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Early executive function (EF) skills reliably predict school readiness and future academic
success. While children’s skills undergo rapid development during the transition to
formal schooling, it remains unclear the extent to which schooling exerts a unique
influence on the accelerated development of EF and academic skills during the early
years of schooling. In the present study, a quasi-experimental technique known as the
school cutoff design was used to examine whether same-aged children who made vs.
missed the age cutoff for school entry significantly differed on EF, reading, and math
outcomes. Data from 166 pre-k, kindergarten, and first grade children (Range = 3.75–
7.58 years, 92 girls) from a longitudinal study of literacy development were analyzed.
Children were assessed on EF, reading, and math skills in fall and spring. Results
revealed unique effects of kindergarten, but not first grade, on growth in EF and reading
over and above the effect of age. Schooling was unrelated to growth in math. Because
kindergarten represents the first year of elementary school and children’s first exposure
to a formal schooling environment, kindergarten schooling may be uniquely positioned to
produce greater gains in academic and behavioral outcomes compared to other grades.

Keywords: executive function, reading, math, school cutoff, quasi-experimental design, schooling

INTRODUCTION

The transition to school is marked by dramatic changes at the individual and contextual levels.
During the developmental period commonly known as the “5–7-year shift,” children across cultures
develop increasingly sophisticated cognitive and social capacities (Sameroff and Haith, 1996).
In addition to biological maturation, school-based intervention programs have been shown to
improve domain-general cognitive skills such as executive functions (Weiland and Yoshikawa,
2013; Diamond et al., 2019) that are associated with academic outcomes (Ahmed et al., 2019).
However, effective interventions often require substantial training and resources, and can be
difficult to scale. As a result, increasing attention has focused on whether typical, practice-as-usual
schooling can influence the development of executive function (EF) and academic skills.
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While aspects of formal schooling—characterized by an
emphasis on achievement, salience of peer comparisons, and
greater expectations for independent work and self-regulated
behavior—are frequently observed in first grade, recent trends
indicate that these aspects emerge as early as kindergarten
(Bassok et al., 2016). Therefore, examining whether kindergarten
and first grade schooling exert unique influences on the
development of children’s cognitive and academic abilities can
yield insights into the complex interplay between context and
development during the school transition period.

In Western societies where school enrollment is compulsory,
disentangling the effects of schooling-related influences from
non-schooling-related factors (such as age, parenting, and the
home environment) was thought to be largely impossible.
Because children cannot be randomly assigned to attend or
not attend school, many studies have been mostly correlational
in nature. However, the insight that many school districts
enforce cutoff dates for kindergarten entry based on a child’s
date of birth has led to the application of novel techniques
such as the regression discontinuity design (RDD) and the
school cutoff (SC) method (a form of RDD). These techniques
take advantage of so-called natural experiments by dividing
individuals into groups based on external factors, mimicking
random assignment. By comparing outcomes between the two
groups of children—who are virtually the same age but differ
only in their schooling experiences—valid inferences regarding
the causal impact of schooling on children’s outcomes can be
drawn (Morrison et al., 2019).

Our understanding of the nature and magnitude of the causal
impact of early schooling on academic and behavioral skills
remains limited. While schooling has consistent effects on various
aspects of literacy development, we know far less about the effects
of schooling on math skills. Further, schooling effects on EF
appear to depend on a number of factors, such as the nature
of schooling, grade level, and how EF outcomes are measured.
The present study seeks to add to this scholarly conversation
by using a SC design to examine whether practice-as-usual
kindergarten and first grade schooling has a causal impact on
children’s EF, reading, and math skills, over and above factors
unrelated to schooling.

Schooling and EF Development
EF refers to a broad set of higher-order cognitive skills
that enable individuals to exert control over basic cognitive
processing skills to flexibly adapt to fluctuating environmental
demands (Miyake et al., 2000; Posner and Rothbart, 2000).
Although consisting of multiple distinguishable skills (e.g.,
working memory, inhibition, and cognitive flexibility), EF
skills work in tandem to guide thoughts and behaviors by
facilitating planning, problem solving, and enabling purposeful
goal pursuits (Zelazo, 2015). This complex set of skills involves
storing and manipulating information, inhibiting automatic
responses to the environment, and focusing and shifting attention
across multiple tasks, operations, or mental sets (Monsell,
1996; Miyake et al., 2000; Diamond, 2013). Research has
identified multiple periods of accelerated growth in EF skills
across the lifespan (e.g., Diamond, 2002; Zelazo et al., 2004;

Jacques and Marcovitch, 2010; Montroy et al., 2016). However,
the early periods of development have and continue to be a focal
point of research given their relevance for school readiness and
early academic outcomes. Specifically, EF skills that require the
monitoring of overt, deliberate activities are particularly useful in
a learning environment where students are constantly expected
to monitor their behavior, pay attention, follow rules, and
concentrate on various cognitive and behavioral tasks (Anderson,
2002; Blair, 2002; Blair and Razza, 2007; Diamond and Lee, 2011;
Samuels et al., 2016).

Given the relevance of EF skills for supporting children’s
learning and adaptation to school (e.g., Blair, 2002), there
has been a growing interest in understanding the degree to
which early schooling experiences contribute to children’s EF
growth. Although the early schooling transition period has been
characterized by rapid developmental changes in EF skills (e.g.,
Shing et al., 2010; Best et al., 2011; Wiebe et al., 2012; Willoughby
et al., 2012), it remains unclear the degree to which schooling
contributes to the observed acceleration of EF skills during this
developmental stage, or is a result of influences unrelated to
schooling. Estimating the role of schooling on children’s EF
development can provide insight regarding the nature, timing,
and development of these skills, and can inform instructional
practices, curricula development, and targeted interventions.
However, the few studies that have examined schooling effects
on EF development using a school cutoff design have yielded
mixed results. For example, Burrage et al. (2008) found pre-k and
kindergarten effects on working memory development, but only a
pre-k effect on inhibitory control. In contrast, Skibbe et al. (2011)
found no effect of pre-k on behavioral self-regulation. In another
study, Brod et al. (2017) found unique effects of first grade on EF
task accuracy. In the present study, we contribute to this literature
by exploring kindergarten and first grade schooling effects on
children’s EF development using a global measure of EF.

