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Abstract

This study evaluated the association between children’s (M= 301) self-regulation and math and
reading achievement in kindergarten, first grade, and second grade. Children’s self-regulation was
assessed using the Head-Toes-Knees-Shoulders (HTKS) task (involving control of gross body
movements) and a computerized continuous performance task (CPT; assessing primarily inhibitory
control) in kindergarten, first grade, and second grade. Research findings. Based on cross-lagged
structural equation panel models, HTKS task performance positively predicted later math and
reading achievement. Math achievement significantly and positively predicted later HTKS and
CPT scores. Earlier math and reading achievement moderated the association between CPT scores
and later math and reading achievement; inhibitory control-based self-regulation assessed with the
CPT predicted higher math or reading achievement in subsequent grades for children with lower
math or reading achievement in prior grades. Performance on the CPT moderated the paths from
HTKS scores to later reading achievement; behavioral self-regulation assessed with the HTKS task
predicted higher reading achievement in subsequent grades for children with low or average CPT
performance in prior grades. Practice: Results from this study have the potential to inform targeted
academic interventions focused on enhancing self-regulation in school contexts. The findings
highlight the utility of assessing multiple measures of self-regulation.
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In the transition to elementary school, academic demands evolve from learning basic skills,
such as identifying letters and numbers, to employing these newly-learned skills to engage in
higher cognitive tasks, such as reading and solving math problems. Children’s top-down
(i.e., effortful; see Nigg, 2017) self-regulatory abilities (henceforth labeled self-regulation)
are expected to facilitate cognitive reasoning at school (Kim, Duran, Cameron, & Grissmer,
2018) and competent performance on everyday school tasks (Blair & Raver, 2015; Rothbart
& Jones, 1998), as well as social competence with teachers and schoolmates (Eisenberg,
Eggum, Sallquist, & Edwards, 2010; Hernandez et al., 2017). As discussed by McClelland
and Cameron (2012), behavioral self-regulation involves the everyday application of
executive functioning skills (e.g., attention regulation, working memory, inhibitory control).
We describe self-regulation as a top-down process (see Nigg, 2017), although it has been
proposed that bottom-up processes (such as emotion feedback) may modify self-regulation
thresholds and therefore also be regulating (e.g., excitement may alter attention used during
behavioral self-regulation; Blair, 2016; Nigg, 2017). During the transition into formal
schooling, children’s top-down self-regulation abilities continue to develop (Eisenberg,
Valiente, & Eggum, 2010) and children encounter increased expectations for self-regulation
in their environment (Li-Grining, 2007; Rothbart & Jones, 1998). Given the sustained effects
of early academic achievement on various outcomes (Duncan et al., 2007), research is
needed to clarify the types of self-regulation related to academic outcomes and the
moderating mechanisms over time.

In many studies on the relation between self-regulation and math or reading achievement,
measures of self-regulation tap primarily attentional skills (e.g., flanker tasks), the ability to
manipulate multiple dimensions in the mind simultaneously (e.g., dimensional sorting
tasks), and/or the abilities to effortfully inhibit and activate behavior as needed. Self-
regulation may be particularly important for appropriate classroom behavior, which is
believed to affect interactions with peers and teachers, sustained engagement in academic
activities, and, consequently, learning outcomes (e.g., Hernandez et al., 2017). This study
was designed to examine the extent to which two measures of children’s self-regulation
varying in degree of motor involvement, the Head-Toes-Knees-Shoulders (HTKS) task and a
continuous performance task (CPT), uniquely predicted higher math and reading
achievement across kindergarten (K), first grade (G1), and second grade (G2). Math
achievement was measured with an applied problems assessment requiring children to
perform “math calculations in reponse to orally presented problems” (Woodcock, McGrew,
& Mather, 2001, p. 53). Reading achievement was measured with a passage comprehension
assessment requiring children to “identify a missing key word that makes sense in the
context of a written passage” (Woodcock et al., 2001, p. 53). We examined possible
bidirectional associations between self-regulation (both behavioral and inhibitory control-
based) and academic achievement using cross-lagged panel models. We also examined
potential moderators (e.g., prior achievement, self-regulation) of the association between
two different measures of self-regulation and academic achievement.

of Self-regulation

Self-regulation is broadly defined as the integrative “capability of controlling or directing
one’s attention, thoughts, emotions, and actions” (McClelland & Cameron, 2012, p. 136).
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Children’s self-regulation is typically measured with a variety of assessments that require
different degrees of executive functioning and gross motor behaviors to successfully
complete (Eisenberg & Zhou, 2015; Kim & Cameron, 2016), and the HTKS and CPT
measures involve varying demands (McClelland & Cameron, 2012; Nigg, 2017). For
instance, successful performance of the HTKS task, which is often referred to as assessing
broad behavioral self-regulation, requires working memory, inhibitory control, activation of
appropriate behavior, attention focusing, and coordinating gross body movements. It also
involves increasing cognitive demands because the task rules become more complex in some
versions of the task (see the method for more details; Allan, Hume, Allan, Farrington, &
Lonigan, 2014; McClelland et al., 2007). On every trial, the child is required to make a gross
motor movement; what is scored is whether the movement is correct or incorrect, or whether
the child initiates an incorrect option and self-corrects. Thus, successful performance on the
HTKS task requires adequately incorporating gross motor responses given increasingly
complex demands.

The computerized CPT requires working memory, attentional focus, and sustained attention
(Sulik et al., 2010), with a large inhibitory control component during non-target stimuli
trials. The CPT is completed while the child is sitting in front of a computer. Children are
told to touch a computer key when certain stimuli appear and to inhibit touching the key
when other stimuli appear on the screen. One CPT index typically assesses inhibiting the
dominant tendency to tap the computer key, which involves primarily inhibition of impulsive
movement.

Success on both the HTKS and the CPT requires self-regulatory skills based on top-down
cognitive processes to successfully complete (Eisenberg & Zhou, 2015). However, it may be
useful to differentiate between a task that assesses gross motor skills when inhibiting and
activating behavior (as in the HTKS task) and a task that primarily requires the inhibition of
movement in situations likely to tap impulsive tendencies (as in one CPT index) because
they resemble different aspects of behavioral demands in classroom environments
(McClelland & Cameron, 2012). Moreover, the HTKS requires regulation of some
movement on every trial, whereas the CPT inhibitory control index requires merely not
touching the computer key (i.e., no movement). In addition, as previously noted, the rules
become more complicated across some versions of the HTKS, testing the child’s ability to
successfully assimilate and adapt to a more complex set of rules, which closely resembles
classroom-based behavioral demands or everyday application of executive functioning
(McClelland & Cameron, 2012). Perhaps the varying demands these tasks involve helps
explain why performance on such tasks often is not highly correlated (Nigg, 2017), even
when measures connect to a broader construct of self-regulation (Sulik et al., 2010). Thus,
we were interested in closely examining unique and moderating relations between two self-
regulation measures to help clarify the underlying regulatory processes associated with math
and reading achievement.

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.
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Relations between Self-Regulation and Academic Achievement in
Childhood

Top-down self-regulation can be viewed as involving inhibitory control (“Capacity to plan
and to surpress inappropriate approach responses under instructions or in novel or uncertain
situations,” Rothbart, Ahadi, Hershey, & Fisher, 2001, p. 1406), and sometimes activation
control (“The capacity to perform an action when there is a strong tendency to avoid it”;
Ellis, 2002, p. 57), as well as the ability to effortfully manage attention. Children who
efficaciously regulate their behavior and attention should be relatively adept at curbing
potential distress during challenging situations, inhibiting distractions that otherwise
overburden cognitive resources during learning, and attending to and participating in
classroom activities (Blair, 2002). Self-regulation also promotes planning and problem
solving (Blair & Raver, 2015; Kim & Cameron, 2016), which have positive implications for
academic performance (Eisenberg, Valiente, et al., 2010; Kim et al., 2017).

The association between various measures of self-regulation and academic achievement is
generally robust (see a meta-analysis of concurrent studies by Allan et al., 2014, and a
review by Clements et al., 2016; see Appendix 1 for a summary research literature included
hereinafter). Behavioral self-regulation has predicted children’s math (e.g., Blair & Razza,
2007; Blair, Ursache, Greenberg, Vernon-Feagans, & Family Life Project Investigators,
2015; Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009; Clark, Pritchard, & Woodward,
2010; McClelland et al., 2007; Ponitz, McClelland, Matthews, & Morrison, 2009; Schmitt,
Geldhof, Purpura, Duncan, & McClelland, 2017) and reading skills (e.g., Becker,
McClelland, Loprinzi, & Trost, 2014; Bohlmann, Maier, & Palacios, 2015; Fuhs, Nesbhitt,
Farran, & Dong, 2014; Lonigan, Allan, & Phillips, 2017; Matthews, Ponitz, & Morrison,
2009; McClelland et al., 2007; Schmitt et al., 2017), concurrently as well as across time.
However, some studies, particularly longitudinal studies, have obtained null or less robust
findings (e.g., Blair et al., 2015; Brock et al., 2009; Clark et al., 2010; Connor et al., 2016;
Duncan et al., 2007; Liew, Chen, & Hughes, 2010). For example, behavioral self-regulation
(which included HTKS) did not predict reading comprehension from G1 to G2 (only
concurrently; Connor et al., 2016). Similarly, behavioral self-regulation in the fall of
preschool did not predict overall academic achievement in the spring of preschool
(McClelland et al., 2007; although behavioral regulation in the spring predicted concurrent
academic skills controlling for academic skills in the fall; and, gainsin behavioral regulation
significantly predicted gains in math and reading across preschool). In addition, in some
studies, behavioral self-regulation has predicted higher concurrent levels of, but not
longitudinal growth in, reading abilities (Blair et al., 2015; Schmitt et al., 2017). Although
HTKS scores predicted growth in two literacy measures based on elision (requiring the child
to indicate what word results from omitting a word, syllable, or phoneme) and alphabet tests
within the preschool year (Lonigan et al., 2017), HTKS scores did not predict growth in
eight of ten literacy and language outcomes. One study even found an opposite pattern, such
that high self-regulation was negatively associated with growth in math achievement (e.g.,
Blair et al., 2015, children with high self-regulation showed slower growth in math). Thus, it
is critical that studies use longitudinal designs to rigorously test whether the well-established
concurrent associations between self-regulation and academic achievement persist across

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.
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time (Allan et al., 2014), and particularly across school grades (many of the longitudinal
studies have examined data from within the same school year, e.g., from fall to spring of
preschool).

