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Abstract
Executive function (EF) skills are integral components of young children’s growing competence,
but little is known about the role of early family context and experiences in their development. We
examined how demographic and familial risks during infancy predicted EF competence at 36
months in a large, predominantly low-income sample of non-urban families from Pennsylvania
and North Carolina. Using latent class analysis, six ecological risk profiles best captured the
diverse experiences of these families. Profiles with various combinations of family structure,
income, and psychosocial risks were differentially related to EF. Much of the influence of early
risks on later EF appears to be transmitted through quality of parent-child interactions during
infancy. Findings suggest that early family environments may prove to be especially fruitful
contexts for the promotion of EF development.
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Early childhood is characterized by dramatic brain growth and accompanying improvements
in physical, social-emotional, and cognitive development (Diamond, 2002; Thompson,
Easterbrooks, & Padilla-Walker, 2003). Young children's growing ability to regulate their
behaviors, emotions, and thoughts in an intentional, goal-directed way provides one of the
building blocks for future well-being (Shonkoff & Phillips, 2000). Recently, executive
function (EF) skills, a set of inter-related abilities used in coordinated, goal-directed
behavior, have been highlighted as integral components of young children’s growing
regulatory abilities and have been implicated in the development of both social-emotional
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and academic competence (Blair & Razza, 2007; Espy et al., 2004; Hughes, 1998; Rhoades,
Greenberg, & Domitrovich, 2009; Riggs, Jahromi, Razza, Dillworth-Bart, & Muller, 2006).

Despite the acknowledged importance of children’s early environments for learning and
self-regulation (Shonkoff & Phillips, 2000), relatively little is known about specific relations
between aspects of children’s early family context and the emergence of EF skills (Carlson,
2003). As is evidenced by the prefrontal cortex's (the brain area associated with EF
development) prolonged period of development and neural plasticity across the early
childhood years, ecological factors have the potential to play an important role in EF
development (Huttenlocher, 2002; Nelson, Thomas, & de Haan, 2006). Parents not only
provide children with the physical environment to facilitate development, but provide them
with daily opportunities to develop their cognitive, linguistic, emotional, and self-regulatory
skills (Gauvain, 2001). Given the central role of parenting and the dearth of research
examining the influence of ecological factors on children’s early EF development, this study
explores how demographic and familial characteristics relate to the emergence of EF skills
and the role of parent-child interactions and children’s language skills.

Executive Function during Early Childhood
EF is a multidimensional construct that encompass a set of higher-order, top-down cognitive
processes, which are elicited when flexible, coordinated, goal-directed behavior is needed to
solve a problem (Hughes & Graham, 2002; Welsh et al., 1991). Distinct from other more
general cognitive abilities, EF is composed of three related, but distinct components
including working memory, inhibitory control, and attention flexibility or set shifting (Blair,
2006; Hughes, 1998; Pennington & Ozonoff, 1996; Welsh, Pennington, & Groisser, 1991).
What makes EF unique and especially relevant in emotion and behavior regulation in young
children is its association with “context-specific action selection, especially in the face of
strong competing, but contextually inappropriate responses” (Pennington & Ozonoff, 1996,
p. 56) (e.g., calming down when upset and using words instead of aggression to attain a
goal). Overall, EF skills are regulated actions that are needed under circumstances
(especially novel ones) that require planning and decision-making, when there is a threat of
danger, or when one must overcome a habitual response (Hughes & Graham, 2002).

EF skills emerge during the first year of life and develop in a gradual, stage-like fashion
from reactive to more self-regulatory behaviors throughout early childhood (Diamond, 1991;
Garon, Bryson, & Smith, 2008; Welsh & Pennington, 1988). EF development occurs in a
stepwise fashion with key developmental periods occurring in early childhood (birth to 5),
middle childhood (7–9) and early adolescence (11–13) (Anderson, 2002). Although some
EF abilities emerge before age five, these skills remain quite immature and can often only be
applied in very simple and controlled testing context that reduce other aspects of cognitive
and emotional load (Anderson, 2002; Best, Miller, & Jones, 2009; Willoughby, Blair, Wirth,
Greenberg, & the Family Life Project Investigators, in press). Zelazo and colleagues’
Cognitive Complexity and Control (CCC) theory suggests that across early childhood,
children are increasingly able to use more complex rules to guide their actions toward
successful problem-solving (Zelazo, Muller, Frye & Marcovitch, 2003).

Although research consistently shows that young children have difficulty with various
aspects of EF (Diamond, Kirkham, Amso, 2002; Diamond & Taylor, 1996; Gerstadt, Hong,
& Diamond, 1994; Zelazo et al., 2003), as children enter the preschool years, their ability to
accomplish more complex affective and cognitive problems increases and becomes more
consistent and flexible across different contexts (Garon et al., 2008). Therefore, examining
EF at the beginning of the preschool period provide an opportunity to explore the emergence
of individual differences in EF skills.
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Ecological Factors Influencing Early Cognitive Development
Although numerous studies suggest that family structure and the quality of the home
environment play important roles in the development of school readiness, cognitive
development, and self-regulatory skills (Downer & Pianta, 2006; Kopp, 1991; NICHD Early
Child Care Research Network, 2003; 2004; 2005), relatively few directly examine how
ecological factors influence EF development. Some studies have shown a positive
relationship between socio-economic status and EF skills (Mezzacappa, 2004; Noble,
McCandliss, & Farah, 2007; Noble, Norman, & Farah, 2005), and consistent with research
that shows positive associations between adverse environmental experiences and frontal
lobe deficits (Raine, 2002), a link between EF deficits and more severe adverse rearing
environments has also been established (Beers & DeBellis, 2002; Lewis, Dozier, Ackerman,
& Sepulveda-Kozakowski, 2007). However, only a few studies have examined specific
contextual processes that might explain associations between these distal factors and EF
development. One exception is Hughes and Ensor (2005, 2007) who found that positive
parenting (composite of interviewer ratings and observations of positive control,
responsiveness and talk) predicted better EF skills in a sample of primarily low-income, 2-
year-old children, but this association became non-significant when verbal skills were
accounted for. More recent work highlights the role of parental scaffolding, independent of
more general child skills including language and intelligence (Bernier, Carlson, & Whipple,
2010; Bibok, Carpendale, & Muller, 2009; Hughes & Ensor, 2009). Despite these advances,
it is clear that there is a need for further investigation into the specific ecological antecedents
that contribute to individual differences in EF development (Carlson, 2009).

The Role of Sociocultural Background
The relations between ecological factors and early cognitive development may vary as a
function of the families’ sociocultural backgrounds (i.e., race and ethnicity) for a number of
reasons. First, children's exposure to various types of risk factors, including parenting
practices and family structure, vary by ethnicity above and beyond socioeconomic
differences (Bradley, Corwyn, Burchinal, McAdoo, & Garcia Coll, 2001; Klimer, Cowen,
Wyman, Work, & Magnus, 1998). Second, research and theory suggests that the meaning,
salience and impact of risk factors on developmental outcomes vary by children’s cultural
background (Berger, Brooks-Gunn, Paxon, & Waldfogel, 2008; Garcia Coll & Magnusson,
1999). For instance, Dunifon & Kowaleski-Jones (2002) found that for white families,
children from single-parent homes had poorer academic and behavioral competence in
comparison to children in two-parent families, whereas for African American children, there
was no significant association. Similarly, Berger et al. (2008) found that maternal
employment during the child’s infancy was only negatively related to later child receptive
vocabulary skills for white children, not African American or Hispanic children. For these
reasons, the present study explores how the relationship between ecological risks and
children's later EF skills varies as a function of race.

