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Abstract
Children’s executive function (EF) and behavioral regulation skills are robust predictors of
academic success. The current study examines differential associations between measures of EF,
classroom behavioral regulation, and academic achievement by children’s family income in a
sample of 100 prekindergarten children. In correlational analyses, EF and classroom behavioral
regulation were more strongly associated for children not in low-income families, although only
one comparison between correlations reached statistical significance. In regression models
controlling for age, gender, and maternal education, EF and classroom behavioral regulation
were generally similarly related to achievement regardless of family income. However,
inhibitory control was significantly less associated with mathematics and vocabulary for children
in low-income families than for children not. These findings suggest similarities in associations
between EF, behavioral regulation, and academic achievement regardless of family income, with
evidence of only a few exceptions. Potential implications for early childhood interventions in
low-income populations are considered.
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Relations between Executive Function, Behavioral Regulation, and Achievement:
Moderation by Family Income

Children’s early development has important implications for a host of outcomes
throughout their life. One developmental period of importance is the transition from early
childhood environments to formal schooling, where executive function (EF) and behavioral
regulation help children take advantage of learning opportunities in the classroom (McClelland
& Cameron Ponitz, 2012). Specifically, children’s EF and behavioral regulation are observed in
their ability to sit still in classrooms, pay attention to teachers, problem solve, and be goal-
directive (Blair & Diamond, 2008; McClelland & Cameron Ponitz, 2012; Morrison, Cameron
Ponitz, & McClelland, 2010). Considerable evidence using a variety of methods supports the
notion that EF and behavioral regulation are strong predictors of academic achievement in early
childhood (e.g., Blair & Razza, 2007; Espy et al., 2004; Gathercole & Pickering, 2000), with
predictive relations maintaining through college completion (McClelland, Acock, Piccinin, Rhea,
& Stallings, 2013).

Given these theoretical and empirical connections, early childhood interventions have
targeted EF and behavioral regulation as a mechanism to boost children’s academic success (e.g.,
Blair & Raver, 2014; Schmitt, McClelland, Acock, & Tominey, 2015). However, it is unclear if
the underlying connections between EF, behavioral regulation, and academic achievement are
the same across diverse populations of children. That is, research is needed to clarify whether
demographic factors (i.e., family income) moderate relations between EF and behavioral
regulation measures, and if they moderate relations between these skills and academic
achievement. Clarifying this issue has potential implications for the skills that early childhood

interventions should target in diverse populations. The current study examines differential
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associations between EF, behavioral regulation, and academic skills by family income in a
sample of prekindergarten children. To accomplish this goal, children were compared who were
enrolled in Head Start to those who were not enrolled in, or eligible for, Head Start. However,
all children were in combined Head Start and non-Head Start preschool classrooms.

Executive Function (EF) and Behavioral Regulation

Executive function, including attention shifting, working memory, and inhibitory control,
helps children regulate their thoughts and behavior (e.g., plan, organize, and problem solve;
Blair, Zelazo, & Greenberg, 2005; McClelland, Cameron Ponitz, Messersmith, & Tominey,
2010). Behavioral regulation has been defined as inclusive of cognitive (e.g., EF) and emotional
regulatory skills that help children stop, think, and then act in order to achieve a goal (Blair &
Raver, 2015; McClelland & Tominey, 2015; Ursache, Blair & Raver, 2011). In other words,
children use EF skills along with other regulatory skills when they pay attention to teachers,
follow instructions, and complete or persist on tasks and activities (McClelland & Cameron
Ponitz, 2012; Morrison et al., 2010). We view EF skills as necessary for children to regulate
their behaviors in the classroom along with other skills, such as emotional regulation
(McClelland et al., 2010; Ursache et al., 2011).

Although there is conceptual and statistical overlap between EF and behavioral
regulation, research supports the notion that EF processes are foundational for children to
develop regulatory skills (Blair & Raver, 2012; McClelland & Tominey, 2015; Urasche et al.,
2011). The current study uses the two terms to distinguish between EF tasks that are directly
assessed (i.e., Day-Night Stroop, a Card Sort task, and the Head-Toes-Knees-Shoulders
[HTKS]), and teacher-ratings of children’s behavioral regulation in the classroom (which may

capture EF along with other skills, such as emotional regulation or persistence). We use a multi-



EXECUTIVE FUNCTION, BEHAVIORAL REGULATION 5

source approach of direct assessments of EF and teacher ratings of classroom behavioral
regulation to gain a more comprehensive understanding of these skills in early childhood.
Teacher ratings of children’s classroom behavioral regulation complement direct assessment
information by assessing children’s ability to demonstrate EF-related skills in early learning
environments (Cameron Ponitz, McClelland, Matthews, & Morrison, 2009; McClelland, Acock,
& Morrison, 2006). Although teacher ratings may be affected by biases absent in direct
assessments (Waterman, McDermott, Fantuzzo, & Gadsden, 2011), a meta-analysis shows they
are significantly associated with children’s academic outcomes, and this association is not
significantly different from the one between direct assessments and academic outcomes (Allan,
Hume, Allan, Farrington, & Lonigan, 2014).

The current study focuses on whether the observed associations between different EF
tasks and behavioral regulation are the same across diverse populations of children (Caughy,
Mills, Owen, & Hurst, 2013; Rhoades, Greenberg, Lanza, & Blair, 2011). If environmental and
demographic factors differentially influence EF and behavioral regulation development (e.g.,
Barrage et al., 2008), could they also influence relations among tasks and their relations to
achievement? Understanding relations among EF, behavioral regulation, and academic skills is
critical to informing the development of successful early childhood interventions that target these
skills, especially for children in lower-income families who are at greater risk of falling behind in
schooling achievement (Reardon, 2011). In other words, our study is unique because it supports
the need for a greater understanding of how school readiness skills are associated (i.e., EF,
behavioral regulation, academic achievement) in diverse populations of children.