Few studies test the association of direct measures of children’s inhibitory control-based
self-regulation to academic achievement and these studies demonstrate mixed findings
(Spira & Fischel, 2005). Children with inhibitory regulation difficulties are thought to more
likely struggle with appropriate behavior in the classroom and during academic instruction.
Some investigators have found a negative association between impulsivity and math or
reading achievement (NICHD Early Child Care Research Network, 2003; Romano,
Babchishin, Pagani, & Kohen, 2010) and a positive association between inhibitory control
(or lack of impulsivity) and reading and math achievement in childhood (Lonigan et al.,
2017; NICHD Early Child Care Research Network, 2003; Razza, Martin, & Brooks-Gunn,
2010). Indicators of attention-deficit/hyperactivity disorder (ADHD), which include
symptoms of impulsivity and difficulties with inhibitory control, have also been associated
with lower academic skills in childhood (Diamantopoulou, Rydell, Thorell, & Bohlin, 2007;
Friedman-Weieneth, Harvey, Youngwirth, & Goldstein, 2007), although there is some
evidence that inattention indicators, rather than hyperactivity/impulsivity indicators of
ADHD, are most consistently associated with academic outcomes (Rabiner, Coie, & The
Conduct Problems Prevention Research Group, 2000). In addition, inhibition of impulsive
responding has been less consistently associated with academic achievement compared to
attention skills in the ADHD research literature (Rabiner et al., 2000). The aforementioned
mixed findings suggest that the HTKS, because it is a more encompassing measure of self-
regulation, may be a more consistent predictor of academic achievement compared to the
inhibitory control-based index of the CPT.

Math and Reading Achievement

Some studies suggest that the associations between self-regulation and academic
achievement are stronger for math than for literacy outcomes (Allan et al., 2014; Blair &
Razza, 2007; Blair et al., 2015; Brock et al., 2009; Clements et al., 2016; Ponitz et al., 20009;
Schmitt et al., 2017). These findings support prior theorizing that executive functioning, a
process involved in behavioral self-regulation, is closely tied to functioning in the prefrontal
cortex (Blair, 2016), which is also closely associated with math skill development (Blair,
Gamson, Thorne, & Baker, 2005). It has also been argued that executive functioning skills
are most employed when information is novel, before automaticity is achieved (Blair,
Protzko, & Ursache, 2011; Blair & Razza, 2007; Cameron, 2018). For literacy development,
some aspects of executive functioning may be more relevant when children are acquiring
basic literacy decoding skills (i.e., decoding groups of letters into sounds; e.g., letter-word
knowledge, phonological awareness; Purpura, Schmitt, & Ganley, 2017). Once children have
acquired fluency in basic literacy decoding skills, which would become more automatic
(Blair & Razza, 2007; Cameron, 2018) and also predict more complex literacy tasks (Lai,
George Benjamin, Schwanenflugel, & Kuhn, 2014), executive functioning skills would be
employed for more complex literacy tasks (e.g., reading comprehension). Executive
functioning skills (i.e., domain-general skills), on the other hand, have uniquely predicted
math achievement development, controlling for domain-specific abilities (Fuchs et al.,
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2010), from learning basic numeracy skills to solving word problems and understanding that
symbols represent mathematical concepts (Cameron, 2018).Thus, we examined math and
reading achievement measures separately to test whether self-regulation assessed with the
HTKS task and CPT would be uniquely and consistently associated with math and reading
achievement over time.

Bidirectional Associations

There is some evidence that the association between self-regulation and academic
achievement is bidirectional within the pre-kindergarten (pre-K) year (Fuhs et al., 2014;
Schmitt et al., 2017), from pre-K to K (Schmitt et al., 2017), and within the G1 year (Connor
et al., 2016). For instance, Welsh, Nix, Blair, Bierman, and Nelson (2010) found that self-
regulation and executive functioning (including measures of attention, inhibitory control,
and working memory) in the beginning of pre-K predicted numeracy and literacy skills in
the end of pre-K, and numeracy skills in the beginning of pre-K also significantly predicted
self-regulation skills in the end of pre-K. In another study, self-regulation predicted later
expressive vocabulary, and vice versa, from the spring of pre-K to the fall of the following
pre-K or K year (Bohlmann et al., 2015). However, few researchers, if any, have examined
bidirectional associations between self-regulation and math or reading achievement across
the early elementary school years. To add to this growing research area, we tested
bidirectional associations between behavioral or inhibitory control-based self-regulation and
math and reading achievement in the transition from K to G2.

Moderating Mechanisms

The association between self-regulation and academic achievement has strong theoretical
and empirical foundations (Blair & Raver, 2015; Rothbart & Jones, 1998). However,
researchers have raised concerns about the strength of the association (e.g., Jacob &
Parkinson, 2015) and the presence of some null findings (e.g., Brennan, Shaw, Dishion, &
Wilson, 2012; Clements et al., 2016; Liew et al., 2010; McClelland et al., 2007). Thus, we
sought to examine the conditions under which the association between self-regulation and
academic achievement is present during the transitions between early grades in elementary
school.

Some research suggests that self-regulation has a compensatory effect on academic
achievement, particularly for children who have prior regulatory or academic difficulties
(Cameron et al., 2015; Cameron, Cottone, Murrah, & Grissmer, 2016; Ribner, Willoughby,
& Blair, 2017). Relatedly, behavioral self-regulation may be especially predictive of
academic achievement at the stage of acquiring basic academic skills before automaticity
(Purpura et al., 2017). Thus, we might expect that self-regulation would be most predictive
of academic achievement for children who have difficulties with basic academic skills and
are still acquiring these academic skills; for children who are performing well and whose
skills have become more automatic (Blair & Razza, 2007), self-regulation is expected to be
less predictive of basic academic skills. Consistent with this compensatory mechanism
hypothesis, Cameron et al. (2015) found that having high levels of visuomotor integration (a
hand-eye coordination measure involving children reproducing a set of figures with a pencil,
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requiring some level of behavioral regulation) compensated for the effect of otherwise low
levels of inhibitory control (measured with the pencil tap task) on literacy outcomes in pre-
K. That is, when inhibitory control was low, literacy outcomes were high with strong
visuomotor integration. Furthermore, when visuomotor integration was low, literacy
outcomes were relatively high with strong inhibitory control. In another study, executive
functioning compensated for low levels of preschool math achievement in predicting both
math and reading achievement in fifth grade (Ribner et al., 2017). Specifically, children who
had low levels of math in preschool but high levels of executive functioning skills performed
at high math and reading achievement levels in fifth grade. This study’s prospective findings
(Ribner et al., 2017), which support an underlying compensatory effect on math and reading
achievement, support the present study’s proposal that prior achievement and self-regulation
may jointly predict math and reading through a compensatory mechanism. Other studies also
point to the association between effortful control and math and reading being moderated by
school difficulties (Liew et al., 2010). Liew et al. (2010) found that the positive association
between effortful control (accuracy in a task involving fine motor skills) and achievement
from first to second grade was strongest for those who had difficulties with teachers (Liew et
al., 2010). Together, these findings suggest that baseline or prior levels of academic or
regulatory difficulties might moderate the association between self-regulation and academic
achievement. We hypothesize a broad index of self-regulation including not only inhibitory
control but also control of gross motor behavior more generally to predict higher academic
achievement especially for children who had lower academic achievement at prior time-
points. We also expected the broader measure of behavioral self-regulation (HTKS) to
predict higher academic achievement especially for children with lower inhibitory control-
based self-regulation (inhibitory control measured with the CPT) because when children are
less competent in attentional regulation, they need greater behavioral self-regulation for
academic achievement.

The Present Study

In the present study, we examined whether self-regulation, assessed with both the HTKS and
CPT, uniquely predicted academic achievement, and vice versa, from K to G2. Based on the
argument that self-regulation assessed with the HTKS is more aligned with classroom
behavioral demands (McClelland & Cameron, 2012) and is a broader, more inclusive index
of motor self-regulation compared to the CPT inhibitory control index, we tentatively
predicted that behavioral self-regulation assessed with the HTKS would be most consistently
associated with academic achievement. We tested possible bidirectional associations across
time, given the possibility that academic and self-regulation skills develop and strengthen
each other simultaneously (Bohlmann et al., 2015) and likely both stem from greater cortical
functioning (Blair et al., 2005), as well as whether the associations were equivalent in
magnitude in the K to G1 transition compared to the G1 to G2 transition. Results from these
tests of equivalence are informative given that bidirectional associations between self-
regulation and academic achievement in the K to G2 transition have previously not been
tested (see Kim et al., 2017 for an exception). Because of concerns about insufficient
inclusion of covariates in prior studies (Jacob & Parkinson, 2015), we controlled for
socioeconomic status, prior math and reading achievement, gender, ethnicity, and age given
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prior associations with self-regulation (e.g., Li-Grining, 2007; Matthews et al., 2009) or
achievement (e.g., Clark et al., 2010; Duncan et al., 2007). This study also contributes to this
research area by examining moderators (i.e., prior achievement or self-regulation) of the
association between self-regulation and achievement within a longitudinal design.

At the beginning of the academic year in K, two cohorts (one year apart) of participants
were recruited (V= 301; 52% girls; Myge = 5.48 years, SDyqe = 0.35 years) from 26
classrooms in five schools in a southwestern metropolitan area in the United States
(Hernandez et al., 2016). On average, there were 21 students in each K classroom (range:
14-26). Parents provided consent for their child to participate in the study. Children
provided assent to participate. The recruitment rate (301 children comprising 56% of the
potential pool of participants) is typical of similar community studies of young children
(e.g., McClelland et al., 2007).

Participating children were from various ethnic backgrounds (53% Hispanic, 34% White
non-Hispanic, 3% Asian, 2% American Indian/Alaska Native backgrounds, 2% Black, 1%
Other, 6% Unknown [percentages are rounded]). Parents had varied education levels (30%
of mothers and 39% of fathers completed high school or less, 31% of mothers and 24% of
fathers attended some college, and 39% of mothers and 37% of fathers graduated from
college) and family income (average: $50,000 to $69,999; range: < $9,999 to $100,000+).
Participants were generally representative of the recruitment schools’ student ethnic
background composition (the schools had 47% Hispanic, 37% White non-Hispanic, 3%
Asian, 2% American Indian/Alaska Native backgrounds, 8% Black, 3% two or more races
[percentages are rounded]). In the recruitment schools, 56% of students qualified for free or
reduced lunch at the beginning of the study, meeting 130% poverty level [free meal
equivalent to < $36,283 annual income for a family of five in 2014-2015] or 185% poverty
level [reduced price equivalent to < $51,634 annual income for a family of five in 2014—
2015]). This rate was similar to the state’s rate (57%) of students qualifying for free or
reduced lunch.