Methodological Approaches to Understanding How Ecological Factors
Affect Development

To date the majority of developmental and risk factor research has been based on a variable-
centered approach (Magnusson & Bergman, 1988) and research on EF development is no
exception. Despite the well-established legacy of variable-centered methods in the field of
developmental psychology, implicit in this framework are assumptions (e.g., there are no
unidentified subgroups within the population) that may limit its value (Laursen & Hoff,
2006). Although variable-centered research on predictors of EF development is informative
in understanding how individual ecological factors predict EF skills, it does not give a
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complete picture of the contextual processes. In general, variable-centered frameworks have
found that the accumulation of risks, rather than any single risk factor, accounts for the
preponderance of negative developmental outcomes (Rutter, 1979; Sameroff, Seifer,
Baldwin, & Baldwin, 1993). Although it is statistically possible to examine higher-order
interactions within a variable centered framework, there is limited statistical power to so
(Magnusson & Bergman, 1990), which often results in the conclusion that specific
combinations of risks are no more predictive of outcomes than a the total number of risks.

In contrast, the person-centered approach has increased statistical power to detect the
complex, interactional nature of the multiple factors that contribute to children's
development and therefore is aimed at identifying particular constellations of characteristics
that describe sub-groups of children (Laursen & Hoff, 2006; Magnusson & Bergman, 1990).
Classifying individuals into subgroups of like individuals is intuitive, can be easily
translated into meaningful information, and has a long history in human development
(Bergman & Magnusson, 1987; Block, 1971; Thomas, Chess, & Birch, 1968; Werner &
Smith, 1992). In a person-centered approach, the significance of any one ecological factor
gains meaning only in so far as it is related to other aspects of the person-environment
system. In other words, the whole is greater than the sum of the individual parts, which
aligns well with contemporary, holistic theories of human development (Bergman, Cairns,
Nilsson & Nystedt, 2000; Lerner, 2006). The person-centered approach is vital in studies
like the present where the goal is to understand complex, multi-determined developmental
phenomenon and identify groups of children who are at highest risk for maladaptive
outcomes.

Latent class analysis (LCA; Goodman, 1974; Lazarsfeld & Henry 1968) is one person-
centered approach which is based on a measurement model (i.e., takes measurement error
into account) and assumes that underlying subgroups or latent classes exist in a specified
population. Recently, LCA has been used to model multiple risk factors and examine the
relationships between early profiles of risk and children's later developmental outcomes
(e.g., Lanza, Rhoades, Nix, & Greenberg, in press; Parra, DuBois, & Sher, 2006). With
LCA, one can model complex interactions among multiple risk factors and identify a set of
mutually exclusive and exhaustive latent classes, referred to as risk profiles herein.

The Current Study
Here we utilize person-centered profiles of demographic and familial risks during infancy
and examine how membership in these risk profiles predicts later individual differences in
EF skills at 36 months. To accomplish this goal, we first identify a model of ecological risk
profiles at 2 and 7 months old.

After establishing the model of risk profiles we examine differences in how profiles are
related to 36-month EF outcomes. Because of the established association between children’s
language skills and EF, we covaried 24-month language skills in our examination of the
association between risk profiles and EF. Although much of this person-centered work is
exploratory and descriptive in nature, we hypothesize that similar to past work, low-income
profiles are likely to be associated with poorer EF outcomes in general (Mezzacappa, 2004;
Noble et al., 2007; Noble, et al., 2005). However, because there is likely to be variability
among the structure and experiences of low-income families, we predict that low-income
status in combination with other risks (e.g., low maternal education, maternal depression)
will be associated with greater risk of poor EF outcomes. We hypothesize that profiles
including two-parent families and low probabilities of other ecological risks will be
associated with better EF performance in comparison to profiles characterized by single-
parenthood and increased probabilities of other risks. However, we also hypothesize that
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profiles characterized by single-parent status and few other risks will be associated with
better EF outcomes.

Finally, we will examine the potential role of parent-child interactions in mediating the
relation between early risk profiles and 36-month EF performance, controlling for family
income and children’s language skills. Given recent work highlighting the role of parenting
behaviors in young children’s EF development (Bernier et al., 2010; Bibok, et al., 2009;
Hughes & Ensor, 2009), we hypothesize that quality of parent-child interactions will
significantly mediate the association between ecological risk profiles and later EF skills,
above and beyond any effects of family income and child’s language skills. That is, children
in higher-risk profiles will be exposed to lower quality interactions with their mothers which
in turn will be related to lower EF skills.

Methods
Study Design and Participants

The Family Life Project—Data for the present study come from a large, longitudinal
study called the Family Life Project (FLP). FLP was designed to study young children and
their families who lived in two of the four major geographical areas of the United States
with high poverty rates (Dill, 2001). Specifically, three counties in Eastern North Carolina
(NC) and three counties in Central Pennsylvania (PA) were selected to be indicative of the
Black South and Appalachia, respectively. The FLP adopted a developmental
epidemiological sampling design to recruit a representative sample of 1292 children whose
mothers resided in these counties at the time of the child’s birth. In addition, low-income
families in both states and African American families in NC were over-sampled to ensure
adequate power for dynamic and longitudinal analyses of families at elevated psychosocial
risk (African American families were not over-sampled in PA because the target
communities were at least 95% non-African American).

The Present Study—Because we were interested in demographic and psychosocial
characteristics of the biological mothers during children’s infancy, the sample here was
limited to 1155 families where the biological mother completed both the 2- and 7-month
home visits (N = 694 were from NC and 461 from PA.). Approximately 60% of mother s
were white and 40% were African American and about half the children were male.
Mother’s age at the 2-month data collection was 25.9 (SD = 5.8) years old. Of the 13% of
the original sample not present at 36-months, attrition analysis showed that of the 10 risk
factors included in the present models, significant differences were evident for only three:
those missing were more likely to have a mother who was single, had less than a high school
diploma, and smoked while pregnant. Also, those not present at the 36-month visit were
more likely to be from NC.

As site and race were confounded in this sample, (of the NC families, the majority (67%) of
children were African American, whereas in the PA families all children were white), results
presented below will be reported by site-race groups.

Procedures
Data were collected during home visits where two trained interviewers went to the families’
homes on two occasions about one week apart for the 2-, 7- and 24-month visits and on one
occasion for the 36-month visits. Interviewers collected survey and observational data on the
mother and target child during visits that lasted approximately 2–3 hours. The survey data
was recorded using laptops and observational data was videoed for later coding. For a
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detailed description of sample selection and data collection procedures, see Crouter, Lanza,
Piretti, Goodman, & Neebe (2006).

Measures: Ecological Risk Factors
All risk factors were coded as dichotomous indicators (e.g., 0 = risk factor not present, 1=
risk factor present). The following strategies were used to create the cut points: 1) logical
cut-offs (e.g., 0 = less than high school diploma, 1 = high school diploma or higher), 2)
already established cut-offs (e.g., 1.5 for income-to-needs ratio) or 3) the bottom/top quartile
approach (for continuous variables). See Table 1 for descriptives of the risk factor variables
by site-race groups.

