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engagement in early childhood to promote academic skills,
offering a potential avenue from which to prevent income

achievement gaps before school entry.

KEYWORDS
academic skills, early childhood, intervention, poverty, resilience

1 | INTRODUCTION

Academic skills at school entry predict achievement in middle childhood and adolescence (Duncan et al., 2007; Sabol
& Pianta, 2012), as well as college attendance, earnings, and home ownership in adulthood (Chetty et al., 2011). Large
income gaps in academic skills are present at school entry and persist into secondary school (Waldfogel, 2012), as
children raised in poverty show elevated rates of grade retention, special education placement, and school dropout
(Duncan et al., 2012; Reardon, 2013). Although directly reducing poverty is of paramount importance, such efforts
cannot undo the harmful effects of poverty on child development that preventive interventions may be suited better in
ameliorating. Interventions that support skill acquisition, however, have been less effective when initiated after, rather
than before school entry (Cunha & Heckman, 2007). Thus, clarifying how early childhood interventions can promote
the academic skills of children living in poverty offers the potential to help reduce income achievement gaps.

Most studies of childhood poverty focus on risk factors or negative outcomes, which can stigmatize children’s rea-
sonable adaptations to poverty as deficits. A strength-based approach recognizes that people living in poverty adapt
to high-stress environments in idiosyncratic ways by cultivating skills that interventions can potentially leverage to
promote socioemotional and academic competencies (Ellis et al., 2017; Frankenhuis & Nettle, 2020). Longitudinal
studies of young children’s academic skills have identified antecedents in the family and other contexts, but stud-
ies linking school-entry skills to school-age outcomes typically predict to a single grade rather than changes across
grades (Burchinal et al., 2020, 2002). Building on studies of families in Head Start, national samples, and literature
on resilience, this longitudinal study of children in poverty integrates the bioecological and investment models to
test an early intervention targeting existing strengths in families and its interactions with early childhood (ages 2-5)
predictors of school-entry levels of (age 5) and early school-age gains in academic skills (ages 5-8.5).

Families in Women, Infants, and Children Nutritional Supplement (WIC) programs were recruited to participate
in a multisite randomized controlled trial (RCT) of the Family Check-Up (FCU) intervention to prevent early conduct
problems and support school readiness. All children were deemed “high-risk” for early conduct problems based on
living below or just above the poverty line and having additional family, child, and/or socioeconomic risk factors.
We estimated the intercept and slope of children’s standings on academic skills relative to national averages rather
than their absolute growth, as children living in poverty are less likely to fall behind academically when they score
similarly in academic skills at school entry as their average achieving peers not living in poverty (Sattler & Gershoff,
2019). We used Bayesian multilevel regression modeling to test main effects of the FCU intervention, early childhood
predictors, and their interactions simultaneously to yield more efficient and conservative estimates while protecting
against common problems in “frequentist” models with many parameters (e.g., biased estimates and type 1 errors

from multiple comparisons; Burkner, 2017; Gelman et al., 2012).

1.1 | Theoretical framework

Structural theories of the causes of poverty posit that demographic and economic contexts have downstream effects

on behavior and its interactions with poverty-related stressors (Brady, 2019). Poverty reflects countless stressful
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conditions across contexts that cumulatively affect skill acquisition (McLoyd et al., 2009; Yoshikawa et al., 2012).

The bioecological model views development as nested within ecological systems and driven by proximal processes or
children’s increasingly more complex interactions with people and objects in their immediate contexts to acquire
motivation, knowledge, and skills (Bronfenbrenner & Morris, 2006). The investment model posits that parents
invest basic resources, such as time and money, and enriching materials and experiences to promote children’s
skill acquisition (Magnuson & Votruba-Drzal, 2009). We integrate these models’ emphasis on extrafamilial and
family contexts, particularly parents’ key role in children’s development, with a strength-based approach to iden-
tify malleable factors across poverty contexts in early childhood that interventions can target to foster academic
skills.

Resilience is the process of achieving relatively positive adaptation despite experiencing significant adversity
(Luthar et al., 2015). Children living in poverty who continually perform well academically, having similar or higher
standings on academic skills than national averages, demonstrate academic resilience (Rudd et al., 2021; Sattler &
Gershoff, 2019). Longitudinal studies show all children regardless of their risk status benefit from promotive factors,
such as positive characteristics of children’s families, broader social milieu, and their strengths that elicit positive
interactions, whereas protective factors include interventions that only buffer children from the effects of their
high-stress contexts (Sameroff, 2010; Werner, 2013). Low-income children experience investments and proximal
processes that can be promoted by preventive interventions, but no study to our knowledge has tested whether early
interventions moderate effects of promotive factors on change in such children’s academic skills. Resilience studies
inform our selection of the following predictors: neighborhood cohesion (Froiland et al., 2013; Luthar et al., 2015),
mother-child engagement (Morris et al., 2017; Werner, 2013), and self-regulation (Buckner et al., 2009; Distefano
etal.,, 2021).

1.2 | Neighborhood social cohesion and young children’s academic skills

The intersection of racial and class segregation, housing policy, and housing choices concentrates poverty in certain
neighborhoods (Brady, 2019), which can create barriers to young children’s school readiness. Neighborhood mech-
anisms can be conceptualized as structure, the socioeconomic and demographic characteristics of the residents, or as
process, the informal interactions among neighbors or formal links between residents and local institutions (Leventhal
& Dupéré, 2019). Resilience studies show social organization processes buffer children from the effects of adversity
including structural factors like neighborhood poverty (Luthar et al., 2015). Neighborhood cohesion reflects a sense
of community, closeness with neighbors, and emotional attachment to the neighborhood (Perez-Smith et al., 2001)
and is part of collective efficacy, the perception that neighbors work cooperatively toward shared goals (Leventhal &
Dupéré, 2019).

