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Abstract

The current study evaluates associations between control processes and Oppositional Defiant
Disorder (ODD) and attention deficit hyperactivity disorder (ADHD) during early childhood.
Participants were 98 children between ages 3 and 6 and their primary caregivers. Diagnostic
information on ODD and ADHD symptoms was available from parents and teachers/caregivers
via standardized rating forms. Affective, effortful, and cognitive control processes were measured
using parent and examiner ratings via standardized questionnaires, observational ratings, and child
performance on laboratory tasks of cognitive control. Affective control, but not effortful control,
was significantly associated with cognitive control. A latent factor of control was significantly
associated with ADHD, but not ODD, symptoms.

Children demonstrate dramatic gains in control processes between the ages of 3 and 6.
During this developmental period, children begin to actively develop these rudimentary
regulation skills in the affective, cognitive, and behavioral domains via rapidly developing
limbic and neocortical circuitry (Casey, Tottenham, Liston, & Durston, 2005) and in the
context of parental socialization (Eisenberg, Spinrad, & Eggum, 2010). Further, disorders of
dysregulation such as Disruptive Behavior Disorders (DBD), including Oppositional Defiant
Disorder (ODD) and arguably attention deficit hyperactivity disorder (ADHD) are first able
to be reliably diagnosed during this developmental period (Keenan & Wakschlag, 2002;
Task Force on Research Diagnostic Criteria: Infancy and Preschool, 2003).

Per the Diagnostic and Satistical Manual of Mental Disorders (4th ed. [DSM-IV-TR];
American Psychiatric Association, 2000) the most common DBD occurring during early
childhood are ODD and arguably ADHD (particularly hyperactivity-impulsivity vs.
inattention). ODD and ADHD occur in approximately 5-10% of the general population
(Egger & Angold, 2006; Lavigne et al., 1996) and affect approximately 10% of preschool-
age children (Egger & Angold, 2006). These disorders are frequently comorbid, co-
occurring in approximately 50% of cases (Angold, Costello, & Erkanli, 1999). Therefore, it
makes sense to study them together. Further, these disorders are associated with increased
risk for later psychopathology, as well as social and academic problems (Foster, Jones, &
the Conduct Problems Prevention Research Group, 2005; Pelham, Foster, & Robb, 2007).
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Recent work suggests that a common liability factor for these disorders and perhaps
particularly ADHD may be disinhibition, or poor regulation of affect and cognition (Krueger
et al., 2002; Nigg, 2000).

Although disinhibition has been suggested as a prominent correlate and perhaps an early-
emerging marker of DBD (Krueger et al., 2002; Martel, 2009), the definition of
disinhibition, or dysregulated affect and cognition, is very broad, and there is a long tradition
of alternative measurements of the construct at different levels of analysis (e.g., Nigg, 2000).
Affective regulation is typically defined as the modulation of emotional responses via
control processes that occur somewhat reflexively (Cole, Martin, & Dennis, 2004). Affective
regulation is often assessed using temperamental measures (e.g., reactive control, emotional
regulation; Eisenberg & Spinrad, 2004). Children with ODD and ADHD often experience
problems controlling their emations (reviewed by Martel, 2009). In fact, poor affective, or
reactive, control during preschool predicts the later longitudinal development of DBD-
related behaviors in school-aged children (Eisenberg et al., 2009), perhaps particularly
hyperactivity-impulsivity and ODD (Martel & Nigg, 2006).

Effortful control is a temperament trait that refers to thoughtful, deliberate temperamental
control and has been conceptually related to cognitive regulation (Nigg, 2000; Rueda,
Posner, & Rothbart, 2005). Effortful control exhibits associations with cognitive regulation
by middle childhood, or between ages 8 and 10 (Martel, Nigg, & von Eye, 2009; Rueda et
al., 2005). Low effortful control during preschool has also been associated with the
longitudinal development of ODD and ADHD and more general externalizing problems in
school-aged children (Eisenberg et al., 2009; Kochanska, Barry, Jiminez, Hollatz, &
Woodard, 2009). Further, low effortful control and the somewhat synonymous personality
trait of conscientiousness have been linked to clinical ADHD and ODD in school-aged
children (De Pauw & Mervielde, 2011; Martel & Nigg, 2006), perhaps particularly those
displaying high levels of inattention (vs. hyperactivity-impulsivity; Martel & Nigg, 2006).

