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Abstract
The role of maternal behavior and children's early emotion regulation skills in the development of
children's reactive control, specifically behavioral impulsivity, and later effortful control was
examined in a sample of 435 children. HLM analyses indicated significant growth in reactive
control across the toddlerhood to early childhood period. Emotion regulation at age-2 positively
predicted initial levels of children's reactive control abilities while maternal overcontrol/
intrusiveness predicted lower levels of reactive control growth. Maternal behaviors at age-2
predicted children's effortful control abilities at age-5.5. Emotion regulation did not predict
effortful control abilities. Maternal behavior and children's early emotion regulation skills may
differentially facilitate the development of reactive and effortful control abilities.
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Cognitive theories along with neuropsychological data have stressed the role of early
childhood impulsivity or lack of inhibitory processes in the development of later
psychopathology (Barkley, 1997, Posner, 2004). For example, substantial research has
identified impulsivity as a core feature of various childhood disorders such as Attention-
Deficit/Hyperactivity Disorder (ADHD) and Conduct Disorder (Barkley, 1997; Moffit,
Caspi, Rutter, & Silva, 2002). Impulsivity has also been shown to be detrimental for
children's learning/academic development (Hinshaw, 1992) and social development
(Cumberland-Li, Eisenberg, & Reiser, 2004; Hinshaw & Melnick, 1995). Impulsive children
are also at a greater risk of engaging in risky health behaviors (e.g., alcohol abuse) in
adolescence and young adulthood (Dubow, Boxer, & Huesmann, 2008). Developmental
research within the self-regulation literature has also documented significant and rapid
improvements in children's ability to control impulsive behaviors from toddlerhood to early
childhood (Posner, 2004; Wassenberg et al., 2008). While the above evidence highlights the
importance of understanding what contributes to individual differences in the development
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of impulsivity, few studies have concurrently examined multiple facets of impulsivity
(Herba, Tranah, Rubia, & Yule, 2006; Olson, Schilling, & Bates, 1999).

Impulsivity is considered a multidimensional construct that cannot be captured with a single
measurement (Herba et al., 2006; Olson et al., 1999). While impulsivity includes the speed
of response initiation (Rothbart, Ahadi, Hershey, & Fisher, 2001), the current study focuses
on understanding the development of two control processes which are thought to be crucial
in regulating such responses in the service of goal directed behaviors: reactive control and
effortful control (Barkley, 1997; Eisenberg et al., 2004). These two control processes have
gathered strong support within the delinquency and ADHD literature (Avila et al., 2004;
Oades et al., 2008; White et al., 1994) as well as the socioemotional development literature
(Eisenberg et al., 2004; 2009) as being strongly related yet distinct from response time
measures of impulsivity (Olson et al., 1999).

Building on the work of Derryberry and Rothbart (1997), Eisenberg and Morris (2002)
differentiated control processes that are voluntary from those that are more reactive. The
voluntary branch refers to effortful control or an individual's ability to inhibit a dominant
response and/or activate a subdominant response by voluntarily modifying one's own
attention and behavior (Eisenberg & Morris, 2002; Rothbart & Bates, 2006). It is a
superordinate construct that includes attentional control (i.e., ability to focus or shift
attention) and inhibitory control, which refers to one's ability to appropriately/adaptively
inhibit behavior (Derryberry & Rothbart, 1997; Rothbart & Bates, 2006). Effortful control is
typically measured by Stroop and Stroop-like tasks or parent/teacher measures (e.g., CBQ)
of effortful control (Archibald & Kerns, 1999; Livesey et al., 2006; Rothbart et al., 2001).
Reactive control, on the other hand, refers to aspects of control that appear to be automatic
and/or involuntary (Eisenberg et al., 2009). The developmental literature has also
distinguished between reactive overcontrol to describe behavioral inhibition (i.e., children
who approach novel and stressful situations in an inhibited fashion) as described by Kagan
(1999) and reactive undercontrol to describe impulsive approach behavior typically seen in
children with ADHD (Eisenberg et al., 2004). Reactive control is typically measured by a
stop signal task (Sergeant, 2000) and/or parent and teacher ratings of ADHD impulsivity
symptoms (Avila et al., 2004).

The importance of examining both reactive and effortful control processes as it relates to the
development of self-regulation abilities has been recently documented within the
neuroscience literature. For example, reactive control tasks have been shown to activate
predominantly the right inferior prefrontal cortex (Aron, & Poldrack, 2005; Rubia, Smith,
Brammer, Toone, & Taylor, 2005) while effortful control tasks have been shown to activate
predominantly left dorsolateral prefrontal cortex, anterior cingulate gyrus, and inferior
parietal lobe (Posner & Rothbart, 2007). These relative distinct neural pathways may
indicate that reactive and effortful control processes have different roles in facilitating self-
regulation (Eisenberg et al., 2009; Olson et al., 1999, Posner, 2004).

