, SE= .02, 8
=.33 SE=.02,and g = .48, SE= .02, respectively). However, compared to SCT, the unique
relative relationships were five to seven times larger for ADHD-IN and ADHD-HI,
respectively.
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Internalizing symptom factors—Higher scores on SCT, ADHD-IN, and ADHD-HI
were uniquely associated with significantly higher scores on anxiety (8= .53, SE=.03, 8
=.14, SE= .03, and B = .16, SE = .02, respectively). Higher scores on SCT and ADHD-IN
were uniquely associated with significantly higher scores on depression (8= .58, SE= .03,
and B = .23, SE = .03, respectively), whereas ADHD-HI was not (8= .02, SE=.03). SCT
had a larger unique relative association than ADHD-IN and ADHD-HI with anxiety and
depression.

Sleep difficulties factor—Higher scores on SCT were uniquely associated with
significantly higher levels of sleep difficulties (8= .42, SE = .03) whereas ADHD-IN and
ADHD-HI did not have significant unique associations (8= .12, SE= .04, and 8=.02, SE
= .03, respectively).

Social impairment factors—Higher scores on SCT were uniquely associated with
significantly higher scores on conflicted shyness (8 = .43, SE=.03) whereas ADHD-IN and
ADHD-HI did not have a significant unique association with conflicted shyness (8= .08, SE
=.04, and B=-.09, SE=.03). SCT’s unique relative association with conflicted shyness
was approximately five times larger than ADHD-IN and ADHD-HI.

Higher scores on SCT and ADHD-IN were uniquely associated with significantly higher
levels of friendship difficulties (8= .33, SE=.03 and = .27, SE = .03, respectively), fewer
friends (8= -.14, SE= .03 and B = -.21, SE = .04, respectively), and social impairment (3
=.13, SE=.03, and 8= .34, SE= .03, respectively). ADHD-HI did not have a significant
unique relationship with friendship difficulties (8= -.09, SE = .03), number of friends (8
=.00, SE=.03), or social impairment (8= .06, SE=.03).

Daily life EF deficits—Higher scores on ADHD-IN were uniquely associated with
significantly greater deficits in time management (8= .75, SE = .03), self-organization and
problem solving (8= .32, SE = .03), self-restraint (8 = .40, SE = .03), self-motivation (8

= .73, SE=.03), and emotion regulation (5= .38, SE=.03) with ADHD-HI uniquely
associated with significantly greater deficits in self-organization and problem solving (8

= .12, SE=.03), self-restraint (8= .43, SE =.03), and emotion regulation (8= .29, SE
=.02). SCT, in contrast, only had a significant unique association with higher deficits in self-
organization and problem solving (8= .43, SE = .03) and emotion regulation (8= .11, SE
=.03). SCT thus had much smaller unique relative associations than ADHD-IN and ADHD-
HI with EF deficits, especially ADHD-IN, with the one exception that SCT and ADHD-IN
had similar unique relative associations with self-organization and problem-solving deficits.

Academic impairment factor—Higher scores on ADHD-IN were uniquely associated
with significantly higher levels of academic impairment (5= .59, SE = .03) whereas SCT
and ADHD-HI did not have a significant unique association (8= .03, SE=.03 and 8= -.05,
SE = .03, respectively)®

BAll the structural regression analyses were repeated controlling for the association of child’s sex, age, race (White vs. other),
ethnicity (Hispanic vs. other) along with family structure (one parent vs. two parents), family income, mother’s age and education with
the three predictors (SCT, ADHD-IN, and ADHD-HI) and all the outcomes. All the significant and non-significant unique effects in
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Supplemental Analyses

Invariance of SCT, ADHD-IN, and ADHD-HI symptoms across boys and girls

An a priori three-factor model with cross-loadings resulted in a close fit with no decrement
in fit indices when constraints were imposed on like symptom loadings and thresholds
across boys and girls, baseline model: XZ (864) = 6693, p< .001, CFI = .956, and SRMR
=.032; constrained model: XZ (1083) = 4521, p<.001, CFl =.974, and SRMR = .033. Boys
and girls did not differ significantly on the SCT factor mean (d= .01, SE= .05, p>.10).
Although boys had significant higher ADHD-IN and ADHD-HI factor means than girls, the
effect sizes were small (d= .23, SE= .05, p<.001; d= .20, SE= .05, p<.001,
respectively).