Cognitive regulation is often referred to as cognitive control, or executive function, meaning
the ability to problem-solve to obtain a future goal (see Pennington & Ozonoff, 1996).
Cogpnitive control, although a unitary construct, contains several componential, or more
specific, abilities (Miyake, Friedman, Emerson, Witzki, & Howerter, 2000). These abilities
commonly include response inhibition, or inhibition of a dominant response in order to
perform a subordinate response; set-shifting, or multitasking; and working memory, or the
ability to manipulate information in short-term memory (Pennington & Ozonoff, 1996;
Miyake et al., 2000). Substantial work has linked these types of poor cognitive control to
behavioral problems, perhaps most specifically ADHD, in school-aged children between the
ages of 6 and 12. School-aged children with DBD, including ODD and ADHD, often
experience problems with cognitive control, or executive function, including response
inhibition, set-shifting, and working memory, and these deficits are typically viewed as
being more specific to ADHD than ODD (Barkley, 1997; Willcutt, Doyle, Faraone, &
Pennington, 2005). Increasingly, similar patterns of findings have been found in preschool-
aged children with ADHD, who are often characterized by problems with cognitive control
(Thorell & Wahlstedt, 2006). Further, cognitive control deficits appear to be most
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specifically associated with inattentive ADHD symptoms (vs. hyperactive-impulsive ADHD
symptoms; Sonuga-Barke, 2003).

Thus, in line with multiple pathway models suggesting somewhat distinct influences on
different DBD symptom dimensions (e.g., Sonuga-Barke, 2003), affective dysregulation
may be associated with both ODD and ADHD (perhaps particularly hyperactivity-
impulsivity), and effortful and cognitive dysregulation may be most specifically associated
with ADHD (and perhaps particularly inattention) during middle childhood. By middle
childhood, affective and cognitive forms of regulation are largely developed and highly
inter-correlated such that children who have strong affective and cognitive regulation
typically exhibit few behavioral problems related to DBD, and children with weak affective
and cognitive regulation typically exhibit increased behavioral problems related to DBD
(Eisenberg et al., 1996; Murphy & Kochanska, 2002). However, earlier developmental
associations among affective regulation, cognitive regulation, and DBD remain unclear.
Affective, cognitive, and behavioral regulation all develop substantially during the preschool
age range (Garon, Bryson, & Smith, 2008). Affective regulation is typically viewed as
developing earliest due to its reliance on subcortical structures and its important role in early
socialization (Casey et al., 2005; Nigg & Casey, 2005). Cognitive forms of control, and
possibly effortful temperamental control, are typically viewed as developing slightly later
due to their reliance on the prefrontal cortex and anterior cingulate gyrus and their
facilitation of individual-driven influences on the environment (Casey et al., 2005; Nigg &
Casey, 2005). In line with this idea, DBD symptoms such as ODD and hyperactivity-
impulsivity, which are hypothesized to depend on affective control, typically peak early
during development and then decline; whereas DBD symptoms such as inattention, that are
believed to depend more on cognitive control, usually start later and are relatively stable
(Greven, Asherson, Rijsdijk, & Plomin, 2011; Lahey, Pelham, Loney, Lee, & Willcutt,
2005).