Household Income (Poverty)—At the 7-month visit, mothers reported the total
household income from all sources. Persons were considered to be a member of the
household if they spent the night at the home at least three days per week. The income-to-
needs ratio was calculated by dividing this number by the 2004 federal poverty threshold,
adjusted for size of household. An income-to-need ratio of 1.00 or greater indicated that the
family income was at or below the poverty level, adjusted for family size. Families with
greater than 1.5 income-to-needs ratio were coded as at-risk.

Marital Status—Mothers who reported being unmarried were coded as at-risk.

Partner Status—Mothers reported if there was a spouse or other partner that lived in the
house. Those who reported no spouse or live-in partner were considered unpartnered (i.e.,
no partner) and therefore coded as at-risk.

Teen Mother—Mothers reported the age at which they gave birth to their first child. We
defined a teen mother as someone who had her first child at 19 years old or younger.

Maternal Education—Mothers reported the number of years of education completed at
the 2-month visit. Mothers with less than a high school diploma or GED were coded as at-
risk.

Maternal Depression—Two measures of maternal depression were used. To assess
current symptoms, mothers completed the Brief Symptom Inventory-18 (BSI-18; Derogatis,
2000) at the 2- and 7-month visits. This short, self-report screening index for psychological
distress contained 18 items assessing three dimensions: somatization, depression, and
anxiety. We used the Global Severity Index (GSI) which sums scores from the three scales
and then created a combined average score across the 2-and 7-month visits. To asses a
history of mental illness, at the 2-month visit, mothers reported if they had ever been told by
a doctor or other medical professional that they had depression or other mental illness. The
maternal depression risk variable was created using the 'or' rule; mothers who scored at the
75th percentile or higher on the BSI-18 composite (a score of 51 or higher) or who reported
being diagnosed with depression or another mental illness were coded as at-risk.

Prenatal Smoking—Mothers reported on prenatal smoking at the 2-month visit by
indicating if they had ever smoked (any amount) during the course of their pregnancy (0 =
never smoked, 1 = smoked at least once). Mothers who reported ever smoking during
pregnancy were coded as at-risk.

Life Stress—At the 2-month visit, mothers completed the Life Experiences Survey (LES;
Sarason, Johnson & Siegel, 1978). The LES assessed presence of 49 positive and negative
events that have the potential to affect family functioning. Respondents indicated whether
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the event was perceived as positive or negative, as well as the impact it had on them (from 0
= ‘no effect' to 4 = ‘great effect'). The internal consistency was high (alpha = .80). Here, the
sum of weighted negatives was used and a score at the 75th percentile or higher (a score of
10 or greater) was coded as at-risk.

Social Support—At both 2 and 7 months, mothers completed a modified version of the
Questionnaire of Social Support (Crnic & Greenberg, 1987). This 16-item measure likert
measure assessed social support satisfaction on subscales related to community involvement,
friendship, family, and intimate relationships. Here, a composite of the family and intimate
relationships subscales was used at 2 and 7 months. Families who scored at the 25th

percentile or lower were coded as at-risk.

Crowded Household—Mothers reported the total number of adults and children living in
the home at 2 months. Persons who spent the night at the house for three or more days per
week were considered household members. They also reported the number of rooms in the
home. A ratio of people to rooms was computed to serve as a proxy for residential density
(Evans, Saegert, & Harris, 2001). Families who scored at or above the 75th percentile were
coded as at-risk.

Outcome Measures: Executive Function
Interviewers administered EF tasks at the 36-month home visit with flipbooks in a quiet
space with minimum distractions. One home visitor administered the task to the child (i.e.,
the examiner), while the other visitor recorded the child's responses with a laptop computer
(i.e., the scorer). The tasks were also videotaped so that a certain percentage could be coded
for reliability purposes (see Willoughby et al., 2009 for further details).

EF was assessed with three tasks modeled on tasks previously used successfully with young
children1. These included a span-type working memory measure in which children had to
hold in mind two pieces of information simultaneously and activate one while overcoming
interference from the other; a spatial conflict inhibitory control task in which a pattern of
stimulus specific responding is established which had to be overridden; and an item
selection attention flexibility or set shifting measure in which children attended to one
dimension (e.g., size) along which 2 items are similar and then were asked to identify a
second dimension (e.g., shape) along which a new item was similar to one of the two
original items. All tasks were scored as percent correct responding.

In the working memory task, children were presented with a line drawing of an animal figure
above which was a color dot. Both the animal and color dot were located within the outline
of a house. After establishing that the child knew both colors and animals in a pretest phase,
the examiner asked the child to name the animal and then to name the color. The examiner
then flipped a page containing only the outline of the house to cover the page with the
animal and the color dot. The examiner then asked the child which animal was/is/lives in the
house. In all, there were 11 trial items. The task required children to perform the operation
of naming and holding in mind two pieces of information simultaneously and to activate the
animal name while overcoming interference occurring from naming the color.

1Two additional EF tasks designed to measure inhibitory control were administered to children at the 36-month visit. One task was
similar to other “Go, no-go” tasks and required children to push a button for one stimulus and inhibit pushing the button for a second
stimulus. The other task was similar to Diamond’s Day/Night task and required children to say ‘meow’ to pictures of cats and ‘woof’
to pictures of dogs. Due to missing data problems and concerns about the validity of these data, these two tasks were not included in
the present analyses.
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The spatial conflict inhibitory control task was a Simon task similar to that used by Gerardi-
Caulton (2000) and Diamond, Barnett, Thomas, & Munros (2007) in which children
alternate same-side and opposite side responding to line drawings of a toy car and a toy boat.
A response card with a picture of the car was placed in front of the child on the right and a
picture of the boat was placed in front of the child on the left. Next, the examiner flipped
pages on which were printed pictures of the car or the boat in either the same side or the
opposite side position. The child was asked to point to the shape on their response card that
corresponded to the picture in the flipbook. Children were presented with 16 same-side trials
and then were presented with 16 intermixed same-side and opposite-side trials. Percent
correct responding on opposite-side trials was used for analysis. This task was preceded by a
pretest phase in which children responded to centrally presented line drawings (a sun and a
star) to left (sun) and right (star) targets.

The item selection attention flexibility task was modeled on the Flexible Item Selection Task
developed by Jacques and Zelazo (2001). In the version of the task developed for flipbook
administration, children were first presented with a page on which there were two line drawn
items that were similar in terms of shape, size or color. The examiner drew the child’s
attention to the dimension along which the items were similar, stating “See, here are two
pictures. These pictures are the same, they are both (cats, blue, big, etc.)”. The examiner
then flipped a page which presented the same two items again, to the right of which was a
dashed vertical line and a picture of a third item. The new third item was similar to one of
the first two items along a second dimension that was different from the similarity of the
first two items. That is, if the first two items were similar in terms of shape, the third item
would be similar to one of the first two items in terms of either size or color. When the new,
third item was presented to the child, the examiner stated to the child, “See, here is a new
picture. The new picture is the same as one of these two pictures. Show me which of these
two pictures is the same as this new picture.” This task was preceded by a pretest in which
children demonstrated knowledge of color, shape, and size. Percent correct responding on 14
trials was used for analysis.