Schooling and Academic Development
Studies that investigated school- and age-related effects using
RDD and the school cutoff method have focused largely
on children’s academic skill development. The most studied
academic domain across these studies has been various aspects
of literacy development, from basic letter recognition and early
phonological processing, to more advanced comprehension and
writing skills (see Morrison et al., 2019, for a review). Not
only have schooling effects been observed using intervention
programs (Gormley et al., 2005; Weiland and Yoshikawa, 2013),
but several studies have also demonstrated the effect of typical
schooling programs on growth in reading and literacy skills
across the transition to school (Morrison et al., 1995, 1997;
Christian et al., 2000; Burrage et al., 2008; Skibbe et al., 2011; Kim
and Morrison, 2018).

Much less is known, however, about the unique effects
of typical schooling experiences on children’s mathematical
development. Researchers have largely relied on highly
specialized intervention programs to examine the impact
of early schooling on children’s math skills. Using an RDD,
Weiland and Yoshikawa (2013) found that participation in a
prekindergarten program that used evidence-based curricula
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and a teacher coaching system led to statistically significant
improvements in numeracy and math skills. In another study,
Gormley et al. (2005) examined the causal impact of Oklahoma’s
universal prekindergarten program using an RDD. The authors
found that children who completed Oklahoma’s statewide
prekindergarten program had significantly higher scores on
standardized tests of math achievement than similar aged
children that missed the cutoff for prekindergarten entry. While
these studies suggest that early schooling can exert a unique
effect on children’s math development over and above the effects
of non-schooling-related factors, they are less informative for
our understanding of the impact of typical, practice-as-usual
schooling on children’s mathematical development.

Much of this work has focused on the impacts of pre-
kindergarten given its role in preparing children for formal
schooling (e.g., Wong et al., 2008). Fewer studies, however,
have examined business-as-usual kindergarten and first grade
schooling effects on children’s math development. One study
using a SC design showed a causal impact of first grade
schooling on math skills (Christian et al., 2000). However,
because those children were assessed in the 1990s, it is important
to acknowledge the significant policy changes that occurred
as a result of the No Child Left Behind Act implemented in
the United States in the 2000s. Due to the greater emphasis
on academic standards, these accountability pressures are likely
to have migrated to earlier grades, fundamentally altering the
nature of early childhood education (Stipek, 2006). Indeed,
recent research has revealed that instructional features typically
encountered in first grade are now increasingly present in
kindergarten classrooms (Bassok et al., 2016). The present study
will provide insights into whether the initial years of formal
schooling—kindergarten and first grade—have causal impacts on
the development of academic and behavioral skills.

Study Aims and Hypotheses
The present study builds on previous work examining the causal
impact of schooling on literacy skills during the school transition
period. Kim and Morrison (2018) examined the unique impact
of pre-k, kindergarten, and first grade schooling on different
dimensions of early literacy—decoding, phonological awareness,
expressive vocabulary, and comprehension. While Kim and
Morrison (2018) examined data from the same longitudinal study
from which the present study is derived, the analytic method
is significantly different between the two studies. Due to the
relatively large sample size required for an adequately powered
RDD, that study used a 6-month bandwidth and only examined
end-of-year schooling effects based on group differences in
literacy performance at a single time point. One significant
limitation of the RDD was its inability to examine whether
schooling effects extended not only to mean-level differences
between the groups at the end of the school year, but also to
growth in literacy skills throughout the year. In contrast, the
present study used a SC design to examine both end-of-year
schooling effects as well as differences in fall-to-spring growth,
thereby extending this previous work to illuminate potential
differences in growth trajectories in behavioral and academic
skills during the school transition period.

In the current study, we set out to investigate whether typical
kindergarten and first grade schooling has a causal impact on
children’s EF and academic skills, over and above the effects of
non-schooling-related factors. If a unique impact of schooling is
observed, this would indicate that there might be some benefit—
at least in the short-term—to enrolling children in kindergarten
as soon as they are age-eligible for school entry. While various
studies have consistently demonstrated positive impacts of early
schooling on children’s literacy development, much less is
known about the unique effects of typical schooling experiences
on children’s mathematical development. However, given the
intervention studies that demonstrate significant improvements
in numeracy and math skills as a result of participation in
prekindergarten programs, we hypothesized that kindergarten
children would exhibit stronger end-of-year performance and
stronger fall-to-spring growth in math skills compared to their
same-aged pre-k peers. We expected to find a similar schooling
effect for first grade children when compared to their same-
aged kindergarten peers, and that these trends would also extend
to literacy skills. For EF, despite the mixed findings in the
literature based on EF subcomponents, we expected to see
significant kindergarten and first grade schooling effects on a
global measure of EF.

MATERIALS AND METHODS

Sample
Data come from a longitudinal study of literacy development
conducted in the mid-2000s. Children were recruited on a rolling
basis from 13 elementary schools. Therefore, we examine data
from pre-k, kindergarten, and first grade children assessed in
the fall and spring over multiple years. The SC design compares
two groups of children—“young” kindergarten (or first grade)
children who made the cutoff for school entry, and “old” pre-
k (or kindergarten) children who missed the cutoff—virtually
identical in age but differing only in their schooling experiences.
At the time of data collection, the age-cutoff enrollment date in
Michigan was December 1. Previous studies have used either a
2-month (Burrage et al., 2008; Skibbe et al., 2011) or 3-month
bandwidth (Brod et al., 2017; Zhang et al., 2018). In the present
study, we adopted the more conservative 2-month bandwidth;
the “made cutoff” group consisted of children born in October
and November, while the “missed cutoff” group consisted of
children born in December and January. However, we also
conducted robustness checks to examine whether our results
were sensitive to 1-month (more conservative) and 3-month
(more liberal) bandwidths.