Relationships of SCT, ADHD-IN, and ADHD-HI factors with child and mother demographic

variables

Supplemental Table S6 shows the correlations of the SCT, ADHD-IN, and ADHD-HI factors
with child’s race (White vs. other), ethnicity (Hispanic vs. non-Hispanic), age, and family
structure (two parents vs. one parent) as well as mother’s age, education, and income. These
dvalues or the correlations were either non-significant or, if significant, reflected trivial or
small effects.

Normative Information for the SCT Measure

The mean total score for SCT was 14.61 (SD = 12.81, range = 0-75). Boys and girls did not
differ significantly (boys: M= 14.82, SD=13.10, n= 1,042, range = 0-75; girls: M= 14.40,
SD=12.62, n=1,014, range = 0-75; £(2054) = 0.74, p= .46, d= .03). The correlation of
children’s age with SCT was .09 (p = .009) for boys and .10 (p = .002) for girls. Table 5
shows the normative information for the total sample given boys and girls did not differ on
SCT and there was only a small association between age and SCT.

Discussion

The study replicates and extends research on SCT in several important ways. First, this is
only the second study to use a nationally representative sample of U.S. children, making it
unlikely that findings are due to demographic, geographic, or ascertainment biases. Second,
this study provides compelling replication of two studies (Barkley, 2013; Servera et al.,
2018) that also aimed to identify children with elevated SCT and ADHD symptoms, both in
isolation and co-occurrence. The replication provided in this study is especially important
given the importance of replicating findings across multiple samples when determining the
nature of psychopathology and broader concerns about replicability in psychology. Third,
the study extends findings from these two previous studies by comparing the clinical groups
across a larger number of functional outcomes, including internalizing symptoms, academic
and social impairment, daily life EF, friendship, and sleep. Fourth, the dimensional analyses

Table 4 remained the same with one exception, the ADHD-HI unique association with friendship difficulties changed from non-
significant (p > .001) to significant (p < .001).
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yielded findings consistent with the clinical-groups findings. Fifth, this study provides
normative data for the parent CABI SCT module, a frequently-used measure of SCT.

Prevalence Rates and Independence of Clinically-Elevated SCT and ADHD Symptoms

As in studies in U.S. (Barkley, 2013) and Spain (Servera et al., 2018), children can be
identified who have clinically-elevated ADHD or SCT symptoms, as well as children
clinically-elevated on both. Our prevalence rate of an SCT-only group (2.58%) was
remarkably consistent with both Barkley (2013; 2.3%) and Servera et al. (2018; 2.30% to
2.80%). In addition, our rate of a co-occurring SCT+ADHD group (2.38%) was generally in
line with the previous studies (3.33%, Barkley, 2013; and 2.09-2.67%, Servera et al., 2018).
Our prevalence rate of an ADHD-only group (4.52%) was also similar to earlier studies
(5.28%, Barkley, 2013; and 4.97-5.74%, Servera et al., 2018). Even with different countries,
different age ranges, slightly different measures of SCT, and different group creation
procedures, the three studies yielded highly similar prevalence rates.

Additional studies need to examine whether these groups (SCT-only, ADHD-only, SCT
+ADHD) demonstrate stability or, akin to ADHD presentations, may emerge at certain
developmental points but lack consistency over time. Finding a stable SCT-only group
would provide particularly compelling evidence for SCT as a clinically identifiable
syndrome and possible diagnosis separate from ADHD (Becker & Willcutt, 2019). In any
event, findings across the three studies indicate that approximately 2.5% of children have
elevated SCT symptoms without elevated ADHD symptoms, and that elevated SCT and
ADHD symptoms occur in another 2-3%.