EF Scoring—As is standard for EF measures (Zelazo, 2006), children were required to
successfully complete pretest trials for all tasks in which they clearly demonstrated
knowledge of the rules for the task and the ability to successfully complete the pretest trials
as instructed. Children were also required to complete 75% of test trials in a given task in
order to receive a score for that task. Of 1,105 children administered the EF tasks, 764
successfully completed the working memory span task, 795 successfully completed the
attention flexibility task, and 866 successfully completed the spatial conflict inhibitory
control task. In addition to the individually measured components (i.e., working memory,
inhibitory control, attention flexibility), EF has also been conceptualized as one overall
construct and tasks from this battery have previously been demonstrated to have one
underlying factor (Willoughby et al., in press). Therefore, we created a composite EF score
that encompassed all three EF tasks by taking the mean percent correct responding across
the three EF tasks described above. Total percent correct scores for the tasks were
significantly, moderately related with correlations ranging from .20–.34 in the present
sample. Children received the composite score if they had summary scores on at least one of
the EF tasks.

Measures: Mediation Variables
Parent-Child Interactions—At 7 months, the mother and infant were videotaped during
a 10-minute, free-play interaction. In the procedure mothers were given a set of toys and
instructed to play with their children as they normally would (Cox, Paley, & Burchinal,
1999; NICHD ECCRN, 1999). The interactions were coded for maternal sensitivity,
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detachment, intrusiveness, positive regard, negative regard, and animation in interacting
with the child. Ratings for each code were made on a 1–5 scale, where 1 = ‘not at all
characteristic' and 5 = ‘highly characteristic'.

Previous reports indicated that the coding captures two broad parenting constructs: positive
engagement and negative intrusiveness (Garrett-Peters, Mills-Koonce, Adkins, Vernon-
Feagans, & Cox, 2008). Maternal positive engagement (α=.89) was the mean of mothers’
scores for four characteristics: detachment (reverse-scored; level of emotional
uninvolvement or disengagement), positive regard (level of positive feelings expressed
toward child), animation (level of energy), and stimulation for development (appropriate
level of scaffolding of activities with child). Maternal negative intrusiveness (α=.69) was
defined as the mean of scores for three characteristics: sensitivity (reversed, level of
responsiveness to child’s needs, gestures, and expressions), intrusiveness (degree to which
mother imposed her own agenda on the interaction ignoring the baby’s signals) and negative
regard (level of harsh, negative feelings expressed toward child). The intra-class correlation
for ratings made by two coders to approximately 30% of the tapes were acceptable for both
negative intrusiveness (r = .88) and positive engagement (r = .80). Positive engagement and
negative intrusiveness were moderately, negatively related (r = -.34).

Language Skills—The Expressive Communication subscale of the Preschool Language
Scale-4 (PLS-4; Zimmerman, Steiner, & Pond, 2002) was used to evaluate children’s
expressive language at the 24-month home visit. The PLS age standard scores were used (M
= 100, SD = 15). Previous work has shown that the PLS-4 correlates with other standard
measures of language development, with internal consistencies ranging from .67 to .88 for
the subscales, and test re-test reliabilities ranging from .82 to .95 (Zimmerman et al., 2002).

Overview of Analytic Plan—The analytic plan was as follows: First, LCA was used to
identify and describe family ecological risk profiles. The demographic and familial risk
factors measured at the 2 and 7 months were used as the observed indicators for the LCA
model. All LCA analyses were conducted using PROC LCA Version 1.2.4 (Lanza et al.,
2010), a SAS® procedure for conducting LCA. PROC LCA is available for download free
of charge at http://methodology.psu.edu/. Second, using a classify/analyze approach,
information from the LCA model was used to assign children to risk profiles and the mean
differences in EF scores were examined across these risk profiles. To account for the
association between children’s EF and language skills, we covaried 24-month language
skills in our examination of the association between risk profiles and EF. Partial η2 was
calculated to determine the effect sizes for the impact of risk profile membership on EF
development. Finally, we specified path models to explore parent-child interactions (positive
engagement and negative intrusiveness) as mediators in the association between
membership in the risk profiles and later EF skills.

Results
Descriptive Statistics

Table 1 shows the percentage of children who were classified as at-risk for each risk factor
and the mean EF score for each site-race group. Significant differences were found between
site-race groups for all risk factors except for high stress2. Specifically, more NC African
American children were poor, were living in single-parent households and crowded
households, had unmarried parents, had a teen mother, had low social support, and had

2If the chi-square indicated significant differences among the three groups, follow-up analyses were conducted for each pair-wise
comparison to determine which site-race groups were different from one another.
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mothers who were less likely to have smoked during pregnancy, as compared to both the PA
and NC white children. For most ecological factors, similar percentages of PA and NC white
children were classified at-risk. However, more PA white children had a mother with mood
problems as compared to NC white children and more NC white children had unmarried
mothers and lived in a crowded household as compared to PA children. One-way ANOVA
results indicated significant mean EF differences among the three groups. Tukey’s post-hoc
tests found that NC African American children had lower scores than both the PA and NC
white children on overall EF skills and PA white children scored higher on average than
both NC groups.

In sum, there were significant site-race differences in the prevalence of early risk factors and
36-month EF performance between the NC African American children and the white
children, with a greater percentage of NC African American children being exposed to early
risk factors and showing the poorest EF outcomes. In comparison to the differences found
between the NC African American and white children, relatively few differences were found
between PA and NC white children.

Identifying Latent Classes of Risk
LCA was used to identify subgroups of individuals characterized by unique combinations or
profiles of ecological risk factors. We incorporated site-race into the risk profile model as a
grouping variable to compare the prevalence of each latent class across groups. For each
model, multiple sets of starting values were specified to assess model identification. We
used the G-squared test statistic, information criteria (i.e., AIC, BIC), and model
interpretability to guide model selection. Two sets of parameters were estimated in LCA: 1)
the prevalence of each risk profile for each site-race group, and 2) item-response
probabilities for each risk factor given latent class. Item-response probabilities indicate the
probability of exposure to a risk factor given membership in a particular risk profile. For a
thorough introduction to LCA we refer the reader to Collins and Lanza (2010).

We first conducted separate LCA models within each site-race group to understand the risk
profiles that were unique to or common across site-race groups and to ensure that the final
model adequately reflected risk profiles that emerged in the group-specific analyses.
Because initial models demonstrated that PA and NC white children were similar in number
and composition of risk profiles, we combined them for further analyses. Overall, the site-
race specific LCA models demonstrated the need for both overlapping and site-race specific
classes. Next, we combined the site-race groups and conducted LCA models with the full
sample to obtain an overall model of risk. We considered models with 1–7 classes with
item-response probabilities constrained to be equal across the two site-race groups to ensure
that the risk profiles could be interpreted the same way across groups. We selected a 6-class
model based on the criteria described above3 (see Table 2).

Parameter restrictions were employed to fine tune the final model to best reflect the risk
profiles. Because two of the classes were unique to the white families and one was unique to
the NC African American families, we constrained certain latent class prevalences to zero
within each group. By constraining these prevalence rates to be zero, we are essentially
saying that these classes do not exist for the specified site-race group. We also allowed the

3The 5-class model had the lowest BIC and the 7-class model had the lowest AIC. In the 5-class model, three married classes (one low
risk and two higher risk classes), one poor, single-parent class, and one poor, single-parent with no partner class emerged. In the 6-
class model, an additional poor, multi-problem single-parent, no partner class emerged. In the 7-class model, the single, multi-problem
class split into two classes with one having a high school diploma and the other not. Because of the large degree of overlap between
these two single, multi-problem classes, there was not enough differentiation (i.e., class separation) to warrant a 7-class model and
therefore we chose the more parsimonious, 6-class model as the final LCA model.
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item-response probability for smoking while pregnant to be estimated differently in the
white and NC African American groups (African Americans had lower rates of smoking).
Table 3 presents the final parameter estimates for the 6-class model and shows the six
profiles that emerged in the final, full-sample model. The two main distinguishing
characteristics of the risk profiles were family structure and poverty. Overall, there were
three profiles characterized by having a married mother, one of which was poor (i.e., below
the poverty threshold) and two which were not poor (i.e., above the poverty threshold). The
remaining three profiles were characterized by having an unmarried mother, all of which
were poor.