More primary forms of affective regulation may provide the foundation for the slightly later
development of cognitive and behavioral regulation. However, this idea remains untested
since it is seldom that all three types of regulation are included in any given study,
particularly in studies examining relevant clinical populations such as preschool-aged
children with DBD including ODD and ADHD. The current study provides an initial
examination of early-emerging affective and cognitive control processes in a cross-sectional
sample of children between ages 3 and 6 with ODD and/or ADHD. Since early childhood is
the earliest developmental period during which affective and cognitive forms of regulation
can be reliably measured, this may be the ideal time to examine the inter-relations among
these emerging forms of control in relation to disorders of behavioral dysregulation such as
DBD. Due to the rapid development of underlying neural anatomy during preschool, control
processes may exhibit more distinct associations with one another and forms of DBD such
as ODD and ADHD during this period. Because affective forms of regulation develop as
early as infancy, it was predicted that affective control would exhibit the most prominent
associations with other emerging forms of control, including cognitive control, during
preschool. In addition, it was predicted that affective, effortful, and cognitive control
processes would be most specifically associated with ADHD symptoms during preschool.
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Methods

Participants

Overview—Participants were 98 children between the ages of 3 and 6 (M = 4.34 years, SD
=1.08) and their primary caregivers (hereafter termed parents for simplicity; 67% mothers
with the remaining 33% fathers+mothers, fathers only, foster parents, or grandmothers with
guardianship). Fifty-seven percent of the sample was male, and 32% of the sample was
ethnic minority (23% African American and 8% other including Latino, American Indian,
and mixed race children). Parental educational level ranged from unemployed to highly
skilled professionals, with incomes ranging from below $20,000 to above $100,000
annually. Based on multistage and comprehensive diagnostic screening procedures (detailed
below), children were recruited into two groups: DBD (n = 74), subdivided into those with
ADHD-only (n = 17), those with ODD-only (n = 18), and those with ADHD+ODD (n = 39);
and children without DBD (n = 24). The non-DBD group included children with
subthreshold symptoms (i.e., fewer than 4 ODD symptoms or 6 ADHD symptoms) to
provide a more continuous measure of ADHD and ODD symptoms, consistent with research
suggesting that ODD and ADHD may be better captured by continuous dimensions than
categorical diagnosis (Marcus & Barry, 2011). No siblings were included.

Recruitment and identification—~Participants were recruited from the community
primarily through direct mailings to families with children between the ages of 3 and 6 and
Internet postings, as well as through advertisements in newspapers and flyers posted at
doctors' offices, community centers, daycares, and on campus bulletin boards. Two sets of
advertisements were utilized; one set of advertisements targeted children between ages 3 and
6 with disruptive behavior problems and/or attention problems and a second set of
advertisements targeted children between ages 3 and 6 without these types of problems.
After recruitment, families passed through a multi-gated screening process. An initial
telephone screening was conducted to rule out children prescribed long-acting psychotropic
medication (i.e., antidepressants) or children with neurological impairments, mental
retardation, psychosis, autism spectrum disorders, seizure history, head injury with loss of
consciousness, or other major medical conditions. Only 10 families were screened out at this
phase. All families screened into the study at this point completed written and verbal
informed consent procedures consistent with the Institutional Review Board, the National
Institute of Mental Health, and American Psychological Association (APA) guidelines.

During the second stage, parents and children attended a three-hour campus laboratory visit.
Parents of children taking psycho-stimulant medication were asked to consult with a
physician about discontinuing children's medication for 24 to 48 hours prior to the visit
depending on their dosage and type of medication in order to ensure a more accurate
measure of cognitive performance (less than 5% of children in the study were prescribed
medication for attention problems). Before and during the laboratory visit, diagnostic
information was collected via parent and teacher/caregiver ratings. Parents completed the
Kiddie Disruptive Behavior Disorders Schedule (K-DBDS: Leblanc et al., 2008), a semi-
structured diagnostic interview modeled after the Kiddie Schedule for Affective Disorders
and Schizophrenia for School-Age Children administered by a trained graduate student
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clinician. Questions about endorsed DBD symptoms were followed by questions that
determine symptom severity, duration, onset, and cross-situational pervasiveness. For
endorsed symptoms to count toward ADHD diagnosis, the symptom must have been present
in more than one setting (i.e., school, home, or public) and must have occurred frequently
compared to same-aged peers. The K-DBDS demonstrates high test—retest reliability and
high inter-rater reliability in the preschool population (LeBlanc et al., 2008). In the current
study, fidelity to interview procedure was determined via stringent check-out procedures
before interview administration. In addition, reliability of interviewer ratings was
determined by blind ratings of interviews of each interviewer on 10% of families. Inter-rater
clinician agreement was adequate for ODD and ADHD symptoms (r = .99, p<.001, r =
1.00, p < .001, respectively).