The complete data set consisted of 391 children. However, for
purposes of the present analysis, not all children were eligible
for study inclusion. Figure 1 presents a flowchart of data and
sample exclusions. There were three exclusionary criteria: (1)
Children who did not have data in the grade levels of interest,
(2) Children born outside the cutoff window, and (3) Children
in an unanalyzable group based on the child’s DOB relative to
the cutoff date. Table 1 presents analytic sample sizes for each
bandwidth. Due to the nature of the longitudinal study, children
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FIGURE 1 | Flowchart of data and sample exclusions.

entered pre-k in years 2 and 3 of the study. Therefore, there were
two separate cohorts of children examined in the present study.
Data from both cohorts were combined prior to data analysis.
Information on how the data were structured for data analysis
can be found in the Supplementary Material.

Children ranged in age from 3.75 to 7.58 years
(M = 5.74 years); children’s ages at time of assessment at
each wave are presented in Table 2. Demographic characteristics
at baseline were as follows. Of the 166 children in the analytic
sample, 74 were boys and 92 were girls. Of the 93 families
who provided an open-ended response on race/ethnicity, 72
were White (77.4%) and 7 were African American (7.5%).

Other responses were difficult to categorize due to the open-
ended nature of the question. Of the 93 families who provided
information on years of maternal education, 74 families (79.6%)
reported at least 16 years of education, equivalent to a 4-year
college degree. Of the 65 families who provided information on
household income, the median income was $130,000 (Range:
$40,000–$637,000).

T-tests were conducted to examine whether demographic
characteristics differed between children eligible for the school
cutoff study (i.e., born within 2 months on either side of the
cutoff) compared to children who are not eligible. There were no
significant differences between the two groups on child gender,
t(164) = 0.77, p = 0.39; and household income, t(63) = 0.54,
p = 0.27. There was a significant difference between the two
groups on maternal education, t(91) = 2.70, p < 0.01, indicating
that mothers of children with birth months in October through
January (study eligible) had about 1 less year of education
compared to mothers of children with birth months in February
through September (study ineligible).

Measures
Executive Function
EF was measured using a global, ecologically valid measure of
self-regulation called the Head-Toes-Knees-Shoulders (HTKS;
McClelland et al., 2014). In the HTKS, children respond
behaviorally to a series of commands (“touch your head”) by
doing the opposite of the stated command (child touches their
toes). The task consists of two parts; Part I consists of a
combination of two commands (e.g., “touch your head” and
“touch your toes”) and Part II adds two additional commands
(e.g., “touch your knees” and “touch your shoulders”) to increase
task difficulty. In pre-kindergarten and kindergarten samples,
HTKS performance is strongly correlated with each of the three
dimensions of EF—cognitive flexibility, inhibitory control, and
working memory—indicating strong construct validity with EF
(McClelland et al., 2014). Children receive two points for a
correct behavioral response and zero points for an incorrect
response. If children initiate an incorrect movement but then
self-corrects, the child receives one point. Parts I and II are each
scored out of 20 points.

The HTKS was administered differently depending on the
grade of the child. For pre-k children, only Part I of the HTKS
was administered. For kindergarten and first grade children, Parts
I and II were administered. This is in contrast to the current
task guidelines which specify that children who score at least
4 points on Part I should proceed to Part II, regardless of the
child’s age or grade (McClelland et al., 2018). This difference in

TABLE 1 | Sample sizes for each analytic group by bandwidth.

Bandwidth Total sample Kindergarten effect First grade effect

Missed cutoff Made cutoff Missed cutoff Made cutoff Missed cutoff Made cutoff

1 month 20 33 20 31 20 33

2 months 45 68 44 65 42 68

3 months 79 87 78 82 70 87
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TABLE 2 | Average age in years at each data collection time point.

Grade Fall Spring Fall Spring Fall Spring

Year 2 Year 3 Year 4

Pre-kindergarten 4.62 5.19 4.84 5.39 N/A N/A

Kindergarten 5.27 5.85 5.50 6.04 5.46 5.96

First grade N/A N/A 6.09 6.66 6.41 6.93

Data reflect a 2-month bandwidth.

task administration has potentially significant implications on
scoring, which in turn has an impact on how schooling effects
are calculated. Examining the effect of kindergarten schooling
involves comparing pre-k children who missed the cutoff for
school entry with kindergarten children who made the cutoff.
Similarly, examining the effect of first grade schooling involves
comparing kindergarten children who missed the cutoff for
school entry (1 year prior) with first grade children who made
the cutoff. Because kindergarten and first grade children both
completed Parts I and II of the HTKS and have scores on the
same metric, calculating the first grade effect is straightforward.
However, the HTKS score for pre-k children is based only on Part
I performance, while the HTKS score for kindergarten children is
based on both Part I and II performance.

Two possibilities, imputation of missing data and variable
standardization, are likely to generate biased estimates. First, Part
II HTKS data could be imputed for pre-k children. While data
that are missing by design can often satisfying the condition
of data being missing completely at random, these situations
typically deal with variations on matrix sampling, where different
participants are purposely asked to complete surveys of different
lengths (Graham et al., 2006). However, in this case, because all
pre-k children did not complete Part II of the HTKS by rule,
imputation of missing data is not appropriate. Second, converting
HTKS scores to standard deviation units is another possibility.
However, by standardizing scores, information on mean-level
change over time is lost (Moeller, 2015). Because the school cutoff
design involves assessing children’s growth from fall to spring,
variable standardization is also not appropriate.

