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Abstract

Trajectories of emotion regulation processes were examined in a community sample of 269 children
across the ages of 4 to 7 using hierarchical linear modeling. Maternal depressive symptomatology
(Symptom Checklist-90) and children’s physiological reactivity (respiratory sinus arrhythmia
[RSA]) and vagal regulation (ARSA) were explored as predictors of individual differences in
trajectories of emotion regulation and negativity (mother-reported Emotion Regulation Checklist;
A. M. Shields & D. Cicchetti, 1997). In addition, the authors explored whether children’s
physiological regulation would moderate the effect of maternal depressive symptomatology on
children’s emotion regulation trajectories. Results indicated that over time, emotion regulation
increased whereas negativity decreased, though considerable individual variability in the pattern of
change was observed. Greater maternal depressive symptomatology was associated with less steep
emotion regulation trajectories. There was a significant Maternal Depressive Symptomatology x
Baseline RSA x Age interaction predicting emotion regulation trajectories. Overall, it appears that
the development of emotion regulation over time is compromised when mothers report greater
depressive symptomatology. There is also evidence that children’s capacity for physiological
regulation can buffer some of the adverse consequences associated with maternal depressive
symptomatology.
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The ability to regulate one’s emotions is a critical achievement attained during childhood that
has important implications for many dimensions of children’s development (Calkins & Howse,
2004; Eisenberg et al., 2001; Sroufe, 1996). Research suggests that deficits in emotion
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regulation and higher levels of negativity in emotional expression are linked to greater levels
of behavior problems, difficulties with peers, and later psychopathology (Calkins, Gill,
Johnson, & Smith, 1999; Eisenberg et al., 2001; Keenan, 2000; Shipman, Schneider, & Brown,
2004). Conversely, a greater capacity for emotion regulation has been linked to better academic
achievement (Gumora & Arsenio, 2002; Howse, Calkins, Anastopoulos, Keane, & Shelton,
2003) and social skills (Keane & Calkins, 2004). Overall, research indicates that the greatest
risk for poor psychosocial outcomes occurs when children are highly reactive in emotionally
arousing situations, tend to be negative rather than positive in their expressiveness, and have
not developed adaptive strategies for managing their emotions (Calkins, Smith, Gill, &
Johnson, 1998; Eisenberg, Fabes, Guthrie, & Reiser, 2000). Given the importance of children’s
capacity for emotion regulation across multiple domains of adjustment, it is important to
identify the factors that contribute to individual differences in the development of these skills
across early childhood and to understand how trajectories of positive development may be
facilitated. The developmental psychopathology perspective posits that there are multiple
pathways to both adaptive and maladaptive functioning (Cicchetti, 1993; Rutter & Sroufe,
2000). Of particular interest from this perspective is developing an understanding of how
particular factors interact to either enhance or impede children’s normative development.

Recent frameworks conceptualize emotion regulation as a process that encompasses both the
reactive and regulatory dimensions of emotional expressions, in which emational reactivity is
viewed as a dimension of, but still distinct from, efforts to manage it (Calkins & Johnson,
1998; Fox & Calkins, 2003). Specifically, reactivity reflects the characteristic threshold,
intensity, and duration of affective arousal (Rothbart & Bates, 2006). Emotion regulation refers
to the behaviors, skills, and strategies, whether intrinsic or extrinsic, that modulate, inhibit, and
enhance emotional experiences and expressions to meet situational demands and achieve
personal goals (Calkins & Hill, 2007; Cole, Martin, & Dennis, 2004; Gross & Thompson,
2007). Although related, reactivity and regulation uniquely contribute to the prediction of
children’s psychosocial functioning (Eisenberg et al., 1997; Rydell, Berlin, & Bohlin, 2003).
For the current study, we were particularly interested in how physiological and environmental
factors interact to influence children’s expression of negative affect and their ability to control
their emotions.

Normative Development of Emotion Regulation Processes Across Childhood

Rapid changes have been documented in children’s emotion regulation and reactivity across
early childhood as their capacity for self-regulation increases (Calkins et al., 1999; Calkins &
Johnson, 1998; Kochanska, 1994; Kopp, 1989). Preschool children are capable of more active
and planful regulation strategies, including an increasing ability to distract themselves and an
emerging ability to reevaluate frustrating and disappointing situations in a more positive
manner (Kalpidou, Power, Cherry, & Gottfried, 2004; Stansbury & Sigman, 2000). However,
young children’s strategies for controlling their reactivity to challenging events are not always
successful. Underlying these changes in children’s strategies for regulating their emotions are
increasing language and cognitive skills in addition to maturational changes in neural and
physiological systems (Fox, 1994). Recent evidence from developmental neuroscience
suggests that the regions of the brain associated with the emotion regulation process include
the prefrontal cortex, the anterior cingulate cortex, and the amygdala, some of which continue
to mature through childhood and into adolescence (Beauregard, Lévesque, & Paquette,
2004). During this time there is also a shift in children’s developmental context. From preschool
to early grade school there is an important transition characterized by greater demands on the
child to engage in more autonomous self-control with larger class sizes and decreased
supervision (Bronson, Tivhan, & Seppanen, 1995; Rimm-Kaufman & Pianta, 2000).
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Therefore, the first aim of the current study was to explore the normative developmental
trajectories of children’s emotion regulation and negativity across early childhood.
Specifically, we expected that children’s emotion regulation would, on average, increase from
4 to 7 years of age in conjunction with a decrease in their tendency to display negative affect.
We chose to use maternal reports of emotion regulation so that a comparable measure of
emotion regulation could be used across each time point, which is a necessity for growth curve
modeling. It has also been recognized that mothers observe their children across multiple
contexts and situations, which places them in the unique position to observe general patterns
of behavior (Rothbart & Bates, 2006).

Emotion Regulation Processes and Maternal Depressive Symptomatology

The development of children’s emotion regulation is embedded within the family socialization
context and children’s early social interactions (Cummings, Keller, & Davies, 2005; Rogosch,
Cicchetti, & Toth, 2004; Thompson & Meyer, 2007). For young children, caregivers are a
critical external factor in emotion regulation, as they help children regulate their arousal and
emotional states (Calkins, 1994; Kopp, 1989). For instance, sensitive parents generally monitor
their young children’s environment so that the situational demands are developmentally
appropriate, and they provide support, often suggesting strategies children can use to regulate
their emotional response when they are distressed (Thompson & Meyer, 2007). Research
suggests that parents’ direct intervention tends to decrease as children’s regulatory capacities
increase. Therefore, as children grow parents may continue to monitor their child’s responses,
but rather than intervening to alleviate distress, parents may suggest strategies for managing
emotional responses, such as distraction. In this way, children are able to learn skills and
strategies for dealing constructively with their emotional states to meet different situational
demands (Calkins & Hill, 2007).

A number of factors may interfere with parents’ ability to support children’s growing reactivity
and regulation skills during challenging situations. One key factor is maternal depression,
which has been linked to children’s adjustment problems and a heightened risk for later
psychopathology (Cummings & Davies, 1994; Goodman & Gotlib, 1999; Weissman et al.,
2006). There is evidence to suggest that toddlers of depressed mothers are more likely to react
negatively in response to stressful situations and exhibit deficits in their acquisition and use of
emotion regulation strategies (Goodman & Gotlib, 1999). This also appears to be the case
during early childhood. For example, during a delay-of-gratification task 4- to 7-year-old
children of depressed mothers were more likely to focus on the desired object and less likely
to use distraction than children of nondepressed mothers (Silk, Shaw, Skuban, Oland, &
Kovacs, 2006).