Unique and Similar Clinical Correlates in Children with Clinically-Elevated SCT or ADHD

Symptoms

Children with clinically-elevated SCT or ADHD symptoms have distinct patterns of
correlates. Particularly novel is our examination of friendship which was not examined in the
previous studies. Children with ADHD have fewer friends and poorer-quality friendships
than children without ADHD (Mikami, 2010), and we found no differences in the number of
friends between children in SCT-only, ADHD-only, and SCT+ADHD groups as well as no
differences in friendship difficulties for SCT-only and ADHD-only, though all three groups
had fewer friends and more friendship difficulties than comparison children. In addition,
children in SCT+ADHD group had more friendship difficulties than children with either
SCT-only or ADHD-only groups. Although either aggressive or withdrawn behaviors may
cause friendship difficulties, findings from previous studies indicate that children with
ADHD who have co-occurring SCT symptoms display /ess aggression and greater
withdrawal (Carlson & Mann, 2002; Marshall, Evans, Eiraldi, Becker, & Power, 2014).
Consistent with these findings, children in the SCT-only and SCT+ADHD groups had
greater conflicted shyness than comparison children or ADHD-only children.

SCT and ADHD symptom groups also differed in expected ways in their co-occurring
externalizing and internalizing symptoms (Barkley, 2013; Servera et al., 2018). Children
with ADHD had greater ODD symptoms than children with SCT, and children with SCT
had greater anxiety and depressive symptoms than children with ADHD-only. Given these
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findings, social skills training and cognitive-behavioral treatment may be beneficial for
children with SCT despite lacking compelling support for children with ADHD (Becker,
Garner, Tamm, Antonini, & Epstein, 2019). Studies have also found atomoxetine to be
effective for youth with ADHD who have co-occurring internalizing symptoms (Bangs et al.,
2007; Geller et al., 2007; Kratochvil et al., 2005) and to reduce SCT symptoms in
adolescents with ADHD (McBurnett et al., 2017; Wietecha et al., 2013).

Another novel contribution was the inclusion of sleep difficulties. Children with SCT, with
or without ADHD, had more sleep difficulties than children with ADHD-only, who in turn
had more sleep difficulties than comparison children. In addition, only the SCT dimension
had a unique relationship with sleep difficulties in the regression analyses. Previous studies
have found only SCT symptoms (Becker, Garner, et al., 2016; Markovich-Pilon, Corkum, &
Joyce, 2017), only ADHD symptoms (Lee, Burns, & Becker, 2017), or both SCT and
ADHD symptoms (Becker, Luebbe, & Langberg, 2014; Becker, Pfiffner, Stein, Burns, &
McBurnett, 2016; Langberg et al., 2017) to be uniquely associated with poorer sleep and
increased daytime sleepiness. Our findings add to this mixed literature by demonstrating
children with SCT to have more sleep problems than children with ADHD-only, with no
differences in sleep difficulties between children with SCT-only and SCT+ADHD.

Finally, children with ADHD, with or without SCT, had greater daily life EF deficits than
children with SCT-only across all EF domains with the exception of the self-organization
and problem-solving domain. These findings are consistent with Barkley’s (2013) study that
also found ADHD more strongly related than SCT to daily life EF deficits, though the
strongest association of SCT with EF deficits in his study was also with the self-organization
and problem-solving subscale. Self-organization and problem-solving EF deficits were also
associated with SCT in adults (Barkley, 2012b; Becker, Burns, Garner, et al., 2018; Jarrett,
Rapport, Rondon, & Becker, 2017), suggesting that this domain of daily life EF may be most
consistently impaired in individuals with SCT. In addition, there is evidence that SCT
symptoms are related to executive dysfunction characterized by overly-slow working
memory systems and overly-fast inhibition systems, with findings robust to control of 1Q
(Kofler et al., 2019). Nevertheless, additional studies are needed that examine both daily life
and task-based EF, with particular attention to how findings vary across these different
methods and whether ADHD status or cognitive ability moderates the relation between SCT
and EF.

It was also encouraging that the findings from the dimensional approach were very
consistent with the findings from the clinical groups approach. In other words, the unique
relative associations of the SCT, ADHD-IN, and ADHD-HI factors with the external
correlate factors yielded similar conclusions. One strength of the study was the similar
results across the categorical and dimensional procedures, thus yielding stronger support for
the external validity of SCT.

What is the Nature of SCT?