Instead, we pursue two alternative strategies in the present
study. One strategy is to use only Part I HTKS scores for
kindergarten children while disregarding their Part II scores. In
this arrangement, both pre-k and kindergarten children would
have HTKS scores on the same scale (out of 20 points). However,
because most kindergarten children perform well on Part I, a
ceiling effect might emerge for kindergarten children, which
could artificially mask a kindergarten effect. Another strategy
is to retain the HTKS scores as administered for pre-k (Part I
only) and kindergarten children (Parts I and II). Because the
upper bound for kindergarten HTKS scores is higher (40 points
instead of 20 points), this strategy might exaggerate any observed
kindergarten effect. However, this concern would be mitigated
under the assumption that pre-k children, given their young age,
would have been unlikely to perform well, or perhaps may not
have even scored any points, on Part II. In the present study, we
pursue the more conservative strategy of considering only Part

I scores for both pre-k and kindergarten children. However, we
also pursue the second strategy of retaining the HTKS scores as
administered as a robustness check. In summary, two metrics
of the HTKS were used: For pre-k children, a metric that only
considers performance on Part I was used (HTKS20); for first
grade children, a metric that considers performance on Parts
I and II was used (HTKS40). For kindergarten children, both
metrics were examined, with the HTKS20 being the preferred
specification and the HTKS40 used as a robustness check.

Academic Skills
Literacy and numeracy skills were assessed using the Letter-
Word Identification and Applied Problems subtests, respectively,
of the Woodcock Johnson III Tests of Achievement (Woodcock
et al., 2001). The Letter-Word Identification subtest (decoding)
assessed word recognition, vocabulary, and reading skills by
asking children to identify and pronounce letters and words
with proper pronunciation. The questions became increasingly
difficult as participant progressed through the task. The Applied
Problems subtest assessed early math skills by presenting oral
word problems pictures and numbers to children that assess
basic mathematical concepts. Participants were asked to listen
to each item, determine the procedure to solve the problem
and successfully complete the computations. The task grew
increasingly difficult and the participants were given a pencil
and paper after they reached a certain point in the task to help
solve the problems. External validation efforts have demonstrated
excellent reliability (Cronbach’s α = 0.93) for the academic
achievement battery among young students and very high test-
retest reliability (r = 0.95; Woodcock et al., 2001). The WJ
is specifically designed to generate scores that are comparable
across ages, and empirical work has demonstrated that the basal
and ceiling levels that determine the start and end rules are
correctly defined (Watts et al., 2014). W scores were obtained
using the WJ-III Compuscore software program. In contrast
to metrics such as raw scores and standard scores, the W
score metric is on an equal-interval scale and allows a direct
comparison of achievement across different students, regardless
of age (Jaffe, 2009). Means for the HTKS and WJ variables are
presented in Table 3.

Data Analysis
We used a two-level nested linear mixed model, with time (fall
and spring) as a within-subjects factor and group (e.g., pre-k and
kindergarten; kindergarten and first grade) as a between-subjects
factor. In addition to main effects of time and group, a Time ×

Group interaction would reveal whether there is an interactive
effect of development and schooling (i.e., whether growth in
EF or academic skills depend on whether the child missed or
made the cutoff for school entry). Children were nested within
classrooms that are nested within schools, and standard errors
were clustered on schools and estimated using the delta method
Dowd et al. (2014). Estimation was by maximum likelihood, and
the model allowed for a random intercept and a random time
slope for each child. Due to the small attrition rate, missing data
were removed using listwise deletion. The xtmixed command in
Stata 13 was used to analyze the data. Local effect size estimates
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TABLE 3 | Means and standard deviations for the HTKS and Woodcock Johnson academic measures.

Variable Pre-kindergarten Kindergarten First grade

Fall Spring Fall Spring Fall Spring

HTKS20 14.2 (7.5) 16.9 (5.4) 17.4 (4.2) 17.6 (4.8) N/A

HTKS40 N/A 28.7 (9.3) 32.1 (8.7) 34.6 (5.0) 36.5 (3.7)

WJ Letter-Word Identification W score 348.3 (17.4) 359.1 (24.8) 371.0 (28.1) 404.2 (28.6) 428.4 (34.3) 460.4 (25.6)

WJ Applied Problems W score 415.4 (10.8) 427.7 (15.2) 432.6 (15.9) 444.5 (15.8) 459.5 (16.7) 475.0 (18.4)

Data reflect a 2-month bandwidth.

(Cohen’s f 2), appropriate for mixed effects linear regression
models were generated using the method demonstrated in Selya
et al. (2012) and reported for significant effects. Based on the
guidelines described in Cohen (1988), f 2-values of 0.02, 0.15, and
0.35 represent small, medium, and large effect sizes, respectively.
The code used to generate the estimates can be found at https:
//osf.io/guh2f/.

Balance Checks
Balance checks were conducted in order to determine whether
the two schooling groups (i.e., made cutoff vs. missed cutoff)
were equivalent on demographic characteristics such as gender,
household income, and highest maternal education. When
examining the two schooling groups that would determine the
kindergarten schooling effect (i.e., pre-k children who missed the
cutoff vs. kindergarten children who made the cutoff), there were
no significant differences between the two groups on child age
at testing, t(263) = 1.43, p = 0.15; child gender, t(265) = −0.40,
p = 0.69; household income, t(98) = −0.72, p = 0.47; and years of
maternal education, t(128) = −1.49, p = 0.14. When examining
the two schooling groups that would determine the first grade
schooling effect (i.e., kindergarten children who missed the cutoff
vs. first grade children who made the cutoff), there were no
significant differences between the two groups on child age at
testing, t(302) = 1.11, p = 0.27; child gender, t(302) = −1.46,
p = 0.15; household income, t(90) = 0.78, p = 0.44; and years
of maternal education, t(119) = −1.50, p = 0.14. These results
indicated that the two groups were essentially equivalent on
demographic characteristics, strengthening our ability to make
valid causal inferences regarding the unique impact of schooling
on children’s academic and cognitive outcomes.

RESULTS

Are There Kindergarten and First Grade
Effects on EF?
We examined whether kindergarten schooling had a unique
impact on children’s EF skills. We did this by performing
a mixed-effects regression with group, time, and group ×

time predicting children’s HTKS20 scores. Results showed that
the model was significant, Wald χ2(3) = 17.56, p < 0.001,
indicating that the three-predictor model meaningfully predicted
variability in HTKS20. Then, the contrast command—which

FIGURE 2 | Kindergarten schooling effects on fall-to-spring change in
HTKS20 scores.

permits ANOVA-style tests of main effects and interactions—
was used. Figure 2 presents the kindergarten main effects and
interaction on HTKS20 scores. There was a significant main
effect of group, χ2(1) = 9.00, p < 0.01 (f 2 = 0.08): Kindergarten
children who made the cutoff for school entry have stronger
HTKS20 scores than their same-aged pre-k peers who missed
the cutoff. There was also a significant main effect of time,
χ2(1) = 8.88, p < 0.001 (f 2 = 0.10): Both pre-k and kindergarten
children increased their HTKS20 scores from fall (time 1) to
spring (time 2).