The first risk profile was labeled Married, Low Risk because children had very low
probabilities of being exposed to any of the ten risk factors. For the white children, this was
by far the more prevalent subgroup, approximately half of the sample. For the African
American children, only 11% belonged to the Married, Low Risk profile. It should be noted
that only a third of NC African American children had married parents. The next profile,
Married, Stressed & Depressed included approximately 12% of white children. This married
group had increased probabilities of having a mother with mood problems and high levels of
stress. As noted above, the prevalence for this risk profile was set to zero for the NC African
American children.

The remaining risk profiles all had increased probabilities of being poor. The third risk
profile was labeled Poor & Married and was more evenly represented in the white and NC
African American groups (11% and 17%, respectively). In addition to poverty, children
from this profile had increased probabilities of having a mother who was a teenager when
she gave birth to her first child, and living in a crowded household. It is interesting note that
this is the only married group with poverty as a risk factor. The fourth profile, labeled Poor
& Unmarried, was set to zero for the NC African American children, but nearly a quarter of
white children lived in ecologies with high poverty, a teen mother at her first birth, and a
mother who smoked while pregnant. They were about equally as likely to have a parent with
a partner (i.e., not married, but had a significant other) as without (i.e., not married with no
significant other). The fifth profile, Poor, Unmarried & No Partner contained nearly half of
the NC African American children. Despite being exposed to some demographic risks (i.e.,
poverty, single-parent, unmarried mother, teen mother), this profile had very low
probabilities of other risks. The prevalence for the fifth risk profile was set to zero for the
white children. Finally, the sixth risk profile, Poor, Unmarried & No Partner, Multi-
Problem, was characterized by a host of demographic and familial risks including increased
probabilities of being poor, having a single mother, having a teen parent, having a mother
with mood problems, and being exposed to high stress and low social support. For white
children, increased probability of having a mother who smoked while she was pregnant was
also a risk factor. For the African American children, Poor, Unmarried & No Partner, Multi-
Problem was the second most prevalent risk profile with about a quarter of the children
belonging to this group, but for the white children, this was the least prevalent risk profile
with only 5% of the children belonging to this group.

Relations between Risk Profiles & 36-month Executive Function Outcomes
To examine the association between the early risk profiles and 36-month EF abilities, we
employed a classify/analyze approach using the LCA model results to assign each child to
the profile in which they had the highest posterior probability4 (see Lanza et al., 2010). The
average posterior probabilities of membership in this study, ranging from .74-.91 for the
white profiles and .82-.89 for the African American profiles, was high (Nagin, 2005), and
the proportions of children assigned to each risk profile closely corresponded to the
prevalence estimates in the LCA model suggesting that little classification error was
introduced by using a classify/analyze strategy (see Figure 1). Because only 3% of the white
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sample was assigned to the Poor, Unmarried & No Partner, Multi-Problem profile and
preliminary analyses indicated large standard errors for this group, we did not consider this
group for the white children in the remaining analyses.

General linear models were estimated to identify mean differences in the EF composite
score across risk profiles within each sample, controlling for 24-month language skills.
Table 4 presents the adjusted means and standard errors for the EF composite variable
(mean total percent correct) for each assigned risk profile by site-race groups. Risk profile
membership was a significant predictor of EF skills for both white and NC African
American children, with small to medium effect sizes (F = 2.42, p = .047, η2= .02; F = 4.57,
p = .004, η2= .04, respectively). The results showed that white children assigned to the
Married, Low Risk profile had significantly higher overall EF scores, but only in
comparison to children assigned to the Poor & Unmarried risk profile. NC African
American children assigned to the Married, Low Risk profile had significantly higher
overall EF scores than the children assigned to any of the three higher-risk profiles (Poor &
Married; Poor, Unmarried & No Partner; and Poor, Unmarried & No Partner, Multi-
Problem).

Next, we estimated general linear models for risk profiles predicting each of the three EF
tasks individually, adjusted for language skills. Table 5 shows the adjusted means and
standard errors (adjusted for 24-month language skills) for the three EF tasks for each of the
assigned risk profiles by site-race group. Risk profile membership was only a significant
predictor of scores on the attention flexibility task for the white children (F = 3.65, p = .006,
η2= .03), with children assigned to the Married Low, Risk or Married, Stressed & Depressed
profiles scoring significantly higher than children assigned to the Poor & Unmarried risk
profile. Otherwise, white children scored similarly on the working memory and inhibitory
control tasks, regardless of risk profile membership. For NC African American children, risk
profile membership approached significance in the prediction of all three EF tasks (Working
Memory: F = 2.26, p = .082, η2= .02; Inhibitory Control: F = 2.51, p = .059, η2= .02;
Attention Flexibility: F = 2.17, p = .092, η2= .02). Overall, NC African American children
assigned to the Married, Low risk profile scored significantly higher in comparison to
children assigned to the higher-risk profiles (Poor & Married; Poor, Unmarried & No
Partner; Poor, Unmarried & No Partner, Multi-Problem).

In summary, these results suggest that for white children, membership in either of the
married profiles (regardless of other risks) conferred the greatest protection from poor EF;
whereas for the NC African American children, only membership in the most positive
environment (Married, Low Risk) was related to better EF in comparison to the higher-risk
profiles (regardless of marital status). Although there were notable task-specific differences
between site-race groups, the patterns within site-race groups were generally similar to those
for the EF composite. Moreover, previous work with these tasks suggests one underlying EF
factor (Willoughby et al., in press) and therefore we chose to use the EF composite variable
in all further analyses.

Mediation Analyses
The final analysis investigated the role that quality of parent-child interactions had in the
relations between early risk profiles and later EF abilities. To do this, we dummy-coded the

4An alternative strategy for examining the relations between ecological risk profiles and EF skills is through a LCA framework
(Lanza et al., 2010). Like in the classify/analyze approach, results yielded in the LCA framework found some evidence that the
greatest risk for overall EF deficits was associated with membership in the Poor & Unmarried risk profile for white children, and
membership in either single risk profile (Poor, Unmarried & No Partner or Poor, Unmarried & No Partner, Multi-Problem) for the
African American children.
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assigned risk profiles (with Married, Low Risk as the reference group) and used them as
categorical predictors in mediation analyses. First, we examined descriptive statistics for the
variables in the mediator models for each risk profile and tested for mean differences
between profiles using ANOVA with Tukey’s post-hoc comparisons. The top half of Table
6 shows the means and standard deviations for these variables for each risk profiles for the
PA/NC white sample. White children in the Married, Low Risk profile experienced greater
maternal positive engagement than those children in other risk profiles, with the exception
of Married, Stressed & Depressed. White children in the Married, Low Risk profile were
also exposed to lower levels of intrusiveness than children in the Poor & Married or Poor &
Unmarried risk profiles. For language skills, children in the Married, Low risk profile had
higher abilities at 24 months, but only in comparison to those children in the Poor &
Unmarried risk profile. Income levels at 7-months were highest for the families of white
children in the Married, Low risk profile, followed by Married, Stressed & Depressed and
finally families of children in the Poor & Married and Poor & Unmarried profiles.