However, as recently pointed out by Eisenberg and colleagues (2009), most of the
developmental research has failed to differentiate between effortful versus reactive control
processes and instead have examined broad measures of self-regulation. In addition, the few
studies that have differentiated these control processes have tended to examine how either
early effortful control or reactive control relate to various developmental competencies such
as moral understanding (Kochanska, 1999), social competence (Eisenberg et al., 1997),
temperament and shyness (Kagan, 1999), patterns of parent-child interaction (Olson et al.,
1990), and externalizing/internalizing symptoms (Eisenberg et al., 2001). Herba and
colleagues (2006) also point out that relatively few studies have concurrently examined
effortful control and reactive control processes. The few studies that have examined both
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effortful and reactive control processes have focused on either how children diagnosed with
ADHD and/or behavior problems such as Conduct Disorder perform on both types of tasks
(Herba et al., 2006; Moffit, 1993; White et al., 2004) or how such control processes
differentially predict social competence and externalizing/internalizing problems
(Cumberland-Li et al., 2004; Eisenberg et al., 2004; 2009). Even fewer studies have focused
on examining what factors contribute to individual differences in children's reactive and
effortful control processes. Understanding which factors contribute to individual differences
in such control processes is of utmost importance to issues of risk and prevention.

A large portion of the variability in children's reactive and effortful control processes has
been attributed to genetics as reported in the AD/HD literature (Barkley, 1997; Oades et al.,
2008) as well as in the genetic disorders (e.g., Fragile X) literature (Loesch et al., 2003).
Animal studies have also documented a strong genetic link in reactive control processes
(Fairbanks et al, 2004; Groot et al., 2004). Developmental research has also documented that
dispositional differences in effortful control appear to be heritable aspects of temperament
that tend to exhibit some stability from infancy to childhood (Eisenberg et al., 2004;
Murphy, Eisenberg, Fabes, Shepard, & Guthrie, 1999; Saudino, 2005). However, despite the
strong genetic and/or temperament link, both reactive and effortful control processes have
been shown to change with age (Eisenberg et al., 2009; Rothbart & Bates, 2006).
Developmental changes in these control processes have been theorized as being due to not
only individual factors such as sex and language (Chapple, & Johnson, 2007; Moffitt et al.,
2002; Putnam, Rothbart, & Gartstein, 2008) but also socialization factors (Rothbart & Bates,
2006). For example, parenting factors such as maternal psychopathology and maternal
behaviors have been associated with reactive and/or effortful control processes (Eisenberg et
al., 2005; Gartstein & Fagot, 2003; Greenberg, Spelztz, & DeKlyen, 1993; Lengua,
Honorado, & Bush, 2007; Olson, Bates, Sandy, & Schilling, 2002; Winsler, Diaz,
McCarthy, Atencio, & Chabay, 1999). However, it remains unclear whether these
socialization factors have a similar influence on the development of reactive and effortful
control processes. Given the theoretical distinction between these two control processes
(Eisenberg et al., 2004) as well as recent data showing potential differences in the
heritability of these control processes (Oades et al., 2008), it may also be the case that
socialization factors have a stronger influence on one control process over another. Hence,
the current study sought to examine whether maternal behavior can differentially explain
individual differences in the development of children's reactive and effortful control
abilities.

Recent conceptual work and empirical research suggests that caregiver behavior may affect
the development of self-regulation skills, both at the behavioral and biological level (Calkins
& Hill, 2007; Gunnar, 2006). The toddlerhood period represents a particularly important
period in which children test parental limits and resist control. To the extent that a caregiver
can appropriately read toddlers' signals and respond in ways that minimize distress, or
alternatively, motivate positive interaction, the toddler will integrate such experiences into
the emerging behavioral repertoire of self-regulatory skills (Kopp, 1982; Fox & Calkins,
2003; Sroufe, 2000). In addition, deviations from supportive caregiving may contribute to
patterns of self-regulation that undermine the development of appropriate skills and abilities
needed for later developmental challenges (Cassidy, 1994). Maternal behaviors that are
thought to facilitate children's self-regulation development include the use of appropriate
language, responsiveness, sensitivity, and use of control, taking the child's developmental
level into consideration (Landry, Miller-Loncar, Smith, & Swank, 2002). On the other hand,
maternal overcontrol reflects excessive regulation of children's activities. This type of
behavior is also characterized by intrusiveness and use of excessive demands (Gilliom &
Shaw, 2004).

Graziano et al. Page 3

Infant Child Dev. Author manuscript; available in PMC 2011 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



While the role of the caregiver in the development of children's self-regulation skills has
been established, little research has examined whether the caregiver behavior has a similar
influence on reactive and effortful control processes. One of the few studies that included
multiple aspects of self-regulation found that toddlers who experienced low levels of
maternal restrictiveness and high levels of cognitive stimulation had significantly better
inhibitor control abilities, a component of effortful control, at age 8 while no effect was
found for reactive control (Olson et al., 2002). An association between parenting behavior
and children's effortful control has also been found in other studies, although measurements
of reactive control were missing (Eisenberg et al., 2005; Lengua et al., 2003). Thus, initial
evidence suggests that the caregiver behavior may have an effect on the development of
children's effortful control processes but not their reactive control processes. The link
between maternal behavior and effortful control but not reactive control is consistent with
theoretical notions suggesting that reactive control has a stronger biological basis and
therefore operates in an automatic/involuntary fashion whereas effortful control may be
more amenable to socialization practices (Eisenberg & Morris, 2002). A recent genetic study
has also identified reactive control processes as having a stronger genetic basis compared to
effortful control (Oades et al., 2008). However, a major limitation in Olson and colleagues'
study (2002) along with previous work that has examined how socialization factors predict
reactive and effortful control processes was that it included only two time points, preventing
the examination of a developmental trajectory. The examination of a developmental
trajectory is crucial to determine whether maternal behavior affects children's initial reactive
and/or effortful control processes and/or if it affects their growth rate.