Several mechanisms by which maternal depression may disrupt the normative development of
children’s emotional regulation have been proposed (Downey & Coyne, 1990; Goodman &
Gotlib, 1999). One is through the disruption of the parent-child relationship. Mothers with
higher levels of depressive symptomatology exhibit increased psychological control and less
warmth during interactions with their children (Cummings, Keller, & Davies, 2005) and are
more likely to criticize their children (Rogosch, Cicchetti, & Toth, 2004). Maternal depression
has also been found to alter the general emotional climate of the family, such that depressed
mothers exhibit greater levels of trait negative affect, have more negative cognitions and
attributions, are more self-focused, and engage in more negative behaviors than nondepressed
mothers (Goodman & Gotlib, 1999; Rogosch et al., 2004). Therefore, even outside of specific
parent-child interactions, when mothers have higher levels of depressive symptomatology they
provide maladaptive models of emotional expression and regulation within the family. Our
second aim, therefore, was to explore whether maternal depressive symptomatology predicted
children’s trajectories of emotion regulation and negativity.
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Children’s Physiological Regulation

Recent evidence indicates that children’s biological functioning is a critical factor in the
development of adaptive behavior, particularly well-regulated emotional functioning (Calkins
& Dedmon, 2000; Calkins, Graziano, & Keane, 2007; Calkins & Keane, 2004). It has been
proposed that individual differences in nervous system functioning might mediate the
expression and regulation of emotion (Porges, 2001, 2003; Porges, Doussard-Roosevelt, &
Maita, 1994). Porges’s polyvagal theory implicates the maturation of the parasympathetic
nervous system in the regulation of state, motor activity, and emotion (Porges, 1996, 2001,
2003; Porges et al., 1994). Parasympathetic nervous system functioning, as reflected in heart
rate variability influenced by the vagal system, has been linked to the control of attention,
emotion, and behavior (Calkins, 1997; Calkins & Dedmon, 2000; DeGangi, DiPietro,
Greenspan, & Porges, 1991; Huffman et al., 1998; Porges, Doussard-Roosevelt, Portales, &
Greenspan, 1996). Although there are multiple ways to measure this variability, Porges
(1985, 1991, 1996) and colleagues developed a method that measures the amplitude and period
of the oscillations associated with inhalation and exhalation. This measure refers to the
variability in heart rate that occurs at the frequency of breathing (respiratory sinus arrhythmia
[RSA]) and is thought to reflect the parasympathetic influence on heart rate variability via the
vagus nerve. It has been proposed that baseline RSA may be a measure of an individual’s
characteristic level of arousal and as such may reflect temperamental reactivity, which is
commonly considered a traitlike individual characteristic (Calkins, 1997; Gunnar, Porter,
Wolf, Rigatuso, & Larson, 1995). Some studies have shown high resting RSA to be associated
with appropriate observed emotional reactivity (Stifter & Fox, 1990). However, other studies
have found that higher baseline vagal tone is associated with greater negative emotional
expressivity and more problem behavior (Cole, Zahn-Waxler, Fox, Usher, & Welsh, 1996;
Eisenberg et al., 1995).

Porges’s theory further suggests that one particular measure of cardiac activity that may be
more directly related to the kinds of regulatory behaviors children begin to display in
toddlerhood and early childhood is vagal regulation of the heart as indexed by a decrease in
RSA (vagal withdrawal) during situations where coping or emotional and behavioral regulation
is required (Porges, 2001, 2003). Evidence of vagal withdrawal during demanding tasks may
reflect physiological processes that allow the child to shift focus from internal homeostatic
demands to the generation of coping strategies to control affective or behavioral arousal. Thus,
vagal regulation is thought to be a physiological strategy that permits sustained attention and
behaviors indicative of active coping that are mediated by the parasympathetic nervous system
(Porges, 1991, 1996; Wilson & Gottman, 1996) and that result in greater cardiac output in the
form of heart rate acceleration. Considerable research indicates that greater vagal withdrawal
during challenging situations is related to better state regulation, greater self-soothing, and
more attentional control in infancy (DeGangi et al., 1991; Huffman et al., 1998); more
appropriate emotion regulation in preschool children (Calkins, 1997; Calkins & Dedmon,
2000; Calkins & Keane, 2004; Porges et al., 1996); and sustained attention in school-age
children (Suess, Porges, & Plude, 1994). Therefore, the third aim of this study was to examine
the link between children’s early physiological reactivity and regulation and their trajectories
of emotion regulation and negativity over time. Given that children’s self-regulatory capacity
is hierarchical in nature (Calkins & Fox, 2002), we expected that early physiological indices
of appropriate reactivity and control would be linked with observable emotion negativity and
regulation. Specifically, we hypothesized that children with higher baseline RSA and higher
ARSA (vagal regulation) scores would be more likely to exhibit better emotion regulation and
less negativity over time.

From a developmental psychopathology perspective, exploring how particular factors interact
to either enhance or impede children’s normal development is particularly important. Although
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research indicates that maternal depression is a risk factor for poor emotion regulation, there
are individual differences in children’s response to parental psychopathology such that not all
children suffer maladaptive consequences (Goodman & Gotlib, 1999; Weissman et al.,
2006). Several factors may account for children’s differing outcomes despite the risk that is
associated with maternal depression. We were interested in child physiological factors that
may buffer the effect of maternal depression on children’s emotional functioning. For example,
there is some recent evidence to suggest that children’s capacity for physiological regulation
can moderate the influence of family stressors on children’s emotional and physical outcomes.
Specifically, children’s vagal regulation has been found to buffer children from the effects of
marital conflict such that children with greater vagal regulation were less likely to exhibit
internalizing behavior problems in the face of marital conflict as compared with children with
lower vagal regulation (EI-Sheikh, Harger, & Whitson, 2001; EI-Sheikh & Whitson, 2006).
Our final aim was to explore whether physiological regulation as indexed by children’s baseline
RSA and ARSA during an attention task when they were 4 years of age was associated with
greater regulatory abilities and decreased negativity from 4 to 7 years of age.

The Current Study

Method

The current study addressed questions regarding the growth in emotion regulation expected to
occur during the transition from preschool to school age in a large community sample of
children. To summarize, the four aims were () to describe the developmental trajectory of
emotion regulation and the display of negative affect from 4 to 7 years of age; (b) to examine
whether maternal depressive symptomatology accounts for individual differences in children’s
trajectories of emotion regulation and negativity; (c) to determine whether children’s
physiological regulation, indexed by measures of RSA and ARSA, predicts children’s
trajectories of emotion regulation and negativity; and (d) to determine whether children’s
physiological regulation moderates the effect of maternal depression on children’s emotion
regulation and negativity trajectories.