The bottom half of Table 6 shows the means and standard deviations for the NC African
American sample. Children in the Married, Low Risk and the Poor & Married profiles were
exposed to higher levels of engagement as compared to the two single-parent risk profiles.
Children in the two married profiles were exposed to lower levels of intrusiveness than
children in the Poor, Unmarried & No Partner profile, but not significantly lower than
children in the Poor, Unmarried & No Partner, Multi-Problem profile. African American
children did not significantly differ in 24-month language skills based on their profile
assignment. Income levels, however, did significantly vary with children in the Married,
Low Risk profile being from families with significantly higher income at 7-months than
children in any other profiles, and children in the Poor & Married profile having higher
income than those in either single-parent risk profile.

Next, we examined the correlations between the EF composite and each mediator, income,
and children’s language skills (see Table 7). Despite the differences in the levels of the
mediator variables described above, the correlations were quite similar across site-race
groups. For both white and African American samples, children who were exposed to higher
levels of maternal positive engagement, children’s language skills, and household income
were more likely to have higher EF skills at 36-months with the strongest association
between the children’s language skills and EF. For the white, but not African American
children, greater maternal negative intrusiveness was related to lower EF skills.

To test for mediation, the risk profiles (dummy-coded with the Married, Low Risk profile as
the reference group) were specified to predict the mediation variable and 36-month EF, and
the mediators were specified to predict EF. We used full-information maximum likelihood
estimation in AMOS 16.0, which uses all available information to account for missing data.
Due to the positive association between household income and language with EF abilities,
income (measured at the 7-month visit) and 24-month language were included as covariates.
To determine if the effect of membership in each of the risk profiles on EF was significantly
mediated by quality of parent-child interactions, we used Sobel’s test (1982). Separate
mediation models were run for the white and the NC African American samples because
groups were comprised of different sets of risk profiles.

Mediation Results: PA/NC White—Figure 2 presents the results of the mediation model
for 7-month maternal positive engagement and negative intrusiveness as mediators for PA/
NC white children. Both mediators were included in the same model in order determine to
what extent each aspect of parenting mediated the association between risk profile and EF
abilities, controlling for the other aspect of parenting (Preacher & Hayes, 2008).
Membership in the poor risk profiles relative to the Married, Low Risk profile was
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significantly, negatively associated with maternal positive engagement and positively
associated with negative intrusiveness at 7 months. That is, children in the Poor & Married
and Poor & Unmarried risk profiles were exposed to lower maternal positive engagement
and higher negative intrusiveness at 7 months, on average, in comparison to children in the
Married, Low Risk profile. Both mediators, in turn, were associated with EF skills at 36
months. Specifically, children exposed to greater maternal positive engagement and children
exposed to lower negative intrusiveness were more likely to have higher EF skills. Using the
Sobel (1982) test, we found that the mediated effects for both maternal positive engagement
(Poor & Married: t = −1.98, p = .05; Poor & Unmarried: t = −2.07, p < .05) and for negative
intrusiveness (Poor & Married: t = −2.01, p < .05; Poor & Unmarried: t = −2.14, p < .05) at
7 months were uniquely significant for the Poor & Married and Poor & Unmarried risk
profiles.

Mediation Results: NC African American—Figure 3 presents the results of the
mediation model for 7-month maternal positive engagement and negative intrusiveness as
mediators for NC African American children. Membership in both single-parent risk profiles
(Poor, Unmarried & No Partner and Poor, Unmarried & No Partner, Multi-Problem) relative
to the Married, Low Risk profile, was significantly negatively associated with maternal
positive engagement at 7 months and significantly positively associated with negative
intrusiveness at 7 months. Positive engagement was, in turn, positively associated with EF
skills at 36 months, whereas there was no significant association between negative
intrusiveness and EF skills. Using the Sobel (1982) test, we found that the mediated effects
of maternal positive engagement at 7 months on the association between the two single-
parent profiles and 36-month EF skills were uniquely significant (Poor, Unmarried & No
Partner: t = −2.58 p = .01; Poor, Unmarried & No Partner, Multi-Problem: t = −2.42 p < .
05). Negative intrusiveness did not significantly mediate any of the associations between
risk profiles and EF skills for the African American children.

Discussion
Ecological Risks & Executive Function Skills

By using a person-centered approach, our findings advance the understanding of how
ecological risks relate to children’s EF development by providing a more nuanced look at
higher-risk families. The six family ecological risk profiles identified here during infancy
were meaningfully associated with emerging EF skills over two years later. Like previous
research, we found that socioeconomic risk (Hughes & Ensor, 2005; Mezzacappa, 2004;
Noble et al., 2005; Noble et al., 2007) and parenting behaviors (Bernier et al., 2010; Bibok,
et al., 2009; Hughes & Ensor, 2009) were significantly related to children’s EF skills.
However, our findings extended this work in several important ways. First, we can conclude
that characteristics of the child’s earliest environment during infancy contribute to future EF
development at 36 months old. Second, the mediation models revealed that the links
between socioeconomic risk and EF skills are at least partially explained by associated
variations in parenting behaviors. Finally, a person-centered approach allowed us to make
conclusions regarding the EF performance of children exposed to various combinations of
risks and our diverse sample allowed us to examine how these associations varied by site-
race group.

Specifically, results showed that EF skills at 36 months varied across profiles in both white
and African American samples. Although white and African American children within the
Married, Low Risk profile consistently performed well on the EF tasks as expected, the most
at-risk profiles varied by race. For white children, those who were members of the Poor &
Unmarried profile consistently performed poorer on the EF tasks at 36 months in
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comparison to those in the Married, Low Risk profile. For African American children, those
who were members of any of the higher-risk, poor profiles (Poor & Married; Poor,
Unmarried & No Partner; Poor, Unmarried & No Partner, Multi-Problem) during infancy
performed equally poorly on the EF tasks in comparison to the children in the Married, Low
Risk profile. Overall, these findings confirmed our hypotheses that family ecologies during
infancy would be significantly associated with future EF competence, even after accounting
for children’s language skills.

Our findings suggest that exposure to poverty was the most consistent predictor of poor EF
skills. For African American families, this was true regardless of marital status, but for white
families this appeared to only be the case for low-income, single-parent families. Numerous
studies demonstrate the negative effects of economic strain and its associated psychological
distress on children’s developmental outcomes (Brody, Murray, Kim, & Brown, 2002;
Jackson, Brooks-Gunn, Huang, & Glassman, 2000; McLoyd, 1990). However, it is worth
noting that economic strain and psychological distress are not mutually exclusive. In the
present analyses, two profiles were characterized by a high incidence of stress and
depression, one of which was also characterized by poor, unmarried mothers (Poor,
Unmarried & No Partner, Multi-Problem in the African American sample) and the other
which was characterized by non-poor, married mothers (Married, Stressed & Depressed in
the white sample). Similar to previous work, a generalized association between maternal
depression and children’s poor outcomes was not found in the present study (Petterson &
Alber, 2001). Instead, we found that the association between maternal depression and
children’s early cognitive skills does not operate in the same way in poor, African American
single-parent and non-poor, white two-parent contexts. Unlike the African American
children in the Poor, Unmarried & No Partner, Multi-Problem profile, white children who
were members of the Married, Stressed, & Depressed profile did not perform significantly
worse than those in the Married, Low Risk profile. Thus, maternal depression may have a
differential effect on child outcomes in different family contexts. It is possible that within a
two-parent context, children are exposed to more cognitive stimulation than children in a
single-parent context with a depressed mother through increased opportunities for
communication and interactions with a non-depressed caregiver. Also, it is possible that the
presence of two parents decreases children’s exposure to the stress associated with having a
depressed mother. Overall, these findings suggest that psychological distress alone does not
negatively impact EF development, but instead the intersection of psychological distress and
having a poor, unmarried mother puts children at the highest risk of poor EF development.