A second goal of the current study was to examine whether a child's early emotion
regulation skills affect the development of reactive and effortful control processes. Emotion
regulation has been conceptualized as a process that involves both reactive and regulatory
dimensions of emotional expressions (Fox & Calkins, 2003). The reactive dimension
involves emotional reactivity which reflects the characteristic threshold, intensity, and
duration of affective arousal whereas emotion regulation refers to the behaviors, skills, and
strategies that modulate affective arousal in a way that facilitates adaptive functioning
(Calkins, 2007; Rothbart & Bates, 2006). Considerable research has found that deficits in
emotion regulation and higher levels of emotional reactivity are linked to greater levels of
behavior problems, social functioning difficulties, and later psychopathology (Degnan,
Calkins, Keane, & Hill-Soderlund, 2008; Eisenberg et al., 2009; Keenan, 2000; Graziano,
Keane, & Calkins, 2007). While both emotional reactivity and regulation are considered
aspects of temperament, emotional reactivity tends to be more stable across time compared
to emotion regulation which is influenced by regulatory systems and socialization factors
over time (Rothbart & Bates, 2006).

Both emotional reactivity and regulation are inherently tied to reactive and effortful control
processes. For example, considerable research has documented early emotional reactivity as
a predictor of reactive control processes, in particular reactive overcontrol or behavioral
inhibition (Kagan, 1999) as well as reactive undercontrol or behavioral impulsivity as seen
in children with ADHD (Jensen & Rosen, 2004). Research has also identified effortful
control as playing an important role in facilitating emotion regulation efforts throughout
development (Fox & Calkins, 2003; Posner & Rothbart, 2007). However, it remains unclear
whether early success in regulating distressing emotions during toddlerhood leads to better
effortful control in later childhood, especially when the use of effortful control processes
occurs in more cognitively oriented tasks. This is an especially important question given that
early emotion regulation skills entail several basic behavioral strategies that emerge prior to
or jointly with effortful control such as self-stimulation, self-soothing, and help seeking (Fox
& Calkins, 2003).
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In summary, the purpose of the present study was to examine the role of maternal behavior
along with children's early emotion regulation skills in the development of reactive control
processes, specifically behavioral impulsivity, as well as later effortful control. Based on
Derryberry and Rothbart (1997) along with Eisenberg and Morris' (2002) theoretical
framework suggesting that socialization factors should have a stronger influence on effortful
control versus more involuntary reactive control processes, we expected that early maternal
behavior would predict children's later effortful control but not the development of their
reactive control (i.e., behavioral impulsivity). Specifically, we predicted that early positive
maternal behavior characterized by warmth and responsiveness at age 2 would be predictive
of children's effortful control at age 5.5 while early negative maternal behavior characterized
by overcontrol/intrusiveness would negatively predict children's effortful control at age 5.5.
Lastly, we expected that children's early emotion regulation skills at age 2 would predict the
development of reactive control, specifically behavioral impulsivity, (i.e., predict initial
level of reactive control and greater improvement over time) as well as later effortful control
abilities at age 5.5. This hypothesis was based on prior work documenting a strong
association between emotion regulation and emotional reactivity, which is theoretically
considered a reactive control process (Eisenberg & Morris, 2002; Fox & Calkins, 2003).
Thus, a child who has early and successful experiences modulating their emotions to lower
their emotional reactivity may also be more likely to modulate other reactive control
dimensions such as behavioral impulsivity. Lastly, given the strong association between
effortful control and emotion regulation (Fox & Calkins, 2003; Rothbart & Bates, 2006), we
expected that early success in regulating distressing emotions via more basic behavioral
strategies (e.g., self-soothing) during toddlerhood would generalize to more advanced
cognitive self-regulation strategies (i.e., effortful control) in later childhood.

Method
Participants

Participants for this study included 435 children (225 girls) obtained from three different
cohorts participating in a larger ongoing longitudinal study. Four hundred and forty seven
participants were initially recruited at two years of age through child care centers, the
County Health Department, and the local Women, Infants, and Children program. In order to
obtain a broad, community-based sample of children with a wide range of disruptive
behavior, potential participants were screened using the externalizing subscale of the Child
Behavior Checklist (CBCL 2-3; Achenbach, 1992). Further details about the recruitment
may be found in Smith, Calkins, Keane, Anastopoulos, and Shelton (2004), although it is
pertinent to point out that children with externalizing problems were over-sampled. The
recruitment sample was diverse with 67% percent of the children classified as European
American, 27% as African American, 4% as biracial, and 2% as Hispanic. At age 2, the
children were primarily from intact families (77%), and families were economically diverse,
with Hollingshead (1975) scores ranging from 14 to 66 (M = 39.56). Of the original 447
participants, 399 participated at 4.5 years of age assessment. There were no significant
differences between families who did and did not participate in terms of sex, race, 2-year
SES, or 2-year externalizing T-scores. When children were 5.5 years of age, 365 families
participated, including 4 who did not participate in the 4.5-year assessment. Again, there
were no significant differences between families who did and did not participate at 5.5 years
in terms of sex, race, SES, and 2-year externalizing T-scores.