The current study builds upon a foundation of studies aiming to better understand the SCT
construct. As studies accumulate, it is important to use descriptive findings to build
conceptual models of SCT. The clearest findings in the current study demonstrate SCT —
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whether defined categorically or dimensionally — to be associated with depression, anxiety,
conflicted shyness, and sleep problems. Accordingly, our findings join a growing body of
research indicating that SCT likely fits within the internalizing spectrum of psychopathology
and yet, given its strong association with ADHD inattention specifically, may be important
for understanding heterotypic co-occurrence between internalizing and externalizing spectra
(Becker & Willcutt, 2019). Empirical findings further suggest that default mode network
connectivity (Camprodon-Rosanas et al., 2019) and physiological under arousal (Yung, Lai,
Chan, Ng, & Chan, 2019) may be involved in the pathophysiology of SCT, in addition to
temperament and personality domains linked to punishment sensitivity and negative affect
(Becker et al., 2013; Becker, Schmitt, et al., 2018). Longitudinal studies that incorporate
multiple levels of analysis (e.g., behavior, physiology) are needed to understand the
developmental interplay of SCT and internalizing psychopathology over time, as well as
whether SCT is a buffer against subsequent externalizing psychopathology. Studies using
multiple timepoints will be especially well-suited to examine mechanisms that may account
for longitudinal associations.

Normative SCT Data

The study provides the first normative data for the parent SCT measure. The CABI SCT
scale is a frequently-used measure but has until now lacked normative data, and inquiries
regarding norms from clinicians and researchers were in part the impetus for our study. We
hope the normative information from the current sample will help advance research across
independent investigative teams and inform clinical care for children. For example, a recent
trial of children with ADHD found that those who had co-occurring SCT symptoms were
more likely to be non-responders or have a poorer response to methylphenidate (Froehlich et
al., 2018). As noted above, another trial found that atomoxetine effectively reduces SCT
symptoms (McBurnett et al., 2017; Wietecha et al., 2013). These findings, if replicated, have
important implications for the assessment and treatment of children with ADHD. This is but
one example of how identifying children with clinically-elevated SCT based on normative
data could be used to advance both research and clinical care.

Limitations and Future Directions

Several limitations merit consideration. First, the study was cross-sectional, and such
precludes inferences about directionality. Although few in number, longitudinal studies
using continuous measure of SCT indicate that SCT is a stable trait (Burns et al., 2019;
Preszler et al., 2019) and predicts later internalizing symptoms, social impairment and
withdrawal, and reading difficulties (Becker, Burns, Leopold, et al., 2018; Becker, Webb, &
Dvorsky, 2019; Bernad et al., 2016). Other studies, however, are needed to prospectively
examine the longitudinal outcomes of children with clinically-elevated SCT. Second, this
study relied solely on maternal ratings of adjustment, and other studies can build upon this
work by incorporating multiple informants and diverse methods such as academic and
neurocognitive testing, actigraphy and polysomnography, and neurophysiology and
neuroimaging. Third, it is important to acknowledge that our groups were based on
clinically-elevated symptoms as opposed to formal diagnosis. Relatedly, like Barkley (2013),
functional impairment was not considered as a criterion for our clinically-elevated symptom
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groups since impairment was instead examined as a clinical outcome of interest. We cannot
presume that our findings will generalize to children diagnosed with ADHD using full DSM
criteria, and it is likewise important to acknowledge that SCT is not currently a formal,
recognized diagnosis (see Barkley, 2014; Becker & Willcutt, 2019; and Servera et al., 2018)
for a discussion of the diagnostic status of SCT). Fourth, although the age range of our
sample is not a limitation per se, there is a need for studies examining the clinical
presentation and correlates of SCT in adolescence.

Conclusions

Our findings join a growing body of work supporting the statistical and clinical
differentiation of SCT from ADHD symptoms. The current study used a nationally
representative sample and examined the broadest array of outcomes yet to show that children
with clinically elevated SCT symptoms have a unique profile of adjustment that is especially
characterized by increased anxiety and depressive symptoms, sleep difficulties, and
conflicted shyness. In contrast, children with clinically-elevated ADHD symptoms (with or
without SCT) display more ODD symptoms and have greater daily life EF deficits than
children with SCT-only. Similar results were found when using a dimensional approach,
bolstering confidence in the study findings. Future studies are needed across other units of
analysis to further differentiate SCT and ADHD, and there is a growing need for prevention
and intervention research that directly targets SCT and associated impairments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

Stephen Becker is supported by award number K23MH108603 from the National Institute of Mental Health
(NIMH). The content is solely the responsibility of the authors and does not necessarily represent the official views
of the NIMH.