Families were mailed teacher/caregiver questionnaires one week prior to the laboratory visit
and instructed to provide the questionnaires to children's teacher and/or daycare provider or
babysitters who then mailed the completed questionnaires back to the university. When
available (i.e., available on 50% of participating families; response rate did not differ based
on child DBD diagnostic group; 72[3] = .59, p = .9), teacher/caregiver report on DBD
symptoms was obtained via report on the Disruptive Behavior Rating Scale (DBRS; Barkley
& Murphy, 2006). In the current study, approximately 67% of completed teacher/caregiver
report was available from teachers, with most of the remaining questionnaires completed by
daycare providers or babysitters. Some families did not have teacher/caregiver report
available because they could not identify a second reporter; however, in most cases of
missing data, teachers/caregivers did not return the questionnaire measures.

Ultimately, clinical diagnoses were determined by the Principal Investigator, a licensed
clinical psychologist, after a review of parent ratings on the K-DBDS and (when available)
teacher/caregiver ratings on the DBRS, consistent with current best practice guidelines for
current diagnosis (Pelham, Fabiano, & Massetti, 2005). A second blind diagnostician also
independently reviewed parent and teacher ratings of child symptoms to reach a diagnosis
on a random 10% of cases with a 100% agreement rate (kappa = 1).

Symptom counts—~Parent and teacher/caregiver reports on symptoms were available via
the DBRS (Barkley & Murphy, 2006), which assesses symptoms using a 0 to 3 scale for a
more continuous dimension and is valid for use with preschoolers. Endorsed symptoms are
summed within each diagnostic subdomain (i.e., ODD symptoms, ADHD total symptoms,
inattentive ADHD symptoms, hyperactive-impulsive ADHD symptoms) to determine
symptom counts within these categories. The DBRS has high internal consistency ranging
from .78 to .96 in the preschool age range (Pelletier, Collett, Gimple, & Cowley, 2006). All
scales for parent and teacher/caregiver report on the DBRS had high internal reliability (all
alphas > .92) in the current sample. Primary analyses were conducted using parent report on
the DBRS with secondary checks conducted on teacher report on the DBRS.

Affective control—To measure affective control, an examiner completed the California
Child Q-Sort (CCQ; Block & Block, 1980) after spending 3 hours interacting with the child

Dev Neuropsychol. Author manuscript; available in PMC 2015 January 27.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Martel et al.

Page 6

during the on-campus laboratory visit. The CCQ is a typical Q-Sort consisting of 100 cards
that must be placed in a forced-choice, nine-category, rectangular distribution. The rater
describes the child by placing descriptive cards in one of the categories, ranging from one
(least descriptive) to nine (most descriptive). A 19-item scale for affective control (also
called reactive control) developed by Eisenberg and colleagues (1996) for use with young
children was utilized (e.g., “inhibited and constricted,” “self assertive™). The composite
scale score was generated by reverse-scoring selected items and computing the average.
Scale reliability was .86. In addition, a paradigm from the preschool Laboratory
Temperament Assessment Battery (LABTAB), gift delay, was utilized (Goldsmith, Reilly,
Lemery, Longley, & Prescott, 1999; Kochanska, Murray, & Harlan, 2000). Children were
asked to wait with their back turned while the examiner wrapped a present; the child was
instructed not to touch the gift while the examiner left to room to retrieve a bow for the
present. Extent of peeking for the entire segment was coded on a five point scale (1 = child
peeks the entire time; 5 = child never peeks). Reliability was acceptable for all observational
coding in the current study (all kappas > .78).