For the variables used in this study, at least some data were collected from 301, 264 (88%),
and 242 (80%) children in K, G1, and G2, respectively. Compared to children with data in
G1, children missing data in G1 did not differ on other study variables, including
demographic characteristic covariates. Similarly, compared to children with data in G2,
children missing data in G2 did not differ on other study variables.

Study measures assessed in the K, G1, and G2 included standardized assessments of
academic achievement and self-regulation using a computerized assessment of the CPT and
a behavioral assessment of the HTKS task. Parents were compensated $30 for each survey in
K and children received two small toys for their participation at each assessment. Prior to
administering assessments of achievement and self-regulation, research assistants attended
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two 2.5-hour trainings per week for five weeks before data collection started. During these
training sessions, research assistants received instruction on how to administer the
standardized assessments of achievement as described in the Woodcock-Johnson 111
Examiner’s Manual (Mather & Woodcock, 2001), and the regulation tasks as described by
McClelland et al. (2014) and the NICHD Early Child Care Research Network (2003).
Research assistants administered standardized assessments of achievement and direct
measures of self-regulation in designated school rooms (to minimize distraction), on
separate days, in the latter part of the spring semesters of K, G1, and G2.

Academic achievement.—Academic achievement was assessed with the Woodcock-
Johnson 111 Tests of Achievement (Woodcock et al., 2001), in the spring semesters of K, G1,
and G2. The passage comprehension (i.e., reading) and applied problems (i.e., math)
subtests were administered in either English (for most children) or Spanish. In K, one child
completed both assessments in Spanish. In G1, one child completed the passage
comprehension assessment in Spanish. Raw test scores were converted to W/ scores
representing equal-interval units in a Rasch scale. Passage comprehension and applied
problems scores were used as separate manifest variables of reading and math achievement,
respectively.

Head-Toes-Knees-Shoulders (HTKS) task.—The Head-Toes-Knees-Shoulders
(HTKS) task was used as an indicator of behavioral self-regulation in K, G1, and G2
(McClelland et al., 2007; McClelland et al., 2014). There were a total of 30 possible test
trials, separated in three 10 test trial segments. For each trial, an experimenter in a videotape
requested a given behavior and the child was asked to perform a different (i.e., opposite)
behavior. For example, if the experimenter requested that the child touch their shoulder, the
child was expected to touch their knees instead (and vice versa). Prior to each set, four
practice trials were administered before the test trials were scored. For the first 10 test trial
items, the experimenter’s requests in the videotape involved only shoulders and knees. For
the second set of 10 test trials, the experimenter’s requests involved only shoulders and
knees as opposite behaviors, as well as head and toes as opposite behaviors. For the third
and last set of 10 test trials, the experimenter changed the rules, and the child was asked to
touch their shoulders when the experimenter said toes and to touch their knees if the
experimenter said head. For each segment, at least four correct test trials were necessary for
the experimenter to conduct the next segment of test trials. Responses were coded as 0(child
performs wrong behavior and does not self-correct), Z (child initiates wrong behavior but
self-corrects), or 2(child immediately performs correct behavior). The scores across test
trials were summed and divided by 60 (the maximum possible score), representing a
proportion of correct trials across 30 possible test trials.

CPT.—A computer-administered CPT (similar to in NICHD Early Child Care Research
Network, 2003; Sulik et al., 2010) was used to obtain a measure of primarily the inhibitory
control aspect of self-regulation. For this task, children sat in front of a computer and were
asked to press the keyboard space bar as soon as the target stimulus appeared on the screen.
Using eight pictures of different non-target objects (e.g., boat, flower) and one picture of the
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target object (i.e., fish), 44 presentations of the target stimulus and 176 presentations of non-
target stimuli were randomly presented on the screen. Stimuli appeared on the screen for 0.5
s with 1.5 s intervals between stimuli. All students performed enough trials (75% of trials) to
be included in analyses. For each trial where non-target stimuli appeared, a score of 1 was
assigned for a correct rejection (i.e., no space bar press) or 0 for a false alarm (i.e., pressed
space bar). The proportion of correct rejections for trials with non-target stimuli was
computed. This score, which represents how well children discriminate between target
stimuli and non-target stimuli trials and inhibit the impulse to react (i.e., press the space bar)
to non-target stimuli during the sustained task, was used as an indicator of inhibitory control
in K, G1, and G2.

Covariates.—Parents reported children’s age, ethnic minority status (1 = ethnic minority
(Hispanic, Asian, American Indian/Alaska Native, Black, two or more races), 0 = non-
Hispanic, white), and gender (1 = boy;, 0 = girl), which were used as control variables.
Parents also reported children’s maternal and paternal education levels (1 = /fess than a high
school diploma, 2 = high school degree or equivalent, 3 = some college, 4 = college graduate
or higher), as well as family income (range: < $9,999 to $100,000+). To create a
socioeconomic status control variable, standardized z-scores were calculated for family
income and the average of maternal and paternal education levels, which were subsequently
averaged.

Table 1 provides the descriptive statistics and correlations among the variables used in the
present study. Variables did not display marked skew (above |2|) or kurtosis (above |7])
except four out of twelve main study variables: HTKS at G2 (skew: —2.14, kurtosis: 8.19),
and CPT at K (skew: —2.51, kurtosis: 7.37), G1 (skew: —3.04, kurtosis: 11.56), and G2
(skew: —4.20, kurtosis: 25.24). The percent of cases at the floor or ceiling ranged from 0 to
8%. For HTKS, 21 (7%) cases in K, 7 (2.3%) cases in G1, and 2 (.7%) cases in G2 scored at
the floor (i.e., lowest possible score), whereas, 3 (1%) cases in K, 2 (.7%) cases in G1, and 6
(2%) cases in G2 scored at the ceiling (i.e., highest possible score). For CPT, 0 cases scored
at the floor in K, G1, and G2, whereas, 24 (8%) cases in K, and 7 (2.3%) cases in G1 and G2
scored at the ceiling. The HTKS task scores were positively correlated with all math and
reading achievement measures (across K, G1, and G2). However, CPT correct rejection
scores were not significantly correlated with academic achievement measures, with one
exception; CPT in K was positively correlated with passage comprehension academic
achievement in K.

Preliminary Analyses and Analysis Plan

We tested our proposed models with a structural equation model (SEM) framework using
Mplusv8 (Muthén & Muthén, 1998-2017). The TYPE = COMPLEX command was used to
account for the clustering of data by K classroom (K classroom was used as a cluster
because there were more students per classroom in K). Full information maximum
likelihood estimation with robust standard errors (MLR) was used to account for missing
data (Satorra & Bentler, 1994) and non-normal distributions (i.e., the presence of skew and
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kurtosis) on some of the variables (Curran, West, & Finch, 1996), as suggested by (Finney &
DiStefano, 2008). To test bidirectional associations between self-regulation, math, and
reading achievement, we ran a cross-lagged panel SEM. In this model (see Figure 1),
autoregressive paths were included (e.g., a path from HTKS in K to HTKS in G1, and a path
from HTKS in G1 to HTKS in G2). We regressed the academic achievement measures
(passage comprehension and applied problems) on both HTKS and CPT scores, and vice
versa. We regressed the HTKS scores on the CPT scores, and vice versa. We regressed the
passage comprehension scores on the applied problems scores, and vice versa.
Socioeconomic status, ethnic minority status, male, and age (covariates) were used as
predictors of HTKS scores, CPT scores, passage comprehension, and applied problems
achievement in G1 and G2, and were correlated with HTKS scores, CPT scores, passage
comprehension, and applied problems achievement in K. Cohort did not relate to the study
variables and thus, was not included as a covariate. All SEM regression paths were tested for
equality across time by constraining paths to be equal over time. If the fit with constrained
paths did not significantly worsen compared to the fit of a model with unconstrained paths
(based on scaled chi-square change tests; Satorra & Bentler, 2001), the more parsimonious
constrained paths were kept (Bollen & Curran, 2006).

To test the hypothesized interactions, in six separate models, we centered the predictor
variables in K and in G1 and used the products of the two interacting variables (within each
time point) as predictors of the academic achievement outcomes at G1 or G2, respectively.
First, four models with interactions between HTKS or CPT and prior achievement were
tested for predicting applied problems or passage comprehension, separately (e.g., one
model tested the interactions between HTKS and prior math achievement for predicting later
math achievement). Second, two models (predicting math or passage comprehension) with
interactions between HTKS and CPT were tested. For example, to test the hypothesized
interaction between HTKS and CPT, we centered these two variables and multiplied them
with each other within K and G1 to be used as a predictor of G1 and G2 passage
comprehension. Models with significant interactions were compared with models with the
interactions estimated to be null (i.e., models with interactions effects fixed to be zero). The
scaled chi-square change in fit was tested (Satorra & Bentler, 2001). If a model with the
interactions estimated was significantly better than the model with the interactions set to
zero, the interactions were interpreted. For models with significant interactions, the
associations between self-regulation (HTKS or CPT) and later academic achievement
variables were tested at one SD below the mean, at the mean, and one SD above the mean of
the moderating variable.

Self-Regulation and Academic Achievement Stabilities, Cross-Lags and Interactions

The following sections describe stabilities, cross-lagged associations, and interactions tested
in the study.

Stabilities and covariates.—Table 2 displays standardized estimates in the SEM for the
stabilities and cross-lagged associations between HTKS, CPT, scores on the applied
problems test, and scores on the passage comprehension test from K to G2, controlling for
covariates. This model showed adequate fit, MLR XZ (16) = 46.21, p<.001, CFI = .98,
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RMSEA =.08, 90% CI [.05, .10], but adding a stability path from K to G2 for applied
problems achievement resulted in superior fit, A X2 (1) = 11.43, p< .001. Stability and
cross-lagged paths across time were tested for equality and all showed equal magnitude, A
Xz (14) = 8.48, p= .86, except for the HTKS stability paths. HTKS from K to G1 (b*
[standardized beta] =.37, p< .001) was significantly more stable than HTKS from G1 to G2
(b*= .24, p=.007), based on an equality test, A XZ (1) = 4.14, p=.04. This final model
showed adequate fit: MLR 2 (29) = 42.19, p= .05, CFl = .99, RMSEA = .04, 90% CI [.
00, .06]. The stabilities for HTKS, CPT, applied problems scores, and passage
comprehension scores were all in the expected direction.