References

Asparouhov T, & Muthén B (2009). Exploratory structural equation modeling. Structural Equation
Modeling, 16, 397-438. doi:10.1080/10705510903008204

Bangs ME, Emslie GJ, Spencer TJ, Ramsey JL, Carlson C, Bartky EJ, ... Comorbid MDDSG (2007).
Efficacy and safety of atomoxetine in adolescents with attention-deficit/hyperactivity disorder and
major depression. Journal of Child and Adolescent Psychopharmacology, 17, 407-419. doi:10.1089/
cap.2006.0066 [PubMed: 17822337]

Barkley RA (2012a). Barkley Deficits in Executive Functioning Scale - Children and Adolescnets
(BDEFS-CA). New York: Guilford.

Barkley RA (2012b). Distinguishing sluggish cognitive tempo from attention-deficit/hyperactivity
disorder in adults. Journal of Abnormal Psychology, 121, 978-990. doi:10.1037/a0023961
[PubMed: 21604823]

Barkley RA (2013). Distinguishing sluggish cognitive tempo from ADHD in children and adolescents:
Executive functioning, impairment, and comorbidity. Journal of Clinical Child and Adolescent
Psychology, 42, 161-173. doi:10.1080/15374416.2012.734259 [PubMed: 23094604]

Becker SP, & Burns GL (2018). Children’s Sleep Scale (CSS). Cincinnati, OH: Author.

J Clin Child Adolesc Psychol. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Burns and Becker

Page 17

Becker SP, Burns GL, Garner AA, Jarrett MA, Luebbe AM, Epstein JN, & Willcutt EG (2018).
Sluggish cognitive tempo in adults: Psychometric validation of the Adult Concentration Inventory.
Psychological Assessment, 30, 296-310. doi:10.1037/pas0000476 [PubMed: 28383930]

Becker SP, Burns GL, Leopold DR, Olson RK, & Willcutt EG (2018). Differential impact of trait
sluggish cognitive tempo and ADHD inattention in early childhood on adolescent functioning.
Journal of Child Psychology and Psychiatry, 59, 1094-1104. [PubMed: 29957822]

Becker SP, Burns GL, Schmitt AP, Epstein JN, & Tamm L (2019). Toward establishing a standard
symptom set for assessing sluggish cognitive tempo in children: Evidence from teacher ratings in a
community sample. Assessment. doi:10.1177/1073191117715732

Becker SP, Fite PJ, Garner AA, Greening L, Stoppelbein L, & Luebbe AM (2013). Reward and
punishment sensitivity are differentially associated with ADHD and sluggish cognitive tempo
symptoms in children. Journal of Research in Personality, 47, 719-727.

Becker SP, Garner AA, & Byars KC (2016). Sluggish cognitive tempo in children referred to a
pediatric Sleep Disorders Center: Examining possible overlap with sleep problems and
associations with impairment. Journal of Psychiatric Research, 77, 116-124. [PubMed: 27017288]

Becker SP, Garner AA, Tamm L, Antonini TN, & Epstein JN (2019). Honing in on the social
difficulties associated with sluggish cognitive tempo in children: Withdrawal, peer ignoring, and
low engagement. Journal of Clinical Child and Adolescent Psychology, 48, 228-237. [PubMed:
28287826]

Becker SP, Leopold DR, Burns GL, Jarrett MA, Langberg JM, Marshall SA, ... Willcutt EG (2016).
The internal, external, and diagnostic validity of sluggish cognitive tempo: A meta-analysis and
critical review. Journal of the American Academy of Child and Adolescent Psychiatry, 55, 163—
178. d0i:10.1016/j.jaac.2015.12.006 [PubMed: 26903250]

Becker SP, Luebbe AM, & Langberg JM (2014). Attention-deficit/hyperactivity disorder dimensions
and sluggish cognitive tempo symptoms in relation to college students’ sleep functioning. Child
Psychiatry and Human Development, 45, 675-685. [PubMed: 24515313]

Becker SP, Pfiffner LJ, Stein MA, Burns GL, & McBurnett K (2016). Sleep habits in children with
attention-deficit/hyperactivity disorder predominantly inattentive type and associations with
comorbid psychopathology symptoms. Sleep Medicine, 21, 151-159. [PubMed: 26922623]