Recruitment and Attrition

The current sample utilized data from two cohorts of children who are part of a larger ongoing
longitudinal study. The goal for recruitment was to obtain a sample of children that was
representative of the surrounding community in terms of race and socioeconomic status (SES)
and who were at risk for developing future externalizing behavior problems. Both cohorts were
recruited through child day-care centers, the County Health Department, and the local Women,
Infants, and Children program. Potential participants were recruited at 2 years of age (Cohort
1: 1994-1996; Cohort 2: 2000-2001) and screened using the Child Behavior Checklist 2-3
(Achenbach, 1992) completed by the mother in order to oversample for externalizing behavior
problems. Children were identified as being at risk for future externalizing behaviors if they
received an externalizing T score of 60 or above. Efforts were made to obtain approximately
equal numbers of boys and girls. A total of 307 children were selected. Of these, 47% were
identified as being at risk for future externalizing problems. At 4 years of age, 275 families
participated. Families lost to attrition (10%) included those who could not be located, who had
moved out of the area, who declined participation, and who did not respond to phone and letter
requests to participate. There were no significant differences between families who did and
did not participate in terms of race, y2(1, N = 307) = 0.70, p = .49; 2-year SES, t(305) = 0.41,
p = .68; or 2-year externalizing T score, t(305) = -0.23, p =.08. Families with boys were more
likely not to participate at the 4-year assessment than families with girls: gender, 2(1, N = 307)
=4.18, p = .04. At 5 years of age, 253 families participated including 2 that did not participate
in the 4-year assessment (attrition = 8%). There were no significant differences between
families who did and did not participate in terms of gender, 3(1, N = 307) = 3.02, p = .08;
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race, y2(1, N = 307) = 1.38, p = .71; or 2-year SES, t(305) = 1.45, p = .15, although families
of children with higher externalizing T scores at age 2 were more likely not to participate, t
(305) = -1.97, p = .05. At 7 years of age, 240 families participated including 11 that did not
participate at the 5-year assessment (attrition = 5%). There were no significant differences
between families who did and did not participate in terms of gender, x2(1, N = 307) = 1.54, p
=.21; race, ¥3(1, N = 307) = 0.79, p = .85; or 2-year externalizing T score, t(305) =-0.77,p = .
44. Families with higher SES at age 2 were more likely to participate at year 7, t(424) = 0.81,
p=.42 (M =40.20 vs. M = 37.78).

The current sample included 269 children (125 male, 144 female) who had outcome data from
at least one assessment (4-year n = 260, 5-year n = 236, 7-year n = 221). Children were on
average 54.5 months (SD = 3.3 months), 68.6 months (SD = 3.2 months), and 91.4 months
(SD = 3.5 months) at the 4-, 5-, and 7-year assessments, respectively. At the 4-year assessment,
66% were European American, 30% were African American, 3% were biracial, and 3% were
Hispanic. The children were primarily from intact families at age 4 (77%; single parents =
16%, divorced/separated parents = 7%), and families were economically diverse according to
Hollingshead (1975) SES scores (M = 43.13, SD = 10.77). The 5- and 7-year SES scores were
on average 43.54 (SD = 10.82) and 45.16 (SD = 11.43), respectively.

Children and their mothers participated in an ongoing longitudinal study when the children
were 4,5, and 7 years of age. During the laboratory assessments, the children and their mothers
engaged in a series of tasks designed to elicit emotional and behavioral responding and mother-
child interaction. The mother-child interaction tasks during the 4-year assessment included a
teaching task, in which mothers were asked to teach their children how to replicate a model
made of blocks (4 min); a free-play session, in which the mother-child dyads were asked to
play with toys as they normally would at home (5 min); a compliance task, in which mothers
were asked to have their children clean up toys from the free-play session (2 min); a puzzle
task, in which mothers were asked to work on a series of two puzzles of increasing difficulty
and assist their child when needed (5 min); and a pretend play task, in which mother-child
dyads were instructed to play with a toy train set as they would at home. Heart rate data were
collected during some of these tasks at the 4-year assessment. Mothers also completed
questionnaires assessing family demographics, their own functioning, and their child’s
behavior at each assessment. The current study utilized data from the 4-year laboratory
assessment and maternal questionnaires from all three laboratory assessments.

Emotion regulation and negativity—Mothers completed the Emotion Regulation
Checklist (Shields & Cicchetti, 1997, 2001), which assesses the parent’s perception of the
child’s emotionality and regulation. This measure includes 23 items that are rated on a 4-point
Likert scale indicating how frequently the behaviors occur (1 = almost always to 4 = never).
The Emotion Regulation subscale includes 8 items that assess aspects of emotion understanding
and empathy and includes items such as “displays appropriate negative affect in response to
hostile, aggressive or intrusive play” and “is a cheerful child.” The Negativity subscale includes
15 items that assess aspects such as angry reactivity, emotional intensity, and dysregulated
positive emotions and includes items such as “exhibits wide mood swings” and “is easily
frustrated.” Validity has been established using correlations with observers’ ratings of
children’s regulatory abilities and the proportion of expressed positive and negative affect
(Shields & Cicchetti, 1997). In the current sample, Cronbach’s alpha for emotion regulation
across the three waves ranged from .59 to .66 and for negativity ranged from .84 to .87. The
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correlations across the three assessments between regulation and negativity ranged from -.37
to -.48. Additionally, mother reports of regulation and negativity were significantly (p < .05)
correlated with teacher reports assessed the same year (for regulation, r = .17 to .25; for
negativity, r = .30 to .43).

Maternal depressive symptomatology—The Symptom Checklist-90-Revised
(Derogatis, 1986) was used to assess self-reported symptoms of maternal psychopathology at
the 4-year assessment. The 90 items were rated on how much distress they caused over the
previous 7 days using a 5-point scale ranging from 0 to 4 (not at all, a little bit, moderately,
quite a bit, and extremely). Twelve factor scores can be derived from the questionnaire, and
reliability for the overall measure and the individual scales is good (Derogatis, 1986; Derogatis
& Cleary, 1977). The current study used the 13-item Maternal Depression subscale (o = .91),
which includes items such as “feeling low in energy or slowed down,” “crying easily,” and
“feelings of worthlessness.” For the present study we used the maternal depression T score
(M =50, SD = 10), which was normed to adult nonpatients. For the current sample, 68 mothers
had T scores of 60 and above, which is considered at risk in terms of clinical significance.

Negative parenting—Global codes of maternal behavior were adapted from the Early
Parenting Coding System (Winslow, Shaw, Bruns, & Kiebler, 1995). Behaviors coded included
warmth/positive affect (displaying positive affect and warmth toward the child); sensitivity/
responsiveness (promptly and appropriately responding to the child’s bids to her); strictness/
punitiveness (being too strict, demanding, or harsh relative to the child’s behavior; exerting
influence toward completion of the child’s activity; displaying a no-nonsense attitude;
constantly guiding the child and creating a very structured environment); and hostility
(expression of anger toward the child). Each behavior was coded once for each mother-child
interaction task (i.e., teaching, free-play, cleanup, puzzle, and pretend play) on a 4-point scale
(1 =lowto 4 = high). Four coders trained on 10% of the videotaped sessions and independently
coded another 10% for reliability. The average adjusted kappas between each pair of coders
were all above .70. The correlations across each mother-child interaction task ranged from .14
to .40 for strictness/punitiveness and .23 to .62 for hostility. For the current study a negative
parenting composite was created by averaging strictness/punitiveness and hostility scores
across each of the mother-child interaction tasks. The strictness/punitiveness average score and
hostility average score (r = .34, p <.001) were then summed to create a negative parenting
composite.