On the other hand, two risk profiles were characterized by a high incidence of poverty but
varied in marital status (Poor & Married; Poor & Unmarried). Of these two groups, white
children in the two-parent households seemed to be buffered from the negative effects of
poverty, as only children in the Poor & Unmarried risk profile performed significantly worse
on the EF tasks. In the African American families a different picture emerged regarding the
effects of poverty (and the economic strain that is implied by living in poverty). In this
group, protection from the deleterious effects of poverty on the development of EF was
found only when children were surrounded by positive factors across the board in the
Married, Low Risk profile. That is, even a two-parent household could not mitigate the
negative effects of poverty on EF development for the African American children.
Therefore, for African American families, it was not family structure, but rather economic
deprivation that appeared to be the common denominator in the prediction of EF deficits.
Taken together, these results begin to disentangle income from family structure and suggest
that neither income level nor marital status, alone, may be sufficient in predicting children’s
EF development.
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Overall, our findings provide some support for the link between family structure and
children’s development (Carlson & Corcoran, 2001; McLanahan, 1997; McLanahan &
Sandefur, 1994; Smith, Brooks-Gunn, & Klebanov, 1997), but also remind us that the
meaning, salience and impact of risk factors may vary by children's cultural background
(Bradley et al., 2001; Foster & Kalil, 2007; Garcia Coll & Magnusson, 1999; Klimer et al.,
1998). Specifically, it has been suggested that for African American children, single-
parenthood may not necessarily be associated with poorer developmental outcomes than
two-parent contexts (Dunifon & Kowaleski-Jones, 2002). Given the high prevalence of
single-parent, African American families, and their known variation, we hypothesized that
not all African American single-parent profiles would be associated with poor EF outcomes.
We expected that African American children in the Poor, Unmarried & No Partner profile
would have fared better in EF development than African American children in the Poor,
Unmarried & No Partner, Multi-Problem profile. However, our findings indicated that
membership in both single-parent, African American profiles were associated with poorer
EF skills. This finding might be explained by the similar low income levels and low levels
of maternal positive engagement within these single-parent profiles. It is also possible that
although mothers in the Poor, Unmarried & No Partner profile did not report high levels of
subjective life stress, they were in fact exposed to events that are generally perceived as
quite stressful. We must be cautious when interpreting self-reported stress in low-income,
minority samples as they may have a different metric by which they measure stress relative
to their life experiences. Previous work has shown that life event checklists like the one used
here underestimate stress exposure in minority populations (e.g., Turner & Avison, 2003). It
should also be noted that both the restriction in range of EF scores for the African American
children as well as the early age at which EF was assessed may have hindered our ability to
predict their EF skills.

Mechanisms in the Link between Ecological Risk & Executive Function Skills
Theory suggests that EF skills unfold as a result of the interaction between children and their
social and physical worlds (Berstein & Weber, 2007; Luria, 1973; Vygotsky, 1962), but
until recently few studies have examined how ecological factors influence EF development.
Previous work has highlighted the role of both home environments and maternal sensitivity
in predicting general cognitive abilities and academic achievement, and EF skills (Downer
& Pianta, 2006; Hughes & Ensor, 2005; NICHD ECCRN, 2003; 2004; 2005; Noble et al.,
2007). Results here suggest that much of the negative influence of early demographic and
familial risks on later EF may be transmitted through the quality of interactions mothers
have with their children during infancy. For white children, it was membership in profiles
characterized by poverty where parenting mediated the process, whereas, for African
American children, it was membership in the single-parent households (but not poor, two-
parent households) where maternal positive engagement mediated the effect of risk on EF.

These results confirm recent studies, which find that general environmental stress and chaos
predicts lower levels of EF skills, where as sensitive, engaging interactions with parents
(e.g., maternal scaffolding) are predictive of increased EF competence (Bernier et al., 2010;
Bibok, et al., 2009; Hughes & Ensor, 2009). Quality of parenting may exert influence on
children’s development in two ways. First, through contingent, responsive interactions,
infants recognize they can influence their environment. This sense of agency may increase
their motivation to learn how to control and interact with their external world, which may
provide more chances to practice their EF skills. Second, through increased relationship
security derived from positive interactions, infants are more likely to explore their
environments increasing their interaction with cognitively stimulating materials (Ainsworth,
Blehar, Waters & Wall, 1978; Bornstein & Tamis-LeMonda, 1997).
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Another important consideration in the prediction of EF and the role of parent-child
interactions is language development. Similar to other studies, we found that better language
skills were related to better EF skills, regardless of race (e.g., Hughes & Ensor, 2005; Blair
& Razza, 2007). It is worth noting that despite this strong association, risk profiles were
significant predictors of future EF skills and that this association could be at least partially
explained by parenting behaviors, even after controlling for children’s language skills.
Parent-child interactions play an important role in the development of both language and EF.
Considering the theoretical support for the association between EF and language
development and the role of social interaction (Luria, 1973; Vygotsky, 1962), one may
hypothesize that language helps facilitate EF development and both are influenced by
demographic and familial risks. However, it is also possible that these ecological risks
influence a third variable like social interaction opportunities or exposure to cognitively
stimulating interactions, which in turn shapes both EF and language development. Future
research focused on specifying these causal paths is needed to more fully understand the
complex associations between risk, parenting, and children’s EF and language development.

Race & Mechanisms in the Link of Risk & EF
Few studies have examined how mediators differentially explain the association between
ecological risks and later development across ethnic groups (Bradley et al., 2001; Bradley &
Corwyn, 2003). Those that have investigated how race moderates these associations
generally find that there are far more similarities than differences (Bradley et al., 2001;
Bradley & Corwyn, 2003). This study examined how proximal processes explaining the
associations between risks and EF outcomes vary across ethnic groups. Despite the similar
relations observed between poor, unmarried profiles and poorer EF outcomes across site-
race groups, we found maternal negative intrusiveness only helped explain this association
for white children. For African American children, maternal negative intrusiveness and EF
skills were unrelated. Therefore, even though poor, unmarried risk profiles showed higher
levels of intrusiveness for African American children, this did not help explain the negative
association between risk and EF. Although the present study did not officially test
moderation, these findings suggest that the relationship between parenting and EF varies for
white and African American children. Several studies have shown that African American
parents are more likely to use “no nonsense” parenting, which is characterized by high levels
of parental control (including physical punishment) within the context of a warm parent-
child relationship (Brody & Flor, 1998; McLoyd, 1990). Typically, this parenting style,
which one might expect to be more intrusive due to its higher levels of parental control, has
been associated with poorer developmental outcomes for children; however, there is less
support for this relationship within African American samples, particularly those living in
disadvantaged, economically strained neighborhoods (e.g., Steinberg, Darling, & Fetcher,
1995).