Effortful control—To measure effortful temperamental control, parents completed the
very short form of the Child Behavior Questionnaire (CBQ) for use in children between ages
3 and 7 (Rothbart, Ahadi, Hershey, & Fisher, 2001; Putnam & Rothbart, 2006). The very
short form of the CBQ contains 36 descriptive statements that parents rate on a 1 (extremely
untrue of your child) to 7 (extremely true of your child) scale. Effortful control was
measured using the 12-item scale suggested by Rothbart and colleagues (2001). A composite
scale score was generated by reverse-scoring selected items and computing the average. The
scale had an acceptable internal reliability coefficient of.70 in the current sample.

Cognitive control—Selected cognitive control tasks assessing response inhibition,
working memory, and set-shifting were utilized, based on their validity and sensitivity in the
preschool population and their reliance on prefrontal cortex and frontal-striatal circuitry
(Garon et al., 2008). In order to measure response inhibition, the Shape School was used.
The Shape School uses a bright, large storybook format with stimulus figures (i.e., colored
circles and squares with happy and sad facial expressions, some of which wear hats; Espy,
Bull, Martin, & Stroup, 2006). The task has four conditions and each is preceded by a short
practice. The second condition provides a measure of response inhibition and entails having
the child name the colors of happy-faced figures while being asked to inhibit naming of the
colors of sad-faced figures. Number of correctly identified stimuli divided by time to
complete the second trial served as a measure of response inhibition. This task has adequate
reliability with test—retest reliability ranging from .65 to .78, and alpha coefficients
exceeding .71 for the second condition within this age range (Isquith, Crawford, Espy, &
Gioia, 2005). Backward Digit Span served as a measure of simple and complex working
memory. In Digit Span backward condition, the child is instructed to repeat a series of
numbers in the reverse order heard. The total of correctly completed items for this condition
provided a measure of working memory (Garon et al., 2008). In order to assess set-shifting,
an adaptation of the Trail-Making Task, TRAILS-P (Espy & Cwik, 2004), was
administered. Condition B provides a measure of set-shifting. During condition B, the
switching condition, children are asked to stamp pictures of dogs and bones in order of size,
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alternating between the two. Number of errors made in condition B served as a measure of
set-shifting. This task has good test—retest reliability across a 2-week period with mean
correlations of.64 between conditions within this age range (Isquith et al., 2005).

Data Analysis

Results

Missingness was minimal in the current study, with the exception of teacher ratings on the
DBRS. Only 50% of children in the current sample had teacher ratings on the DBRS
available due to poor response rate. The missingness and nonnormality of data (i.e.,
symptom counts) were addressed using robust full information maximum likelihood
estimation (FIML; i.e., direct fitting) in Mplus (MUthen & Mdthen, 1998-2007), a method
of directly fitting models to raw data without imputing data (McCartney, Burchinal, & Bub,
2006). Power analysis indicated that statistical power was adequate (.80) to detect a
medium-size effect (r = .25).

Data analysis proceeded in a step-wise fashion. Preliminary statistics were conducted in
SPSS. Chi-square tests and univariate analysis of variance (ANOVA) were conducted to
examine mean differences between the ODD, ADHD, ODD+ADHD, and non-ODD/ADHD
groups on demographic variables. Next, main analyses were conducted in Mplus using
bivariate and partial correlations and confirmatory factor analysis; the latent factor score was
saved and utilized in subsequent correlational analyses (Raykov, 1997). In order to correct
for Type | error, correlations between control and DBD symptoms are only interpreted if p
<.0L

Preliminary evaluation of group differences on demographic variables indicated that there
were no significant differences between the ODD, ADHD, ADHD+QODD, or non-DBD
group in percentage of boys/girls (X?[3] = .85, p = .84), ethnicity minority status (X?[12] =
17.002, p = .15), or maternal education or employment status (X?[24] = 25.95, p = .36 for
education; X?[15] = 13.89, p = .53 for employment). However, children with ODD, ADHD,
and ODD+ADHD were significantly older than the non-DBD comparison children (F[3,94]
= 2.85, p = .04) and were from families with lower incomes (X2[15] = 28.63, p = .02)
Therefore, child age and family income was covaried in all analyses involving DBD
symptoms.