Socioeconomic status predicted higher passage comprehension achievement in G1 (6*= .10,
p=.01) and higher applied problems achievement in G2 (6*=.12, p=.01). Children from
ethnic minority backgrounds (compared to non-Hispanic, white backgrounds) had higher
performance on the HTKS task (6*= .15, p=.01), lower applied problems achievement in
G1 (b*=-.13, p=.01), and lower passage comprehension achievement in G1 (b*=-.10, p
=.004). Boys had lower CPT scores in G1 (b*=-.25, p<.001) and G2 (b*=-.23, p<.
001), and higher applied problems achievement in G1 (6*= .15, p<.001) and G2 (b*= .10,
p=.003). Age predicted higher CPT scores in G2 (6*= .11, p=.01).

Cross-lagged associations.

Self-regulation and passage comprehension achievement cross-lagged

associations.: HTKS uniquely predicted passage comprehension from K to G1 (6*= .09, p
=.03) and from G1 to G2 (b*= .09, p=.03), at equal magnitudes (see Table 2). Passage
comprehension did not significantly predict HTKS from K to G1 (6*= .02, p=.75) or from
Glto G2 (b*=.02, p=.75). There were no significant cross-lagged paths between CPT and
passage comprehension from K to G2.

Self-regulation and applied problems achievement cross-lagged associations.: HTKS
uniquely predicted applied math problems achievement from K to G1 (6*= .18, p<.001)
and from G1 to G2 (b*= .12, p< .001; see Table 2), at equal magnitudes. Applied problems
achievement also predicted HTKS from K to G1 (6*= .18, p<.001) and from G1 to G2 (b*
=.26, p<.001). In addition, applied problems achievement predicted CPT scores from K to
G1 (b*=.16, p=.01) and from G1 to G2 (b*= .24, p< .001). CPT did not significantly
predict applied problems achievement.

Interactions between self-regulation and prior achievement.

Self-regulation and passage comprehension achievement interactions.: The interactions
between HTKS and passage comprehension did not significantly predict passage
comprehension from K to G1 and from G1 to G2 (&s [unstandardized betas] = .12, ps = .25)
within the first interaction model (see Table 3, Model 1A for null interaction model, and
Model 1B for estimated interaction model). Within the second interaction model (Model
2B), estimating the interactions between CPT in K and passage comprehension in K and
between CPT in G1 and passage comprehension in G1 at equal magnitudes resulted in
significantly improved model fit, A XZ (1) =5.26, p=.02 (compared with Model 2A). The
interactions between CPT and passage comprehension significantly predicted passage
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comprehension from K to G1 and from G1 to G2 (bs = -.95, ps = .02; Figure 2). The path
from CPT in K to passage comprehension in G1 was significant at low levels of passage
comprehension in K (b= 28.72, p=.05; see Figure 2A) and not significant at average (b=
8.88, p=.21) and high levels of passage comprehension in K (6=-10.96, p=.10).
Similarly, the path from CPT in G1 to passage comprehension in G2 was significant at low
(b=26.35, p=.05; see Figure 2B) levels of G1 passage comprehension and not significant
at average (b= 8.88, p=.21) and high levels of G1 passage comprehension (6= -8.59, p=.
16).

Interactions between CPT and HTKS were tested as predictors of passage comprehension in
G1 and G2 in a third interaction model (Table 3, Model 3B). Estimating the interactions
between CPT in K and HTKS in K and between CPT in G1 and HTKS in G1 at equal
magnitudes resulted in a significantly improved model fit, A X2 (1) = 15.78, p< .001
(compared with Model 3A). These interactions significantly predicted passage
comprehension in G1 and G2 (bs =-.87, ps <.001; see Figure 3). The path from HTKS in K
to passage comprehension in G1 was significant at low (6= 10.88, p=.001; see Figure 3A)
and average (6= 6.1, p=.02) levels of CPT in K and was not significant at high levels of
CPT in K (b=1.32, p=.63). Similarly, the path from HTKS in G1 to passage
comprehension in G2 was significant at low (6= 13.91, p< .001; see Figure 3B) and average
levels of G1 HTKS (6=6.1, p=.02) and not significant at high levels of G1 HTKS (6=
-1.71, p= 59).

Self-regulation and applied problems achievement interactions.: Within a fourth
interaction model (Model 5B), the interactions between CPT and applied problems
achievement in K and G1, significantly predicted applied problems achievement in G1 and
G2 (b5 = -1.06, ps = .003), respectively, and significantly improved model fit, A XZ 1) =
9.81, p=.002 (compared to Model 5A). The path from CPT in K to applied problems
achievement in G1 was significant at low levels of applied problems achievement in K (6=
24.65, p=.01; see Figure 4A) and not significant at average (6= 7.96, p=.19) and high
levels of applied problems achievement in K (6= -8.73, p=.20). The path from CPT in G1
to applied problems achievement in G2 was significant at low levels of applied problems
achievement in G1 (6= 25.15 p=.01; see Figure 4B) and not significant at average (6=
7.96, p=.19) and high levels of applied problems achievement in G1 (b= -9.23, p=.18).
The interactions between HTKS and applied problems achievement (Model 4B), and the
interactions between CPT and HTKS (Model 6B), did not significantly predict applied
problems achievement from K to G1 or from G1 to G2.

Discussion

The present study used a longitudinal design to test whether the association of self-
regulation with academic achievement was uniquely unidirectional or bidirectional across K,
G1, and G2. We used two different measures of self-regulation that varied in the breadth of
behavioral and motor control required; one tapped solely inhibitory control (CPT inhibition
of impulsive responding index) whereas the other assessed the abilities to inhibit and activate
desired behaviors and required regulation of sizable gross motor movements (HTKS). Self-
regulation capacities assessed with the HTKS and with the CPT were not strongly associated

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 14

in our sample of kindergarten and emerging elementary school students: They were weakly
associated only in K and G2 in bivariate correlations and analytical models, but were not
correlated in G1 (or in K in the passage comprehension model). These weak relations
suggest that the two measures of self-regulation in this study differ in their regulatory
demands and might relate differently to academic achievement.

Self-Regulation and Academic Adjustment from K to G2

The study’s findings suggest that behavioral self-regulation assessed with the HTKS task
and academic achievement were consistently related (even when controlling for prediction
by the CPT index). The bidirectional findings for behavioral self-regulation and math are
similar to prior findings within the pre-K year (Fuhs et al., 2014; Schmitt et al., 2017; Welsh
et al., 2010) or from pre-K to K (Blair & Razza, 2007). Researchers have proposed that self-
regulation is closely tied to math skill development (Blair et al., 2005) and the present
study’s bidirectional findings between self-regulation (for HTKS, and for CPT under
conditions of low prior math achievement) and math achievement suggest that these skills
co-develop in the transition from K to G2. These findings support a dynamic strengthening
between math and self-regulation skills, perhaps because prefrontal cortex functioning is
closely tied to the development of both math and self-regulation skills (Blair, 2016). We did
not find bidirectional associations for reading, contrary to some prior research findings
within pre-K (Bohlmann et al., 2015) and within G1 (Connor et al., 2016). Rather, the
association from behavioral self-regulation (based on the HTKS) to reading achievement
was unidirectional, consistent with most prior research findings (e.g., Lonigan et al., 2017;
Matthews et al., 2009; Welsh et al., 2010). Our passage comprehension language measure
was knowledge-based and did not primarily assess expressive language, which is thought to
help children self-regulate via self-regulation speech (Bohlmann et al., 2015); the
knowledge-based focus of the passage comprehension test may explain why the association
between behavioral self-regulation and reading achievement was only unidirectional.
Additionally, these associations were equal in magnitude from K to G1 and from G1 to G2,
suggesting the importance of behavioral self-regulation does not diminish or intensify across
these early elementary grade transitions.

The direct paths from self-regulation (based on the HTKS and, conditionally, on the CPT) to
both reading and math add to a growing body of research literature examining self-
regulation and school outcomes (Allan et al., 2014), as well as understanding unique aspects
of self-regulation as predictors of academic achievement in the early elementary grades
(Cameron et al., 2016). As mentioned earlier, the HTKS task demands may be more aligned
to classroom-based demands compared to the CPT, given that the HTKS task in our study
required a child to assimilate and adapt to an increasingly complex set of rules (McClelland
& Cameron, 2012). The increasing complexity embedded in the HTKS task may be why
HTKS scores more consistently predicted main effects for math and reading outcomes, given
the complex regulatory requirements of math and reading development. The findings have
implications for compensatory mechanisms involving self-regulation of gross motor activity
and inhibitory control as it relates to academic achievement.

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 15

Rather than examine domain-general academic achievement, we examined math and reading
separately. Prior findings suggest that self-regulation is more strongly associated with math
compared to reading achievement (Allan et al., 2014; Clements et al., 2016), and our
findings are somewhat consistent with prior findings given that there were more direct
effects for math. Perhaps prefrontal cortex functioning more strongly underlies the
association between behavioral self-regulation (measured with the HTKS) and math, which
was bidirectional, than the association between behavioral self-regulation and reading,
which was unidirectional, supporting prior arguments on the strong link between math and
self-regulation (Blair, 2016). Also, learning math may require executive functioning beyond
decoding skills and executive functioning is less relevant for literacy skills that have become
automatic (Blair & Razza, 2007).

Prior Achievement and Self-Regulation as Moderators

Although most research suggests that self-regulation predicts academic achievement (Allan
et al., 2014; Hernandez et al., 2017; Jacob & Parkinson, 2015), identifying the moderating
mechanisms underlying this association within a longitudinal framework can help
researchers to tailor the design of interventions based on improving self-regulation to
maximize effects (Clements et al., 2016). The study’s findings suggest that CPT and HTKS
self-regulation measures and prior academic achievement levels interact to jointly predict
later math or reading achievement.