Procedures
The focus of this study involved several laboratory assessments at the 2-year, 4.5-year, and
5.5-year visits. When the children were 2 years of age, mothers brought their children to the
laboratory and were videotaped during several tasks designed to elicit emotion regulation
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and mother– child interaction. The high chair task, where the child was placed in a high
chair without any toys or snacks for 5 minutes was used to code observed emotion
regulation (LAB-TAB, Goldsmith & Rothbart, 1993). A teaching task where the mother was
instructed to assist the child during a challenging task, a freeplay procedure in which the
mother was instructed to play with her child as she would at home, and a clean up task
where the mother was to try and get the child to clean up the toys from the freeplay session
were all used to code observed maternal behavior. The tasks were ended early if the child
was highly distressed or cried hard for more than 30 seconds. Follow up assessments took
place when children were approximately 4.5 and 5.5 years of age. Similar to the 2 yr visit,
mothers completed various questionnaires. Laboratory based measures assessing maternal
behavior and emotion regulation were collected during the 2yr visit, a behavioral impulsivity
parent questionnaire measure was collected during the 2yr, 4.5yr, and 5.5yr visit, and an
effortful control laboratory task was conducted during the 5.5 yr visit.

Measures
Maternal Behavior—Maternal behavior during six mother-child interactions at 2 years of
age were coded according to global indices of warmth/positive affect (displaying positive
affect and warmth toward the child), sensitivity/responsiveness (promptly and appropriately
responding to the child's bids to her), and overcontrol/intrusiveness (exerting influence
toward completion of the child's activity using directive methods; displaying a no-nonsense
attitude; constantly and aversively guiding the child and creating a structured environment).
These global codes were adapted from the Early Parenting Coding System (Winslow, Shaw,
Bruns, & Kiebler, 1995). Each behavior was coded once for each episode on a 4-point scale
(1 = low to 4 = high). Four coders trained on 10% of the videotaped sessions and
independently coded another 10% for reliability. The adjusted Kappas for global codes were
all above .70.

Emotion Regulation—Emotion regulation at 2 years of age was coded from videotapes
of the frustration task (High Chair). The task was coded for global regulation and the
frequency and effectiveness of various strategies such as self-stimulation, self-soothing,
distraction, and help seeking. Global regulation was coded on a scale from 0, meaning
dysregulated or no control of distress, to 4, meaning well regulated or when the child
seemed to completely regulate his/her distress during most of the task. The various
regulation strategies were also coded globally on a scale from 0, not used at all, to 2, often
used throughout the task. The effectiveness of each strategy was coded globally on a scale
from 0, never used, to 4, strategy use was always effective in regulating distress. Four coders
trained on 10% of the videotaped sessions and independently coded another 10% for
reliability. Reliability Kappas across codings were all above .72 (range = .72 to 1.0). The
current study only used the global regulation code as it was thought to best index a child's
level of appropriate regulation skills during the High Chair task.

Reactive Control
To obtain a parent measure of children's reactive control, the three impulsivity items from
the AD/HD Rating Scale (DuPaul, Power, Anastopoulos, & Reid, 1998) were used. The
impulsivity items include “blurts out answers,” “difficulty awaiting turn,” and “interrupts/
intrudes on others.” Mothers rate the frequency (ranging from 0 = never to 3 = always) with
which they observe their children engage in each item asked. The three items were summed
and reversed score to create a reactive control score with higher numbers indicating higher
levels of control. The alpha reliability for the reactive control score was .66. This measure
was obtained at ages 2, 4.5, and 5.5.
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Effortful Control
At 5.5-years of age, a Stroop task was used to measure children's effortful control abilities.
In this task, children were presented with large pictures representing large shapes (animals,
geometric figures). Within the larger pictures, smaller shapes were depicted. In half of the
trials the small shapes were consistent with the large shape (e.g., a large cat was made up of
identical smaller cats) and in the other half the shapes were inconsistent (e.g., large circles
made up of small squares). The child was asked to recognize only the smaller shapes in the
pictures presented and were instructed to answer as fast as possible. Prior to the start of the
task examiners made sure that children understood the task via a practice trial. Children
could receive a maximum of 48 points: 2 points for each correct answer, 1 point if they
initially got it wrong but corrected themselves, and 0 points if they did not get it right. This
total score, while controlling for the child's response speed, was used as this study's measure
of cognitive inhibition at age 5.5.

Data analytic strategy
First, preliminary analyses (data reduction, descriptive statistics, and correlations among
predictors) were computed. Next, growth curve analyses were conducted to examine the
trajectory of reactive control across early childhood using hierarchical linear modeling
(HLM; Raudenbush & Byrk, 2002). An advantage of growth curve modeling and HLM is
the ability to account for missing data longitudinally with longitudinal sets that vary in terms
of participants per waves as it allows for unbalanced designs so those children with
incomplete outcome data could be included in the analyses (Singer & Willett, 2003). In the
current study 341 children had some data (e.g., parent report and/or lab measure) at each
time point; an additional 47 children had some data in two time points, while another 47
children had data on only one time point. Thus, a total of 435 children, who had at least one
wave of data, were included in the analyses. This final sample of 435 children (225 girls)
was racially (67% Caucasian) and economically diverse (Hollingshead scores ranging from
14 to 66 with a mean of 39.48). There were no significant differences in sex, race, or SES
between children who provided 1, 2, or 3 waves of data. Additionally, there were no
significant demographic differences between this study's sample and the original recruitment
sample.