Neighborhood processes also mediate effects of structural factors on family functioning, parenting, and child
test scores, but few studies examine effects of neighborhood processes on young children’s academic skills (Froiland
et al,, 2013). High neighborhood cohesion predicts young children’s greater verbal skills but not when considering
mothers’ social support (Kohen et al., 2002), which suggests neighbors’ material and emotional support, such as
help with paying bills and childcare, benefits children’s academic skills. Community interventions have improved
neighborhood cohesion (Shen et al., 2017), but neighborhood poverty has been shown to moderate effects of the
FCU on child conduct problems in our low-income sample (Shaw et al., 2016). Specifically, the FCU only predicted
lower aggression in children living in moderate as opposed to extreme neighborhood poverty, whereas FCU-related
improvements to positive mother-child engagement only predicted lower aggression in children living in extreme
neighborhood poverty. No study has tested whether the interaction between the FCU and neighborhood cohesion
promotes academic skills, but such neighborhood processes may support academic skills better for children receiving

FCU services, which we test in the present study.
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1.3 | Positive mother-child engagement in early childhood

Parents nurture cognitive, academic, and socioemotional skills by investing in children’s physical care, emotional
support, cognitively stimulating materials, and enriching experiences, especially during early childhood (Froiland
et al,, 2013; Waldfogel, 2012). Investments can be expressed as positive parenting behaviors that serve as proximal
processes through which parents promote young children’s school readiness. Meta-analyses show small effects of
positive parenting (e.g., warmth, autonomy granting) on child achievement (Pinquart, 2016). Yet, some studies of
positive parenting and young children’s academic skills have found mixed evidence of their association (e.g., Burchinal
et al., 2002; Gershoff et al., 2007; Yeung et al., 2002), but these studies did not consider children living in poverty or
child-driven effects on parenting.

Considering children’s active behavior in their mother-child interactions may identify proximal processes mal-
leable to intervention to promote academic skills (Morris et al., 2017). Dyadic mutuality, a mother and child’s shared
affect and enjoyment during interactions, predicts cognitive skills in early childhood independently of cognitive and
language stimulation at home for families in Early Head Start (Ayoub et al., 2009). Past studies of our sample found the
FCU improved academic skills by increasing mothers’ early positive behavior support or tendency to engage children
in lengthy interactions and discussions with periodic positive behavior, reinforcement, and prompts for continued
interaction (Brennan et al., 2013). The FCU also reduced problem behavior by improving dyadic positive engagement
(Sitnick et al., 2015) or interactions in which mother and child show high positive or neutral engagement with one
another, which is related to greater positive behavior support (Dishion et al., 2017). We tested the interaction
between the FCU intervention and dyadic positive engagement, as we expected young children who experience
greater dyadic positive engagement to be more likely to acquire greater academic skills, especially when the FCU

increases positive mother-child interactions.

1.4 | Children’s self-regulation, school readiness, and resilience

Viewed as a critical component of school readiness, self-regulation reflects the voluntary control of attention,
emotion, and behavior in the pursuit of goals and in response to changing contextual demands (Blair & Raver, 2015;
Liew, 2012). High self-regulation in early childhood and at school entry predicts better academic skills (Allan et al.,
2014; Welsh et al., 2010), such as greater gains in vocabulary and reading comprehension across first grade (Skibbe
et al,, 2012) and later achievement almost as strongly as school-entry math and reading skills (Duncan et al., 2007).
Self-regulation also supports resilience of school-age children living in poverty (Buckner et al., 2009), although they
are less likely to encounter family and neighborhood contexts that nurture self-regulation (Blair & Raver, 2015). High
self-regulation recently was shown to serve as a promotive factor for young children’s early math and literacy skills
(Distefano et al., 2021). Children’s early skills can beget gains in other skill domains (Cunha & Heckman, 2007; Sattler
& Gershoff, 2019), and the skill acquisition of children at highest risk benefits most from early intervention (Pelham
et al.,, 2017). Self-regulatory skills in early childhood are malleable to intervention (Chang et al., 2017) and may foster
greater gains in academic skills for children receiving FCU services. We therefore examined the interaction between
the FCU intervention and child self-regulation.

1.5 | Race-ethnicity, gender, and socioeconomic status
Family income and maternal education are key indicators of socioeconomic status (SES) with distinct links to parent

and child outcomes (Duncan & Magnuson, 2003; McLoyd et al., 2009). They serve as selection factors that influence

who experiences poverty and whether parents can invest in children’s academic skills (Cunha & Heckman, 2007;
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Gershoff et al., 2007; Yoshikawa et al., 2012). Family income in early childhood predicts educational attainment

and employment in adulthood better than family income in middle childhood or adolescence (Duncan et al., 2017,
Wagmiller et al., 2006). Income boosts are also linked causally to gains in child achievement (Dahl & Lochner, 2012).
Mothers with low educational attainment are at increased risk of facing chronic poverty, and maternal educationis one
of the strongest predictors of children’s academic skills (Harding, 2015; Magnuson & Votruba-Drzal, 2009). Children’s
risks of poverty exposure and suboptimal academic skills differ by race and sex, such that children who are racial-
ethnic minorities, particularly boys, are at increased risk of chronic poverty and academic difficulties (Duncan et al.,
2017; Wagmiller et al., 2006). We accounted for early childhood levels of family income and maternal education as
predictors of academic skills, and geographic location, race-ethnicity, and child sex as covariates to limit their
confounding effects.