The group × interaction in both models allowed us to
determine whether there was a unique impact of schooling,
over and above the effects of age. When comparing pre-k and
kindergarten children, the group × time interaction was not
significant, χ2(1) = 2.21, p = 0.14. While pre-k children who
missed the cutoff appeared to show greater improvement in EF
skills compared to kindergarten children who made the cutoff,
this group × time interaction was not statistically significant.
As shown in Figure 2, the slopes for pre-k and kindergarten
children were not significantly different from each other. Table 4
Panel A presents the predicted outcomes, standard errors, and
95% confidence intervals for the model estimating kindergarten
schooling effects on EF.

We also examined whether first grade schooling had a unique
impact on children’s EF skills. Results showed that the overall
model predicting HTKS40 scores was significant, χ2(3) = 26.75,
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TABLE 4 | Predicted outcomes for kindergarten and first grade schooling effects on HTKS scores.

Cutoff status Wave Predicted outcome SE 95% CI

Panel A: Kindergarten schooling effect (Predicted outcome: HTKS20)

Missed cutoff (pre-k) Fall 14.01 1.24 11.59–16.45

Missed cutoff (pre-k) Spring 16.90 0.66 15.60–18.19

Made cutoff (kindergarten) Fall 17.54 0.43 16.69–18.39

Made cutoff (kindergarten) Spring 18.42 0.37 17.69–19.14

Panel B: First grade schooling effect (Predicted outcome: HTKS40)

Missed cutoff (kindergarten) Fall 29.12 1.37 26.44–31.80

Missed cutoff (kindergarten) Spring 34.06 0.99 32.12–36.01

Made cutoff (first grade) Fall 34.62 0.63 33.39–35.86

Made cutoff (first grade) Spring 36.51 0.40 35.72–37.29

Panel C: Robustness check: Kindergarten schooling effect (Predicted outcome: HTKS40)

Missed cutoff (pre-k) Fall 13.95 1.21 11.57–16.33

Missed cutoff (pre-k) Spring 16.90 0.67 15.60–18.20

Made cutoff (kindergarten) Fall 29.27 1.04 27.23–31.31

Made cutoff (kindergarten) Spring 34.41 0.89 32.68–36.15

FIGURE 3 | First grade schooling effects on fall-to-spring change in HTKS40
scores.

p < 0.001. Figure 3 presents the first grade main effects and
interaction on HTKS40 scores. There was a significant main
effect of group, χ2(1) = 19.20, p < 0.001 (f 2 = 0.11): First
grade children who made the cutoff have stronger HTKS40
scores than their same-aged kindergarten peers who missed
the cutoff for school entry the year before. There was also
a significant main effect of time: χ2(1) = 11.97, p < 0.001
(f 2 = 0.10): Both kindergarten and first grade children increased
their HTKS40 scores from fall (time 3) to spring (time 4). In
contrast to the previous model, the group × time interaction
was significant when comparing kindergarten children and first
grade children, χ2(1) = 4.20, p = 0.04 (f 2 = 0.03). Specifically,
kindergarten children who missed the cutoff for school entry
the previous year show greater improvement in EF skills from
fall to spring (time 3 to time 4) compared to first grade
children who made the cutoff for school entry the previous
year. As shown in Figure 3, the slope for kindergarten children
was steeper than the slope for first grade children. Table 4

FIGURE 4 | Kindergarten schooling effects on fall-to-spring change in
Woodcock Johnson Letter-Word Identification W scores.

Panel B presents the predicted outcomes, standard errors, and
95% confidence intervals for the model estimating first grade
schooling effects on EF.

Are There Kindergarten and First Grade
Effects on Reading?
We examined whether kindergarten schooling had a unique
impact on children’s reading skills. A mixed-effects regression
with group, time, and group × time predicting children’s scores
on the Woodcock Johnson Letter-Word Identification subtest
was conducted. Results showed that the overall model predicting
reading was significant, χ2(3) = 718.32, p < 0.001. Figure 4
presents graphs of the kindergarten main effects and interaction
on reading scores. There was a significant main effect of group,
χ2(1) = 50.75, p < 0.001 (f 2 = 0.13): Kindergarten children
who made the cutoff have stronger reading scores than their
virtually same-aged pre-k peers who missed the cutoff. There
was also a significant main effect of time, χ2(1) = 208.97,
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TABLE 5 | Predicted outcomes for kindergarten and first grade schooling effects on Woodcock Johnson Letter-Word Identification W scores.

Cutoff status Wave Predicted outcome (WJLW W scores) SE 95% CI

Panel A: Kindergarten schooling effect

Missed cutoff (pre-k) Fall 347.22 2.54 342.24–352.20

Missed cutoff (pre-k) Spring 360.69 4.73 351.41–369.96

Made cutoff (kindergarten) Fall 369.73 2.65 364.53–374.93

Made cutoff (kindergarten) Spring 401.23 2.58 396.18–406.27

Panel B: First grade schooling effect

Missed cutoff (kindergarten) Fall 373.13 9.46 354.59–391.68

Missed cutoff (kindergarten) Spring 406.32 5.65 395.24–417.39

Made cutoff (first grade) Fall 428.63 3.17 422.42–434.84

Made cutoff (first grade) Spring 461.61 2.50 456.71–466.51

p < 0.001 (f 2 = 0.38): Both pre-k and kindergarten children
increased their reading scores from fall (time 1) to spring (time
2). When comparing pre-k and kindergarten children the group
× time interaction was significant, χ2(1) = 36.53, p < 0.001
(f 2 = 0.32). This is evidenced by the fact that kindergarten
children show greater improvement from fall to spring compared
to their same aged pre-k peers. Table 5 Panel A presents
the predicted outcomes, standard errors, and 95% confidence
intervals for the model estimating kindergarten schooling
effects on reading.