Theoretical Perspective

Our theoretical perspective is that transactional processes of biological maturation and
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environmental contexts influence children’s development of EF and behavioral regulation. That
is, children improve on EF and behavioral regulation as they age (Best & Miller, 2010; Lee, Bull,
& Ho, 2013; Wiebe, Espy, & Charak, 2008), but the rate of growth is dependent on both
children’s characteristics and the environmental context (Blair & Diamond, 2008; Blair & Raver,
2012). For example, studies show EF and regulatory skills are malleable to intervention effects
(e.g., Blair & Raver, 2014; Schmitt et al., 2015), with other work showing that these skills also
demonstrate a maturational unfolding with brain development (Garon, Bryson, & Smith, 2008).
Correlational studies also show there are differences in children’s development of EF and
behavioral regulation based on demographic risk factors (Caughy et al., 2013; Razza, Martin,
Brooks-Gunn, 2010; Rhoades et al., 2011; Sektnan, McClelland, Acock, & Morrison, 2010).
Thus, these skills likely develop at different rates, and possibly, in different ways depending on
children’s early environments. However, it is unclear if these processes could also influence
how the aspects of EF and behavioral regulation are associated. The current study extends
previous research by examining if variation in family income is related to differential relations
between aspects of EF and behavioral regulation in the classroom. Answering this question is
important for our understanding of how children’s environments may be related to different, but
related, components of EF and behavioral regulation.
Family Income and the Associations between EF and Behavioral Regulation in Early
Childhood

Poverty is one important context in which to understand EF and behavioral regulation
because it is associated with lower quality home learning environments (McLoyd, 1998).
Additionally, experiencing poverty is associated with elevated levels of chronic stress, which

influence the EF and regulatory processes of the brain (Blair, 2010; Blair & Raver, 2012; Evans
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& English, 2002; Kishiyama, Boyce, Jimenez, Perry, & Knight, 2009). Highly stressful
environments cause increased neural reactivity in children, and without the necessary supportive
resources (i.e., high quality childcare or home environments), can contribute to lower levels of
EF and behavioral regulation (Blair, 2010). It is important to note that neural reactivity may be
adaptive in some contexts, although research suggests that greater reactivity combined with
fewer environmental supports is negatively associated with the development of regulatory skills
and this has been linked to negative outcomes (including school achievement) in children (Blair
& Raver, 2012; Blair & Raver, 2015). Therefore, there are likely multiple mechanisms through
which poverty influences the development of these skills (e.g., stress, lower quality home
learning environment, worse physical health), but it is unknown whether growing up in poverty
might influence the relations among these skills. In other words, although poverty has been
linked to lower EF and behavioral regulation, it is unclear if it also influences the relations
between EF and behavioral regulation tasks in low-income samples. Addressing this issue
provides important insights for better understanding the development of, and the relations
between, these skills in lower-income populations.

One useful theoretical framework for investigating these relations is the ability
differentiation hypothesis put forth by Tucker-Drob (2009). This hypothesis says that children
with lower ability levels rely more on domain general skills (e.g., working memory) across
cognitive tasks resulting in larger correlations among them. Empirically, this hypothesis was
supported with longitudinal data across the lifespan (Tucker-Drob, 2009). In the present study, it
would predict stronger relations between EF tasks and classroom behavioral regulation for
children experiencing poverty (i.e., previous research has documented lower mean performance).

In other words, children growing up in poverty might rely more on underlying domain general
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skills across EF and behavioral measures (e.g., working memory capacities have more of an
impact on performance across tasks). However, it is unknown whether economic hardship
would contribute to differential relations between EF tasks and behavioral regulation because
these skills are all closely related to domain general abilities. Therefore, other factors (such as
maturational rate and environmental experiences) could drive differential associations between
these skills, or differential association among these skills might not exist. We compare multiple
direct assessment EF tasks and teacher ratings of children’s classroom behavior for children
enrolled in Head Start and those not to address this question.
Family Income and the Associations between EF, Behavioral Regulation, and Academic
Achievement

Children’s EF and behavioral regulation skills are consistently strong predictors of
academic achievement, with the strongest connections typically found with mathematics (Blair &
Razza, 2007; Blair, Ursache, Greenberg, Veron-Feagans, & The Family Life Project
Investigators, 2015; Bull, Espy, & Wiebe, 2008; Bull & Scerif, 2001; Cameron Ponitz et al.,
2009; Espy et al., 2004; Fuhs, Nesbitt, Farran, & Dong, 2014; Gathercole & Pickering, 2000;
Hongwanishkul, Happaney, Lee, & Zelazo, 2005; McClelland et al., 2007; McClelland et al.,
2014). Children’s EF and behavioral regulation are argued to facilitate growth in academic skills
because they allow children to take greater advantage of learning opportunities (Morrison et al.,
2010). For example, when children are presented with learning opportunities, children who
focus on the task, hold multiple pieces of information in mind, and persist through challenges
likely gain the most academically. Moreover, these skills may be particularly useful for early
mathematics development, which requires manipulating pertinent information and ignoring

distracting information (Blair et al., 2015). Few empirical studies, however, have explicitly
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explored if associations between different EF tasks and classroom behavioral regulation with
academic achievement are moderated by family income, which was the purpose of this study.
There are theoretical reasons to predict that these associations would not be the same
across diverse populations. The ability differentiation hypothesis would predict stronger
associations among EF, behavioral regulation, and academic achievement for children
experiencing greater economic hardships because of a larger dependence on domain general
skills (e.g., working memory) across measures (Tucker-Drob, 2009). Therefore, we would
expect stronger relations between EF and behavioral regulation with academic achievement for
children enrolled in Head Start. It is also possible that children's EF and behavioral regulation
skills may influence how well they are able to take advantage of learning opportunities for
academic skills (Morrison et al., 2010). However, it is unclear how this might affect differential
relations between EF, behavioral regulation, and academic achievement by family income.
Previous research has found mixed evidence for whether demographic risk factors
moderate the relations between EF, behavioral regulation, and academic achievement. For
example, one study found that risk factors (including Head Start status) did not moderate the
associations between EF and academic achievement (McClelland & Wanless, 2012). However,
other research has found that a lack of impulsivity was significantly related to vocabulary in a
group of poor children, but not related to vocabulary in a group of near-poor children (Razza et
al., 2010). Although these studies are informative, the current study adds to this work in three
unique ways. First, it examines multiple direct EF assessments and teacher ratings of classroom
behavioral regulation to see if these measures are differentially related to academic achievement.
Second, it examines three different types of academic achievement, including mathematics,

emergent literacy, and vocabulary based on prior research findings that effects vary by academic
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outcome (e.g., Blair & Razza, 2007). Finally, it examines differences between children enrolled
in Head Start and those not in Head Start, but who are experiencing the same classroom
environment (i.e., are in combined classrooms). Thus, it examines if family income moderates
associations between children’s EF and behavioral regulation skills and academic achievement
controlling for preschool classroom quality.
Goals of the Present Study

The current study has two goals for gaining a deeper understanding of differential
associations between EF, behavioral regulation, and academic skills by children’s family income
in early childhood. The first goal is to explore differences in relations between EF measures and
classroom behavioral regulation by Head Start status. According to the ability differentiation
hypothesis (Tucker-Drob, 2009), we expect stronger relations between the measures for the
group experiencing greater economic hardship (i.e., children in Head Start) because of a larger
dependence on domain general skills across tasks (e.g., working memory). The second goal is to
assess if the relations between the EF measures and classroom behavioral regulation with
academic achievement differ based on Head Start status. Based on the ability differentiation
hypothesis again, we predict stronger relations among the group experiencing greater economic
hardship (i.e., children in Head Start) because of a larger dependence on domain general skills.