Becker SP, Schmitt AP, Jarrett MA, Luebbe AM, Garner AA, Epstein JN, & Burns GL (2018).
Sluggish cognitive tempo and personality: Links to BIS/BAS sensitivity and the five factor model.
Journal of Research in Personality, 75, 103-112. doi:10.1016/j.jrp.2018.06.001 [PubMed:
31289415]

Becker SP, Webb KL, & Dvorsky MR (2019). Initial examination of the bidirectional association
between sluggish cognitive temp and internalizing symptoms in children. Journal of Clinical Child
and Adolescent Psychology. Advance online publication. doi:10.1080/15374416.2019.1630836

Becker SP, & Willcutt EG (2019). Advancing the study of sluggish cognitive tempo via DSM, RDoC,
and hierarchical models of psychopathology. European Child and Adolescent Psychiatry, 28, 603—
613. doi:10.1007/s00787-018-1136-x [PubMed: 29524018]

Bernad MD, Servera M, Becker SP, & Burns GL (2016). Sluggish cognitive tempo and ADHD
inattention as predictors of externalizing, internalizing, and impairment domains: A 2-year
longitudinal study. Journal of Abnormal Child Psychology, 44, 771-785. [PubMed: 26278273]

Burns GL, Becker SP, Servera M, Bernad M, M., & Garcia-Banda G (2017). Sluggish cognitive tempo
and ADHD inattention in the home and school contexts: Parent and teacher invariance and cross-
setting validity. Psychological Assessment, 29, 209-220. [PubMed: 27148788]

Burns GL, Becker SP, Geiser C, Leopold DR, & Willcutt EG (2019). Are sluggish cognitive tempo,
ADHD, and oppositional defiant disorder trait- or state-like constructs from prekindergarten to
fourth grade? Journal of Clinical Child and Adolescent Psychology. Advance online publication.
doi:10.1080/15374416.2019.1567348

Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, & Kupfer DJ (1989). The Pittsburgh Sleep
Quality Index: a new instrument for psychiatric practice and research. Psychiatry Research, 28,
193-213. [PubMed: 2748771]

Camprodon-Rosanas E, Pujol J, Martinez-Vilavella G, Blanco-Hinojo L, Medrano-Martorell S, Batlle
S, ... Sunyer J (2019). Brain structure and function in school-aged children with sluggish cognitive

J Clin Child Adolesc Psychol. Author manuscript; available in PMC 2022 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Burns and Becker

Page 18

tempo symptoms. Journal of the American Academy of Child and Adolescent Psychiatry, 58, 256—
266. doi:10.1016/j.jaac.2018.09.441 [PubMed: 30738552]

Carlson CL, & Mann M (2002). Sluggish cognitive tempo predicts a different pattern of impairment in
the attention deficit hyperactivity disorder, predominantly inattentive type. Journal of Clinical
Child and Adolescent Psychology, 31, 123-129. doi:10.1207/S15374424JCCP3101_14 [PubMed:
11845644]

Coplan RJ, Prakash K, O’Neil K, & Armer M (2004). Do you “want” to play? Distinguishing between
conflicted shyness and social disinterest in early childhood. Developmental Psychology, 40, 244—
258. doi:10.1037/0012-1649.40.2.244 [PubMed: 14979764]

Fasshender C, Krafft CE, & Schweitzer JB (2015). Differentiating SCT and inattentive symptoms in
ADHD using fMRI measures of cognitive control. Neuroimage Clinical, 8, 390-397. [PubMed:
26106564]

Froehlich TE, Becker SP, Nick TG, Brinkman WB, Stein MA, Peugh J, & Epstein JN (2018). Sluggish
cognitive tempo as a possible predictor of methylphenidate response in children with ADHD: A
randomized controlled trial. Journal of Clinical Psychiatry, 79. doi:10.4088/JCP.17m11553

Geller D, Donnelly C, Lopez F, Rubin R, Newcorn J, Sutton V, ... Sumner C (2007). Atomoxetine
treatment for pediatric patients with attention-deficit/hyperactivity disorder with comorbid anxiety
disorder. Journal of the American Academy of Child and Adolescent Psychiatry, 46, 1119-1127.
doi:10.1097/chi.0b013e3180ca8385 [PubMed: 17712235]

Jarrett MA, Rapport HF, Rondon AT, & Becker SP (2017). ADHD dimensions and sluggish cognitive
tempo symptoms in relation to self-report and laboratory measures of neuropsychological
functioning in college students. Journal of Attention Disorders, 21, 673-683. [PubMed: 25515678]

Kofler MJ, Irwin LN, Sarver DE, Fosco WD, Miller CE, Spiegel JA, & Becker SP (2019). What
cognitive processes are ‘sluggish’ in sluggish cognitive tempo? Journal of Consulting and Clinical
Psychology, in press.