As hypothesized, inhibition-based self-regulation assessed with the CPT in G1 predicted
higher math achievement in G2 for children who had lower G1 math achievement. Similarly,
CPT scores in G1 predicted higher G2 reading achievement for children who had lower G1
reading achievement. This same moderation pattern was present from K to G1 for reading
and math achievement. Thus, children who show lower levels of math or reading in K or G1
(because they have room for improvement with proper support) may better attend to and
benefit from math or reading instruction across time when they have higher inhibitory
regulation assessed with the CPT (while controlling for behavioral self-regulation assessed
with the HTKS and other key background covariates). These findings imply that children’s
math and reading development may be supported by environments that promote inhibitory
control, particularly for those with difficulties in math or reading in K or G1, consistent with
prior research (Ribner et al., 2017). Furthermore, the findings suggest that inhibitory control-
based self-regulation may be especially predictive of academic achievement before basic
academic skills, such as decoding words, become automatic (Purpura et al., 2017). Children
who are experiencing difficulties in math or reading are at an earlier stage of acquisition and
their academic skills are not yet automatic; hence, inhibitory control-based self-regulation,
such as ignoring irrelevant information and focusing on a specific task, might be especially
predictive of later academic achievement for these children. Although further research is
necessary, the findings suggest that variation in prior academic achievement may help
explain the otherwise null main effect from CPT measures of self-regulation to reading or
math across K to G2 found in this study, as well as other studies in other grades (Brennan et
al., 2012; Liew et al., 2010; Romano et al., 2010).
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Behavioral self-regulation assessed with the HTKS task predicted higher math and reading
achievement regardless of prior academic achievement. Only main effects of HTKS task
scores were present, consistent with prior evidence of robust associations between
behavioral self-regulation and academic achievement (Allan et al., 2014; Clements et al.,
2016), regardless of prior achievement level. Perhaps the interaction between prior academic
achievement and HTKS task scores is not predictive of later academic achievement until
children have accumulated social and academic experiences in school, setting a cumulative
advantage for children with high behavioral self-regulation; for example, the study by
Ribner et al. (2017) found that a similar interaction between achievement and executive
functioning in preschool significantly predicted academic achievement in fifth grade.

As hypothesized and consistent with prior research (Cameron et al., 2015), behavioral self-
regulation as assessed with the HTKS task in K and G1 predicted higher reading
achievement in G1 and G2, respectively, especially for children with low or average
inhibitory control as assessed with the CPT. This finding supports the proposition that the
ability to inhibit impulsive responses may compensate for otherwise weak behavioral or
motor integration, or vice versa (Cameron et al., 2015), suggesting compensatory
mechanisms involving behavioral self-regulation as they pertain to academic achievement.
That is, the benefit of having strong behavioral self-regulation is most helpful to learning to
read for children who struggle with inhibitory control-based self-regulation, such as
focusing on decoding words and ignoring irrelevant rules or information. Interventions
designed to bolster children’s self-regulation skills could target children who have low
behavioral self-regulation, given that children who had low regulation assessed with both the
CPT and HTKS had lower reading comprehension.

Study Strengths and Limitations

A strength of the present study is that it used two measures of self-regulation rather than
relying solely on parent or teacher reports and assessed their unique prediction of academic
functioning. We examined the associations of interest from K to G2, testing possible
bidirectional associations across time using a cross-lagged longitudinal panel design. Given
recent critiques of the cross-lagged panel model framework (Berry & Willoughby, 2017),
future work will clarify the extent to which the tested associations account for bidirectional
associations at the individual level. The use of standardized and behavioral measures and the
inclusion of controls for stabilities and key background variables (e.g., socioeconomic status,
gender, ethnicity) provided a strong test of the associations of interest. However, it is
possible that unmeasured variables, such as school quality or school readiness skills, could
have confounded the associations we tested; thus, future research examining possible
confounding variables will clarify the conditions under which the association between self-
regulation and academic achievement is present.

Limitations of the study include the inability to clearly quantify differences between our two
measures of self-regulation (e.g., the degree to which they differentially tapped inhibitory
control). Furthermore, although our study design was longitudinal, it was not experimental,
which limits our ability to test casual effects (Jacob & Parkinson, 2015).
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Future Research Directions

Conclusion

We chose to focus on two measures of self-regulation. Because different measures assess
various aspects of self-regulation, research might further examine how different facets of
self-regulation build on each other and relate to achievement in additive and non-additive
ways. Although we examined the association between self-regulation and academic
achievement from K to G2, nonlinear trajectories of this association should be examined
across more time points. A closer analysis of children’s self-regulation development, as well
as modifiable factors that promote self-regulation, might reveal more nuanced associations
with school outcomes. For example, physical coordination and movement likely promote
children’s self-regulation, such as motor inhibition (Stein, Auerswald, & Ebersbach, 2017),
which would be expected to promote positive schooling outcomes (Becker et al., 2014).
Interventions that promote children’s sociodramatic play also may help improve self-
regulation (Bierman & Torres, 2016).

Examining possible mediating factors, such as self-regulated learning skills (Zumbrunn,
Tadlock, & Roberts, 2011) or specific academic skills (Fuhs, Hornburg, & McNeil, 2016),
would be useful for assessing additional mechanisms by which self-regulation and academic
achievement relate, particularly as children are increasingly expected to assume academic
tasks independently. For instance, Fuhs et al. (2016) found that executive functioning skills
predicted higher math achievement from K to G1 via number sets identification — a skill
where children identify sets of objects and numbers that equal a target value. In the future,
researchers could identify mediators that account for prediction by different self-regulation
measures.

Results from this study suggest a complex association between self-regulation and reading
and math achievement in the transition to elementary school. Although there was some
direct prediction from self-regulation to academic achievement, bidirectional and interacting
effects also emerged. These findings suggest that to improve children’s math and reading
levels in this transition, interventions could target both self-regulation and academic
readiness. The results depended partly on the type of self-regulation measures included,
suggesting the utility of assessing multiple measures of self-regulation and testing their
unigue and interacting associations with academic achievement in future research.

Acknowledgments

Support for this work was provided by a grant from the Eunice Kennedly Shriver National Institute of Child Health
and Human Development awarded to Nancy Eisenberg and Carlos Valiente (R0O1HD068522). We thank the
participating families, schools, staff, and research assistants who took part in this study.

Appendix 1: Summary of research literature on the association between

self-regulation and academic achievement

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



Page 18

Hernandez et al.

"apeuB 1s114 UIyIM pue ‘apesf 1s114 03 uspeBispury

woJj ‘uapieBlapury UIYIM ‘eSIaA 32IA pue ‘sa10ds yrew Jaybiy paioipald uolesbaul
J10JOWONSIA "apeIf puooas 03 1si1) Woly pue ‘apelb 1siiy ‘Teak uapeblapury ayl
$S0J9B $81095 Yrew Jaybiy pajoipaid Ajesaush uoirelfaiul J0J0WONSIA puB UOHUSNY

Buimesp aul| e Jo uoleUIPI00D

puey-aks Jo Aoeinade pue paads Bulssasse

3SE} B Y}IM UOIJRUIPI00I JOJOWONSIA ‘sainald
1018s ® ul ainyoid 186e) ® BulAynuapi Aoeindoe
Buissasse >sel e YiM uonusie [ensiA ‘uoneibsiul
JojowonsiA Burinseaw ysey Adod ubisag

[eurpnibuoj
‘apeab 1511} ‘usleblapury

(£102) "fe 18 Wiy

"uaureBlapuIy ul Jou Ing ‘uaneBlapuryald Jo pua ay} Je UoIed1uap! PIOM

-1918] payoipaid uapeBiapuryaid 4o 1els sy 1e Buluonouny aAIINJaXT “usueliapuIy
03 usuefiapunyaid woly pue usuefiapuiyald ssoloe uoisuayaidwod [elo

pue yrew paoipald Buiuonouny aaindax3 ‘uspefiapursaid Jo pua ay 1e Buiuonouny
3AIINJ3X3 pajdIpald uapeBiapuryald Jo 1els sy 1e uoisuayasdwod [elo pue yre|n

'sysey Buiddey-Had pue ‘Anaisindwi-uoindsyyal
‘S19PNOYS—Sa8UM—S30] —peaH ‘10S pJeD abueyd
leuoisuawiq ‘ubisap Adoo ‘ueds 1BIp premxoeq
papnjoul aysodwod ainseaw Buiuonouny aAlNdex3

leurpniiBuoy ‘usyebiapury
‘uapreBiapuryaid

(¥102) "le 18 syn4

"apelb
pu02as Ul Juswanalyde yrew Jaybiy peroipaid usuebiapupy ul Buiuonouny sAnndax3

'Sy{Se] UoS
pleD abuey) jeuoisuswig pue doons ybiN/Aeq
papn|oul 8)sodwod ainseaw Buiuonouny aAIINIeX3

leutpnubuol ‘apelb
puo2as ‘uspefispury

(9102) "le 18 synd4

SIS
yrew pue abenbue| o1wapese-aid Jamo| paraipaid swoldwAs AnanoessdAy aHav

AnanoeladAy QHQV 40 saInseaw snoLieA

Jeuonoss
85040 ‘¢ abe ‘jooyasald

(£002)

‘Ie 19 Y1aUaIap\-UBWIPaLIH

‘Buiuonouny o1wapede [elauab 1amo| palaipald suoep Buluonouny aAlNdex3

SHoLdp
Buruonouny sANdaxa BuieaIpul SaINSEaW SNOLIBA

leurpnuBuoj ‘5'6 01 g sabe

(2002)
‘e 18 nojnodojuewelq

"apeB 15414 Ul uoiye|nBial-}1as Juanbasgns pajoipald usuelispury ul uoisusyaidwod
Buipeay "ape.b 1s11y U1 uoisuayaldwod Buipeas Jua.INoU0d paloipald uolre|nbal-4as

3]eas AlAnoeIadAy pue uonusle Ue pue ‘ysel
S19P|NOYS—Sa8UM—Sa0] —peaH Y uole|nBal-}|as

[eurpnubuoy
‘apeuf puooas ‘apeld 1541y

(9702) 'e 30 Jouuod

“yrew pue Buiuonouny
BAIINDBXD USBMIB] SUOIIRIOOSSE [eUONIBIIPI] pauioddns MaIAsl Uosessal oy |

Alowaw Buriom pue ‘Aiqixals aanubos
‘Bunyiys uonusne Buiajoaur ‘s|1s 43 40 A1sLieA

MBIA3J dJnJelaN|
Uo.easa1 ‘pooyp|Iyd

(9102) 12 18 sUBWSID

‘JuawaAsIyde Buipeas 101pald
10U PIP Ing JUBWAABIYDE Ylew Jaybiy paloipaid sainseaws Buiuoiouny aA1Ndaxa |00

(se) deam
116 “Yse1 uos A01) Buiuonouny aANdaxa 10H ‘(dey
-j1ouad ‘weaq aouefeg) BuluoROUNY BAIINIBXA 00D

leurpnuiBuoy ‘usyebiapury

(6002) |e 1930019

‘uone|nbai-j|as Jaye| paroipaid Ajpanisod Alejngeson
anIssaldx3 ‘Arejngedon anissaldxa Jare| pajoipaid Ajaanisod uone|nbal-4as