Method

Participants

The study consisted of 100 children (51% enrolled in Head Start), with a mean age of
58.81 months (SD = 4.23; see Table 1 for descriptive statistics). Participants were recruited from
a preschool in a small city in the Pacific Northwest, with roughly 45% of children reported

White, 26% Latino, 11% Asian/Pacific Islander, and 18% other. Children and families were
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recruited by sending letters home (in English or Spanish) with an explanation of the study and
consent information. The preschool had combined classrooms that included children enrolled in
Head Start and children not enrolled in Head Start, a unique characteristic that is uncommon in
most Head Start programs. This enabled us to control for program quality because all children
received the same instruction based on the Creative Curriculum program. In total, participants
were in 13 different classrooms (20 children per classroom on average), with roughly 8 children
consenting to the study per classroom (i.e., consent rate was roughly 50%). Head Start
enrollment criterion was based on whether the family income was below the poverty line, with
eligible children able to attend the preschool at no charge (US DHHS, 2010). Therefore, Head
Start enrollment versus non-enrollment was roughly equivalent to comparing children from
families below the poverty line to children from families above the poverty line although we did
not have a measure of family income. This is important because differences in classroom peers’
socio-economic status is associated with children’s growth in EF (Weiland & Yoshikawa, 2014),
and children in this study had a mix of Head Start and non Head Start peers in their classroom.
Of the children enrolled in Head Start, a small number were primarily Spanish speakers (n = 15)
and received all the assessments in Spanish. The Spanish speaking children did not significantly
differ from their English speaking peers enrolled in Head Start in age, gender, any EF
assessment, behavioral regulation, or emergent literacy, but did significantly worse on
mathematics and vocabulary. Overall differences between children enrolled in Head Start and
those not are presented in the descriptive statistics table (see Table 1).
Procedure

After attaining consent, each child was administered all of the assessments over 2 — 3

sessions during the spring of the preschool year, with each session lasting 10 — 15 minutes. All
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analyses treated the data as concurrent. That is, even though assessments took place over 1 —2
weeks, they were treated as one time point in analyses and not as longitudinal data. The
administration of measures was counterbalanced to avoid order effects and trained research
assistants administered all assessments. Research assistants were trained on how to successfully
administer each assessment in the battery and certified for proficiency before collecting data in
the field. Spanish-speaking children were identified by their teacher and received all of the
measures in a Spanish version from a fluent Spanish speaker.
Measures

Direct assessments of executive function. A Card Sort task similar to the traditional
Dimensional Change Card Sort measure was used to measure children’s attention shifting and
cognitive flexibility (Blackwell, Cepeda, & Munakata, 2009; Frye, Zelazo, & Palfai, 1995;
Zelazo, 2006). The task requires children to sort cards based on three dimensions: size (i.e.,
small, medium, large), color (i.e., red, yellow, blue), and shape (i.e., dog, bird, fish). The game
requires the child respond to rules by placing the card correctly in designated boxes. The task
involves 18 trials, with the first 6 trials sorted by shape (no conflict), then 6 trials by color (all
conflict), and then 6 trials by size (all conflict). Before each set of six trials, the child is
instructed of the new rule. Incorrect responses received 0 points and correct responses received
1 point, for a range of scores from 0 — 18. We used the child’s Card Sort task raw score in all
analyses. Although no conflict trials were used in the scoring, almost all children received the
full six points so no substantial differences occurred from including these trials in the scoring
(i.e., scores between the two scoring methods were correlated at » = .98). Consistent with
previous research showing that the task has high internal consistency in preschool children

(Blackwell et al., 2009; Hongwanishkul et al., 2005), the Cronbach’s alpha for the current
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sample was .85. Validity for the Card Sort task has been demonstrated in studies showing that it
is related to but unique from, other measures of EF, as well as related to preschool academic
achievement (McClelland et al., 2014).

The Day-Night Stroop task (Gerstadt, Hong, & Diamond,1994) is an inhibitory control
task where the child must inhibit the natural response by responding to a picture of a sun as
“night” and a picture of a moon as “day.” Non-responses and incorrect responses are coded as 0,
self-corrected and similar (to the correct) responses are coded as 1, and correct responses as 2,
with scores ranging from 0 — 32. We used the child’s Day-Night Stroop task raw score in all
analyses. Non-responses to specific items rarely occurred, and as with other assessments, non-
responses to all items were counted as missing data and not a total score of 0. Consistent with
previous research showing the Day-Night Stroop to have high internal consistency in preschool
aged children (Gerstadt et al., 1994), the Cronbach’s alpha for the current sample was .93. The
Day-Night Stroop task has been found to be related to other measures of EF, as well as to
preschool academic achievement (McClelland et al., 2014).

The Head-Toes-Knees-Shoulders (HTKS) task is a more complex version of the original
Head-to-Toes task (Cameron Ponitz et al., 2008). The task requires a gross motor response in
which children must inhibit a natural behavior and do the opposite. Although the HTKS has
been referred to as a behavioral regulation measure because of the gross motor component,
conceptually it is more aligned with the other two EF assessments in the current study than the
teacher ratings of classroom behavioral regulation, which are informed by children’s broader
classroom behaviors. Each incorrect response is coded as 0, self-corrected response as 1 point,
and correct response as 2 points; with 20 different commands there is a possible range of 0 — 40.