1.6 | The current study

This longitudinal study utilized Bayesian multilevel modeling to examine main effects of neighborhood cohesion,
family income, maternal education, dyadic positive engagement, and child self-regulation, averaged from ages 2 to
5, the FCU intervention, and their interactions on the intercept and slope of academic skills across ages 5, 7.5, and
8.5. We compared children’s skill standings to national averages to identify academic resilience using standard scores
on the norm-referenced Woodcock-Johnson Tests of Achievement Il (WJ-Ill; Schrank et al., 2001). We expected
children’s academic skills on average to start below and fall behind national norms, as center- and school-based early
childhood interventions with high-risk samples yield initial boosts to academic skills that wane across childhood
(Ayoub et al., 2009; Campbell et al., 2001). We hypothesized that higher neighborhood cohesion, dyadic positive
engagement, and self-regulation in early childhood, as well as assignment to the FCU intervention and its interactions
with these factors, would predict higher academic skills at school entry and their early school-age gains. We expected
lower-SES children, racial-ethnic minorities, and boys to score below national averages, as these children tend to
be at risk for chronic poverty and/or academic problems (Duncan et al., 2017; Magnuson & Votruba-Drzal, 2009;
Wagmiller et al., 2006).

2 | METHOD
2.1 | Participants

Across three U.S. cities, 731 families participated in a RCT testing the efficacy of a family-based intervention
for young children at high risk for early conduct problems (Dishion et al., 2008). Participants were recruited
between 2002 and 2003 from WIC clinics in metropolitan areas of Pittsburgh, Pennsylvania, and Eugene, Ore-
gon, and in and around Charlottesville, Virginia. Families with a child between the ages of 2 years, 0 months and
2 years, 11 months were invited to participate if they met criteria in at least two of three domains associated
with increased risk for early-starting conduct problems (Shaw & Shelleby, 2014): child behavior (e.g., difficult
temperament), family problems (e.g., maternal depression, parental substance abuse), and sociodemographic
risk (e.g., low parent educational attainment). Families who scored over established clinical thresholds or 1 SD
above mean scores on measures without clinical cut-points met recruitment criteria. Initially, 1666 families
were contacted at WIC sites, 879 met eligibility requirements, and 731 (83.2%) provided consent and assent
(Dishion et al., 2008).

We removed 204 families (27.9% of full sample) in which biological mothers did not serve consistently as primary
caregivers throughout early childhood to avoid capturing caregiver changes when aggregating variables across
ages 2 to 5. The final sample included 527 biological mothers (72.1%) and children (50.3% girls). Mothers identified
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children as non-Hispanic White (45.5%), non-Hispanic Black or African American (27.5%), or other racial-ethnic

groups (26.9%), such as Asian American, Native American, mixed, and biracial. Among the final sample, 25.0% were
from Charlottesville, 38.1% from Eugene, 36.8% from Pittsburgh, and 260 families (49.3%) were assigned randomly
to treatment. Age 2 assessments were completed prior to random assignment to intervention or control conditions,
and research staff were blind to assignments. On average in early childhood, mothers were high school graduates
or had a GED and reported $1250 to $2082 per month in gross household income. A smaller percentage of mothers
were high school graduates (78.2% to 79.9%) than among US adult women (83.7%; U.S. Census Bureau, 2003), and
their average annual household income ($15,000 to $24,984) was considerably less than the $42,409 median income
in 2002 (DeNavas-Walt et al., 2003).

2.2 | Home visit procedure

Families were scheduled for 2.5- to 3-h home assessments when target children were ages 2, 3,4, 5,7.5,and 8.5. Home
visits were identical for intervention and control participants and occurred before the intervention for intervention
families each year. Each home assessment from ages 2 to 5 began by having the child engage in free play with age-
appropriate toys while the mother completed a battery of questionnaires (e.g., on sociodemographic factors while
child was completing free play), followed by structured and unstructured observational tasks for the target child and
mother. All interactions were videotaped for later coding. Relevant to the current study are the clean-up (15 min),
teaching (mother assisted the child assemble a puzzle, build two towers, and play a board game; 3 min each), and meal
preparation/lunch tasks (mother prepared a meal for the child; 20 min). At the end of home assessments at ages 5, 7.5,
and 8.5, the child was administered tests of academic skills (30 min). Institutional review board approval was received
for all aspects of this research. Families were compensated for participating and written consent was obtained from
all mothers.

Family Check-Up. The FCU is a brief (typically 3—4 sessions per year) family-centered intervention for prevent-
ing early conduct problems, incorporating motivational interviewing to promote improvements in parenting skills and
address other domains that compromise parental functioning (e.g., maternal depression). The FCU has been estab-
lished as a reliable method for preventing conduct problems (Dishion & Stormshak, 2007; Dishion et al., 2011) and
promoting school readiness (Brennan et al., 2012, 2013) during early childhood (Dishion et al., 2014) and adoles-
cence (Connell et al., 2007) by increasing positive parenting (Dishion et al., 2008) and addressing parent well-being
(Shaw et al., 2009). The FCU capitalized on existing strengths within families by sharing video clips of their positive
parent-child interactions and using both motivational interviewing and evidence-based family management practices
to promote what they already did well (rather than focusing on weaknesses). Critically, the FCU did not target chil-
dren’s academic skills. Caregivers in the intervention had the opportunity to receive the FCU after each assessment.
Participation rates in the FCU intervention for the intervention group ranged from 77% of families at age 2 to 52% of
families at age 8.5 (Smith et al., 2018).

2.3 | Measures

Academic skills. Children completed three subtests of the WJ-III's Academic Skills cluster (McGrew & Woodcock,
2001) in home assessments at ages 5, 7.5, and 8.5. Letter-Word ldentification (i.e., identification of letters, then
written words), Calculation (i.e., ability to write single numbers and perform mathematical procedures), and Spelling
(i.e., prewriting skills, letter writing) subtests included 76, 45, and 59 items, respectively, combined into an age-
standardized score at each age. The WJ-1ll was normed on a nationally representative sample of 8818 individuals
from over 100 geographically diverse US communities (McGrew & Woodcock, 2001). Separate norms were estab-

lished for preschool-age (2-5 years) and school-age children (Schrank et al., 2001). Children’s standard scores shared
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moderately large to large correlations (.58 to .87, p <.001). Children’s standard scores were close to national averages
atages 5 (M =98.37,5D = 14.93,n = 476), 7.5 (M = 100.83, SD = 14.33,n = 418), and 8.5 (M = 96.70, SD = 12.64,
n = 403), suggesting that they performed similarly to most American children their age.