Children’s Physiological Regulation

At the beginning of the laboratory assessment, an experimenter placed three disposable
pediatric electrodes in an inverted triangle pattern on the child’s chest. The electrodes were
connected to a preamplifier, and the output from the preamplifier was transmitted to a vagal
tone monitor (VTM-I, Delta Biometrics, Bethesda, MD) for R-wave detection. A data file
containing the interbeat intervals (1BIs) for the entire period of heart rate collection was saved
on a laptop computer for later artifact editing (e.g., resulting from child movement) and
analysis. Measures of children’s baseline RSA and change in RSA from baseline during an
attention task at age 4 were obtained by editing IBI files using MXEDIT software (Delta
Biometrics). To edit the files, the data were scanned for outlier points, relative to adjacent data,
and the outliers were replaced by dividing or summing them so they would be consistent with
the surrounding data. Only data files in which less than 10% of the data required editing were
included in the current study. The Porges (1985) method of analyzing 1BI data was used to
calculate RSA. This method applies an algorithm to the sequential heart period (HP) data. The
algorithm uses a moving 21-point polynomial to detrend periodicities in HP that are slower
than RSA. Next, a bandpass filter extracts variance in HP within the frequency band of
spontaneous respiration in young children, 0.24-1.04 Hz. The natural log of this variance is
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taken and reported in units of In(ms)2. RSA was calculated every 30 s for the baseline and
attention tasks, and the average across the 30-s epochs for each episode was used in subsequent
analyses. Data were excluded if the standard deviation for an episode was over 1.0.

Baseline RSA—Baseline RSA was obtained at the beginning of the laboratory assessment

while the child watched one of two 5-min segments of the videotape Spot, about a puppy who
explores his neighborhood. In one video clip, Spot is hiding from his mother and she tries to

find him in various locations. In the second video clip, Spot is exploring a garden and runs into
various characters and is scared by a cat. The use of the video stimulus was necessary to limit
movement artifact in the data, given that the children were 4 years of age. Although this episode
is not a true baseling, as the child’s attention was engaged, it was sufficient to gain a measure
of RSA while the child was sitting quietly and showing little affect.

Change in RSA (ARSA)—Children also participated in an effortful attention task adapted
from LAB-TAB procedures (Goldsmith & Rothbart, 1993). They watched a PowerPoint slide
show with different types of pictures, such as mothers and children, animals, and other nature
scenes. Children were instructed to sit quietly and continue to look at each picture as long as
it was presented. Three blocks of five slides were presented. The first slide was presented for
2 s, and each successive slide was presented for approximately 2 s longer than the previous
slide in that block. The task lasted approximately 2 min. Children’s ARSA was calculated by
subtracting the average RSA during the attention task from the average RSA during the baseline
episode. Negative change scores occurred when there was an increase in RSA from the baseline
to the effortful attention episode and reflected a state that does not require regulation. Positive
change scores occurred when there was a decrease in RSA from baseline to the effortful
attention episode, which reflected attempts at vagal regulation. Therefore, higher positive
ARSA scores indicate the child had greater vagal regulation. In the current study, we found
that 70% of children showed some evidence of suppression from the baseline to the attention
task (i.e., had positive change scores).

Data Analytic Strategy

Results

Growth curve analyses were conducted to examine the developmental trajectories of emotion
regulation and negativity in early childhood using hierarchical linear modeling (HLM;
Raudenbush & Bryk, 2002). HLM was used because it allows for unbalanced designs, and so
children with incomplete outcome data across the three waves could be included in the analyses.
For the current study, emotion regulation and negativity were assessed when children were 4,
5, and 7 years of age. Age was centered at 90 months (7.5 years) so that the intercept indicated
the status at the end of the growth period examined and the coefficients indicated the change
that occurred in 1-month increments starting at age 4. Linear within-child growth trajectories
were fit using full maximum likelihood estimation, and the results reported are based on the
robust standard errors. Linear models have been recognized as providing a good approximation
of the nature of change that occurs even when the actual change is more complex (Rogosa,
Brant, & Zimowski, 1982). Gender was coded (male = 0, female = 1) and all continuous
variables were mean centered. Significant interactions with continuous variables were plotted
at +1 SD from the mean, and simple slopes were calculated (Aiken & West, 1991; Preacher,
Curran, & Bauer, 2006). Simple slopes were also calculated for predictors that were
significantly related to the slope (i.e., cross-level interactions; Preacher et al., 2006).

The results are presented as follows. First, we report on preliminary analyses conducted to
assess the pattern of missing data and examine descriptive statistics and intercorrelations for
all study variables. Second, we report the results from the unconditional growth models that
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explore developmental trajectories of emotion regulation and negativity across early childhood.
1 Next, we report results from the explanatory models that characterize how well changes in
children’s emotion regulation were predicted by maternal depression and children’s RSA.2
The Maternal Depressive Symptomatology % Child RSA interaction terms were included as
predictors of the slope to explore whether trajectories of emotion regulation and negativity
vary over time as a function of maternal depressive symptomatology and whether the
magnitude of this relation depends on the level of children’s RSA.

Preliminary Analyses

Missing data—The use of HLM accounts for missing data longitudinally under the
assumption that the data are missing at random (MAR). This indicates specifically that the
missing data are predicted by the available data included in the model (Singer & Willett,
2003). Thus, despite attrition between 4 and 7 years of age, the analysis included all participants
who had some outcome data. Examination of patterns of missing data revealed that missing
data were predicted by the continuous 4-year variables included in the model, as determined
using Little’s MCAR test, x2(669) = 808.39, p < .001, indicating that the data were MAR as
opposed to missing completely at random (MCAR; Little & Rubin, 1987). HLM does not allow
for missing data within the time-invariant (Level 2) predictor variables, therefore data were
imputed for Level 2 predictor variables. Listwise deletion of cases without complete data would
have resulted in a reduction in sample size, which would have produced a significant loss in
power and possible bias. The amount of missing data for any one variable was relatively small:
maternal depressive symptomatology, 15.5%; baseline RSA, 17.8%; and ARSA, 19.8%.
Missing values were imputed through maximum likelihood estimation using the expectation
maximization method algorithm in SPSS 14. The expectation maximization method is an
iterative process to impute missing values that has been found to be superior to listwise deletion,
mean substitution, and multiple regression (Garson, 2006). All analyses presented are based
on the imputed Level 2 data.

Descriptive statistics—Maternal negative parenting behavior was moderately positively

skewed and therefore was square root transformed prior to any analyses. Descriptive statistics
for all study variables are presented in Table 1. Intercorrelations among study variables indicate
that maternal depressive symptomatology was associated with children’s emotion regulation
and negativity, whereas children’s baseline RSA and ARSA were generally not (Table 2).

Developmental Trajectories of Emotion Regulation and Negativity in Early Childhood

Unconditional growth models were fit to explore the developmental trajectories of children’s
emotion regulation and negativity from 4 to 7 years of age (Table 3). The fixed effects indicated
that from 4 to 7 years of age, children’s emotion regulation increased on average by 0.002
points each month (range of individual estimates = -0.004 to 0.006), with an average increase
from 4 to 7 years of 0.07 points. At 7 years of age, the average emotion regulation score was
3.39. The correlation between the slope and children’s level of emotion regulation at age 7

1The unconditional linear growth models for emotion regulation and negativity were specified as follows: Level 1: Yjj = ngj + 1 (age
in months - 90) + ejj, where npj represents the score on the outcome at age 7 (intercept); m1j represents the rate of change in the outcome
in 1-month increments; and ejj represents the residual for person j at time i. Level 2: mpj = Boo + roi, #1j = B10 * rii. In the Level 2
equations, 7pj and nt1j represent the population average intercept and slope, respectively, and rgj and r1j represent the variance or random
effects associated with these estimates.