Measures of reactive control were obtained when children were 2, 4.5, and 5.5 years of age.
All other variables (i.e., predictors such as maternal behaviors and emotion regulation as
well as demographic variables) were assessed when children were 2-years of age. Age was
centered at 2-years so that the intercept indicated initial levels of reactive control. The
reactive control scores were converted into proportion scores and multiplied by 100 (with
higher numbers indicating better behavioral inhibition) to facilitate HLM interpretation.
Linear growth trajectories were fit using full maximum likelihood estimation and the results
reported were based on the robust standard errors. Based on our hypotheses, we expected: a)
growth in reactive control across time as evidenced by a significant Unconditional Growth
Model and b) that children with better emotion regulation skills at age 2 would have higher
initial levels of reactive control (i.e., less behavioral impulsivity) at age 2, as evidenced by a
significant initial status effect, and would experience greater improvement over time as
evidenced by a significant slope effect.

Lastly, because the laboratory measure for effortful control was only measured at age 5.5, it
could not be examined via HLM. In addition, the laboratory measure of effortful control
(Stroop task) was skewed (-1.68) with a large number of children obtaining perfect or close
to perfect scores. As a result, a quartile split was performed and a Multivariate Analysis of
Variance (MANOVA) was conducted to determine whether children in the high scoring
group (≥75th percentile, n = 108) differed from the low scoring group (≤25th percentile, n =
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80) in terms of maternal behaviors and emotion regulation. Based on our hypotheses, we
expected that children in the high effortful control group to have had significantly higher
levels of emotion regulation at age 2, as well as experienced greater levels of positive
maternal behavior (i.e., warmth/responsiveness) and lower levels of negative maternal
behavior (i.e., overcontrol/intrusiveness) compared to children in the low effortful control
group.

Results
Preliminary analyses

Preliminary analyses focused on reducing the number of predictors. First, the global codes
for the maternal behaviors were averaged across the six mother-child interactions as their
alphas were highly reliable (.90 for warmth, .81 for overcontrol/intrusiveness, and .82 for
responsiveness). Second, an examination of the relations between the maternal behavior
composites indicated that maternal warmth and responsiveness were high related (r = .80,
p<.001) and thus were averaged into a single maternal warmth/responsiveness composite.
Next, the associations among predictors were examined. Maternal warmth/responsiveness
was negatively associated with maternal overcontrol/intrusiveness (r = -.29, p<.001). This
indicates that mothers who use a warm and responsiveness interaction style are less likely to
interact with their children in an intrusive manner. Children's emotion regulation skills were
negatively associated with maternal overcontrol/intrusiveness (r = -.12, p<.05). This
indicates that children with better emotion regulation skills were less likely to have mothers
who interacted with them in an intrusive manner compared to children with weaker emotion
regulation skills. Finally, maternal education was positively related to maternal
responsiveness/warmth (r = .35, p<.001) and negatively related to maternal overcontrol/
intrusiveness (r = -.26, p<.001). Hence, this indicates that mothers with higher levels of
education were more likely to interact with their children in a warm and responsive manner
and less likely to interact with them in an intrusive manner compared to mothers with lower
levels of education. Descriptive statistics for all of the study's variables are presented in
Table 1.

Hierarchical linear modeling for reactive control
The unconditional means model (UMM) was first tested to determine whether there was
sufficient variability in individuals' average scores on the dependent variable (i.e., reactive
control) averaged over time. A significant UMM suggests that examining predictors in the
model is warranted. Next, the unconditional growth model (UGM) was tested to determine if
there is sufficient variability in the data over time. The UGM also addresses whether
reactive control increases from the toddlerhood to early childhood period. Next, the
variability in interindividual change in reactive control was examined by adding 2-year
factors (demographic variables, emotion regulation, and maternal behaviors) to predict
initial levels of reactive control and to predict increases or decreases in reactive control from
2-years to 5.5-years. The predictors of reactive control (emotion regulation and maternal
behaviors) were placed in the model in a step wise fashion. The addition of each predictor
that is placed in the model was compared to the previous model using the deviance statistic
(when the model was nested within another model) or the Akaike information criterion
(AIC) and/or the Bayesian Information Criterion (BIC) when the model was non-nested. The
model with smaller deviance or the smaller AIC and/or BIC numbers fits the data better and
should be preferred. Differences greater than 10 are considered to provide very strong
evidence for favoring the model with the lower AIC and/or BIC score (Kass & Raftery,
1995). This index has been shown to be helpful in comparing non-nested models and
penalizes the model for the number of parameters which helps prevent problems with
overspecification (Singer & Willet, 2003).
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The UMM and UGM for the maternal report of behavioral inhibition are presented as
Models A and B in Tables 2 and 3. As indicated in Model A, the grand mean or fixed effect
(table 2) for reactive control is significantly different from zero along with the estimated
within-person variances (table 3). The dependent variable also had significant between-
person variances (table 3) that differed from zero, indicating significant individual
differences in average reactive control as reported by mothers. Because both variance
components were not zero, additional predictors may improve model fit. The UGM in
Model B shows that both initial status and slope were significantly different from zero (table
2). Specifically, it is estimated that children's reactive control abilities increase from 2 to
5.5-years of age. Graphically depicted in Figure 1, it is estimated that the average child
(depicted by the thick grey line) has a reactive control score of 71.41 at 2-years with an
increase in reactive control of .11 per month. This finding indicates that children's reactive
control as reported by mothers show a significant increase from the toddlerhood to early
childhood period. Moreover, 26% of within-person variation in reactive control is explained
by age. However, as seen in Figure 1, there is significant variability in children's reactive
control development. Further examination of the significant Level 2 residual variances (table
3) for the maternal report of reactive control, which summarize the between-person
variability in initial status and rate of change, indicate that additional Level 2 predictors may
improve model fit. Additionally, to determine whether the addition of time as a Level 1
predictor improved the model, the fit statistics were compared. Because the UMM is nested
within the UGM, the deviance statistic can be used. The reduction in deviance due to the
addition of time was statistically significant (χ2 (3) = 9323 - 8937 = 386, p<.001).