Neighborhood cohesion. Mothers completed five items adapted from Buckner (1988) in the Me and My Neigh-
borhood Questionnaire at each assessment in early childhood (Perez-Smith et al., 2001; Pitt Mother & Child Project,
2001). Mothers reported their agreement with five statements (e.g., “The neighborhood | live in is a big part of who | am.”)
ona 7-pointscale[1="“Notatall true”, 7 = “Very true”]. ltems were summed into total scores at each annual assessment
from ages 2 to 5 (mean item a = .87) and averaged into a neighborhood cohesion composite (scale a =.78).

Dyadic positive engagement. This dyadic state reflected duration of time the mother or child engaged in positive
or neutral behavior while the other also engaged in positive or neutral behavior. At ages 2, 3,4, and 5, videotaped tasks
of mother and child were coded using the Relationship Affect Coding System (Appendix S1; Peterson et al., 2008), a
microsocial coding system that captures the topography of behaviors and affect within parent-child interactions. The
total duration each dyad was observed in positive interaction was divided by the overall session time to calculate a
duration proportion score. Reliability coefficients were sufficient with overall Kappa scores of .93 and average agree-
ment of 94% between ages 2 and 5. Scores at each assessment were mean averaged into a dyadic positive engagement
composite (scale e =.75).

Self-regulation. Mothers completed the Children’s Behavior Questionnaire’s 13-item inhibitory control subscale at
each assessment in early childhood (Rothbart et al., 2001). Mothers rated children’s behavior (e.g., “Can lower his/her
voice when asked to do so.”) on a 7-point scale [1 = “extremely untrue”, 7 = “extremely true”]. Items were summed into total
scores from ages 2 to 5 (mean item a =.72) and averaged into a self-regulation composite (scale « =.81).

Covariates. Mothers completed a demographics survey at each assessment in early childhood. Family monthly
income was coded 1 (“$415 or less”) to 13 (“$7,500 or more”) and the average monthly income was between $1250 and
$1665. Educational attainment was coded 2 (“7" grade or less”) to 9 (“graduate degree”). Mothers were on average high
school graduates or GED certificate holders but ranged from 7th grade or less to professional training and graduate
degrees. These coding schemes were designed to capture relatively low values for the current sample and differ from
those used in national studies or with higher-SES samples. Data at each assessment in early childhood were averaged
into multiyear family income (item a = .85) and maternal education (item a =.97) composites.

Geographic location was examined with two binary variables for “Charlottesville” and “Eugene” coded as —1 = “sam-
ple” and 1 = “name of city.” Intervention status was coded as —1 = “control group” and 1 = “intervention group.”
Mothers reported their child’s sex and race-ethnicity, which was tested with two binary variables for ‘non-Hispanic
White/European American’ and ‘non-Hispanic Black/African American’ coded such that —1 = “sample” and 1 = “name of
racial-ethnic group.” Child sex was coded as —1 = “female” and 1 = “male.”

2.4 | Data analysis plan

We conducted preliminary analyses of descriptive statistics, missing data, and differences between the intervention
and control groups using SPSS 27 (IBM Corp., 2020). We tested hypotheses with Bayesian multilevel regression mod-
eling to predict the intercept and age-related slope of WJ-I1l academic skills across ages 5, 7.5, and 8.5 using the brms
package (Burkner, 2017) in R (R Core Team, 2019). The model formula is presented below:

WJ—Ill ~A % (NC+ Fl + ME + DPE + SR+ L + IS+ R + S) + (A|FAMILY) (1)

The formula includes the following continuous predictors: age (A), neighborhood cohesion (NC), family income (Fl),
maternal education (ME), dyadic positive engagement (DPE), and self-regulation (SR). Age was included so the inter-
cept is equal to age 5 and the slope captures age-related effects of the predictors (A|FAMILY). The remaining

continuous predictors were standardized to have a mean of zero and a standard deviation of 1. The formula also
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included these categorical predictors: geographic location (L), intervention status (IS), child race-ethnicity (R), and

sex (S). Sum coding was used for all categorical predictors where these predictors express differences to the model
intercept or grand mean. A final model expanded on the first by testing simultaneously all interactions between early
childhood predictors and the intervention in relation to the intercept and slope. The residuals were assumed to come
from a t distribution with scale and d.f. (i.e., v) parameters estimated from the data. Bayesian analysis allowed us to use
tdistributed errors, making our models robust to outliers and other issues without excluding data.

Bayesian inference relies on consideration of the posterior distribution of parameter values based on the data and
prior probabilities of the parameters. This procedure results in a sequence of samples from the posterior distribu-
tion of parameters that can be used to assess credible values based on the data and model structure. This overcomes
assumptions and common problems associated with “frequentist” approaches when estimating large numbers of
parameters. For example, Bayesian yields more robust yet conservative tools for imputing missing data with outliers
and non-normal distributions than “frequentist” approaches (Gelman et al., 2012). We present each parameter’s esti-
mated mean effect size, estimated error, and 95% credible interval (Cl). The 95% Cl of the posterior distribution of a
parameter is an interval enclosing 95% of likely values, such that every value inside of the interval is more likely than
every value outside of it. Using the highest density interval of each coefficient, we can consider the most probable

value for each parameter and the amount of uncertainty in each estimated effect size.