The Level 2 equations for the explanatory models, which depict the interindividual variation in growth trajectories, were specified as
follows: noj = Boo + Po1 (female) + Bo2 (negative parenting) + Bp3 (MDS) + B4 (baseline RSA) + Bos (ARSA) + Bog (MDS) (baseline
RSA) + Bo7 (MDS) (ARSA) + rgj; and 1 = B10 + Bo1 (female) + B12 (negative parenting) + f13 (MDS) + B14 (baseline RSA) +
B15 (ARSA) + 16 (MDS) (baseline RSA) + 317 (MDS) (ARSA) + r1j, where npj and m1j represent the population average intercept
and slope, respectively, for individuals, with a value of zero for all predictor variables (i.e., female, negative parenting, MDS, baseline
RSA, ARSA). The Bs represent the average difference in the intercept and linear slope for a one-unit difference in the specific predictor.
Finally, oj and r1j represent the variance or random effects associated with these estimates.
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was .40, indicating that greater increases in emotion regulation over time were associated with
higher emotion regulation scores at age 7. Negativity decreased from 4 to 7 years of age at a
rate of 0.005 points each month (range of individual estimates = -0.009 to -0.001), with an
average decrease from 4 to 7 years of 0.18 points. At 7 years of age, the average estimated
negativity score was 1.76. The correlation between the slope and children’s negativity when
they were 7 years of age was .35. The parameter estimates had adequate reliability for both
emotion regulation (intercept reliability = .64, slope reliability = .17) and negativity (intercept
reliability = .76, slope reliability = .16).

The variances around the intercept and slope (random effects) indicate whether the parameter
estimates varied across children and represent individual differences in the linear change that
occurred from 4 to 7 years of age and overall levels of regulation and negativity at age 7. For
both emotion regulation and negativity, the random effects were significant (Table 3). This
indicates that there was substantial interindividual heterogeneity that can be explained by
including predictors in the model.

Emotion Regulation and Negativity Trajectories

Next we examined whether maternal depressive symptomatology and child RSA, when
children were 4 years of age, predicted both the rate of change in emotion regulation and
negativity over time and children’s level of emotion regulation and negativity when they were
7 years of age. To control for parenting behavior we included observed maternal negative
parenting as a predictor of both the intercept and the slope. The interaction terms between
Maternal Depressive Symptomatology x Baseline RSA and Maternal Depressive
Symptomatology x ARSA during an attention task were also included in the model as predictors
of the intercept and slope. These results indicated whether trajectories of emotion regulation
and negativity varied over time as a function of maternal depressive symptomatology and
whether the magnitude of this relation depended on the level of children’s RSA.

Results for emotion regulation are displayed in Table 4. The fixed effects indicated that higher
mean levels of emotion regulation at year 7 (intercept) were predicted by lower levels of
maternal depressive symptomatology and lower baseline RSA. Girls were, on average,
marginally more likely to have better emotion regulation than boys. There was also a significant
Maternal Depressive Symptomatology x Baseline RSA interaction (Figure 1). Simple slopes
analyses indicated that for children with high baseline RSA, greater maternal depressive
symptomatology was associated with lower levels of emotion regulation at age 7 (simple slope
=-.02, SE =.003,t=-5.71, p <.001), whereas the line representing low baseline RSA was not
significant (simple slope = -.005, SE =.003, t = -1.61, ns).

For the change in emotion regulation from 4 to 7 years of age, we found that having lower
levels of maternal depressive symptomatology was associated with greater linear increases in
emotion regulation over time (simple slope =.002, SE =.001, t=2.16, p <.05), whereas higher
levels of maternal depressive symptomatology were associated with stable levels of emotion
regulation over time (simple slope =-.001, SE =.001, t =-1.33, ns). In addition, greater ARSA
was associated with steeper linear increases in emotion regulation (simple slope = .004, SE =.
001, t = 3.50, p < .001), whereas lower ARSA scores were associated with stable levels of
emotion regulation across early childhood (simple slope =.001, SE =.001, t = 0.97, ns). There
was also a significant Maternal Depressive Symptomatology x Baseline RSA x Age interaction
predicting the change in emotion regulation over time (Figure 2). The simple slopes were
significant for low depressive symptomatology/low baseline RSA (simple slope =.006, SE =.
001, t =4.85, p <.001), low depressive symptomatology/high baseline RSA (simple slope =.
04, SE = .001, t = 26.55, p < .001), and high depressive symptomatology/high baseline RSA
(simple slope = -.03, SE =.001, t = -22.02, p < .001). The simple slope representing high
maternal depressive symptomatology/low baseline RSA was not significantly different from
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zero (simple slope = -.001, SE = .001, t = -0.84, ns), indicating that for this group emotion
regulation was stable over time.

To test the fit of the conditional model versus the unconditional growth model, we used the
deviance statistic, y2(14) = 44.97, p < .001, which indicated that the conditional model provides
a better fit than the unconditional growth model.

Results for negativity are displayed in Table 5. The fixed effects indicated that being male and
experiencing greater maternal depressive symptomatology were associated with greater
mother-reported negativity, on average, at 7 years of age (intercept). In addition, there was a
Depressive Symptomatology XARSA interaction predicting the intercept (Figure 3) that
approached significance. Simple slopes analyses indicated that for children who had higher
vagal suppression (ARSA), greater maternal depressive symptomatology tended to be
associated with greater negativity (simple slope = .02, SE =.003, t = 6.01, p <.001). Greater
maternal depressive symptomatology was also associated with greater negativity under
conditions of low vagal suppression (ARSA); however, the slope was less steep (simple slope
=.01, SE=.003,t=3.12, p<.01).

The change in negativity from 4 to 7 years (slope) was predicted by children’s baseline RSA,
negative maternal parenting behavior, and children’s ARSA, the simple slopes are reported for
these cross-level interactions. Specifically, greater linear decline in negativity from 4 to 7 years
of age was associated with higher baseline RSA (simple slope + 1 SD = -.007, SE =.001, t =
-8.27, p < .001; simple slope - 1 SD = -.004, SE = .001, t = -4.96, p < .001). Higher levels of
negative maternal parenting behavior were marginally associated with slower declines in
negativity (simple slope + 1 SD =-.002, SE = .001, t =-1.71, p = .08; simple slope - 1 SD =.
0003, SE =.001, t = 0.36, ns). In addition, higher levels of ARSA were marginally associated
with a steeper linear decline in negativity from 4 to 7 years of age (simple slope + 1 SD = -.
007, SE =.001, t=-7.99, p <.001; simple slope - 1 SD = -.005, SE =.001, t = -5.83, p < .001).
To test the fit of the conditional model versus the unconditional growth model, we used the
deviance statistic, y2(14) = 82.90, p <.001, which indicated that the conditional model provides
a better fit than the unconditional growth model.