Predicting reactive control development
Demographic variables—No initial status or slope effects were observed in regards to
sex, race, socioeconomic level, or maternal education. This indicates that boys and girls
alike as well as children from various racial and socioeconomic statuses have similar initial
levels of reactive control as well as similar levels of reactive control growth over time.

Effect of Emotion Regulation and Maternal Behaviors—A significant effect of
emotion regulation skills on children's initial levels of reactive control was found (Π0i =
1.88, p<.05). Children with higher levels of emotion regulation skills had higher levels of
reactive control (i.e., lower levels of behavioral impulsivity) at age 2, as reported by
mothers, compared to children with lower levels of emotion regulation skills. Emotion
regulation skills did not significantly predict improvement in reactive control across time
(Π1i = -.02, p>.05). In terms of the maternal behaviors, there was a marginal effect of
maternal overcontrol/intrusiveness on children's initial levels of reactive control (Π0i =
-2.35, p<.08) and growth over time (Π1i = -.10, p<.08). Thus, children whose mothers
interacted with them in an overcontrolling/intrusive manner had lower levels of reactive
control (i.e., higher levels of behavioral impulsivity) at age 2 and showed less improvement
in reactive control across time compared to children whose mothers interacted with them in
a less overcontrolling/intrusive manner. Maternal warmth did not have a significant effect on
the initial status or slope of children's reactive control. No interactions were found among
maternal behaviors or emotion regulation and the demographic variables.

Final Model—Table 2 contains the parameter estimates for the final model in the
prediction of children's reactive control development. It combines the significant parameters
found within models 1 and 2. Additionally, it tests the unique contribution of each predictor
to ensure, for example, that the effect of maternal behavior on children's reactive control is
not better explained by only having the emotion regulation variable. Lastly, the final model
tests any potential interactions between predictors. Thus, Model C examined the joint main
effects of emotion regulation and maternal overcontrol/intrusiveness. This model revealed
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that children's emotion regulation skills continued to significantly predict initial levels of
reactive control, even after accounting for maternal overcontrol/intrusiveness. Maternal
overcontrol/intrusiveness, on the other hand, no longer had a significant effect on children's
initial levels of reactive control but continued to exert a marginal effect on reactive control
growth across time. Model D examined the potential interaction between children's emotion
regulation skills and maternal overcontrol/intrusiveness. The interaction between emotion
regulation skills and maternal overcontrol/intrusiveness was not significantly related to the
initial status or slope of reactive control in this final model. As seen in Table 3, comparison
of the goodness-of-fit statistics between the model that included emotion regulation and
maternal overcontrol/intrusiveness (Model C) and Model B (unconditional growth model)
revealed a lower AIC and BIC statistic suggesting a better fit. Thus, the best fitting model
for the prediction of children's reactive control was Model C.

Predicting effortful control
Before conducting the MANOVA, demographic/control variables were examined to
determine possible covariates. These analyses found that children in the high effortful
control group (i.e., high scores on the Stroop) had significantly higher levels of maternal
education (M = 3.66, SD = .88, t(204) = 4.75, p<.001) and socioeconomic levels (M = 41.56,
SD = 11.08, t(199) = 2.81, p<.01) compared to children in the low effortful control group (M
= 3.08, SD = .87 and M = 37.28, SD = 10.05, respectively). No other differences were noted.
As a result of such differences, both SES and maternal education were covaried in the
MANOVA. The child's response speed during the stroop task was also covaried. The initial
MANOVA was significant (F(3, 181) = 9.97, p<.001, partial eta squared = .14) with
significant follow up ANOVAs for maternal warmth/responsiveness (F(1, 183) = 15.42, p<.
001, partial eta squared = .08) and maternal overcontrol/intrusiveness (F(1,183) = 14.03, p<.
001, partial eta squared = .07). These results, which are depicted in Figure 1, indicate that
children in the high effortful control group at age 5.5 had mothers who interacted with them
at age 2 with significantly more warmth/responsiveness (estimated marginal M = .17 SE = .
09) and were less overcontrolling/intrusiveness (estimated marginal M = -.22 SE = .10)
compared to mothers from children in the low effortful control group (estimated marginal M
= -.40, SE = .11, estimated marginal M = .37, SE = .11, respectively). No effect was noted
for emotion regulation.