Prevention Implications
Previous research has pointed to the importance of EF as a potential target for intervention,
yet few interventions have specifically targeted and measured their impact on children’s EF
skills. Results from two school-based cognitive and social-emotional curriculums for
preschoolers have demonstrated positive impacts on children’s EF development (Bierman et
al., 2008; Diamond et al., 2007). These studies suggest that preschool curriculum-based
preventive interventions have the potential to improve young children’s EF skills, but less is
known about how family-based interventions may influence EF development. Results here
suggest that the early home environment may prove to be an especially fruitful context to
promote EF skills. Findings here, if replicated, point to specific subgroups of children as
well as family and child processes that should be targeted in the promotion of young
children’s EF development.
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One proposed strategy for more efficiently allocating limited prevention resources is to
target groups at greatest risk (e.g., Collins, Murphy, & Bierman, 2004). The person-centered
approach used here suggests that interventions to promote EF skills should target families
with poor, unmarried and married parents. Additionally, the mediation analyses suggest that
maternal engagement may be an important parent-child intervention target and recent
evidence suggests that children’s EF skills can be enhanced through improved parenting
behaviors (Lunkenheimer et al., 2008).

Limitations and Future Analyses
The aforementioned conclusions must be tempered by several study limitations. First, it is
possible that the mediation analyses in this study were underpowered. According to Preacher
and colleagues, bootstrapping is often preferred over the Sobel test as it provides increased
power to detect mediated effects, especially with small sample sizes (Preacher & Hayes,
2004). A Monte Carlo study conducted by MacKinnon and colleagues found that the Sobel
test performed best with sample sizes greater than 50 (MacKinnon, Warsi, & Dwyer, 1995).
In the present study, we had 687 children for the white sample and 468 children for the
African American sample. To be thorough, however, we reran our original models using the
bootstrapping option in Mplus and found nearly identical results (Muthen & Muthen, 2007).
It is important to note, however, that although Mplus provides the option of using
bootstrapping with some missing data, it does not allow for missingness on any of the
predictor variables (in our case, class membership, children’s language skills, and family
poverty) and therefore the Mplus analyses had to be conducted using a slightly smaller
sample (n = 612 for the white sample and n = 332 for the African American Sample). For
these reasons, we chose to present the mediation results using the Sobel test based on the full
data set.

Second, although representative of their regions, participants were limited to non-urban
Appalachian and Black Southern regions of the US and conclusions may not generalize
beyond non-urban populations. Third, as all African American families were drawn from
North Carolina and more than half of white families were drawn from Pennsylvania, it not
possible to disentangle the effects of geographic location from the effects of race. Fourth,
because of the smaller sample size of African American families, our lower power reduced
our ability to detect differences across the African American family risk profiles. Therefore,
conclusions regarding ethnic differences should be interpreted with caution. Finally, because
the LCA subgroups are sensitive to sample size and sample characteristics (like other data-
driven models) as well as changes in risk indicators, generalization issues may arise.

Conclusions & Contributions
The study of EF skills, particularly in young children, has received increased scholarly
attention in recent years due to studies linking its development with a wide variety of
positive academic and social outcomes. However, few studies place this process within one
of the most important developmental contexts for young children, the home environment.
Through the use of a new lens (person-centered approach) to study the intersection of
multiple risk factors, we found that specific combinations of risks are more strongly
associated with poor EF outcomes in comparison to individual risks and that these
combinations may vary by race. We also identified the specific proximal processes
(maternal engagement) that help explain why more distal demographic and familial risks are
associated with future EF skills, thus improving our understanding of the important
developmental pathway from ecological risks to EF skills. Also by investigating these
associations in a large, ethnically diverse sample of young children and their families, we
were able to model the diversity within and across profiles of single/unmarried and married
families in both white and African American samples, thus revealing several important
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commonalities and differences in these processes. Overall, this study provides an important
first step toward elucidating the complex relations between children’s earliest experiences in
the home and their future EF development and if replicated, may lead to more effective
targeting of scarce early intervention resources to those at greatest risk for EF deficits.
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Figure 1.
Percent of children assigned to each risk profile by site-race group
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Figure 2.
Standardized estimates for path model with 7-month maternal positive engagement and
negative intrusiveness as mediators of the association between risk profiles & 36-month EF
skills in the PA/NC white sample. Bolded paths represent associations that were
significantly mediated, and numbers in parentheses represent standardized estimates for
when the mediators were not in the model.
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Figure 3.
Standardized estimates for path model with 7-month maternal positive engagement and
negative intrusiveness as mediators of the association between risk profiles & 36-month EF
skills in the NC African American sample. Bolded paths represent associations that were
significantly mediated, and numbers in parentheses represent standardized estimates for
when the mediators were not in the model.
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Table 1

Descriptive Statistics: Percentages of Children from each Site-Race Group with Risk Factor and mean EF
Score for each Site-Race Group

PA NC NC

White White African

Risk Factor (N = 461) (N = 226) American p-value1

(N = 468)

% At-Risk (N Missing)

Poverty 36.2 (0)a 38.9 (0)a 72.9 (0)b ***

Unmarried 36.9 (0)a 25.7 (0)a 70.5 (0)a ***

No Partner 16.5 (0)a 11.5 (0)a 59.8 (0)b ***

Teen Mother 32.8 (199)a 40.4 (85)a 63.5 (172)b ***

No HS Diploma 14.3 (0)a 18.6 (0)ab 24.2 (0)b ***

Mood Problems 40.1 (0)a 27.9 (0)b 28.4 (0)b ***

Smoked While Pregnant 30.2 (0)a 24.8 (0)a 15.0 (0)b ***

High Stress 24.7 (92)a 23.8 (58)a 31.4 (98)a ns

Low Social Support 18.9 (11)a 19.3 (3)a 32.0 (27)b ***

Crowded House 18.0 (0)b 28.8 (0)b 43.4 (0)b ***

Mean (SD)

EF Mean Total % Correct 52 (.21)a .46 (.19)b .36 (.18)c ***

Note. Percentages in the same row that share subscripts do not differ at p < .05 according to chi-square test of independence pair-wise comparisons
for the risk factors. Means in the same row do not differ at p < .05 according to Tukey post-hoc comparisons for the EF means.

1
For risk factors, p-value based on chi-square test of independence between each factor and site-race group. For EF outcomes, p-value based on

one-way ANOVA to test mean group differences .

***
p < .001.
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Table 2

Fit Statistics for Full-Sample LCA Models with 1–7 Classes with Equal Measurement

No. of classes G sq. df AIC BIC

1 3178.90 2037 3198.90 3249.41

2 1662.57 2025 1706.57 1817.71

3 1419.67 2013 1487.67 1659.43

4 1273.34 2001 1365.34 1597.73

5 1180.84 1989 1296.84 1589.84

6 1106.13 1977 1246.13 1599.76

7 1044.02 1965 1208.02 1622.28

Note. G sq. = G-square statistic; df = degrees of freedom; AIC = Akaike Information Criteria; BIC = Bayesian Information Criteria. Lower AIC,
BIC indicates more optimal model fit.
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Table 7

Correlations between EF and Variables in the Mediation Models by Site-Race Group

EF Total Mean % Correct

Variable PA/NC White NC African American

6m Maternal Positive Engagement .19*** .19***

(n = 531) (n = 359)

6m Maternal Negative Intrusiveness -.17*** -.05

(n = 531) (n = 359)

24m Language Skills .38*** .23***

(n = 542) (n = 352)

6m Household Income .18*** .16**

(n = 555) (n = 379)

*
p < .05

**
p < .01

***
p < .001
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