Bivariate correlations were conducted to examine associations between parent- and teacher-
reported child DBD symptoms (not shown). Bivariate correlations of parent and teacher
DBD symptom ratings within domain were all significant and at least in the moderate range
(r range from .52 to .59, all p < .01). Correlations among DBD symptom domains (e.g.,
among ODD, hyperactivity-impulsivity, and inattention) within informant were also
significant and moderate (r = .6, p< .01 or above for parents; r = .32, p < .05 or above for
teachers).

Partial correlations, controlling for child age, were conducted between affective, effortful,
and cognitive control and parent- and teacher-rated child DBD symptoms (ODD, ADHD,
inattention, and hyperactivity-impulsivity). As shown in Table 1, examiner-rated affective
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control was not significantly associated with any parent- or teacher-rated DBD symptom
domain (all p>.1). However, decreased observationally-rated affective control (measured
via the gift delay task) was associated with increased parent- and teacher-rated ADHD
symptoms, specifically inattention as rated by parents and hyperactivity-impulsivity as rated
by parents and teachers (all p < .05). Decreased parent-rated effortful control was
significantly associated with increased parent-rated ODD symptoms (p < .05). Worse
response inhibition and working memory was significantly associated with increased
teacher-rated inattentive ADHD symptoms (p < .05), but not parent-rated symptoms. Worse
set-shifting was significantly associated with increased ADHD symptoms and increased
inattention, as rated by parents and teachers (all p < .05).

Associations Among Affective, Effortful, and Cognitive Control

Bivariate correlations were conducted between measures of affective, effortful, and
cognitive control. As shown in Table 2, affective control was significantly associated with
components of cognitive control (i.e., response inhibition, set-shifting, and working
memory) in the expected direction with worse affective control being correlated with worse
cognitive control (r =.26-.3; p <.05). However, effortful control was not significantly
associated with affective control or components of cognitive control (r = -.01-.16; all p> .
1).

Based on these results, a confirmatory factor analysis was conducted in order to attempt to
identify a latent factor of control from components of cognitive control (i.e., response
inhibition, set-shifting, and working memory) and affective control. The fit of the one-factor
model was good (X2[5] = 3.12, p = .68; CFI = 1; RMSEA = 0 with a 90% confidence
interval of 0-.11; McDonald & Ho, 2002). As shown in Figure 1, all loadings are significant
(all p<.01) and in the expected direction. Based on these loadings, the factor was labeled
“control”; higher scores on the latent factor indicated better cognitive and affective control.
Individual scores on the latent factor were saved for subsequent analyses.

Associations Between Control and DBD

Partial correlations, controlling for child age and family income, were conducted between
the latent factor of control and DBD symptoms. As shown in Table 3, better control was
significantly associated with decreased parent-rated ADHD symptoms (r = -.39, p < .01),
but not with parent-rated ODD symptoms (r = .1, p = .37). These correlations were
significantly different from one another (z=-3.53, p < .01). Within ADHD, better control
was significantly associated with decreased parent-rated hyperactivity-impulsivity (r = -.37,
p < .01), but not parent-rated inattention (r = .02, p = .91), and these correlations were also
significantly different from one another (z=-2.81, p < .01). Secondary analyses conducted
using teacher-rated symptoms were similar (Table 3). Better control was significantly
associated with decreased teacher-rated ADHD symptoms (r = —.41, p < .01), but not
teacher-rated ODD symptoms (r = .09, p = .42; significant difference z=-3.62, p < .01).
However, better control was significantly associated with decreased teacher-rated inattention
(r =-.43, p<.01), but not with teacher-rated hyperactivity-impulsivity (r = .03, p = .85;
significant difference z=-3.38, p < .01).
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Discussion

The current study examined emerging forms of affective, effortful, and cognitive control in
children with DBD and ADHD. Cognitive control was significantly associated with
affective temperamental control, but not with effortful temperamental control. Indices of
cognitive control and affective (reactive) control formed a latent control factor, termed
control. Control was significantly associated with ADHD symptoms, but not ODD
symptoms, during early childhood. Specifically, better control was significantly associated
with decreased parent-rated hyperactive-impulsive ADHD symptoms, but not parent-rated
inattentive ADHD symptoms, and with decreased teacher-rated inattentive ADHD
symptoms, but not teacher-rated hyperactive-impulsive ADHD symptoms.