Kratochvil CJ, Newcorn JH, Arnold LE, Duesenberg D, Emslie GJ, Quintana H, ... Biederman J
(2005). Atomoxetine alone or combined with fluoxetine for treating ADHD with comorbid
depressive or anxiety symptoms. Journal of the American Academy of Child and Adolescent
Psychiatry, 44, 915-924. doi:10.1097/01.chi.0000169012.81536.38 [PubMed: 16113620]

Langberg JM, Molitor SJ, Oddo LE, Eadeh HM, Dvorsky MR, & Becker SP (2017). Prevalence,
patterns, and predictors of sleep problems and daytime sleepiness in young adolescents with
ADHD. Journal of Attention Disorders. Advance online publication.
doi:10.1177/1087054717690810

Lee S, Burns GL, & Becker SP (2017). Can sluggish cognitive tempo be distinguished from ADHD
inattention in very young children? Evidence from a sample of Korean preschool children. Journal
of Attention Disorders, 21, 623-631. d0i:10.1177/1087054716680077 [PubMed: 27887008]

Lee S, Burns GL, & Becker SP (2018). Toward establishing the transcultural validity of sluggish
cognitive tempo: Evidence from a sample of South Korean children. Journal of Clinical Child and
Adolescent Psychology, 47, 61-68. doi:10.1080/15374416.2016.1144192 [PubMed: 27105184]

Markovich-Pilon AN, Corkum PV, & Joyce AM (2017). Sluggish cognitive tempo: Investigating
associated daytime and nighttime impairments. The ADHD Report, 25, 1-7.

Marshall SA, Evans SW, Eiraldi RB, Becker SP, & Power TJ (2014). Social and academic impairment
in youth with ADHD, predominately inattentive type and sluggish cognitive tempo. Journal of
Abnormal Child Psychology, 42, 77-90. doi:10.1007/s10802-013-9758-4 [PubMed: 23709343]

McBurnett K, Clemow D, Williams D, Villodas M, Wietecha L, & Barkley R (2017). Atomoxetine-
related change in sluggish cognitive tempo is partially independent of change in attention-deficit/
hyperactivity disorder inattentive symptoms. Journal of Child and Adolescent
Psychopharmacology, 27, 38-42. doi:10.1089/cap.2016.0115 [PubMed: 27845858]

Mikami AY (2010). The importance of friendship for youth with attention-deficit/hyperactivity
disorder. Clinical Child and Family Psychology Review, 13, 181-198. [PubMed: 20490677]

Moruzzi S, Rijsdijk F, & Battaglia M (2014). A twin study of the relationships among inattention,
hyperactivity/impulsivity and sluggish cognitive tempo problems. Journal of Abnormal Child
Psychology, 42, 63-75. doi:10.1007/s10802-013-9725-0 [PubMed: 23435481]

J Clin Child Adolesc Psychol. Author manuscript; available in PMC 2022 March 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Burns and Becker

Page 19

Owens JA, Spirito A, & McGuinn M (2000). The Children’s Sleep Habits Questionnaire (CSHQ):
psychometric properties of a survey instrument for school-aged children. Sleep, 23, 1043-1051.
[PubMed: 11145319]

Preszler J, Burns GL, Litson K, Geiser C, Servera M, & Becker SP (2019). How consistent is sluggish
cognitive tempo across occasions, sources, and settings? Evidence from latent state-trait modeling.
Assessment, 26, 99-110. doi:10.1177/1073191116686178 [PubMed: 28064528]

Séaez B, Servera M, Becker SP, & Burns GL (2018). Optimal items for assessing sluggish cognitive
tempo in children across mother, father, and teacher ratings. Journal of Clinical Child and
Adolescent Psychology, 1-15. doi:10.1080/15374416.2017.1416619 [PubMed: 28574780]