We also examined whether first grade schooling had a unique
impact on children’s reading skills. Results revealed that the
overall model predicting reading was significant, χ2(3) = 476.75,
p < 0.001. Figure 5 presents the first grade main effects and
interaction on reading scores. There was a significant main effect
of group, χ2(1) = 53.13, p < 0.001 (f 2 = 0.12): First grade children
who made the cutoff have stronger reading scores than their
virtually same-aged kindergarten peers who missed the cutoff for
school entry the year before. There was also a main effect of
time, χ2(1) = 110.95, p < 0.001 (f 2 = 1.01): Both kindergarten
and first grade children increased their reading scores from
fall (time 3) to spring (time 4). In contrast to the previous
model, the group × time interaction was not significant when
comparing kindergarten and first grade children, χ2(1) = 0.00,
p = 0.97. In summary, we revealed that kindergarten schooling,
but not first grade schooling, had a positive causal impact on
reading growth from fall to spring. Table 5 Panel B presents
the predicted outcomes, standard errors, and 95% confidence
intervals for the model estimating first grade schooling
effects on reading.

Are There Kindergarten and First Grade
Effects on Math?
Finally, we examined whether kindergarten schooling had
a unique impact on children’s math skills. A mixed-effects
regression with group, time, and group × time predicting
children’s scores on the Woodcock Johnson Applied Problems
subtest was conducted. Results showed that the model predicting
math was significant, χ2(3) = 210.84, p < 0.001. Figure 6 presents
the kindergarten main effects and interaction on math scores.
There was a significant main effect of group, χ2(1) = 128.86,
p < 0.001 (f 2 = 0.21): Kindergarten children who made the cutoff

FIGURE 5 | First grade schooling effects on fall-to-spring change in
Woodcock Johnson Letter-Word Identification W scores.

have stronger math scores than their virtually same-aged pre-k
peers who missed the cutoff. There was also a significant main
effect of time, χ2(1) = 44.17, p < 0.001 (f 2 = 0.50): Both pre-k and
kindergarten children increased their math scores from fall (time
1) to spring (time 2). When comparing pre-k and kindergarten
children, the group × time interaction was not significant,
χ2(1) = 0.38, p = 0.54: Table 6 Panel A presents the predicted
outcomes, standard errors, and 95% confidence intervals for the
model estimating kindergarten schooling effects on math.

We also examined whether first grade schooling had a unique
impact on children’s math skills. Results revealed that the overall
model predicting math was significant, χ2(3) = 573.52, p < 0.001.
Figure 7 presents the first grade main effects and interaction
on math scores. There was a significant main effect of group,
χ2(1) = 56.18, p < 0.001 (f 2 = 0.23): First grade children
who made the cutoff have stronger math scores than their
virtually same-aged kindergarten peers who missed the cutoff
for school entry the year before. There was also a significant
main effect of time, χ2(1) = 153.04, p < 0.001 (f 2 = 0.39):
Both kindergarten children and first grade children increased
their math scores from fall (time 3) to spring (time 4). When
comparing kindergarten children and first grade children, the
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FIGURE 6 | Kindergarten schooling effects on fall-to-spring change in
Woodcock Johnson Applied Problems W scores.

group × time interaction was not significant, χ2(1) = 0.26,
p = 0.61. Table 6 Panel B presents the predicted outcomes,
standard errors, and 95% confidence intervals for the model
estimating first grade schooling effects on math. In summary,
in contrast to the models predicting reading, the group × time
interaction was not significant for both models predicting math.

Robustness Checks
Using an Alternative Calculation of HTKS Scores
We examined whether our kindergarten schooling results were
sensitive to how children’s HTKS scores were calculated. As
previously described, rather than considering only Part I of the
HTKS for kindergarten children (i.e., HTKS20), an alternative
method of measuring HTKS scores for kindergarten children
was to consider their performance on both Parts I and II of the
task, yielding a score out of 40 points (HTKS40). Results showed
that this alternative model was significant, χ2(3) = 701.14,
p < 0.001, indicating that the three-predictor model (group,
time, and group × time) meaningfully predicted variability in
HTKS40. Figure 8 shows the kindergarten main effects and
interaction on HTKS40 scores. There was a significant main
effect of group, χ2(1) = 237.59, p < 0.001 (f 2 = 0.87): As

FIGURE 7 | First grade schooling effects on fall-to-spring change in
Woodcock Johnson Applied Problems W scores.

before, kindergarten children who made the cutoff have stronger
HTKS40 scores than their virtually same-aged pre-k peers who
missed the cutoff. There was also a significant main effect of
time, χ2(1) = 39.83, p < 0.001 (f 2 = 0.08): Both pre-k and
kindergarten children increased their HTKS40 scores from fall to
spring. Finally, the group × time interaction was not significant,
χ2(1) = 2.00, p = 0.16: The rate of change in EF between the two
groups were not statistically different from each other. Table 4
Panel C presents the predicted outcomes, standard errors, and
95% confidence intervals for the model estimating kindergarten
schooling effects on the HTKS40. In summary, our kindergarten
schooling results did not depend on how the HTKS score was
calculated for kindergarten children.

Sensitivity to Different Bandwidths
Our preferred bandwidth was a 2-month window before and
after the cutoff. We also conducted a series of robustness
checks by examining bandwidths of 1 and 3 months to examine
whether our findings were sensitive to the size of the bandwidth.
Supplementary Table S1 shows the contrasts of marginal linear
predictions for the three bandwidths. Results were virtually
unchanged—that is, effects that were not significant using a

TABLE 6 | Predicted outcomes for kindergarten and first grade schooling effects on Woodcock Johnson Applied Problems W scores.