Affective temperamental control, but not effortful temperamental control, was associated
with cognitive forms of control during early childhood. This finding is counter to prior work
conducted in school-age children in which effortful temperamental control is frequently
found to be prominently associated with cognitive control (e.g., Martel et al., 2009; Rueda et
al., 2005). Characteristics of the sample or the instruments utilized to measure the constructs
may explain this finding and that is an important direction for future work. For example, age
range and the high percentage of clinical cases in the sample may have influenced results.
Affective forms of regulation are believed to develop early during development due to their
reliance on subcortical structures, and they may serve as the early foundation of the later
development of more effortful forms of regulation by facilitating parental socialization of
emotion regulation (Casey et al., 2005; Cole et al., 2004; Nigg & Casey, 2005). Then,
cognitive control, which is just beginning to develop during this period due to its reliance on
the prefrontal cortex and anterior cingulate gyrus, allows children to learn from their
environment and may provide a foundation for dispositional effortful control (Casey et al.,
2005; Nigg & Casey, 2005). Effortful control may, in turn, facilitate children's ability to
influence their environment, including success at academics (Bull, Espy, & Wiebe, 2008). In
this way, more primary forms of affective regulation may provide the foundation for the
development of cognitive and behavioral regulation important in the expression and
regulation of DBD-related behaviors. These processes may become dysfunctional in clinical
populations such as in children with DBD. Of course, it is possible that the choice of
measurement instruments may have influenced associations.

Cognitive forms of control including response inhibition, set-shifting, and working memory,
and affective control seem to tap into emerging control during early childhood. Affective
control may very well underpin early cognitive control during this period (Carlson & Wang,
2007; Liebermann, Giesbrecht, & Muller, 2007). Better control was significantly associated
with ADHD, but not ODD symptoms, during early childhood, in line with work suggesting
that disinhibition is a primary deficit of ADHD (Barkley, 1997; Nigg, 2000), emerging as
early during development as ADHD can be reliably measured and potentially even
predisposing individuals to ADHD (Brocki, Nyberg, Thorell, & Bohlin, 2007; Thorell &
Wahlstedt, 2006). ADHD may thus be characterized by delays in cortical maturation that
contributes to deficits in emerging forms of control even measured as early as preschool
(Shaw et al., 2007). Control was not significantly associated with ODD symptoms, in line
with recent work suggesting that ODD may be best considered a disorder of high negative
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affect rather than a disorder primarily characterized by poor cognitive control (Stringaris,
Maughan, & Goodman, 2010).

However, associations between control and specific ADHD symptom domains were
dependent on the rater. Control was significantly associated with hyperactivity-impulsivity,
but not inattention, based on parent report. In contrast, control was significantly associated
with inattention, but not hyperactivity-impulsivity, based on teacher report. Parents and
teachers appear to be sensitive to different kinds of child problem behaviors relevant to
ADHD, depending on the specific context, in line with work suggesting that parents and
teachers are each valid reporters of ADHD symptoms (Ferdinand et al., 2003). That is,
hyperactivity-impulsivity may be a particularly prominent behavioral manifestation of
preschool ADHD in the home, whereas inattention may be more salient in the school setting
(Lahey et al., 2005). Further, specificity of associations between emerging control and
ADHD symptom domains is in line with recent multiple-pathway models of ADHD,
suggesting somewhat specific correlates of inattention versus hyperactivity-impulsivity (e.g.,
Sonuga-Barke, 2003), although specific effects may depend on rater. Regardless of what
symptom domain is particularly associated with poor emerging control, problems with
emerging control seem to be particularly associated with ADHD versus ODD.