3 | RESULTS
3.1 | Preliminary analyses

Table 1 shows descriptive statistics and correlations of study variables. Of 731 families in the original sample, 659 par-
ticipated at age 3, 629 at age 4, 621 at age 5, 567 at age 7.5, and 565 at age 8.5. Mothers in the final sample (n = 527)
reported higher educational attainment at age 2 (M = 5.25, SD = 1.13) than primary caregivers (89.7% mothers, 6.9%
fathers, 3.4% other) excluded from analyses (M = 5.04, SD = 1.15), t(729) = —2.21, p = .027. Among the final sample,
WJ-Ill scores were missing for 51 children at age 5, 109 at age 7.5, and 124 at age 8.5. Children missing WJ-IIl scores at
age 5 or 7.5 did not differ from the remaining sample in academic skills. Children missing WJ-I1l scores at age 8.5, how-
ever, had lower academic skills at age 7.5 (M = 94.49, SD = 16.32) than the remaining sample (M = 101.51,SD = 13.84),
t(503) = —3.58, p < .001, but they did not differ in academic skills at age 5 from those with WJ-IIl scores, p = .271.
Little’s (1988) missing completely at random test indicated that data missingness was at random and associated with
measured variables (e.g., parent education), ¥(2,608) = 3148.15, p <.001, which supported the inclusion of covariates
in main analyses. The brms package (Biirkner, 2018) in R (R Core Team, 2019) imputed missing values for dependent
variables in Bayesian models.

The FCU intervention group (age 3 M = .37, SD = .14; age 5 M = .38, SD = .14) showed greater dyadic positive
engagement on average than the control group (age 3M =.34,5D =.14; age 5M =.36,5D = .14) at ages 3, t(633) = 3.07,
p=.002, and 5 years, t(570) = 2.04, p = .042. The FCU intervention group also had lower average WJ-Ill scores at age
7.5 (M = 99.33, SD = 14.40) than the control group (M = 101.97, SD = 14.13), t(503) = —2.08, p = .038. The FCU
intervention and control groups did not differ on any other study variable.

3.2 | Main results

Discussion of model results is divided by prediction of the intercept and age-related slope. Intercept effects model
WJ-1II standard scores at age 5 and slope effects model variation in standard scores as a function of age in years. A
negative correlation between the intercept and age-related slope (r = —.43, SD = .06) suggests children with higher

initial standard scores show a greater age-related drop after school entry. Coefficient estimates, estimated errors,

85U8017 SUOLULLIOD BA 181D 3(edldde ay) Aq pausenob a.1e sajoiLe VO '8sN Jo Sa|ni oy A1 8UlUO A8]IA UO (SUORIPUOD-PUR-SLUB)L0O" A3 | 1M Ae.q) 18U JUO//:SdNL) SUORIPUOD pUe SWe | 8U) 88S *[£202/0T/S0] Uo Akeiq1auljuo A8 |1 ‘GT.ZT8PpOS/TTTT OT/I0pW0d A8 | im ARelq1jeuluo//Sdiy Wwolj pepeoiumoqd ‘0 *Z056.9%T



CHOEET AL.

WILEY -2

TABLE 1 Descriptive statistics and intercorrelations of main study variables.

Variables 1 2 3 4 5 6 7 8
1. Neighborhood -
Cohesion
2. Family Income .15 -
3. Maternal .01 26" -
Education
4. Dyadic Positive .06 A1 26 -
Engagement
5.Child .10* .10* .08 15% -
Self-Regulation
6. Age 5 Academic -.02 .08 247 18" A7 =
Skills
7.Age 7.5 .08 .18%** 197 A7 227 637 -
Academic Skills
8.Age 8.5 .01 13 4% A1 21 57 .88*** -
Academic Skills
Means 14.91 443 5.34 .33 4.35 98.37 100.83 96.70
Standard 6.00 1.89 1.12 A1 .65 14.93 14.33 12.64
Deviations
Minimum Values 5.00 1.00 2.00 .05 2.50 29.00 48.00 28.00
Maximum Values 33.75 10.50 8.25 .69 6.49 154.00 132.00 126.00
Valid Cases 527 526 527 527 527 476 418 403

Note: Variables 1 through 5 are mean scores from ages 2, 3,4, and 5. *p <.05; **p < .01; ***p <.001.

and 95% Cls are presented in Figure 1 and Table 2. As hypothesized, higher dyadic positive engagement and self-
regulation, as well as maternal education in early childhood predicted higher academic skills at age 5, as their Cls
did not cross the O-line representing the overall mean standard score of 98.1. Predictors are standardized to facili-
tate interpretability of their effects. For example, a child whose mother’s education is two SDs above the sample mean
is expected to score 5.86 points higher than the overall mean standard score of academic skills (i.e., maternal educa-
tion’s estimated effect on the intercept = 2.93, 2.93*2 = 5.86), whereas a child whose mother’s education is two SDs
below the sample mean is expected to score 5.86 points below the overall mean. Students’ academic skills at the higher
and lower ends of maternal education differed by over 11 points (5.86*2 = 11.72). There were also reliable effects on
standard scores at age 5 for geographic location and child sex, such that boys scored lower than girls on academic
skills.

Figure 1 and Table 2 show all age-related slope effects of predictors of WJ-I1l standard scores are small but precise
with mean values near zero and narrow Cls. Although there is a consistent age-related drop of —.40 points per year
in standard scores for academic skills (see Age estimate under Slope Terms in the first row of Table 2), this decrease
only amounted to 1.4 points over the 3.5-year span of middle childhood (i.e., —.40*3.5 = —1.4), indicating substantial
within-individual stability in academic skills from ages 5 to 8.5. Maternal education and child race-ethnicity were the
only predictors of the age-related slope with Cls that did not cross the O-line. Having a more educated mother or being
non-Hispanic Black predicted a greater drop in standard scores from ages 5 to 8.5, but the standard scores of children
with more highly educated mothers were still above average in this sample because of maternal education’s intercept
effect.