Finally, the random effects from the conditional models indicated that for both emation
regulation and negativity, there was still significant variation in the intercept and slope that
was not accounted for by the predictors included in the model.

Discussion

The current study investigated the growth and change that occurred in children’s emotion
regulation and the expression of negative affect during the transition from preschool to school
age in a large community sample. Given that deficits in the emotion regulation process have
been linked to adjustment problems, including difficulties with peers and an increased risk for
later psychopathology, it is important to develop a more nuanced understanding of the factors
that are associated with individual differences in patterns of emotional reactivity, regulation,
and expressiveness throughout the early childhood years. Specifically, we modeled trajectories
of children’s emotion regulation and negativity from 4 to 7 years of age, as reported by the
mother, where the intercept was coded to predict the children’s average level of emotion
regulation and negativity at the end of the developmental period examined. Maternal depressive
symptomatology and children’s RSA and the ARSA at age 4 were explored as factors that may
predict individual differences in children’s emotion regulation and negativity trajectories.
Given that several studies have found maternal depression to be a risk factor for children’s
problem behavior, we were particularly interested in whether child physiological factors would
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buffer the effect of maternal depressive symptomatology on children’s trajectories of emotion
regulation and their expression of negative affect.

The first aim of the study was to examine the trajectories of emotion regulation and negativity
across early childhood. Results from the unconditional growth models supported our prediction
that emotion regulation would increase and emotional negativity would decrease over time.
Given children’s increasing cognitive abilities and the maturation of the prefrontal cortex and
the anterior cingulate cortex, which have been associated with emotion regulation processes
(Ochsner, Bunge, Gross, & Gabrieli, 2002; Ochsner & Gross, 2005), we expect that children’s
increasing ability for regulating their emotions may be due, in part, to their ability to be more
planful in and exert greater effortful control over their behavior. These underlying
developmental achievements allow them to utilize more complex strategies, such as
reappraising negative events to find meaning in them or planning to avoid certain situations
that may cause distress, to manage their emotions in emotionally arousing situations (Larsen
& Prizmic, 2004). Important changes also occur in the developmental context during this period
of time, particularly in school, where larger class sizes and decreased supervision make
children’s ability to regulate their emotional states important for their academic success
(Bronson, Tivnan, & Seppanen, 1995; Rimm-Kaufman & Pianta, 2000). These classroom
changes occur in conjunction with greater interaction with peers, providing different situations
in which children can practice their emotion regulation strategies (Fox & Calkins, 2003).
Overall, this highlights the need to explore the developmental course of emotion regulation
processes through childhood.

While, on average and as expected, children’s ability to control their emotions increased and
their negativity decreased from 4 to 7 years of age, there was also significant variability in the
intercept and slope for both emotion regulation and negativity. This indicated that there were
important individual differences in the development of emotion regulation processes over time.
In exploring the predictors of individual differences in children’s trajectories, we found that
the pattern of results differed for emotion regulation and negativity, further supporting the need
to examine the reactivity and control dimensions of the emotion regulation process
independently (Calkins & Hill, 2007; Gross & Thompson, 2007). For emotion regulation,
interesting interactions emerged predicting children’s emotion regulation at age 7 and the
change in emaotion regulation across early childhood even after controlling for maternal
negative parenting behavior. There was a significant Maternal Depressive Symptomatology x
Children’s Baseline RSA interaction predicting emotional regulation at age 7. Specifically,
children who exhibit higher levels of baseline RSA in conjunction with higher levels of
maternal depressive symptoms have lower overall levels of emotion regulation at age 7.
Contrary to our hypothesis, higher baseline RSA appeared to exacerbate the effect of maternal
depressive symptomatology on children’s emotion regulation rather than buffer it. Specifically,
when maternal depressive symptomatology was high, children had lower overall emotion
regulation. In some instances, baseline RSA has been associated with appropriate observed
emotional reactivity (Stifter & Fox, 1990). Specifically, baseline RSA has been found to be
positively correlated with positive emotional reactivity and negatively correlated with negative
emotional reactivity (Calkins, 1997). However, Cole et al. (1996) found that children who
expressed greater negative emotionality during negative mood eliciting events had
significantly higher baseline RSA relative to children who were able to modulate their response.
This research suggests that children of depressed mothers, who have been found to be more
likely to react negatively in response to stressful situations, may have poorer socioemotional
outcomes associated with higher baseline RSA (Goodman & Gotlib, 1999).

Maternal depressive symptomatology predicted the change that occurred in emotion regulation
across early childhood. Mothers who reported fewer depressive symptoms reported that their
children’s ability to regulate their emotions increased over time, but when mothers reported
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more depressive symptoms, children’s emotion regulation remained relatively stable across
early childhood. It may be the case that children whose mothers exhibit more depressive
symptoms may not be learning more complex strategies for dealing with emotion, particularly
negative emotion, which they otherwise would acquire given the cognitive development that
occurs during this period. This is consistent with other research demonstrating that young
children of depressed mothers are more likely to focus on a desired object rather than use
distractions during a delay task, which is a relatively immature way to manage one’s emotions
during this task (Silk et al., 2006). In these instances, there is a greater likelihood that mothers
are modeling more maladaptive strategies for dealing with emotionally challenging events
(Goodman & Gotlib, 1999). Research has also found that individuals’ expectations for good
versus bad events are linked to depressive symptoms (Peterson & Vaidya, 2001). If this is the
case, mothers may also be modeling a general explanatory style of expecting bad things to
happen, which may affect how children behave, particularly in emotionally arousing
ambiguous situations.

We had hypothesized that higher levels of vagal regulation, indexed by the ARSA from the
baseline to the attention task, would be associated with better emotion regulation over time.
Indeed, we found that for children who exhibited greater vagal regulation, their ability to
regulate their emotions increased more rapidly from 4 to 7 years of age as compared with
children with low vagal regulation. This contributes to the growing body of research that has
shown a strong link between greater vagal regulation during emotionally or cognitively
demanding tasks and children’s ability to manage their emotions (Calkins, 1997; Calkins &
Dedmon, 2000; Calkins & Keane, 2004). Considered within the larger framework of self-
regulation, these results support the view that more basic physiological regulatory capacities
earlier in childhood do have an effect on the development of observable aspects of emotion
regulation later in childhood (Calkins & Fox, 2002; Calkins & Hill, 2007); however, this effect
may differ depending on the context in which it occurs. Specifically, in the current study it
appears to be the case that children who exhibited higher levels of baseline RSA in families
where mothers are experiencing more depressive symptoms may be, in general, more
emotionally reactive.

Inaddition, there was a significant three-way Maternal Depressive Symptomatology x Baseline
RSA x Age interaction that predicted how children’s emotion regulation changed from 4 to 7
years of age. It appears that the development of emotion regulation was primarily inhibited by
the presence of maternal depressive symptoms when children had higher baseline RSA.
Specifically, the simple slopes analyses indicated that when mothers have higher levels of
depressive symptoms and children have high baseline RSA scores, these children have poorer
regulation skills and they tend to decrease (0.05 points) over time rather than increase. When
mothers have high depressive symptoms and children have low baseline RSA, children’s
emotion regulation remains stable and does not change significantly over time. This is in
contrast to the other groups—Ilow depressive symptoms/low baseline RSA (increased 0.12
points) and low depressive symptoms/high baseline RSA (increased 0.17 points)—who
exhibited significant increases in emotion regulation across early childhood.