8109s 9ouel|dw09/]0uU0D
aAINdax3 ausodwod Aouale| 1ios Aoy ‘del-j1ousd

Jeuipniibuol
‘uayrefuapury ‘|jooyasaid

(ST0Z) |8 38 UUBRWIYOg

"apeJh puoaas 01 jooydsald wouy yrew ul ymolb

Jamols pardipald BuluooUNy BAIINIEXA JO SAINSea [RJOIARYSQ 19a11p UO paseq
uone|nfai-j|as seasaym ‘apelb puodss 0} jooyasald woly yrew ui ymmolb sadasls
paloIpaid [01U02 [Nj1I0Y8 JO suodal-1aydes) uo paseq uolie|nfal-4|as ‘Jooyasaid
u1 s|ana| Buipeas pue yrew Jaybiy paroipald Ajuewiid sainseaw uolye|nbal-4|as

‘|onuod Alongiyui pue

Buisnooy jeuonuaie Jo suodai Jayoes) pue Jussed
pue ‘yse) sAol A5uig ayr papnjoul [0J3U0d N0y
"sysey Bunyiys uonuane pue ‘Alowsw Bujiom
‘lo13u02 AloNgiyul papnjour yaiym ‘Buiuonouny
9AIINJBXT :UONE|NBaI-4|3S JO SBINSLaW SNOLIBA

leurpnuBuoy ‘apelh puodas
‘apeub 15414 ‘|jooyasaid

(5T02) "2 18 11RIG

-abpajmouy| Jana| pue ssauaseme dlwauoyd uslefiapury Jo sjans| Jaybiy
pajoipaid Ajanbiun osfe uapreBiapuly ul [043U02 AI03IGIYU| "SBI0IS Yrew uapeblapury
J13ybiy pajoipaid Ajanbiun usprebiapury pue jooydsald ul j013U00 Alougiyu|

>Se} UO1103]as-Wall Ue uo paseq Buiniys uonusle
“yise1 Buiddel-Had e uo paseq j013u09 Alongiyu|

[eurpnibuol
‘uayreBiapury ‘|jooyasaid

(£007) ezZRY pUE JIEIg

'$3100s A9BJ3)| PUB YIew Yim pare1dosse Ajaaiisod sem uone nbai-yes eloineyag

3{SE) S1aP|NOYS—S9aUS—-S30] —PesH

[euo99s-s0.9 ‘|ooydsald

(¥102) |8 10 J2>j08g

*(Aoelay| ueyl yrew Joy Jebuons
sem uonoipaid) Aoeiail| pue yrew yym pareroosse Ajaanisod sem [043u0d Alougiyul

(buiddey-6ad ‘doons
mous/sseld ““6a) sysel Joineyaq ‘syodal JaAIasqo
‘Jayoea) ‘Juated uo paseq |0U0d Alouqiyu|

sisAjeue-elow
‘uayrefuapury ‘|jooyasaid

(¥102) 1818 UB|Y

SUOIIRIDOSSE UBLUBA3ILIR Bulpeal 10 Y1elAl

sainsesw uone|nbai-4|es

ubisap
‘abue. abe 1o spelo

uoneNd

available in PMC 2020 January 29.

Early Educ Dev. Author manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 19

Hernandez et al.

"uapefiapury ul $a109s yrew Jaybiy pajoipald

Buiuonouny aAnNoax3 “uapefiapulyald ul [euondaIIPIg SeM S|[IMS Adesawinu

pue BuILOIdUN) BAIINJAX3 USBMIA] UOITRIJ0oSSe ay | “uaneBfiapuiy ul Buipeas pue
uaneBiapuiyald ssosoe Aoeiai| Jusbiawsa Jaybiy paloipald Buiuonouny aAiNdex3

"uos pie) abueyd
Jeuoisuawiq ayy pue ‘ysey buidde) Bad ‘ueds piopn
plemsioeg ay) Yum painseawl BuiuoIlouNy aAIINIAXd
J0 s393dse |013u0d [euonUaNE pue Alowaw BUIOM

leurpnuiBuoy ‘uayebiapury
‘uapreBiapuryaid

(0102) "2 18 Ys|aW

*AdeJal| ul 10U INg ‘ylew ul ymoih

Yum parerdosse Ajaainsod sem Buiuonouny aAnNdaxa ul Yimols) "usuebiapury

03 usurefiapunyald woly pue usuefiapuiyald ssoide Buluoouny aAIINdEXd

Jaybiy pajoipaid osfe yre|N “usureBiapury ssoloe Aaelall| Jaybiy pue ‘uspebiapury
pue uaneBiapuyald ssoloe yrew Jaybiy paoipald Buiuonouny aAnnNdex3

Yse] SAeS uowis pue ‘1seigns Alowsa|A Buriopn
AlolIpny ¥{Se] U0S pJeD ‘Ysel SIap|noyS—saaudy
—S$90] —PeaH UMM painseaw Buluoiiouny aANdex3

[eurpnibuoj
‘uapebiapury ‘jooyasald

(L102) "Ie 3 Mwyds

"apeJB Py ur s{Iis yrew 1o1paid Jou pip pue
s|is Buipeas Jamo| paroipald uspebiapury ul AuaisindwiyAianoeladAH apelb paiyy
u1 Juswanalyae Buipeal pue yyew Jaybiy pajoipaid usiebiapuly ul S|jIMS UonusNy

Ainisindwi
JAuARoRIadAY pue uonusne pariodai-IayloN

[eurpnibuoj
‘apeab paiyy ‘uspebiapury

(0T02) ‘e 18 ouBWOY

‘A1e|ngedon
anndaoal Jo sjans| Jaybiy pajoipaid AAis|ndul Jo ¥oe| pue uonuae pasnao

pasinay
—9]80S SOUBWIIOLIA [BUOITRUIBIU| J8)IaT] By}
uo paseq AuAis|ndwi o o] pue uonuaNe Pasnao

[euonoas
-SS049 ‘sp|o-1eak-anly

(0T0?) |8 19 BZZEY

"apeIB Uiy Ul sjans| Buipeas 1amo| pa1oipaid apelB puodss U uonusney|

AnanoeladAy pue uonusneul panodal-Jayoes)

[eutpnubuo ‘apesb yuy
‘ape.b 15114 ‘uspiebiapury

(0002) "[e 18 Jauigey

‘uarefiapury Jo Burids

3y u1 yrew pajoipaid Ajuo uspefiapury Jo |1es 8yl Ul uonenfial [elolAeyaq ‘papnjoul
9I9M S3102S [3A3] [|1S |[B} 82U "usleBiapury Jo Bulds ayp ul S|ixs Arejngeson

pue ‘AoeJa)] ‘yrew Jaybiy paroipaid uaneBiapury 4O |jes ayy ul uone|nbal elolneysg

3SE) S19P|NOYS—S88U S —-S80 | —pesH

leurpnuiBuoy ‘usyebiapury

(6002) "[e 10 Z31u0d

“JusWwanaIyoe Buipess pue
U1eW JaMO] )M pajeroosse alam AlAisindwi JayBiy pue uonusiie paurelsns Jo 3oe

>Se] 99UBWIOYIAd
SNONUIUOD 8y} WO} patejnajed sainseaw
AlAisindwi pue uonuaNe PauleISNS JO XoeT]

[euonoas
-$50.9 ‘SP|O-YILUOW-HG

(£002) M10MIBN Yoseasay
aled piyo A3 AHOIN

‘Arejngedon pue ‘Aoe.al|

uablawa ‘yrew ui sured paroipald uolre|nBal-}|as [elolneyaq Ul SUleS “|fe} ayl ul
S|113s 4oy Buijjouod uaym jooyasald Jo Burids ayy ut sjjis Arejngeaon pue ‘Aoeisi|
juabiawa ‘yrew 101paid Jou piIp Jooydsaid Jo |[e} ays Ul uolre|nBai-4|as [eioineyag
‘[1es ayp Ul S||1xs Jog Buljjo1iuod ‘s|ana| |1xs Are|ngedon pue ‘Agelai| Jushiswa
‘Urew Jua1nauod pajoipaid [ooydsald Jo Burids sy ul uoireinbal-4|as [eioineyag

>Sel SI9P|N0YS—SaBU—$80 | —PesH

[eupnibuoj
‘uapeBiapury-aid

(2002) "Ie 18 pue|I3| 09N

'$a102s ureh Arejngeson
a1noid pue ‘uoiredliuapl plom-Iane| ‘ebpajmouy| dlwapede 1a1paid Jou pIp
pue ‘s8103s uref ssaualeme punos pue sa103s yrew Jaybiy pajoipaid uonenbal-yjas

uole|nbai-}jas paniodal
-13U2ea} Se) SI8p|N0YS—Saaud|—sa0] —pesH

JeutpnyiBuoj ‘usyrebiapury

(6002) ‘Ie 19 SMaUNEeIN

'Jooyasaid ssoude S||1xs Adelall] Ul yimolh
pa1oipaid uonuaieu| ‘Jooydsald ui sjaas| Aol [eniul paoipald uoie|nbal-4es

uonuaneul pauodal
-1840ea) ‘Y|Se] SIaP|N0YS—S88UY—S30] —PeaH

[eutpniibuoj ‘jooyasaid

(2702) [e 10 ueBiuoT

'SI94IBa) UYIM S8iNdIIp pey oym ssouyl
10} AJje1oadsa ‘apelf puooas ui Juswanaiyde Buipeal pue yrew Jaybiy pajoipaid
apeuB 15114 Ul (S|[1{S Jojow auly BuIAJOAUl XSe) B Ul AJBINJIR) [013U0I [NJLI0YT

"$HSB) 812410 pUe ‘s8]0d suoydajal
“JEIS ‘BUIT-B-X[BAA WOJ) SINSeaW AoeInooe yse)
pue [03U02 AI0NGIYUI PAPN|OUL [0.NUOD [NJLI0KYT

[eurpnibuoj
‘apelb puooas ‘apeld Isiiy

(0102) "2 38 MaIT

SUOIIRIDO0SSE JUBWAA3ILIR Bulpeas 10 Y1elA|

sainseaw uone|nbai-4|os

ubisap
‘abue. abe Jo apelo

uoneno

available in PMC 2020 January 29.

Early Educ Dev. Author manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 20

References

Allan NP, Hume LE, Allan DM, Farrington AL, & Lonigan CJ (2014). Relations between inhibitory
control and the development of academic skills in preschool and kindergarten: A meta-analysis.
Developmental Psychology, 50, 2368-2379. 10.1037/a0037493 [PubMed: 25069051]

Becker DR, McClelland MM, Loprinzi P, & Trost SG (2014). Physical activity, self-regulation, and
early academic achievement in preschool children. Early Education and Development, 25, 56-70.
10.1080/10409289.2013.780505

Berry D, & Willoughby MT (2017). On the practical interpretability of cross-lagged panel models:
Rethinking a developmental workhorse. Child Development, 88, 1186-1206. 10.1111/cdev.12660
[PubMed: 27878996]

Bierman KL, & Torres M (2016). Promoting the development of executive functions through early
education and prevention programs. In Griffin JA, McCardle P & Freund LS (Eds.), Executive
function in preschool-age children: Integrating measurement, neurodevelopment, and translational
research (pp. 299-326). Washington, DC: APA.