Despite the rich sample and the multi-method assessment procedure utilized in the current
study, the current study had several important limitations. The current study utilized a cross-
sectional design with temperamental, behavioral, and cognitive control measured at only one
time point. Thus, longitudinal associations between emerging control and DBD symptoms
cannot be directly assessed. However, use of a young sample of children with DBD provides
important new information about the early manifestation of these types of regulation in
relation to DBD. Second, only about 50% of teachers/caregivers returned questionnaires on
child DBD symptoms; thus, divergence of findings between parent and teacher ratings is
difficult to interpret. Although the multiple-informant, multiple-method assessment
approach was considered a study strength, other measures might have been useful in
operationalizing cognitive control constructs. Finally, although the use of a community-
recruited sample enriched for clinical DBD symptoms is considered a study strength, the
current findings should be replicated in other types of samples, including general population
and clinical samples.

A key question that remains unresolved from this cross-sectional study is whether control
processes can predict the longitudinal development of ADHD symptoms during early and
later childhood. Thus, an important direction for future work is short-term longitudinal
studies examining whether early-emerging temperamental and cognitive control can predict
the later development of ADHD symptoms. This same type of longitudinal design would be
useful for assessing changes in associations in temperamental, behavioral, and cognitive
control over time, particularly during key developmental periods when neural development
is notable (e.g., between preschool and early childhood; adolescence). Finally, examination
of these processes in general population samples and clinical samples would be useful in
order to elucidate how the development of control processes occurs in these different
populations.
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Overall, the current study suggests that affective control, but not effortful control, was
significantly associated with cognitive control as a prominent form of control during early
childhood in children with DBD and ADHD. This latent control composite was significantly
associated with ADHD, but not ODD, symptoms during early childhood in line with the idea
that ADHD is an early-emerging disorder of disinhibition. Further, control was specifically
associated with hyperactivity-impulsivity, based on parent report, but with inattention, based
on teacher report, suggesting that parents and teachers are each assessing different, but valid,
components of ADHD.
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Figure 1.
Latent factor model of control. X2(5) = 3.122, p = .68. CFI = 1; RMSEA = 0 with a 90%

confidence interval of 0-.11. All loadings are significant at p <.01.
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Table 1
Partial Correlations Between Control and DBD Symptoms
ODD ADHD Inattention  Hyperactivity-lmpulsivity

Reactive Control -.09 (-.22) -.24 (-.04) -.18 (.09) -.28 (-.18)
Gift Delay: Peek -18(-45)  -55° (-45") -51(-.28) -53" (-.56")
Effortful Control - 48" (-.43%) -22(-1) -.18 (-.03) -.24 (-.17)
Response Inhibition -2 (-.23) -35(-.44%) -35 (-_53*) -.31(-.26)
Set-Shifting .37(.12) 50" (:33) 58" (46%) .38 (.13)
Working Memory ~ -19 (-42%)  -3(-54")  -3(-54") -.26 (-.43%)

Page 16

Note. Age and family income covaried. Parent-rated symptoms (teacher-rated symptoms). ADHD = attention deficit hyperactivity disorder; ODD =
Oppositional Defiant Disorder.

* %

p<.0l.

*
p<.05.

+

p<.l
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Correlations Between Control Latent Factor and DBD Symptom Domains
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Control
ODD symptoms (parent-rated; p) 1
ADHD symptoms (p) -39""
Inattentive symptoms (p) .02
Hyperactive-impulsive symptoms (p)  -.37**
ODD symptoms (teacher-rated; t) .09
ADHD symptoms (t) -41"
Inattentive symptoms (t) - 43"
Hyperactive-impulsive symptoms (t) .03

Note. Age and family income covaried. ADHD = attention deficit hyperactivity disorder; ODD = Oppositional Defiant Disorder.

*

p<.01.
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