Overall, three important points emerge from our findings regarding emotion regulation. First,
the early development of the ability to regulate oneself at the level of physiology is important
for the later development of more complex emotion regulation processes. Second, as we
expected, it appears that children have better emotion regulation over time when their mothers
report fewer depressive symptoms versus when mothers report more depressive symptoms.
This indicates that maternal depressive symptomatology does present a specific risk for deficits
in children’s ability to manage their emotions. Third, low levels of physiological reactivity
appear to buffer children from some of the negative consequences of maternal depressive
symptomatology such that children with low baseline RSA evidence increases over time in
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their ability to control their emotions, albeit to a lesser extent than those children whose mothers
report fewer depressive symptoms. This is consistent with the biological sensitivity to context
theory, which proposes that high biological reactivity may operate differentially depending on
the context in which it occurs (Boyce & Ellis, 2005; Ellis, Essex, & Boyce, 2005). Specifically,
under stressful conditions high reactivity may actually result in maladaptive outcomes, whereas
high reactivity may be protective in low-stress conditions. Indeed, it may be the case that
children who are more physiologically reactive are ill equipped to deal with the stresses that
may arise given their sensitivity to the negative aspects of the family environment, such as a
less supportive mother-child relationship and more overall family negativity, when mothers
report higher levels of depressive symptoms. When trying to intervene with those children who
are at the greatest risk for later serious maladjustment problems, understanding the person-
environment fit may be particularly important.

As noted previously, the pattern of results differed for children’s trajectories of emotional
negativity. On average, boys evidenced marginally higher levels of negativity at age 7 despite
the fact that no gender differences emerged with respect to children’s ability to regulate their
emotions. This is consistent with research that has found that boys are more likely to exhibit
externalizing behavior problems than girls (Maccoby, 1998). The link between sex and
regulation processes may become more apparent during adolescence given that there are
different social norms for men and women in terms of emotional expression (Brody, 2000). In
the current study, what may have emerged is the beginning of a possible divergence in emotion
regulation processes for girls and boys. In addition, consistent with our hypothesis, children
were more negative when they were 7 years old if their mothers reported higher levels of
depressive symptoms when they were 4. There was also a Maternal Depressive
Symptomatology x Vagal Regulation interaction that approached significance, which, contrary
to what we had hypothesized, indicated that maternal depressive symptoms were more
positively associated with children’s higher levels of negativity when children had higher levels
of vagal regulation (ARSA).

We found, as expected, that higher levels of maternal depressive symptomatology were
associated with slower declines in negativity across early childhood. This is not unexpected,
given that when mothers report greater depressive symptoms they are in general more likely
to exhibit greater negative trait affect and to engage in more negative behaviors (Rogosch et
al., 2004). This modeling of negative affect in the family may influence children’s expression
of negative affect such that greater negative affect appears more normative in these families.
Indeed, maternal negative parenting behavior was also marginally associated with slower
declines in children’s negative emotional behavior over time. Of interest, the effect of baseline
RSA differed from that found with emotion regulation. Indeed, we found that children who
exhibited higher levels of baseline RSA had greater declines in negativity across early
childhood. This is different from the results for emotion regulation, which suggested that
children with high baseline RSA did not exhibit increases in their ability to manage their
emotions. It is, however, consistent with earlier research, which has found that high baseline
RSA is associated with children’s appropriate emotional reactivity (Porges, 1991; Stifter &
Fox, 1990). The results also indicated, as hypothesized, that greater vagal regulation was
marginally associated with greater declines in negativity over time. There is some research to
suggest that baseline RSA, which is regarded as the underlying physiological basis for observed
behavioral reactivity, is more strongly and consistently correlated with observed measures of
behavioral reactivity than regulation, whereas vagal regulation appears to be correlated with
observed measures of regulation and not reactivity (Calkins, 1997; Porges, 1991).

The study has a number of limitations that must be noted. First, the sample was overselected
for externalizing behavior problems and thus may not be representative of community samples,
given that emotion dysregulation has been implicated in the stability of externalizing problems
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across childhood. However, it should be noted that the levels of baseline RSA and ARSA are
consistent with other studies with similarly aged children (Blair & Peters, 2003; Kennedy,
Rubin, Hastings, & Maisel, 2004). Second, measures of emotion regulation and negativity were
obtained exclusively through maternal report. Given that maternal depressive symptomatology
was also measured through maternal report, there was a greater likelihood of single-rater bias.
However, important elements of the study included children’s physiological regulation, which
would not have suffered from this problem. It should be noted, however, that maternal reports
of emotion regulation and negativity were correlated with teacher reports from the same year.
In addition, there is some evidence that maternal reports of emotion regulation and reactivity
are valid measures of children’s observed behavior. Earlier research has found that maternally
reported anger and soothability were correlated with observed distress and specific emotion
regulation strategies (Calkins et al., 1999). It is also important to consider that in longitudinal
studies across childhood, regulation is assessed in different types of tasks and children engage
in different types of strategies (LAB-TAB; Goldsmith & Rothbart, 1993). Maternal reports of
children’s emotional behavior, therefore, are one of the best methods for examining trajectories
of emotion regulation from 4 to 7 years of age given the need to use the same measures across
the different assessments (Singer & Willett, 2003). In addition, although the mothers in the
current study were not diagnosed as clinically depressed, it should be noted that there is
conflicting research regarding reports of children’s behavior from depressed mothers. Some
studies show that depressed mothers may overreport symptoms (Chilcoat & Breslau, 1997),
while others do not (Tarullo, Richardson, Radke-Yarrow, & Martinez, 1995). It is also
important to note that genetic sources of shared variance between mothers and children were
not included in this study. Finally, we were not able to explore nonlinear patterns of change in
emotion regulation and negativity given that we had only three waves of data available.

Overall, this study extends the literature on the development of children’s emotion regulation
through early childhood beyond the infant-toddler period. Our data appear to demonstrate that
children’s emotion regulation processes change across early childhood such that reactivity
decreases and emotion control increases over time. There are individual differences in the
change that occurs in children’s emotion regulation and negativity across early childhood.
Several interesting results emerged highlighting the interactions between children’s
physiological indices of reactivity and regulation and their socialization environment in
predicting observed emotion regulation and the expression of negative affect. Although it
appears that development of emotion regulation over time is compromised when children grow
up in the context of maternal depression, there is some evidence that children’s capacity for
physiological regulation may buffer some of the adverse consequences associated with
maternal depressive symptomatology. In the current study we focused specifically on negative
reactivity, although there is emerging evidence that positive emotional reactivity is also linked
to children’s behavioral outcomes, including externalizing behavior problems and prosocial
behavior (Rydell et al., 2003), suggesting that it is an area that needs to be explored further and
in conjunction with negative reactivity. The results of this study emphasize the importance of
developing an understanding of the factors that may inhibit or support the development of
emotion regulation across early childhood.
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Figure 1.
Interaction between maternal depressive symptomatology and child’s baseline respiratory

sinus arrhythmia (RSA) predicting 7-year emotion regulation.

Dev Psychol. Author manuscript; available in PMC 2009 July 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Blandon et al.