Servera M, Saez B, Burns GL, & Becker SP (2018). Clinical differentiation of sluggish cognitive
tempo and attention-deficit/hyperactivity disorder in children. Journal of Abnormal Psychology,
127, 818-829. d0i:10.1037/abn0000375 [PubMed: 30265014]

Wietecha L, Williams D, Shaywitz S, Shaywitz B, Hooper SR, Wigal SB, ... McBurnett K (2013).
Atomoxetine improved attention in children and adolescents with attention-deficit/hyperactivity
disorder and dyslexia in a 16 week, acute, randomized, double-blind trial. Journal of Child and
Adolescent Psychopharmacology, 23, 605-613. doi:10.1089/cap.2013.0054 [PubMed: 24206099]

Yung TWK, Lai CYY, Chan JYC, Ng SSM, & Chan CCH (2019). Neuro-physiological correlates of
sluggish cognitive tempo (SCT) symptoms in school-aged children. European Child and
Adolescent Psychiatry. Advance online publication. doi:10.1007/s00787-019-01353-1

J Clin Child Adolesc Psychol. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny

1duosnuen Joyiny

Burns and Becker Page 20

Table 1

Characteristics (Percentages) of Children and Mothers

Children % Mothers %
Sex
Male 50.68 Education
Female 49.32 Less than high school 2.53
High school/GED 20.82
Grade Some college 20.96
Kindergarten 15.32 2 years college 14.06
First 14.06 4-year degree 23.25
Second 14.11 Master’s degree 7.73
Third 14.11 Professional/doctoral degree ~ 1.65
Fourth 14.35
Fifth 13.76  Mothers’ Relationship Status
Sixth 14.30 Married 66.68
Divorced 7.30
Race Cohabiting 11.48
American Indian/Alaskan Native ~ 1.02 Separated 2.09
Asian 5.50 Single 12.45
Black/African American 10.85

Native Hawaiian/Pacific Islander ~ 0.29  Family Income

White 72.08 Up to $19,999 11.77
Biracial/Multiracial 10.26 $20,000 to $39,999 22.52
$40,000 to $59,999 22.57

Ethnicity $60,000 to $79,999 15.81
Hispanic/Latino 16.80 $80,000 to $99,999 11.38
Non-Hispanic/Latino 83.20 $100,000 to $119,999 6.71
$120,000 to $139,999 3.75

$140,000 or higher 5.30

Missing 0.19

Note. N = 2,056.
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Table 4

Partial Standardized Regression Coefficients for the Associations of SCT, ADHD-IN, and ADHD-HI Factors
with Symptom and Impairment Factors

SCT ADHD-IN | ADHD-HI
External Correlates | 8 SE | B SE | B SE | R4SE)>
ODD 07 | 02| a3% [ 02| 45 | 02| 62(02)
Anxiety 53* | 03| 1a% [ 03] 16% | 03] 53(02)
Depression 58% | 03| 2o3* | .03 | .02m .03 | .59 (.02)
Sleep difficulties 42% | 03| .a2ms .04 | 020 .03 | .27 (.02)

Conflicted Shyness 43% | 03| .08 | .04 | -o09 | .03 | .20(.02)

Friendship difficulties 33" 03 | 27* .03 | .09m .03 | .38(.02)

Number of friends? —14%] 03] _p1*| 04| .00 | .03 ] .11(01)
Social impairment 13% | 03 | 34* | 03| .06™ | .03 | .22(.02)
Time management .01ns 02 | 75* .03 | .o7ms .02 | .65(.02)
Self-organization 43% | 03| 32% | 03| 0% | .02 | .60(.02)
Self-restraint 06" | 02 | 40* | 03| 43* | 02 | .61(.02)
Self-motivation 06" | .03 | 73* | .03 | .04m 02 | .62(.02)
Emotion regulation 11% | 03 | 38* | 03| 29* | .03 | .46(.02)

Academic impairment [ 03" | .03 | 5g* | .03 | —.05"™ | .03 | .34 (.02)

Note. N=2056. SCT = sluggish cognitive tempo; ADHD = attention-deficit/hyperactivity disorder; IN = inattention; HI = hyperactivity/
impulsivity; ODD = oppositional defiant disorder; ns = non-significant (o> .001).

Number of friends was a single item. All other external correlates were latent variables defined by manifest variables.

*
p<.001.
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