We used the child’s HTKS task raw score in all analyses. The HTKS has been shown to have
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high inter-rater reliability (Cameron Ponitz et al., 2008), and to be reliable and valid in different
cultures (Wanless, McClelland, Acock, Chen, & Chen, 2011; Wanless, McClelland, Acock,
Cameron Ponitz et al., 2011), with the current sample having a Cronbach’s alpha of .91. Part of
the data (n = 14) used in this study was used in a larger analysis of the inter-rater reliability for
the HTKS (N = 51) and results indicated a weighted k = .80 with 92.59% agreement. Previous
research has demonstrated validity for the HTKS task, where it has been significantly related to
other measures of EF, as well as to preschool academic achievement (McClelland et al., 2014;
Schmitt, Pratt, & McClelland, 2014).

Teacher ratings of classroom behavioral regulation. The CBRS was used to assess
children’s behavioral regulation in the classroom (Bronson, Tivnan, & Seppanen, 1995). We use
the term “behavioral regulation” to describe the measure (Cameron Ponitz et al., 2009; Wanless,
McClelland, Acock, Cameron Ponitz et al., 2011; Wanless et al., 2013), but note that it has also
been referred to as “learning related social skills” (Lim, Rodger, & Brown, 2010) and “self-
regulation” (Schmitt et al., 2015; von Suchodoletz et al., 2013). The same teachers assessed
children enrolled in Head Start and those not. Although the original CBRS questionnaire
includes more questions (Bronson et al., 1995), we used 10 items that previous research has
shown tap a single dimension and are a reliable and valid measure of children’s classroom
behavior (Lim et al., 2010; Cameron Ponitz et al., 2009; von Suchodoletz et al., 2013; Wanless et
al., 2011; Wanless et al., 2013). Example items from this subscale of the CBRS are:
“Concentrates when working on a task; is not easily distracted by surrounding activities,”
“Observes rules and follows directions without requiring repeated reminders,” and “Completes
task successfully.” We used the child’s CBRS average Likert-score rating on the 10 items in all

analyses (range 0 — 5). Consistent with the previous research on the 10-item scale
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characteristics, the CBRS had a Cronbach’s alpha for the current sample of .96. The CBRS task
has been found to be related to other measures of behavioral regulation and to preschool
academic achievement (Schmitt et al., 2014).

Academic achievement. All children received either the Woodcock-Johnson Psycho-
Educational Battery — III Tests of Achievement (WJ — I1I; Woodcock, McGrew, & Mather,
2001) or the Bateria Woodcock-Muiioz (Mufioz-Sandoval, Woodcock, McGrew, & Mather,
2005). Woodcock-Johnson W-scores were used because they utilize Rasch-based measurement
models to create equal-interval scale characteristics, with the W-score centered at 500 as the
approximate average performance of a 10-year-old (Mather & Woodcock, 2001). Large-scale
studies have equated the English and Spanish Woodcock-Johnson measures using item response
theory and research suggests no significant differences on scores between the English and
Spanish versions of the assessments (Hindman, Skibbe, Miller, & Zimmerman, 2010; Woodcock
& Munoz-Sandoval, 1993). Item level data were not available in the current sample to report
sample specific alphas.

Mathematics skills were assessed with the Applied Problems subtest of the WJ —I1I that
involves understanding quantities, simple calculations, and solving practical problems. The
Applied Problems subtest is a well-validated, normed, and standardized measure (McGrew &
Woodcock, 2001). For children ages two to seven, the Applied Problems subtest has a test-retest
reliability of .90 for a less than 1-year interval and .85 for a 1- to 2-year interval, and a median
split-half reliability of .92 for children 4 to 7 years old (McGrew & Woodcock, 2001).

Emergent literacy skills were assessed with the Letter-Word Identification subtest of the
W1 — 111, which requires the child to identify letters and pronounce words, increasing in

difficulty (both receptive and expressive). As with the other subtests of the WJ —11I, the
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measure has strong reliability and validity; for children ages 2 to 7, the Letter-Word
Identification subtest has a test-retest reliability of .96 for a less than 1-year interval, .91 for a 1-
to 2-year interval, and a median split-half reliability of .98 for children 4 to 7 years old (McGrew
& Woodcock, 2001).

Vocabulary skills were assessed by the Picture Vocabulary subtest of the WJ — I1I
(including both receptive and expressive responses), where the child must point to or name a
target picture. As with the other subtests of the WJ — 11, previous research has documented the
reliability and validity of this subtest (McGrew & Woodcock, 2001). The Picture Vocabulary
subtest has a median split-half reliability of .73 for children 4 to 7 years old (McGrew &
Woodcock, 2001).

Analytic Strategy

Data analyses were run using Stata 12.1 (StataCorp, 2011). For the first research
question, we examined the correlation matrix by Head Start status, and tested if any correlations
significantly differed using a z-score test with a correction for the distributional properties of
correlations (i.e., because correlations only range from -1.00 to 1.00; Fisher 1921; Soper, 2016).

For the second research question, we used multivariate regression models. Each model
had one EF measure or classroom behavioral regulation entered and an interaction term with
Head Start status to see if associations to academic skills differed by Head Start status. We
entered EF and classroom behavioral regulation terms one at a time to reduce multi-collinearity
among measures and interaction terms. In addition to Head Start status (i.e., because of the
interaction term), the models included child age, gender, and maternal education as controls. We
used the structural equation modeling function in Stata 12.1 in order to model all achievement

outcomes simultaneously with correlated error terms (Acock, 2013). Thus, there were four
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structural equation models in total, each including the three achievement outcomes with
correlated error terms and one of the EF measures or classroom behavioral regulation. These
models used full information maximum likelihood (FIML) estimators in order to use all available
data, which is shown to provide more accurate and reliable estimates than listwise deletion
(Acock, 2005; Acock, 2012). Models that used listwise deletion did not provide any substantive
differences in interpretations from models with FIML, but resulted in a loss of power and sample
size (results available upon request but not presented). Children’s language status was
considered as a covariate, though because of the small number of Spanish speakers (n = 15), and
limitation in overall power given total sample size (N = 100), it was not included (results are
available upon request, though effects sizes did not differ substantively).

Clustering children by classroom was considered (classrooms were the only level of
clustering because all children attended the same preschool center), however, the ICCs were
small for each achievement measure (ICCs = .00 —.02), the number of clusters were small (13
classrooms; 7.69 children per classroom on average), and given the relatively small sample (N =
100), we did not account for clustering in the final models. Small ICCs were expected given that
all children were attending the same preschool center and children were expected to be relatively
similar between classrooms. In other words, and as found with other early childhood research
(e.g., Waterman et al., 2011), children performed similarly to children in other classrooms as to
children in their own classroom on direct assessments of academic achievement.