Cutoff status Wave Predicted outcome (WJAP W scores) SE 95% CI

Panel A: Kindergarten schooling effect

Missed cutoff (pre-k) Fall 414.83 1.45 411.99–417.68

Missed cutoff (pre-k) Spring 428.34 1.90 424.62–432.06

Made cutoff (kindergarten) Fall 433.85 2.58 428.81–438.90

Made cutoff (kindergarten) Spring 444.76 1.65 441.53–447.98

Panel B: First grade schooling effect

Missed cutoff (kindergarten) Fall 433.01 2.75 427.62–438.41

Missed cutoff (kindergarten) Spring 450.50 3.55 443.55–457.45

Made cutoff (first grade) Fall 459.50 2.57 454.46–464.54

Made cutoff (first grade) Spring 475.13 1.86 471.48–478.77
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FIGURE 8 | Robustness check: Kindergarten schooling effects on
fall-to-spring change in HTKS40 scores.

2-month bandwidth remained not significant when the other
bandwidths were used. Effects that were significant using a 2-
month bandwidth remained significant for the other bandwidths,
with the exception of the first grade schooling group × time
interaction on HTKS scores, which did not reach our pre-
specified significance threshold of p < 0.05 when 1- and 3-month
bandwidths were used.

DISCUSSION

The present study used a school cutoff design to examine the
unique effects of kindergarten and first grade schooling on
children’s EF and academic skills. Quasi-experimental methods
permit an examination of causal mechanisms that are not possible
using correlational designs. A complex pattern of findings
emerged. While children who made the cutoff for school entry
performed better compared to children who missed the cutoff,
growth in EF skills over the school year was strongest for
kindergarten children who missed the cutoff for school entry the
previous year compared to first grade children who made the
cutoff the previous year. Turning to academic skills, kindergarten
schooling, but not first grade schooling, had a unique causal
impact on children’s growth in reading. However, no schooling
effects on growth in math emerged.

Schooling Effects on EF
Schooling-related influences uniquely predicted children’s EF
skills as measured by the HTKS task. However, our findings
were not entirely consistent with our predictions. We found that
kindergarten children who missed the cutoff the previous year
exhibited stronger EF growth compared to their same-aged first
grade peers who made the cutoff the previous year. Therefore,
while both groups improved their EF skills throughout the year,
the rate of growth was strongest for the kindergarten children
who missed the cutoff the year prior. In other words, there
appears to be a “catch up effect” for these children.

We offer several interpretations to explain this finding. For
some children, missing the cutoff for school entry means that
they need to repeat an extra year of pre-k. This additional
year of pre-k might be beneficial for some children who would
benefit from a second year with the same teachers and caregivers.
This continuity across years might allow children to continue to
practice and build their behavioral regulation skills in a setting
that is familiar and comfortable. In fact, a body of research
has shown benefits for children attending 2 years of preschool
compared to just one (e.g., Domitrovich et al., 2013). Therefore,
this additional year of pre-k might catalyze greater growth in
EF skills during kindergarten for these children. That said, we
must acknowledge that we did not have access to information on
previous childcare experiences in the present analysis. Subgroup
analyses based on childcare histories would be an important
contribution in future work.

The interpretation provided above does not downplay the
importance of kindergarten in building behavioral skills. In fact,
our data show that children who made the cutoff for school
entry—both kindergarten children as well as first grade children
who made the cutoff the previous year—experience stronger EF
skills compared to their same-aged peers who missed the cutoff.
Our data also show that both groups show growth in EF skills
from fall to spring. While this indicates the potential role of
biological maturation in the development of these skills, there
could also be non-schooling-related factors, such as family/home
influences also changing during this time, that might influence
skill growth. Our data also appear to strengthen the argument
that delayed school entry might not be detrimental to children’s
skill growth, at least in the short term. Because this effect was
not robust to different bandwidths, additional research to confirm
and further characterize this finding is needed.

Schooling Effects on Reading Skills
When examining pre-k and kindergarten children, we found that
kindergarten schooling was a stronger predictor of children’s
growth in decoding skills from fall to spring of the school year.
This was evidenced by a steeper positive slope for kindergarten
children who made the cutoff for school entry, compared to
the pre-k children who missed the cutoff for school entry.
Interestingly, when examining kindergarten and first grade
children, the group × time interaction was not significant.
That is, the slopes for kindergarten and first grade children
were not significantly different from each other, indicating that
both groups of children showed growth in reading skills at an
equivalent rate. Our findings extend previous research using
RDD that showed unique effects of pre-k, kindergarten, and
first grade schooling on decoding skills (Kim and Morrison,
2018). That study examined schooling effects but was unable to
examine growth in literacy skills across the school year due to the
study’s particular implementation of the RDD, which examined
differences in outcomes at a single point in time. The present
study adds to this work by demonstrating that kindergarten
children exhibit stronger growth in decoding skills during the
year compared to their same-aged pre-k peers.

We offer one interpretation of this finding. It may be that there
is a meaningful difference in reading instruction between pre-k
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and kindergarten, evidenced by the stronger growth in reading
skills for kindergarten children compared to their same-aged pre-
k peers. However, there appears to be no meaningful difference
between kindergarten and first grade schooling as it relates to
children’s growth in reading skills. Because kindergarten is often
children’s first exposure to a formal schooling environment,
the transition from pre-k to kindergarten might be more
dramatic than the transition from kindergarten to first grade.
This is consistent with research revealing that kindergarten
is increasingly resembling first grade in terms of behavioral
expectations and academic rigor (Bassok et al., 2016), suggesting
that first grade might be simply a continuation of the academic
emphasis that has begun in kindergarten (Indeed, this might
partially explain why kindergarten children experience greater
growth in EF skills compared to their first grade counterparts).
In particular, the nature of reading instruction in first grade may
not be markedly different from kindergarten. On the other hand,
reading instruction in first grade may be focused on other aspects
of literacy that is not captured by the test of decoding used in
the present study. Future studies should incorporate classroom-
level instructional data to elucidate the nature of the kindergarten
schooling effect on children’s literacy skill development.