Discussion
The purpose of the current study was to examine the role of maternal behavior and children's
early emotion regulation skills in the development of children's reactive control, specifically
behavioral impulsivity, and later effortful control. This study attempted to address several
gaps in the literature to determine whether socialization factors (e.g., maternal behavior) and
temperamental/individual factors (e.g., emotion regulation) differentially predict reactive
and effortful control processes. First, it is important to note that the current study found
significant growth in children's reactive control (i.e., a decrease in behavioral impulsivity
across time) from the toddlerhood to early childhood period. While previous studies (Berwid
et al., 2005; Kochanska, Murray, Jacques, & Koenig, 1996; Kochanska, Murray, & Harlan,
2000; Olson et al., 2002) had documented increases in various self-regulation processes over
this period, this marks the first study to date that has longitudinally examined the
development of a reactive control process (i.e., behavioral impulsivity) utilizing growth
curve modeling. The significant growth in reactive control between toddlerhood and early
childhood found in this study indicates a reduction in children's behavioral impulsivity
across time and is consistent with recent findings showing increases in children's other self-
regulation and executive functioning skills between the ages of 3 and 5 that are thought to be
crucial in regulating impulsivity (Stahl & Pry, 2005; Zelazo, 2006; Zelazo & Muller, 2003).
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Previous neuroscience work has established relative distinct neural pathways for reactive
and effortful control processes (Posner & Rothbart, 2007). The unique contributions of both
reactive and effortful control processes to various developmental outcomes (e.g., social
competence, externalizing and internalizing symptoms) have also been established
(Eisenberg et al., 2004; 2009). Our study extends such work by providing support that these
related yet distinct control processes may also have different etiological factors that
contribute to their development as we found partial support for the notion that maternal
behavior and children's early emotion regulation skills differentially predict children's
reactive control development and later effortful control abilities. It is also important to point
out that we found no sex differences in any of these associations suggesting that boys and
girls show relatively similar levels of reactive and effortful control from toddlerhood to early
childhood. Past research has found that boys tend to exhibit greater levels of behavioral
impulsivity (i.e., worse reactive control) and poorer effortful control compared to girls
(Chapple & Johnson, 2007; Eisenberg et al., 2003; 2005). However, these studies tended to
focus on school age children. Hence, it appears that sex differences in these self-regulation
domains may become more evident as children enter school. These emerging sex differences
may be due to the fact that deficits in self-regulation are more readily seen in the school
environment, which has been documented as being particularly challenging for children as
they must now independently use their self-regulation skills to adapt to novel demands of
learning and interpersonal skills (Rimm-Kaufman & Pianta, 2000).

Maternal behavior as a predictor of children's reactive and effortful control
Maternal behavior characterized by high levels of overcontrol/intrusiveness at age 2 was
found to negatively predict children's effortful control at age 5.5 while maternal behavior
characterized by high levels of warmth/responsiveness was found to positively predict
children's effortful control at age 5.5. Maternal behavior characterized by high levels of
overcontrol/intrusiveness at age 2 was marginally related to lower levels of reactive control
growth. While the role of the caregiver in children's self-regulation development has been
widely documented (Calkins, 2007), it remained unclear the extent to which caregiver
behavior affects various self-regulation abilities. Given the strong biological basis and
emotional driven aspect of reactive control processes as well as research from the ADHD
and animal literature suggesting that maternal behaviors do not have a direct influence on
behavioral impulsivity (Barkley, 1997; Groot et al., 2004), we predicted that maternal
behavior would not have a direct effect on children's reactive control development.
However, we did find that maternal behavior characterized by high levels of overcontrol/
intrusiveness at age 2 was marginally related to lower levels of reactive control growth.
Maternal behavior also predicted children's effortful control abilities.

These findings add to recent literature documenting the effects of caregiving on behavioral,
cognitive, and physiological indices of self-regulation in humans (Calkins, Graziano,
Berdan, Keane, & Degnan, 2008; Crockenberg & Leerkes, 2006; Eisenberg et al., 2005) and
on animal work demonstrating the multiple levels of influence of early caregiving (Polan &
Hofer, 1999). It also extends the literature by demonstrating that maternal behavior is
associated with multiple aspects of children's control processes (i.e., reactive and effortful
control). However, it is important to note that there was a stronger association between
maternal behaviors and effortful control. This stronger association between maternal
behavior and effortful control rather than reactive control is consistent with previous
research (Derryberry & Rothbart, 1997; Eisenberg & Morris, 2002; Olson et al., 2002)
suggesting that socialization factors have a stronger influence on effortful control versus
more involuntary reactive control processes. In addition, it appears that the link between
maternal behaviors and children's self-regulation skills occur across situations and not
necessarily only during teaching moments.
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Although the current study did not test any mechanisms by which maternal behaviors
facilitates children's reactive and effortful control skills, it may be that maternal behavior
that is intrusive and hostile elevates children's stress levels which have been shown to affect
various neurological systems associated with self-regulation (Francis, Caldji, Champagne,
Plotsky, & Meaney, 1999). On the other hand and consistent with the notion of scaffolding,
maternal behavior characterized by positive affect and appropriate responsiveness
encourages children not only to respond to the demands of the situation but also allows them
to independently learn how to solve problems. These maternal behaviors may in turn not
only either foster or hinder the toddlers' ability to integrate environmental experiences into
their emerging repertoire of self-regulatory skills but may also affect physiological systems
that are important for the development of higher order cognitive skills. For example, more
recent work has found that a high quality mother-child relationship is associated with better
physiological functioning (i.e., respiratory sinus arrhythmia [RSA] suppression, a
physiological regulation construct frequently linked to emotion regulation) that is thought to
promote children's higher order coping skills such as attentional disengagement (Calkins et
al., 2008). Similar links between caregiver behavior and offspring's physiological
functioning has been documented in the animal literature (Caldji et al., 1998; Hofer, 1994;
Lovic & Fleming, 2004).