Given the relatively small sample size, we conducted post-hoc power analyses to estimate
the probability of a significant result given the observed effects in our study and sample size
(Cohen, 1988). For the two reported significant interactions with Day-Night Stroop in the

multivariate regressions, our power was relatively small, .67 for mathematics and .67 for
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vocabulary (i.e., the change in R? due to the interaction term was the same across models).
Therefore, if our observed effects are the same as the true effects, we would have found the
significant interaction effects 67% of the time. However, we have no way of knowing the true
effect sizes. Furthermore, we also considered the substantive importance of the results in our
decision to report them. This line of rationale is consistent with the American Statistical
Association on the misconception and misuse of the p-value (Wasserstein & Lazar, 2016). We
acknowledge all differences for non statistically significant findings could be due to chance
alone and limit the conclusions and generalizations that can be drawn from them.

Missing data. Overall, there was little missing data. Of the original sample of 100
children, child age, Head Start status, and teacher ratings (the CBRS) experienced no missing
data. Five of the 100 children did not participate in any testing sessions and therefore did not
receive any direct assessments. For the remaining 95 children, all direct assessments
experienced less than 6% missing data, with the exception of Applied Problems (8% missing).
Applied Problems was recoded, 1 if missing data occurred and 0 if no missing data occurred, and
no covariate was related to missing data (nor was language status, which was not included as a
covariate in the analyses for power reasons).

Results
Descriptive Statistics

Descriptive statistics for child age, maternal educational attainment, direct assessments,
and teacher ratings are shown in Table 1. The counts, means, and standard deviations are shown
for the total sample and by Head Start status. Additionally, t-tests and Cohen’s d effect sizes are
shown for the differences in scores for each assessment by Head Start status. As expected,

children not in Head Start had parents who reported significantly more years of maternal
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educational attainment than children enrolled in Head Start. Age and gender were not
significantly different between the two groups. Across all measures, children not in Head Start
did significantly better than children enrolled in Head Start, except on the Day-Night Stroop task.
Consistent with previous work on the distribution of children’s scores on EF assessments
(Carlson, 2005), all three of the EF tasks showed some degree of non-normality, or bimodal
distribution (i.e., in general, children either did well or poorly on a given task). Therefore, the
distributions were skewed right for the Day-Night Stroop and the Card Sort task (especially for
children not in Head Start). Conversely, the distribution was skewed left for the HTKS
(especially for children in Head Start). However, none of the assessments (i.e., EF, behavioral
regulation, or academic achievement) violated skewness or kurtosis guidelines (e.g., Kline,
2005).

Bivariate correlations are presented between all of the measures and covariates (see Table
2). Children with mother’s who reported more years of educational attainment were less likely
to be in Head Start, » = -.54. Age was significantly associated with the HTKS, Day-Night
Stroop, and CBRS scores, but not to Card Sort or any academic outcome. Gender was only
significantly related to CBRS, with females receiving higher teacher ratings of classroom
behavioral regulation than males on average. All correlations between EF tasks and the CBRS
were significantly related at p <.01, and ranged from s = .30 —.61. The HTKS and the Card
Sort task were the EF tasks that were most strongly related to each other (» = .61, p <.001) and
the Day-Night Stroop was generally the least related in magnitude to other EF tasks (rs = .30 —
.36). Moreover, EF tasks and the CBRS were all significantly related to academic achievement
at p <.01, and ranged from rs = .33 —.56. In general, these correlations are consistent with

previous research on EF, behavioral regulation, and academic achievement in early childhood
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(e.g., McClelland et al., 2014; Wiebe et al., 2008).
Differences Between EF and Behavioral Regulation Associations by Family Income

For the first research question, we explored whether the relations between the direct
assessments of EF and teacher ratings of classroom behavioral regulation varied as a function of
Head Start status (see Table 3). In general, the findings were inconsistent with our hypothesis
that the relations would be stronger for the children in Head Start. Although few statistically
significant differences were found overall, tasks were generally more closely related for the
children who were not in Head Start (i.e., below the diagonal in the table) than for children in
Head Start (i.e., above the diagonal in the table). For example, the Day-Night Stroop was
significantly related to other measures for children not in Head Start (rs = .36 —.56), but not
significantly related to other measures for children in Head Start (rs = .14 —.18).

Only one of the comparisons between correlations by Head Start status reached statistical
significance (p <.05), one reached marginal statistical significance (p <.10), and four were not
close to statistical significance (p > .10). Specifically, the difference in the strength of
association for the correlations between the Day-Night Stroop and the CBRS was .38 in
magnitude and statistically significant (z [87] = 2.11, p = .03; = .56 for children not in Head
Start and » = .18 for children in Head Start), and .33 in magnitude and marginally significant for
the Day-Night Stroop and the HTKS (z [86] = 1.73, p = .08; » = .47 for children not in Head Start
and r = .14 for children in Head Start). All other comparisons did not approach statistical
significance: the Day-Night Stroop and Card Sort (z [83] = 0.95, p = .34), the HTKS and Card
Sort (z [82] = 1.26, p = .21), the HTKS and CBRS (z [86] = 1.27, p = .20), and the Card Sort and
CBRS (z [84] = 0.44, p = .66). Overall, these findings suggest that most associations between

tasks were not significantly different between children in Head Start and those not. Associations
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between the Day-Night Stroop and other measures of EF and the CBRS are potentially different
by Head Start status, but conclusions are tempered due to the relatively small sample size and
limited statistically significant differences in comparisons.
Differences Between EF and Behavioral Regulation Associations with Academic
Achievement by Family Income