Blair C (2002). School readiness: Integrating cognition and emotion in a neurobiological
conceptualization of children’s functioning at school entry. American Psychologist, 57, 111-127.
10.1037//0003-066x.57.2.111 [PubMed: 11899554]

Blair C (2016). Developmental science and executive function. Current Directions in Psychological
Science, 25, 3—-7. 10.1177/0963721415622634 [PubMed: 26985139]

Blair C, Gamson D, Thorne S, & Baker D (2005). Rising mean 1Q: Cognitive demand of mathematics
education for young children, population exposure to formal schooling, and the neurobiology of the
prefrontal cortex. Intelligence, 33, 93-106. 10.1016/j.intell.2004.07.008

Blair C, Protzko J, & Ursache A (2011). Self-regulation and early literacy. In Neuman SB & Dickinson
DK (Eds.), Handbook of early literacy research (Vol. 3, pp. 20-35). New York, NY: Guilford.

Blair C, & Raver CC (2015). School readiness and self-regulation: A developmental psychobiological
approach. Annual Review of Psychology, 66, 711-731. 10.1146/annurev-psych-010814-015221

Blair C, & Razza RP (2007). Relating effortful control, executive function, and false belief
understanding to emerging math and literacy ability in kindergarten. Child Development, 78, 647—
663. 10.1111/j.1467-8624.2007.01019.x [PubMed: 17381795]

Blair C, Ursache A, Greenberg M, Vernon-Feagans L, & Family Life Project Investigators. (2015).
Multiple aspects of self-regulation uniquely predict mathematics but not letter-word knowledge in
the early elementary grades. Developmental Psychology, 51, 459-472. 10.1037/a0038813
[PubMed: 25688999]

Bohlmann NL, Maier MF, & Palacios N (2015). Bidirectionality in self-regulation and expressive
vocabulary: Comparisons between monolingual and dual language learners in preschool. Child
Development, 86, 1094-1111. 10.1111/cdev.12375 [PubMed: 25906925]

Bollen KA, & Curran PJ (2006). Latent curve models: A structural equation perspective Hoboken, NJ:
Wiley.

Brennan LM, Shaw DS, Dishion TJ, & Wilson M (2012). Longitudinal predictors of school-age
academic achievement: Unique contributions of toddler-age aggression, oppositionality,
inattention, and hyperactivity. Journal of Abnormal Child Psychology, 40, 1289-1300. 10.1007/
$10802-012-9639-2 [PubMed: 22527610]

Brock LL, Rimm-Kaufman SE, Nathanson L, & Grimm KJ (2009). The contributions of ‘hot’ and
‘cool’ executive function to children’s academic achievement, learning-related behaviors, and
engagement in kindergarten. Early Childhood Research Quarterly, 24, 337-349. 10.1016/j.ecresq.
2009.06.001

Cameron CE (2018). Hands on, minds on: How executive function, motor, and spatial skills foster
school readiness New York, NY: Teachers College Press.

Cameron CE, Brock LL, Hatfield BE, Cottone EA, Rubinstein E, LoCasale-Crouch J, & Grissmer DW
(2015). Visuomotor integration and inhibitory control compensate for each other in school
readiness. Developmental Psychology, 51, 1529-1543. 10.1037/a0039740 [PubMed: 26436872]

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 21

Cameron CE, Cottone EA, Murrah WM, & Grissmer DW (2016). How are motor skills linked to
children’s school performance and academic achievement? Child Development Perspectives, 10,
93-98. 10.1111/cdep.12168

Clark CA, Pritchard VE, & Woodward LJ (2010). Preschool executive functioning abilities predict
early mathematics achievement. Developmental Psychology, 46, 1176-1191. 10.1037/a0019672
[PubMed: 20822231]

Clements DH, Sarama J, & Germeroth C (2016). Learning executive function and early mathematics:
Directions of causal relations. Early Childhood Research Quarterly, 36, 79-90. 10.1016/j.ecresq.
2015.12.009

Connor CM, Day SL, Phillips B, Sparapani N, Ingebrand SW, McLean L, ... Kaschak MP (2016).
Reciprocal effects of self-regulation, semantic knowledge, and reading comprehension in early
elementary school. Child Development, 87, 1813-1824. 10.1111/cdev.12570 [PubMed: 27264645]

Curran PJ, West SG, & Finch JF (1996). The robustness of test statistics to nonnormality and
specification error in confirmatory factor analysis. Psychological Methods, 1, 16-29.
10.1037/1082-989X.1.1.16

Diamantopoulou S, Rydell A, Thorell LB, & Bohlin G (2007). Impact of executive functioning and
symptoms of attention deficit hyperactivity disorder on children’s peer relations and school
performance. Developmental Neuropsychology, 32, 521-542. 10.1080/87565640701360981
[PubMed: 17650992]

Duncan GJ, Dowsett CJ, Claessens A, Magnuson K, Huston AC, Klebanov P, ... Japel C (2007).
School readiness and later achievement. Developmental Psychology, 43, 1428-1446.
10.1037/0012-1649.43.6.1428 [PubMed: 18020822]

Eisenberg N, Eggum ND, Sallquist J, & Edwards A (2010). Relations of self-regulatory/control
capacities to maladjustment, social competence, and emotionality. In Hoyle RH (Ed.), Handbook
of personality and self-regulation (pp. 21-46). Oxford, UK: Wiley-Blackwell.

Eisenberg N, Valiente C, & Eggum ND (2010). Self-regulation and school readiness. Early Education
and Development, 21, 681-698. 10.1080/10409289.2010.497451 [PubMed: 21234283]

Eisenberg N, & Zhou Q (2015). Conceptions of executive function and regulation: When and to what
degree do they overlap? . In Griffin JA, McCardle P & Freund L (Eds.), Executive function in
preschool-age children: Integrating measurement, neurodevelopment, and translational research
(pp. 115-136). Washington, DC: American Psychological Association.

Ellis LK (2002). Individual differences and adolescent psychological development (Ph.D.), University
of Oregon, Eugene, OR.

Finney SJ, & DiStefano C (2008). Non-normal and categorical data in structural equation modeling. In
Hancock GR & Mueller RD (Eds.), Structural equation modeling: A second course (pp. 269-314).
Greenwich, Connecticut: Information Age Publishing.

Friedman-Weieneth JL, Harvey EA, Youngwirth SD, & Goldstein LH (2007). The relation between 3-
year-old children’s skills and their hyperactivity, inattention, and aggression. Journal of
Educational Psychology, 99, 671-681. 10.1037/0022-0663.99.3.671

Fuchs LS, Geary DC, Compton DL, Fuchs D, Hamlett CL, & Bryant JD (2010). The contributions of
numerosity and domain-general abilities to school readiness. Child Development, 81, 1520-1533.
10.1111/j.1467-8624.2010.01489.x [PubMed: 20840238]

Fuhs MW, Hornburg CB, & McNeil NM (2016). Specific early number skills mediate the association
between executive functioning skills and mathematics achievement. Developmental Psychology,
52, 1217-1235. 10.1037/dev0000145 [PubMed: 27337509]

Fuhs MW, Nesbitt KT, Farran DC, & Dong N (2014). Longitudinal associations between executive
functioning and academic skills across content areas. Developmental Psychology, 50, 1698-17009.
10.1037/a0036633 [PubMed: 24749550]

Herndndez MM, Eisenberg N, Valiente C, VanSchyndel SK, Spinrad TL, Silva KM, ... Southworth J
(2016). Emotional expression in school context, social relationships, and academic adjustment in
kindergarten. Emotion, 16, 553-566. 10.1037/emo0000147 [PubMed: 26751629]

Herndndez MM, Valiente C, Eisenberg N, Berger RH, Spinrad TL, VanSchyndel SK, ... Thompson M
(2017). Elementary students’ effortful control and academic achievement: The mediating role of

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 22

teacher—student relationship quality. Early Childhood Research Quarterly, 40, 98-109. 10.1016/
j.ecresq.2016.10.004 [PubMed: 28684888]

Jacob R, & Parkinson J (2015). The potential for school-based interventions that target executive
function to improve academic achievement: A review. Review of Educational Research, 85, 512—
552. 10.3102/0034654314561338

Kim H, & Cameron CE (2016). Implications of visuospatial skills and executive functions for learning
mathematics. AERA Open, 2(4). 10.1177/2332858416675124

Kim H, Duran CA, Cameron CE, & Grissmer D (2018). Developmental relations among motor and
cognitive processes and mathematics skills. Child Development, 89, 476-494. 10.1111/cdev.12752
[PubMed: 28181219]

Lai SA, George Benjamin R, Schwanenflugel PJ, & Kuhn MR (2014). The longitudinal relationship
between reading fluency and reading comprehension skills in second-grade children. Reading &
Writing Quarterly, 30, 116-138. 10.1080/10573569.2013.789785

Li-Grining CP (2007). Effortful control among low-income preschoolers in three cities: Stability,
change, and individual differences. Developmental Psychology, 43, 208-221.
10.1037/0012-1649.43.1.208 [PubMed: 17201520]

Liew J, Chen Q, & Hughes JN (2010). Child effortful control, teacher-student relationships, and
achievement in academically at-risk children: Additive and interactive effects. Early Childhood
Research Quarterly, 25, 51-64. 10.1016/j.ecresq.2009.07.005 [PubMed: 20161421]

Lonigan CJ, Allan DM, & Phillips BM (2017). Examining the predictive relations between two aspects
of self-regulation and growth in preschool children’s early literacy skills. Developmental
Psychology, 53, 63-76. 10.1037/dev0000247 [PubMed: 27854463]

Mather N, & Woodcock RW (2001). Examiner’s Manual. Woodcock-Johnson I11 Tests of Achievement
Ithasca, IL: Riverside Publishing.