Children's early emotion regulation skills as a predictor of reactive and effortful control
We expected that children's early emotion regulation skills at age 2 would predict the
development of reactive control, specifically behavioral impulsivity, (i.e., predict initial
level of reactive control and greater improvement over time) as well as later effortful control
abilities at age 5.5. Consistent with this hypothesis, toddlers with better emotion regulation
skills did display higher initial levels of reactive control (i.e., lower behavioral impulsivity)
as reported by mothers at 2 years of age. No effects were found in terms of the rate of
change of reactive control. This indicates that although children's initial levels of reactive
control varied as a function of their emotion regulation skills, the rate at which their reactive
control skills grew over time were similar. Counter to our hypothesis, toddlers' emotion
regulation skills did not predict effortful control abilities in early childhood.

The link between early emotion regulation skills and reactive control (i.e., lower behavioral
impulsivity) was not surprising given previous work suggesting a strong link between
emotion regulation and emotional reactivity, a reactive control process (Eisenberg & Morris,
2002; Fox & Calkins, 2003). Thus, a child who has early and successful experiences
modulating their emotions to lower their emotional reactivity appears to also be more likely
to modulate other reactive control dimensions such as behavioral impulsivity. This type of
generalization makes sense from a self-regulation framework. For example, it is well
established that as early as the neonatal period, infants show individual differences in the
ability to regulate distress (Kopp, 1982; Rothbart, Ziaie, & Boyle, 1992). Successful
modulation of such distress allows infants to build their behavioral and physiological
repertoire of self-regulatory skills (Calkins, 2007). Significant increases in motor and
language development during the toddlerhood period along with greater external demands
placed by the caregiver, place the toddler at an increase need to be able to modulate their
motor and verbal behaviors (Fox and Calkins, 2003). Not surprisingly, then, infants and
toddlers who have built a repertoire of self-regulatory skills based on regulating past
distress/emotions have an easier time applying such self-regulatory skills to modulate their
newly occurring motor and verbal behaviors, thus appearing to be less impulsive.

It is also important to note that children with better emotion regulation skills in toddlerhood
had higher initial rates of reactive control, but contrary to expectations did not have higher
rates of growth across time. Reactive control processes such as emotional reactivity tend to
be relatively stable across development (Rothbart & Bates, 2006). The influence of self-
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regulation strategies on reactive control processes such as emotional reactivity and
behavioral inhibition have also been documented as occurring rapidly during the first 2 years
of life (Fox & Calkins, 2003; Kochanska, 1997). Thus, it may also be the case that
individual differences in reactive undercontrol (i.e., behavioral impulsivity) are most readily
seen within the first two years. Our finding highlights not only the importance of examining
early emotion regulation skills as predictors of other reactive control processes such as
behavioral impulsivity but also suggests that toddlerhood may be an important period for
interventions, especially for toddlers who are having difficulty regulating distress.

The lack of association between children's early emotion regulation skills and later effortful
control was surprising given that effortful control has been widely documented as having an
important role in children's emotion regulation development (Fox & Calkins, 2003;
Eisenberg et al., 2009; Rothbart & Bates, 2006). Thus, it appears that having early success in
regulating one's emotions via basic behavioral strategies (e.g., self-soothing, self-
stimulation) in toddlerhood does not necessarily generalize to more advanced cognitive self-
regulation strategies (i.e., effortful control) in later childhood. It is important to point out
that the effortful control task that was used in the current study was a more cognitively
based task (stroop). Thus, it is possible that children's early successful experiences in
regulating emotions can facilitate the use of more advanced self-regulation strategies during
similar emotional situations. Lastly, given the well documented bidirectional association
between caregiver behavior and child temperament (Calkins, 2007), a more indirect link
between early emotion regulation skills and later effortful control may exist in which
toddlers with better emotion regulation skills elicit more supportive caregiver behaviors and
less negative behaviors, which in turn promote the development of more complex self-
regulation (i.e., effortful control).

Limitations and future directions
In terms of this study's limitations, a couple of methodological issues need to be
acknowledged. First, the lab measure of effortful control was not available at all time points
preventing a trajectory analysis. Second, the predictors (emotion regulation and maternal
behaviors) were time invariant meaning that they were assessed at the initial time point. For
the HLM analysis this assumes that such constructs are stable across time. Since emotion
regulation abilities are also growing during this developmental period, a model that takes
into account such dynamic changes by having multiple measures of emotion regulation
across time would provide answers to other potentially interesting questions. For example,
does emotion regulation growth or stability predict better reactive control development?
Another important limitation to acknowledge of having time invariant predictors is the
inability to determine the directionality of their associations. Thus, it may also be the case
that toddlers with lower levels of reactive control (i.e., higher levels of behavioral
impulsivity) were more likely to elicit negative maternal behaviors. Future studies may be
able to address the directionality of their associations by examining whether changes in the
trajectories of maternal behavior or emotion regulation overtime directly map onto changes
in reactive control. Lastly, it is important to note that a child's reactive and effortful control
abilities along with his or her ability to regulate distress/emotions all contribute to the multi-
facet aspect of self-regulation development. It will be important for future research to not
only continue to examine how all three facets of self-regulation develop, relate to each other,
and predict outcomes, but also to examine whether and how socialization factors can change
these aspects of self-regulation as it may have tremendous implications for treatment/early
interventions.
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Figure 1.
Unconditional growth model. Black lines indicate individual growth trajectories using
ordinary least squares (OLS; Singer & Willet, 2003). Grey line depicts average growth
trajectory.
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Figure 2.
Profiles of children with low vs. high effortful control abilities at 5.5yrs of age.
*** indicates a significant difference at p<.001 between the groups while controlling for
maternal education, SES, and speed of response on the stroop task.
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