For the second research question, differences in the relation to academic achievement for
EF tasks and the CBRS were explored by Head Start status (see Table 4). Along with control
variables, each model included a single measure of interest (i.e., the HTKS, the Card Sort task,
the Day-Night Stroop, the CBRS) with an interaction term between it and Head Start status.
Significant interactions emerged between the Day-Night Stroop and Head Start status
associations with mathematics (see Figure 1) and vocabulary (see Figure 2). These interactions
show that the Day-Night Stroop was significantly less associated with early mathematics and
vocabulary for children enrolled in Head Start. Specifically, for each point increase on the Day-
Night Stroop for children not in Head Start, their expected mathematics and vocabulary scores
increased by 1.48 and 0.88 points, respectively, but for children in Head Start, their expected
mathematics and vocabulary scores increased by 0.40 and 0.09 points, respectively. These
findings suggest a possible differential association between inhibitory control (as measured by
the Day-Night Stroop task) and early academic achievement, with inhibitory control less related
to early mathematics and vocabulary for children in Head Start. In general, the other measures
were similarly related to academic achievement (i.e., not significantly different) regardless of
Head Start status. However, given the relatively weak power for detecting small effects (i.e.,
power = .67 for the two relatively large, significant effects found), we do not consider this

definitive proof that other aspects of EF and behavioral regulation are not moderated by Head
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Start status. In other words, true effects could exist and our study design was unpowered to
detect them.
Discussion

The current study had two goals to gain a deeper understanding of potential differential
associations between EF, behavioral regulation, and academic achievement by family income in
early childhood. The first goal explored differences in relations between EF and behavioral
regulation measures for children enrolled in Head Start versus those who were not enrolled in
Head Start. In general, results indicated that few statistically significant differences were found
for relations between EF measures and behavioral regulation by Head Start status. One
exception was the Day-Night Stroop, a measure of inhibitory control, was not significantly
related to the other measures for the children in Head Start, but was significantly related to all
measures for the children not in Head Start. However, only one comparison of correlations
between the groups was statistically significantly different (i.e., Day-Night Stroop and classroom
behavioral regulation), suggesting that overall there were relatively few differences in relations
based on Head Start status.

The second goal was to assess if the relations between EF and behavioral regulation with
academic achievement were moderated by Head Start status. Overall, most tasks related to
achievement similarly regardless of Head Start status. However, results indicated that inhibitory
control (as measured by the Day-Night task) was significantly less associated with mathematics
and vocabulary for children in Head Start compared to children not in Head Start.

Associations Between EF and Behavioral Regulation by Family Income
In general, the correlations observed in the overall sample between measures of EF and

behavioral regulation were in the low-to-moderate range, which is largely consistent with
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previous research (e.g., Blair & Razza, 2007; Hongwanishkul et al., 2005; McClelland et al.,
2014; Schmitt et al., 2014; Wiebe et al., 2008). Furthermore, the strong correlation between the
HTKS and the Card Sort task is consistent with previous research showing close associations for
these measures during early childhood (McClelland et al., 2014). It is possible that performance
on these tasks is influenced by a common EF construct contributing to their relatively large
bivariate correlations (Allan & Lonigan, 2011, 2014; Wiebe et al., 2008). However, substantial
unshared variance still exists between the two tasks (i.e., 63%). In addition, the correlation
between the HTKS and Day-Night Stroop was relatively low, which suggests that they may not
both measure just inhibitory control. This is supported by recent research on the HTKS showing
that it was significantly related to measures of cognitive flexibility and working memory in
addition to inhibitory control (McClelland et al., 2014). It is worth noting that some correlations
between EF measures were more closely related to academic achievement than to other measures
of EF or behavioral regulation. In other words, there could be other factors influencing the
relations among tasks than simply the constructs of interest. This suggests that more research is
needed to unpack measurement and construct validity of EF and behavioral regulation
assessments in early childhood research.

We found that teacher ratings of children’s behavioral regulation in the classroom were
moderately related to each EF assessment. This provides further support that teacher ratings
capture some of the same skills as direct assessments of EF (all correlations over .35), though
they did not have substantial shared variance with any one EF task. This finding is consistent
with the broader set of skills that teachers likely observe children demonstrating in the classroom
(Allan et al., 2014).

Inconsistent with our expectations based on the ability differentiation hypothesis (Tucker-
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Drob, 2009), EF measures and behavioral regulation were generally more closely correlated for
children not in Head Start. However, most of the statistical tests of differences between
correlations by group did not reach significance (i.e., five of six). One exception was the Day-
Night Stroop task of inhibitory control showed some evidence for differential associations.
Previous research has found inhibitory control to have differential mean performance (i.e.,
compared to other EF skills) depending on demographic risk factors (e.g., race/ethnicity,
poverty; Caughy et al., 2013; Rhoades et al., 2011), which could account for the findings in this
study. The Day-Night Stroop measure of inhibitory control was not significantly related to other
EF tasks and behavioral regulation for children in Head Start but was significantly related to all
tasks for children not in Head Start. Furthermore, the comparison that reached statistical
significance included the Day-Night Stroop (i.e., with teacher ratings of behavioral regulation),
as did the comparison that reached marginal statistical significance (i.e., with the HTKS).
Together, these findings suggest a need for a more in-depth understanding of the contribution of
inhibitory control to the development of EF and behavioral regulation across diverse populations
in a larger, more representative sample.

It is possible that inhibitory control could be a necessary skill for more complex EF
development, but not sufficient by itself. That is, some level of inhibitory control is necessary to
perform more advanced working memory, cognitive flexibility, or integrated EF tasks, but
having inhibitory control does not necessitate being able to perform them (Best & Miller, 2010).
Furthermore, it could be that inhibitory control is more aligned with the maturational
development of children, whereas working memory and cognitive flexibility are more influenced
by the environmental contexts of the child (Burrage et al., 2008). This hypothesis is supported

by the non-significant difference in mean performance on the Day-Night Stroop between
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children based on family income. For instance, children in low-income families may be
developing some inhibitory control skills at similar rates to their more economically advantaged
peers, but struggle when performing EF tasks that draw more heavily on working memory and
cognitive flexibility skills, or ones that include gross motor components.
Differences Between EF and Behavioral Regulation Associations with Academic
Achievement by Family Income

In general, EF and behavioral regulation measures related to academic achievement
similarly for children regardless of family income. However, one exception emerged: the Day-
Night Stroop was significantly less related to early mathematics and vocabulary skills for
children in Head Start. As discussed above, it is possible that children’s development of
inhibitory control is more related to maturational processes (e.g., Burrage et al., 2008), which
precipitates more complex EF development (Best & Miller, 2010). This is not to suggest that
inhibitory control is not important for children’s academic achievement. In fact, inhibitory
control was strongly related to academic domains for children not in Head Start. Therefore, for
children in more economically advantaged home environments, having better inhibitory control
skills may contribute to differences because of more exposure to learning opportunities for
academic skills (Morrison et al., 2010). For example, children with better inhibitory control may
be able to more fully engage in, and learn from, activities that foster academic skills. However,
weaker relations between inhibitory control and achievement could exist for economically
disadvantaged children who experience fewer learning opportunities. For example, children may
have the inhibitory control skills needed to take advantage of learning opportunities, but lack the
number of opportunities necessary for growth in academic skills. More research is needed on

this topic area in order to better inform theory and intervention efforts targeting school readiness
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(i.e., executive function, behavioral self-regulation, and academic achievement).