Contrary to our hypothesis, there were no main effects of the FCU intervention on the intercept or age-related

slope of academic skills. Our final model shown in Figure 2 and Table 3 tested interactions between intervention
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Neighborhood Cohesion (NC) — —
Family Income (FI) — -
Maternal Education (ME) - —
Dyadic Positive Engagement (DPE) — —
Child Self-Regulation (SR) — —
Location 1 — —_—
Location 2 — —_—
Intervention Status — —

Child Race-Ethnicity 1 —
Child Race-Ethnicity 2 —
Child Sex — ——

Age

Age:Neighborhood Cohesion (NC)
Age:Family Income (FI) —
Age:Maternal Education (ME) —
Age:Dyadic Positive Engagement (DPE) —
Age:Child Self-Regulation (SR) —
Age:Location 1 —

Age:Location2

Age:Intervention Status —

Age:Child Race-Ethnicity 1 —
Age:Child Race-Ethnicity 2 — -
Age:Child Sex —

Effect

FIGURE 1 Credibleintervals for estimated effects of predictors on the intercept (top) and age-related slope
(bottom) for academic skills. Effects are represented as deviations from the overall mean standard score of 98.1 (i.e.,
the O-line). Lines reflect 95% highest-density (credible) intervals, and points reflect means. Location 1
(Charlottesville). Location 2 (Eugene). Intervention status coded —1 = control, 1 = intervention. Race-ethnicity 1
coded —1 = sample, 1 = non-Hispanic White. Race-ethnicity 2 coded —1 = sample, 1 = non-Hispanic Black. Sex coded
—1=boys, 1 =girls.

status and all early childhood predictors simultaneously. The interaction between intervention status and dyadic
positive engagement in relation to the age-related slope showed a reliable effect that did not cross the O-line. Children
who received the FCU intervention and experienced higher dyadic positive engagement in early childhood showed
statistically reliable, albeit modest, increases in their academic skills from ages 5 to 8.5. All other findings were

consistent with results of the first model reported in Figure 1 and Table 2.

4 | DISCUSSION

This longitudinal study of low-income families used Bayesian multilevel modeling to test multiple early childhood fac-
tors, the FCU intervention, and their interactions as predictors of school-entry levels of and early school-age gains in
academic skills. As hypothesized, higher dyadic positive engagement and child self-regulation from ages 2 to 5 pre-
dicted higher academic skills at age 5, but we found almost no positive effects on early school-age gains in academic
skills. No variables in early childhood predicted increased standings, with the notable exception that children in the
intervention group with higher dyadic positive engagement rose in standings from ages 5 to 8.5. Findings suggest early
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TABLE 2 Estimated intercept and age-related slope effects for early childhood predictors of academic skills.

Intercept terms Slope terms
Estimated Lower Upper Estimated Lower Upper
Estimate error 95%Cl  95%ClI Estimate error 95%Cl  95%ClI
Intercept 99.93 .65 98.67 101.20 Age -.40 .18 -.75 —-.05
Neighborhood —.65 .62 -1.83 .59  Age:NC 22 17 -.11 .55
Cohesion (NC)
Family Income (FI) .80 .68 -.52 2.17 Age:Fl -01 .19 -.38 .36
Maternal 2.93 .68 1.57 430 AgeeME -43 .19 -.80 -.07
Education (ME)
Dyadic Positive 2.12 71 76 3,53 AgeDPE -.26 .19 —.63 12
Engagement
(DPE)
Child 2.10 .65 .81 3.38 Age:SR .19 .18 -.17 .54
Self-Regulation
(SR)
Location 1 (L1) 4.31 1.00 2.34 6.23 Age:lll -.50 27 —-1.01 .04
Location 2 (L2) -3.72 .97 —5.60 —-181 Agell2 —.06 26 -.57 A5
Intervention -91 .61 —-2.14 26  Age:lS -.07 A7 —-41 26
Status (IS)
Child -.17 91 -1.96 158 Age:R1 A1 25 -.37 .60
Race-Ethnicity
1(R1)
Child -.03 1.13 -2.30 220 Age:R2 -77 31 -1.37 -.16
Race-Ethnicity
2(R2)
Child Sex (S) -1.81 .61 -3.02 —.60 AgesS .34 17 .00 .67

Note: Bold text marks predictors with estimated effects that do not overlap with the overall mean standard score of 98.1
(i.e., the O-line in Figure 1). Cl = credible interval. Location 1 (Charlottesville). Location 2 (Eugene). Intervention status
coded —1 = control, 1 = intervention. Race-ethnicity 2 coded —1 = sample, 1 = non-Hispanic White. Race-ethnicity 2 coded
—1=sample, 1 = non-Hispanic Black. Sex coded —1 = boys, 1 = girls.

childhood interventions such as the FCU designed to improve mother-child engagement can promote low-income

children’s academic skills.

4.1 | Early childhood predictors of school-entry academic skills

Children in our low-income sample scored on average just below or at the means for the preschool- and school-age
norming groups, so their academic skills were not far from national averages. Administering the WJ-III in children’s
homes may have yielded finer measurement of their capabilities, as lab- and school-based assessments can disadvan-
tage children living in poverty by not assessing their performance in familiar high-stress environments to which they
have adapted (Ellis et al., 2017). School-based measures of academic achievement, such as grades and test scores,
are impacted by teachers’ deficit-oriented biases toward students of color and students from disadvantaged back-
grounds, such that low teacher expectations of students’ skills create self-fulfilling prophecies that worsen student
performance (Rogers et al., 2018; Ullucci & Howard, 2015). Our low-income sample’s average WJ-11l standard scores
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A

Intervention Status

Neighborhood Cohesion (NC)

Family Income (F1)

Maternal Education (ME)

Dyadic Positive Engagement (DPE)

Child Self-Regulation (SR)

Location 1

Location 2

Child Race-Ethnicity 1

Child Race-Ethnicity 2

Child Sex

Age:Intervention Status

Age:Neighborhood Cohesion (NC)
Age:Family Income (FI)

Age:Maternal Education (ME)

Age:Dyadic Positive Engagement (DPE)
Age:Child Self-Regulation (SR)

Age:Location 1

‘Location 2

Age:Child Race-Ethnicity 1

Age:Child Race-Ethnicity 2

Age:Child Sex

I:Neighborhood Cohesion (NC)

I:Family Income (F1)

|:Maternal Education (ME)

I:Dyadic Positive Engagement (DPE)