Page 21

3.6

3.5 4

3.4 -

—

Emotion Regulation
(8]
[97]
\

3.2 x\x\.\x

3a

3.0 . T :

Age

Low MDS / Low Bascline RSA  —a— High MDS / Low Bascline RSA
— — Low MDS / High Bascline RSA —s— High MDS / High Bascline RSA

Figure 2.

Interaction between maternal depressive symptomatology (MDS), child’s baseline respiratory
sinus arrhythmia (RSA), and age predicting the change in emotion regulation from 4 to 7 years
of age.
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Figure 3.
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Interaction between maternal depressive symptomatology and child’s vagal regulation (ARSA)
predicting 7-year negativity.
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Table 1
Descriptive Statistics for Predictor and Outcome Measures
Measure n M SD Range
4-year measures
Negative parenting® 269 1.80 0.15 1.47-2.45
Maternal depressive symptomatology 269 51.59 9.98 34.00-81.00
Baseline respiratory sinus arrhythmia (RSA) 269 5.83 1.16 1.05-10.20
ARSA (Baseline-Attention) 269 0.26 0.49 -1.41-2.36
Emotion regulation 269 3.33 0.31 2.13-4.00
Negativity 269 1.90 0.37 1.13-3.07
5-year measures
Emotion regulation 236 3.33 0.33 2.38-4.00
Negativity 236 191 0.39 1.13-3.13
7-year measures
Emotion regulation 221 3.40 0.38 1.00-3.07
Negativity 221 1.72 0.34 2.25-4.00

a o .
Descriptives are for square-root-transformed variable.

Dev Psychol. Author manuscript; available in PMC 2009 July 1.



Page 24

Blandon et al.

100" > d

X¥¥

‘50" >d
*

‘Buniuased aniebau BE_otcm:.uoo_.mE:_umm

— 8y'- ov'- gL 0g'- 90'- €0'- 1474 20°- Jeak-; ‘AinneBaN 0T
XXX XK XXH XXH XXX XX
— (0,72 19 8¢ €g’ 0’ 0T~ 1€~ 0™ Jeak-, ‘uoireinbal uonow3 ‘g
XXH EEES XXX XXX XXX
— Y- 6L 0g'- T0°- 80" €e 10° 1e3A-g ‘AnnebaN ‘g
XXH XN XN . . i XXH R . . X
— *iow - i*mm 20 80" ***D €0 Jeak-g ‘uoireinbal uonowy /.
— L€ S0’ 80’ 8¢ 4% Jeak-y ‘AianebaN -9
XX XXH X
| 80'- LT 1T 0~ Jleak-y ‘uonje|nbai uonows ‘g
S3]geLIeA 3WO02INO
— sl 80 90 (uonusny - aujssed) VSyv v
_ 20 20 (vsy) eruyysse
snuis Aloresidsal suljaseq ‘€
o T ABojorewordwiAs
* aAIssaidap [eussrelN ‘g
— mmczcema annebanN ‘1
S3|qelieA 10)01pald
0T 6 8 L 9 S 14 € 14 T a|qeLrep
sa|qelen >U:Hw 10J suolje|a1i094a1u|
¢ 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dev Psychol. Author manuscript; available in PMC 2009 July 1.



Page 25

Blandon et al.

"100" >d
x

XX

10 >d

xx

60°>d
%

"SJUSIBIOUI YIUOW-3UO Ul SIN990 Jey) aBueyd ay sluasaidal Ua10144809 8y L

BEV6T e 00’ L0E'962 e 10000 adols
s DT EVCT e AN n08°€9L e 80° (syuow o) 1daausu|
Nx p Jusuodwod soueLIe A Nx p Jusuodwod dduelIBA $199)J9 Wopuey
10y 30°0T- 00’ 500~ 35 100 200 adoys
. . . . . . daosa|

enl L €L 20 9T x93 85T 20 6e€ (syuow 06) ¥
1 3s QHUBI110D ] 3s LIUBIIPE0D 10843 paxi4

AnirebaN uone|nbay

NIH-PA Author Manuscript

AunneBaN pue uone|nBay UonoWI Jo) S|9POIAl YIMOIS) [BUOIIPUOIUN

€ o|qeL
NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dev Psychol. Author manuscript; available in PMC 2009 July 1.



Page 26

Blandon et al.

"700" >d

FXF

'70°>d
x

¥

‘50" >d
*

0T >d
4

"S)UBLIBIOUI YIUOW-3UO U1 SIN290 Tey) afueyd ay sluasaldal Ua10144909 8y L

*om.mhm 154 000’ ado|s
S 5L9 Gee 90’ BLERIENT]]
> p jusuodwod sdueLIBA $109)J9 Wopuey
¢0°0- 000° 000'- VSdV x SAN
f_,ow.m 000 T000'- VSY suljesed x SAN
LL6T 00 €00 (fseL uonuany - autjesed) VSHV
1S90 T0O €000~ VS auljaseg
S8 000 2000 SAw
0T’0- 00 €000~ Bunuased annehaN
89°0- T0O 100~ alewsa
*S.N T00 200’ adojs
6T0- 00’ 100~ VvSdV x SAN
Iow.m. 200 S00™- VSY auljgsegd x SAN
8¢e'T 0 G50 (seL uonuspy - auljesed) YSHV
86T 810’ 90~ (vSd) erwyiAyare snuis Alojelidsal surjaseg
***D.m. 200° 010'- (sain) AbojorewoldwAs anissaidap [eusdre|n
80°0- 143 ¢10- Bunuaied annehaN
1187 ovo’ 2L ajewa
72601 0€0° se'e (stpuow 0g) 1daosanul
1 3s LIURIIYR0D $109)49 paxi4
mwtouow.—m‘_._. co_um_:mwm_ uonows
7 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dev Psychol. Author manuscript; available in PMC 2009 July 1.



Page 27

Blandon et al.

"100" >d
x

XX

‘10 >d
*

oHv4N

"S)UBIBIOUI YIUOW-3UO U1 SIN990 Jey) abueyd ay sluasaidal Ua10144809 8y L

+mw.omm 14 000 ado|s
n 309207 GeT 60° 1daaayu|
] p jusuodwod soueLIBA $109)J9 Wopuey
9eT 000° 000 VSyV x SAN
G6°0- 000° 000'- VSY auljssed x SAN
J_jmﬁ._”. T00 ¢00- (dseL uonusny - suljssed) YSYV
*No.m. T00 T00- VSY suljsseg
0S'0 000’ 000 SAn
tﬁ.ﬁ- 00’ 900°- Bunuaied annebaN
291 T00° ¢00° dlews
158 100° 900 adojs
+R.H 00 800° VSdV x SAN
7°0- 200’ T00™- VSY suljeseg x SAN
r'1- YAZ0) 190 (seL uonuspy - auljased) YSHV
85°0- 120 ¢10™- (wsS¥) elwyiAyare snuis Aloresidsal auijaseg
,c&wm.o 200° €10’ (san) AbojorewoldwAs anissaidap [eusdre|n
¥0°0 ST S00 Bunuaied annehaN
*No.m. 0 €11~ dlews
vy L8765 00’ 87 (stpuow 0g) 1daosaul
1 s IRUCTLITE o) $109)49 paxi4
sari01slel] AlanebaN jeuonow3
G 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Dev Psychol. Author manuscript; available in PMC 2009 July 1.