Overall, these findings provide some evidence that demographic factors moderate the
relations between basic inhibitory control with early academic achievement, but not other EF
skills and classroom behavioral regulation. In other words, it could explain why some work has
not found differential relations between EF and academic achievement as a function of risk
factors (e.g., ELL status and low-income status; McClelland & Wanless, 2012), while other work
has found them (Razza et al., 2010; Rhoades et al., 2011). Although demographic risk may
differentially influence aspects of EF and behavioral regulation, more research is needed to
understand the implications of this for applied researchers. For instance, children in low-income
households may have some EF skills (e.g., inhibitory control) needed to take advantage of
learning opportunities for academic skills, but simply need increases in learning opportunities to
catch up academically with their more economically advantaged peers. Furthermore, some EF
and regulatory skills may be more malleable to contextual inputs, thus suggesting increased
likelihood of intervention effects. This information is essential for interventions to target the
foundational learning skills necessary for academic success in low-income populations.
Limitations

Although the current study makes a number of contributions in understanding differential
associations between EF, behavioral regulation, and academic achievement by family income in
early childhood, there are limitations worth noting. First, the analyses only looked at concurrent
performance and not growth in these skills. It is unclear if the tasks used in the current study
would predict growth of skills differently than concurrent associations, and future research
should examine these research questions with longitudinal data. A second limitation is the

relatively small sample size of children for comparing group differences and testing moderation.
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Both groups were roughly 50 children (based on Head Start status), and more accurate
differences would be estimated with a larger sample of each. Thus, caution is warranted in
interpreting and generalizing these results given the small and non-random sample. This concern
is highlighted by our post-hoc power analyses that showed even if the true interaction effect was
as large as we observed, we would have missed statistical significance one-third of the time.
However, we consider the relatively large interaction effects for the Day-Night Stroop as
substantively meaningful, and this study as evidence that more research is needed in regards to
moderation of income status and the associations between EF, behavioral regulation, and
academic achievement.

It is also unclear how the small sample of Spanish-speaking children may have
influenced the findings, especially considering all Spanish-speaking children were enrolled in
Head Start. Future studies should especially consider children developing in dual-language
environments with other demographic risks (i.e., low-income or low maternal education) as
potential moderators of relations between EF, behavioral regulation, and academic achievement.
A related concern is that although Head Start enrollment is a function of family income, it does
not rule out the possibility of any number of confounding variables associated with income (e.g.,
race/ethnicity). There is a great deal of heterogeneity within groups of low-income children so it
is unclear how the findings would generalize to the overall population. A third limitation is
related to measurement. The current study included three measures of EF, but many more
measures of EF exist (e.g., Carlson, 2005; Garon et al., 2008), including more newly developed
measures (e.g., Carlson & Harrod, 2013; Zelazo & Bauer, 2013). Furthermore, it is unclear
whether the EF and behavioral regulation measures converged on a separate construct that was

distinct from the academic achievement measures. More measures of EF (including tasks that
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tap working memory) and behavioral regulation would allow for more precise measurement
models that examine whether indicators are invariant across low-income and non low-income
populations. Additionally, studies examining the psychometric properties of different
assessments within diverse populations of children are needed to ensure conclusions are not
being biased by inadequate reliability and validity. Future work should examine these issues
with a variety of assessments, tapping the different components, and with measurement models
in order to obtain a deeper understanding of the potential differences associated with
demographic factors.
Implications

In spite of these limitations, the present study presents a number of theoretical and
applied implications. First, although overall few differences were found by family income, the
current study highlights potential differences for inhibitory control associated with family
income, including relations to other EF measures, behavioral regulation, and academic
achievement. It suggests that interventions and programs designed to boost children’s school
readiness should consider the different skills children have and what skills are potentially more
malleable to intervention effects. Specifically, we found that children in low-income families
performed equally well on inhibitory control (as assessed by the Day-Night Stoop) compared to
children not in low-income families, but struggled more on the HTKS and Card Sort tasks, with
these tasks more closely related to academic achievement. Understanding EF and behavioral
regulation development in economically disadvantaged populations is especially relevant
because studies find it is an important component of school readiness (Blair & Raver, 2014; Blair
& Diamond, 2008; McClelland & Tominey, 2015; Schmitt et al., 2015). Teachers and

interventionists can use this information to focus on fostering the areas where children need the
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most support and the areas that may relate most closely to academic success. Based on the
current study findings, curriculum and interventions may be more successful by targeting more
complex EF, or behavioral regulation, which may be more related to academic achievement for
children facing economic hardships. These skills also may be more context-dependent,
suggesting greater malleability to interventions and developmental programs.
Conclusions

Results of this study add to the literature of EF and behavioral regulation in early
childhood, supporting similarities across populations but also highlighting a few differences for
children from low-income families. Results demonstrated that a measure of inhibitory control
was less related to other EF measures and behavioral regulation for children in low-income
families. Furthermore, a measure of inhibitory control was less related to mathematics and
vocabulary for children in low-income families, whereas the other measures were more
consistently related to academic skills regardless of family income status. Results of this study
can be used to generate new hypotheses on the ways that components of EF and behavioral
regulation develop together and independently, the contributions of maturation and

environmental contexts, and ultimately their contributions to early academic success.
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Table 1

40

Descriptive Statistics for Demographic Variables, EF, Behavioral Regulation, and Academic Achievement

Demographics

Age (in months)
Gender (% Male)
Maternal Ed.