I:Child Seff-Regulation (SR)

I:Location 1

I:Location 2

I:Child Race-Ethnicity 1

I:Child Race-Ethnicity 2

I:Child Sex

Agentervention Status:Neighborhood Cohesion (NC)
AgeIntervention Status:Family Income (F1)
AgeIntervention Status:Maternal Education (ME)
AgeIntervention Status:Dyadic Positive Engagement (DPE)
Age:Intervention Status:Child Self-Regulation (SR)
Ageintervention Status:Location 1
Agentervention Status:Location 2
Ageintervention Status:Child Race-Ethnicity 1
Ageintervention Status:Child Race-Ethnicity 2
AgeIntervention Status:Child Sex

1 S |

IS
O
o
)
E
o

Scores

FIGURE 2 Effects of predictors and interactions with intervention status [i.e., l:Neighborhood Cohesion (NC) to
Age:Intervention Status:Child Sex] on the intercept and age-related slope for academic skills. Location 1
(Charlottesville). Location 2 (Eugene). Race-ethnicity 1 coded —1 = sample, 1 = non-Hispanic White. Race-ethnicity 2
coded —1 = sample, 1 = non-Hispanic Black. Sex coded —1 = boys, 1 = girls.

suggest some children achieved academic resilience by reaching similar standings on academic skills as children in the
norming groups, most of whom were not living in poverty (Schrank et al., 2001).

Guided by theory and the resilience literature, we examined factors across contexts in early childhood to iden-
tify malleable targets of intervention for low-income children’s academic skills. Our observations of dyadic positive
engagement captured key interactions as proximal processes by which mothers promoted children’s skills. Consistent
with prior research (Chang et al., 2017), dyadic positive engagement was correlated positively with family income,
maternal education, child self-regulation, and academic skills. Past studies of our sample found the FCU intervention
predicted higher academic skills at ages 5 and 7.5 indirectly through mothers’ increases in positive behavior sup-
port from child ages 2 to 3 (Brennan et al., 2013). Furthermore, increases in dyadic positive engagement at age 3
attributed to the FCU predicted subsequent decreases in coercive parent-child exchanges (Sitnick et al., 2015) and
improvements in observed self-regulation (Chang et al., 2017). As patterns of parent-child interactions stabilize over
time (Dishion et al., 2017), it is key to engage parents in early childhood not only to promote positive parent-child
engagement but also to prevent coercive interactions that exacerbate young children’s problem behavior and school
readiness.

Self-regulation is a critical component of school readiness (Blair & Raver, 2015). Overlapping self-regulatory skills
increasingly become integrated in children’s pursuit of classroom goals (Allan et al., 2014), such as refining academic
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TABLE 3 Estimated intercept and age-related slope effects for early childhood predictors of academic skills and

their interactions with intervention status.

Intercept

Neighborhood Cohesion

Family Income

Maternal Education

Dyadic Positive Engagement

Child Self-Regulation

Location 1

Location 2

Intervention Status

Child Race-Ethnicity 1

Child Race-Ethnicity 2

Child Sex

Age

Age: Neighborhood Cohesion

Age: Family Income

Age: Maternal Education

Age: Dyadic Positive Engagement

Age: Child Self-Regulation

Age: Location 1

Age: Location 2

Age: Intervention Status

Age: Child Race-Ethnicity 1

Age: Child Race-Ethnicity 2

Age: Child Sex

Intervention Status: Neighborhood Cohesion
Intervention Status: Family Income
Intervention Status: Maternal Education
Intervention Status: Dyadic Positive Engagement
Intervention Status: Child Self-Regulation
Intervention Status: Location 1
Intervention Status: Location 2
Intervention Status: Child Race-Ethnicity 1
Intervention Status: Child Race-Ethnicity 2
Intervention Status: Child Sex

Age: Intervention Status: Neighborhood
Cohesion

Age: Intervention Status: Family Income

Age: Intervention Status: Maternal Education

Estimate
100.01
—.65
101
281
1.99
1.98
4.14
-3.44
-75
-31
A1
-1.74
-44
.23
-.09
-41
-.23
.23
-.52
-.06
-.07
.07
-.73
§s8
48
.75
-.98
.30
-.33
-.15
-.58
-51
21
.16
.06

—.09
-.13

Estimated
error

.65
.62
.68
.67
71
.66
.99
.94
.64
.90
1.08
.64
.18
17
19
.18
.20
.18
27
26
.18
.25
.30
.18
.64
.67
.67
71
.66
.98
.96
.90
1.09
.62
17

.19
19

Lower
95% Cl

98.75
-1.90
-.37
1.49
.58
.65
2.19
-5.28
—2.04
-2.09
-1.95
—2.97
—-.80
—-.10
—.45
-77
-.61
-.14
—-1.05
—.58
-41
—.42
-1.33
—.02
-.77
-.59
-2.27
—1.11
-1.59
-2.10
-241
-2.27
-1.92
-1.04
—.28

—.47
-.50

Upper
95% Cl

101.26
.54
2.32
4.11
3.39
3.25
6.06
-1.64
.52
1.45
2.20
—.48
-.09
.58
.30
—.05
.15
.58
.02
47
.28
.57
-.13
.68
1.73
2.06
.35
1.67
.96
1.73
1.34
1.25
2.31
1.38
.39

27
22

(Continues)
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TABLE 3 (Continued)
Estimated Lower Upper
Estimate error 95% Cl 95% Cl
Age: Intervention Status: Dyadic Positive 40 .20 .01 .78
Engagement
Age: Intervention Status: Child Self-Regulation .03 .18 -.31 .38
Age: Intervention Status: Location 1 -32 27 -.86 .20
Age: Intervention Status: Location 2 -.08 27 —-.61 43
Age: Intervention Status: Child Race-Ethnicity 1 —-45 .25 -.93 .01
Age: Intervention Status: Child Race-Ethnicity 2 .07 .31 -.54 .66
Age: Intervention Status: Child Sex -.08 17 —.43 26