Matthews JS, Ponitz CC, & Morrison FJ (2009). Early gender differences in self-regulation and
academic achievement. Journal of Educational Psychology, 101, 689-704. 10.1037/a0014240

McClelland MM, & Cameron CE (2012). Self-regulation in early childhood: Improving conceptual
clarity and developing ecologically valid measures. Child Development Perspectives, 6, 136-142.
10.1111/j.1750-8606.2011.00176.x

McClelland MM, Cameron CE, Connor CM, Farris CL, Jewkes AM, & Morrison FJ (2007). Links
between behavioral regulation and preschoolers’ literacy, vocabulary, and math skills.
Developmental Psychology, 43, 947-959. 10.1037/0012-1649.43.4.947 [PubMed: 17605527]

McClelland MM, Cameron CE, Duncan R, Bowles RP, Acock AC, Miao A, & Pratt ME (2014).
Predictors of early growth in academic achievement: The head-toes-knees-shoulders task.
Frontiers in Psychology, 5, 599 10.3389/fpsyg.2014.00599 [PubMed: 25071619]

Muthén LK, & Muthén BO (1998-2017). Mplus User’s Guide (6th ed.). Los Angeles, CA: Muthén &
Muthén.

NICHD Early Child Care Research Network. (2003). Do children’s attention processes mediate the
link between family predictors and school readiness? Developmental Psychology, 39, 581-593.
10.1037/0012-1649.39.3.581 [PubMed: 12760525]

Nigg JT (2017). Annual Research Review: On the relations among self-regulation, self-control,
executive functioning, effortful control, cognitive control, impulsivity, risk-taking, and inhibition
for developmental psychopathology. Journal of Child Psychology and Psychiatry, 58, 361-383.
10.1111/jcpp.12675 [PubMed: 28035675]

Ponitz CC, McClelland MM, Matthews JS, & Morrison FJ (2009). A structured observation of
behavioral self-regulation and its contribution to kindergarten outcomes. Developmental
Psychology, 45, 605-619. 10.1037/a0015365 [PubMed: 19413419]

Purpura DJ, Schmitt SA, & Ganley CM (2017). Foundations of mathematics and literacy: The role of
executive functioning components. Journal of Experimental Child Psychology, 153, 15-34.
10.1016/j.jecp.2016.08.010 [PubMed: 27676183]

Rabiner D, Coie JD, & The Conduct Problems Prevention Research Group. (2000). Early attention
problems and children’s reading achievement: A longitudinal investigation. Journal of the
American Academy of Child & Adolescent Psychiatry, 39, 859-867.
10.1097/00004583-200007000-00014 [PubMed: 10892227]

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

Page 23

Razza RA, Martin A, & Brooks-Gunn J (2010). Associations among family environment, sustained
attention, and school readiness for low-income children. Developmental Psychology, 46, 1528—
1542. 10.1037/a0020389 [PubMed: 20677860]

Ribner AD, Willoughby MT, & Blair CB (2017). Executive function buffers the association between
early math and later academic skills. Frontiers in Psychology, 8, 1-12. 10.3389/fpsyg.2017.00869
[PubMed: 28197108]

Romano E, Babchishin L, Pagani LS, & Kohen D (2010). School readiness and later achievement:
Replication and extension using a nationwide Canadian survey. Developmental Psychology, 46,
995-1007. 10.1037/a0018880 [PubMed: 20822218]

Rothbart MK, Ahadi SA, Hershey KL, & Fisher P (2001). Investigations of temperament at three to
seven years: The Children’s Behavior Questionnaire. Child Development, 72, 1394-1408.
10.1111/1467-8624.00355 [PubMed: 11699677]

Rothbart MK, & Jones LB (1998). Temperament, self-regulation and education. School Psychology
Review, 27, 479-491.

Satorra A, & Bentler PM (1994). Corrections to test statistics and standard errors in covariance
structure analysis. In von Eye A & Clogg CC (Eds.), Latent variables analysis: Applications for
developmental research (pp. 399-419). Thousand Oaks, CA: Sage Publications.

Satorra A, & Bentler PM (2001). A scaled difference chi-square test statistic for moment structure
analysis. Psychometrika, 66, 507-514. 10.1007/BF02296192

Schmitt SA, Geldhof GJ, Purpura DJ, Duncan R, & McClelland MM (2017). Examining the relations
between executive function, math, and literacy during the transition to kindergarten: A multi-
analytic approach. Journal of Educational Psychology, 109, 1120-1140. 10.1037/edu0000193

Spira EG, & Fischel JE (2005). The impact of preschool inattention, hyperactivity, and impulsivity on
social and academic development: A review. Journal of Child Psychology and Psychiatry, 46, 755—
773.10.1111/j.1469-7610.2005.01466.x [PubMed: 15972069]

Stein M, Auerswald M, & Ebershach M (2017). Relationships between motor and executive functions
and the effect of an acute coordinative intervention on executive functions in kindergartners.
Frontiers in Psychology, 8, 1-14. 10.3389/fpsyg.2017.00859 [PubMed: 28197108]

Sulik MJ, Huerta S, Zerr AA, Eisenberg N, Spinrad TL, Valiente C, ... Taylor HB (2010). The factor
structure of effortful control and measurement invariance across ethnicity and sex in a high-risk
sample. Journal of Psychopathology and Behavioral Assessment, 32, 8-22. 10.1007/
$10862-009-9164-y

Welsh JA, Nix RL, Blair C, Bierman KL, & Nelson KE (2010). The development of cognitive skills
and gains in academic school readiness for children from low-income families. Journal of
Educational Psychology, 102, 43-53. 10.1037/a0016738 [PubMed: 20411025]

Woodcock RW, McGrew KS, & Mather N (2001). Woodcock-Johnson 111 Tests of Achievement Itasca,
IL: Riverside.

Zumbrunn S, Tadlock J, & Roberts ED (2011). Encouraging self-regulated learning in the classroom:
A review of the literature. In Metropolitan Educational Research Consortium (Ed.) Richmond, VA:
Virginia Commonwealth University.

Early Educ Dev. Author manuscript; available in PMC 2020 January 29.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hernandez et al.

HTKS - K |

Page 24

» HTKS - G1 » HTKS - G2
AP - K » AP -G1 > AP -G2
WA = \ [\
PC-K » PC-G1 » PC-G2
CPT-K - » CPT - G1 » CPT-G2
Figure 1.

Longitudinal and bidirectional associations tested between self-regulation (Head-Toes-
Knees-Shoulders [HTKS] task score or Continuous Performance Task Correct Rejection
[CPT CR] score) and passage comprehension (PC) academic achievement in K, G1, and G2,
controlling for covariates (i.e., socioeconomic status, ethnic minority status, male, age; not
shown in this figure). Within-grade correlations and covariate control paths were estimated

but are not shown in this figure.
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Passage Comprehension Achievement (G1)
High passage comprehension achievement (K) n.s.
o e e e e e — e = = ——— - — - == == Average passage comprehension achievement (K) n.s.
Low passage comprehension achievement (K) *
0.5 0.6 0.7 0.8 0.9 1.0
CPT CR (K)
Passage Comprehension Achievement (G2)
T
High passage comprehension achievement (G1) n.s.
== == Average passage comprehension achievement (G1) n.s.
Low passage comprehension achievement (G1) *
0.5 0.6 0.7 0.8 0.9 1.0
CPT CR (G1)
Figure 2.

Interactions between Continuous Performance Task Correct Rejection (CPT CR) score and
passage comprehension achievement predicting later passage comprehension achievement,
(A) from kindergarten to first grade and (B) from first grade to second grade.
*

p<.05.
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Figure 3.

Interactions between Head-Toes-Knees-Shoulders (HTKS) task score and Continuous
Performance Task Correct Rejection (CPT CR) score predicting passage comprehension
achievement (A) from kindergarten to first grade and (B) from first grade to second grade.

* p< 05, ** p< 01 *** p< 001
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High applied problem achievement (G1) n.s.

== == Average applied problem achievement (G1) n.s.

Low applied problem achievement (G1) **

High applied problem achievement (G1) n.s.

== == Average applied problem achievement (G1) n.s.

Low applied problem achievement (G1) **

Interactions between Continuous Performance Task Correct Rejection (CPT CR) score and
applied problems achievement predicting later applied problems achievement, (A) from
kindergarten to first grade and (B) from first grade to second grade.

** p< .0l
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Cross-lagged panel model results

Table 2:

Estimates from K to G1

Estimates from G1 to G2

o S.E. pvalue p* S.E.  p-value
Stabilities
HTKS 7™t 07 <001 gp** .09 .007
CPT CR 13 .04 <001 g%t 07 <.001
WIAP 457 04 <001 4o*** 04 <.001
WIPC 8™ 05 <001  gg*** 04 <.001
Cross-lagged paths
HTKS => CPTCR -.04 .04 .34 -.05 .05 .33
CPTCR=> HTKS -.01 .02 74 -.02 .05 74
WJPC = WIAP 0¥ .04 <.001 167 .03 <.001
WJIAP = WJPC 167 .03 <.001 0¥ .04 <.001
HTKS = WIPC 9% .04 03 go* .04 .03
WJIPC = HTKS .02 .05 75 .02 .06 75
CPTCR=> WJPC .02 .02 .39 .03 .04 .39
WJPC=> CPTCR -.08 .05 A1 __097‘ .05 .07
HTKS = WIAP  g*** 03 <.001 qp** 02  <.001
WIAP = HTKS 1™ 04 <.001  ,6** 06  <.001
CPTCR= WJAP .02 .02 .32 .03 .03 .30
WIAP = CPTCR  16* .06 .01 247" .07 <.001
Estimates in K Estimates in G1 Estimates in G2
b S.E. pvalue p* S.E. pvalue  p* S.E.  pvalue
Correlations
HTKS & WJAP 527 .05 <.001 .03 .05 .52 .06 .08 48
HTKS & WJPC 377 .06 <.001 A1 .07 12 .06 .06 .32
HTKS&CPTCR .11 .07 10 .02 .03 45 * 09 .02
CPT CR & WJAP .09 .07 21 .03 .05 .63 .01 .08 .94
CPT CR & WJPC 167 .06 .004 -.06 .06 .34 -10 .06 .10
WIJAP & WJPC 53 .06 <.001 20 .06 <.001 15% .07 .02

Page 30

Note. Longitudinal associations among Head-Toes-Knees-Shoulders (HTKS) task score, Continuous Performance Task Correct Rejection (CPT
CR) score, passage comprehension (WJPC) achievement, and applied problems (WJAP) achievement in kindergarten (K), first grade (G1), and
second grade (G2), controlling for covariates: socioeconomic status, ethnic minority, male, age. Significant standardized coefficients (6% are in

bold. MLR 2 (29) = 42.19, p= .05, CFI = .99, RMSEA = .04, 90% CI [.00, .06].

7‘,u< .10

*
p<.05
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