EF

HTKS (range 0 — 40)
Card Sort (range 0 —
18)

Day-N (range 0 — 32)

Behavioral Regulation

CBRS (range 0 - 5)
Achievement

Applied Problems

100

100

76

92

90

93

100

Full Sample

M
58.81
51%

14.32

15.32

13.91

24.24

3.89

413.52

SD

4.23

4.06

14.14

3.57

8.83

0.83

23.30

51

51

33

47

43

47

51

42

Head Start
M
59.61
49%

11.83

11.04

12.30

23.13

3.73

403.57

SD

3.86

3.05

13.03

3.43

9.28

0.86

22.52

49

49

43

45

47

46

49

45

Not Head Start
M SD
57.98 4.48
53%
16.23 3.70
19.78 14.00
15.38 3.04
25.37 8.31
4.06 0.78
422.80 20.14

Group Comparison

T-test
#(98) =1.95
#(98) =0.40

1(74) = 5.54%%

£(90) = 3.10%*

{(88) = 4.52%**

(91)=1.23

£(98) = 2.01*

{(85) = 4.20%**

Cohen’s D

0.38

1.08

0.62

0.87

0.26

0.40

0.82
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(range 350 — 467)

Letter-Word (range 95  346.08 35.06 48 335.58 32.89 47 356.81 34.26  1(93) =3.08**
276 —467)
Picture Vocabulary 93  467.08 15.24 48 461.83 14.06 45 472.67 14.57 #(91) = 3.65%**

(range 423 — 498)

0.60

0.72

Note. Maternal Ed. is the mother’s self-reported years of education completed. HTKS is the Head-Toes-Knees Shoulders. Day-N is
the Day-Night Stroop. CBRS is the Child Behavioral Rating Scale. All t-tests are comparing mean performance between children
enrolled in Head Start versus those who were not.

*p <.05. #*¥p < .01. ***p <.001.
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Table 2

Bivariate Associations Between EF, Behavioral Regulation, and Academic Achievement (N = 88-93)

Variables 1 2 3 4 5 6 7 8 9 10 11
1. Age -

2. Male -.10 -

3. Maternal Ed.  -.15 -.00 -

4. Head Start 197 -.04 - 54k

5. HTKS 24% -.05 217 - 3]H* —

6. Card Sort 17 -.01 37H* - 43HEE G RHE —

7. Day-N 2TH* -.15 13 -.13 33H* 30%*

8. CBRS 30%* -36%FE 6% -.20* A0H* R I 1 S -

9. Mathematics .15 -.14 JgHEE 4]k SRR S5HEE 4Dk SeFEE

10. Literacy 197 -.197 AoFFE 3%k A0H* Ak Ak ATHEHE STHE

11. Vocabulary .13 -.08 ATHREE L3RR 5Ok SeEEE 33k A1 HE O4HFE ARAR

Note. Maternal Ed. is the mother’s self-reported years of education completed. Head Start is coded 1 = Head Start and 0 = not in Head

Start. Male is coded 1 = male and 0 = female. HTKS is the Head-Toes-Knees Shoulders. Day-N is the Day-Night Stroop. CBRS is
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the Child Behavioral Rating Scale.

Tp <.10. *p < .05. **p < .01. ***p < .001.

43
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Table 3
Bivariate Associations Between EF, Behavioral Regulation, and Academic Achievement by Head

Start Status (Not in Head Start, n = 44 — 47, Head Start, n = 39 — 48)

Variables 1 2 3 4 5 6 7

1. HTKS - ATH* 14 267 A43H* 37* 35%
2. Card Sort H6FFE 17 39#:* 40%* 36%* A9HHH
3. Day-N A7 36% — 18 .20 30%* A1

4. CBRS AOFHE QAR SeEEE No) Sk 4% 3%
5. Mathematics ATFE SR 2%k ATH* — A46%* OTH*E
6. Literacy 31* .20 A2%% A6** A3F* — A1F*
7. Vocabulary S2HEE Q6% SpExx o 36% ST A4xx

Note. HTKS is the Head-Toes-Knees Shoulders. Day-N is the Day-Night Stroop. CBRS is the
Child Behavioral Rating Scale. Children in Head Start are across the top diagonal and children
not in Head Start are across the bottom diagonal.

Tp <.10. *p < .05. **p < .01. ***p < .001.
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Table 4
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EF and Classroom Behavioral Regulation Associations with Mathematics, Emergent Literacy, and Vocabulary

Mathematics (N = 87)

Literacy (N = 95)

Vocabulary (N = 93)

B (SE) B R B (SE) B R B (SE) B R
Controls Only 27 32 27
Head Start (HS) -16.49** (5.52)  -36 -8.94 (7.40) -13 -6.46" (3.33) -21
Age 1.13* (0.52) 21 2.14** (0.76) 26 0.76* (0.34) 21
Maternal Ed. 1.167 (0.69) 20 3.71%%* (0.93) 43 1.34** (0.43) 35
Male -7.097 (4.24) -.15 -14.03* (6.06) -.20 -3.16 (2.76) -.10
HTKS Model* 40 38 42
HTKS 0.71%** (0.20) 43 0.77* (0.31) 31 0.58%** (0.13) 54
HTKS*HS -0.20 (0.31) -.08 -0.31 (0.45) -.10 -0.357(0.19) -24
Card Sort 42 34 41
Model”
Card Sort 3.29%** (0.93) .50 1.40 (1.48) 14 2.03*** (0.62) 47
Card Sort*HS -0.74 (1.31) -21 0.46 (2.00) .09 -0.38 -.16
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Day-N Model” 41 .39 37
Day-N 1.48%** (0.34) 57 1.55%* (0.51) .39 0.88%** (0.24) 51
Day-N*HS -1.08* (0.45) -.62 -0.82 (0.67) -31 -0.79** (0.30) -.69

CBRS Model” 46 .39 34
CBRS 11.35%* (3.87) 40 15.55* (6.08) 37 5.317(2.78) 29
CBRS*HS 4.61 (4.87) 38 -4.88 (7.58) -27 0.31 (3.48) .04

Note. Maternal Ed. is the mother’s self-reported years of education completed. Head Start is coded 1 = Head Start and 0 = not in Head

Start. Male is coded 1 = male and 0 = female. HTKS is the Head-Toes-Knees Shoulders. Day-N is the Day-Night Stroop. CBRS is

the Child Behavioral Rating Scale. R’ is the explained variance for the outcome variable in the structural equation model using a

maximum likelihood estimator.

2 Models included Head Start, age, gender, and maternal education as controls (i.e., coefficients not shown to reduce clutter and

repetitiveness across models).

Tp <.10. *p < .05. **p < .01. ***p < 001.
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