Note: Bold text marks predictors with estimated effects that do not overlap with the overall mean standard score of 98.1
(i.e., the O-line in Figure 2). Cl = credible interval. Location 1 (Charlottesville). Location 2 (Eugene). Intervention status
coded —1 = control, 1 = intervention. Race-ethnicity 2 coded —1 = sample, 1 = non-Hispanic White. Race-ethnicity 2 coded
—1=sample, 1 = non-Hispanic Black. Sex coded —1 = boys, 1 = girls.

and social skills (Liew, 2012). Poverty-related stressors hinder development of self-regulatory skills, stifling their
integration and generalization to other domains (Blair & Raver, 2015). Consistent with a meta-analysis (Allan et al.,
2014), children’s self-regulation, specifically inhibitory control, positively predicted their school-entry academic skills.
Inhibitory control reflects the capacity to suppress socially inappropriate approach responses under conditions of
novelty, uncertainty, or instruction (Rothbart et al., 2001). It also is a core executive function, a set of higher-order
cognitive processes that support self-regulation and academic skills (Sabol & Pianta, 2012; Welsh et al., 2010). Past
studies of our sample found parents’ positive behavior support at age 2 predicted greater gains in self-regulation from
ages 2 to 4 (Moilanen et al., 2010), and the FCU intervention predicted increases in dyadic positive engagement from
ages 2 to an average score of 3, 4, and 5 years which, in turn, predicted higher self-regulation at age 5, and in turn
greater peer acceptance from ages 7.5 to 10 (Chang et al., 2017). Our study further extends evidence of self-regulation
in early childhood serving as a promotive factor for academic skills to children living in poverty (Buckner et al., 2009;
Distefano et al., 2021; Sattler & Gershoff, 2019).

4.2 | Changes in low-income children’s early school-age academic skills

Few variables in early childhood predicted change in academic skills, as children fell slightly behind national norms on
average across the early school years. African American children and children of more educated mothers dropped in
standings to a greater extent than others. Children of more educated mothers still had higher standings in the early
school years from maternal education’s initial boost to their school-entry skills, but these benefits waned over time.
Ayoub et al. (2009) found Early Head Start children of mothers with a high school degree showed a less rapid decline
in cognitive skills from 14 to 36 months than children of mothers without a high school diploma. Harding (2015) found
increases in maternal education predicted greater conduct problems in Head Start children of mothers with up to or
less than a high school education. Although these studies of Head Start children did not focus on academic skills, they
demonstrated conditions under which higher maternal education ceases to benefit some children.

The high stability of children’s standings and their modest drop with age may explain why we largely failed to pre-
dict gains in academic skills. The only exception was the interaction between the FCU intervention and dyadic positive
engagement that predicted reliable gains in academic skills across the early school years, such that only children who
experienced the FCU and high dyadic positive engagement in early childhood rose in standings over national averages.
Although the predicted increase was small, it added to dyadic positive engagement’s contribution to school-entry skills
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that benefited all children. This result extends previous findings with our low-income sample that predicted academic

skills at specific ages (Brennan et al., 2012, 2013) and suggests family interventions that target early mother-child
engagement can promote academic resilience. This type of family support may be especially helpful for the most dis-
advantaged, as prior work with our low-income sample found the FCU intervention reduced child conduct problems
in families with high rates of serious and/or chronic stressors (e.g., history of child maltreatment, maternal depression,
parent criminal activity), but had null effects for families experiencing few other family or child risk factors (Pelham
et al,, 2017). Thus, the FCU may have only improved the academic skills of children who already experienced pos-
itive mother-child engagement regularly during early childhood. Intervention group families steadily decreased in
participation with the FCU across time, which likely limited intervention effects.

4.3 | Study limitations and future directions

This study did not include fathers (or other parents), peers, school, classroom, or other skill variables because of
its focus on early childhood predictors of academic skills. A meta-analysis of longitudinal studies of school-entry
attention, cognitive, and socioemotional skills found that emergent academic skills best predicted later achievement
(Duncan et al., 2007). Burchinal et al. (2020) found higher school-entry math and reading skills predicted their smaller
gains over time, except in low-income children, and school-entry skills within domains were the best predictors of
their early school-age levels. Income achievement gaps at school entry also do not appear to substantially widen or
narrow over time because of classroom or school factors (Reardon, 2013). Future longitudinal studies that examine
multiple skill domains across childhood can clarify their within- and cross-domain relations with classroom and school
factors.

Families were recruited from WIC clinics and of mostly European or African ancestry, limiting our findings’ gen-
eralizability across cultural, racial-ethnic, and socioeconomic groups. Despite families being recruited with the same
risk criteria, location differences in academic skills likely reflect sociodemographic and related differences across sites
that were beyond our control (e.g., local resource availability) and indicative of omitted variable bias. Data also were

collected from 2002 to 2012, so our findings may not generalize to families currently in poverty.

4.4 | Policy and programmatic implications

Poverty in early childhood, especially chronic and deep poverty, is more detrimental to child achievement than poverty
in middle childhood or adolescence (Duncan et al., 2012, 2017). The U.S. Department of Health and Human Services
and the U.S. Department of Education (2016) released a joint policy statement urging family engagement in early child-
hood systems to promote healthy development, school readiness, and achievement. As parents are often children’s
first and most influential teachers, engaging families is key for early childhood programs offered by schools, com-
munity services, and agencies. Although few variables predicted improvements in academic skills after school entry,
parent and child characteristics in early childhood reliably predicted school-entry standings, and the FCU intervention
coupled with positive mother-child engagement predicted gains in academic skills. Early interventions targeting posi-
tive mother-child engagement and child self-regulation can promote school readiness and academic resilience (Blair &
Raver, 2015; Morris et al., 2017). Clarifying strengths within families living in poverty that shape skill acquisition prior

to school entry may then help reduce income achievement gaps.
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