Schooling Effects on Math Skills
Children’s scores on standardized tests of math achievement
increased from fall to spring during kindergarten and first grade.
However, we did not find unique influences of kindergarten or
first grade on children’s math development. Our findings could
point to the influence of non-schooling-related factors (e.g., age-
related development, parenting, and the home environment)
rather than specific schooling experiences. Another possibility
for our null findings is the extremely short duration of math
instruction; previous research has shown that less than 4 min per
week are spent on math instruction in pre-k and kindergarten
classrooms, compared to nearly an hour per week on literacy
activities such as storybook reading (Skibbe et al., 2013). Because
that study did not examine first grade children, we cannot
determine whether or how first grade differs from earlier grades
in terms of duration of instruction. However, if significantly more
time is spent in math in first grade (or more time relative to
reading), we might expect to see a unique first grade schooling
effect, an effect we did not detect in the present study. This is a
hypothesis that could be tested in future research.

Previous research has shown a positive effect of preschool
intervention programs (Gormley et al., 2005; Weiland and
Yoshikawa, 2013), as well as statewide preschool programs on
children’s math development (Wong et al., 2008). While we
did not examine preschool effects in the present study, it is
interesting to consider why similar effects were not found in
our study. There may be distinct benefits to implementing a
specialized intervention program or a statewide curriculum; this
was not the case in the present study. Another explanation
is that while children’s math skills gradually develop across
kindergarten and first grade, the impact of schooling on math
development may become more prominent in later grades when
greater emphasis is placed on explicit math instruction. Further,
it is possible that kindergarten and first grade have an impact

on rudimentary math skills such as cardinality and counting,
and not on more advanced skills such as calculation and word
problems. However, examining the impact on distinct aspects of
math development was not possible using the Applied Problems
subtest of the Woodcock Johnson. Future research would benefit
from examining the impact of schooling using finer grained and
developmentally sensitive measures of math skills.

Limitations and Future Directions
While the school cutoff method permits causal inferences
regarding the unique impact of schooling on children’s academic
and behavioral outcomes, this approach is unable to discern what
it is about schooling that causes improvements in these skills. Are
schooling effects due to meaningful differences in instruction? Or
are these impacts due to other factors such as classroom climate
or peer effects? In addition to schooling effects, it would also be
instructive to examine the potential role of children’s summer
experiences in forming a fuller understanding of academic and
behavioral skill growth. The present work adds to the small
but growing literature regarding the causal impacts of regular
schooling on children’s outcomes and lays the foundation for
future studies that will ideally collect classroom-level data in
order to elucidate the mechanisms of change that underlie the
observed schooling effects.

We did not have access to teacher and classroom data that
would help us understand the nature, type, quality, and duration
of reading instruction in pre-k, kindergarten, and first grade
classrooms. That is, what makes kindergarten reading instruction
more effective than pre-k instruction, and why is first grade
instruction not more effective than kindergarten instruction?
Is the lack of early schooling effects on math achievement
explained by the type of instructional activities, or the duration
of instruction, or something else occurring during the first years
of formal schooling? Without this information, we can only
speculate as to why certain grade-level schooling experiences are
more or less effective. Another limitation of the current study
is our relatively small and convenient sample of participants.
It is possible that subtle effects were not detected due to a
lack of statistical power, especially with respect to the varying
bandwidths used in the current study. Additionally, although
children in the present study attended 13 elementary schools in
the same school district, the sample was not representative of the
larger population. The largely homogenous nature of the sample
limits the generalizability of our results. Fortunately, large data
sets such as the ECLS-K include a more diverse sample of children
and contain information regarding school- and classroom-level
data. Combined with information on children’s age at school
entry, it is possible to examine whether and how differences in
age at school entry, combined with instructional factors, impact
different groups of young learners. This would be an important
question for future research.

A strength of our study was that we examined pre-k,
kindergarten, and first grade children across time. This allowed
us to examine multiple grade-level schooling effects during the
school transition period. However, greater attention must be
placed on examining children beyond first grade, especially given
our findings. For example, we found that kindergarten children
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experienced greater gains in EF compared to their same-aged
first grade peers. We also found that there was no difference in
reading growth rates between same-aged kindergarten and first
grade children. What would these growth trajectories look like in
the years that follow? That is, what are the longer-term cognitive
and academic impacts of making (or missing) the cutoff date for
school entry? And if there are any impacts, do those impacts
depend on the nature of classroom instruction that children
receive? These questions deserve greater consideration in order
to better inform parents, educators, and policymakers regarding
the impact of age-cutoff thresholds that school districts use to
determine which children can and cannot enter school. Again,
data sets that have repeated measures data on large groups of
children across the elementary school years can provide ample
opportunities to examine the longer-run impacts of variation
in school entry.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation, to any
qualified researcher.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by the University of Michigan IRB Health
Sciences and Behavioral Sciences. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

MK and SA led the conceptualization of the current study and
drafted the manuscript. FM led the conceptualization of the
original project from which data were collected. MK conducted
data analysis. MK, SA, and FM contributed to interpreting the
results, editing, and revising, and gave final approval of the
version to be submitted. All authors contributed to the article and
approved the submitted version.

FUNDING

This research was supported in part by a grant from the National
Institute of Child Health and Human Development (HD27176-
R21) to FM.

ACKNOWLEDGMENTS

We would like to thank the families and children who
participated in the study, as well as the University of Michigan
Undergraduate Research Opportunity Program and the research
assistants in the Pathways to Literacy Lab who made this
research possible.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2020.607973/full#supplementary-material

REFERENCES
Ahmed, S. F., Tang, S., Waters, N. E., and Davis-Kean, P. (2019). Executive function

and academic achievement: longitudinal relations from early childhood to
adolescence. J. Educ. Psychol. 111, 446–458. doi: 10.1037/edu0000296

Anderson, P. (2002). Assessment and development of executive function (EF)
during childhood. Child Neuropsychol. 8, 71–82. doi: 10.1076/chin.8.2.71.8724

Bassok, D., Latham, S., and Rorem, A. (2016). Is kindergarten the new first grade?
AERA Open 1, 1–31.

Best, J. R., Miller, P. H., and Naglieri, J. A. (2011). Relations between executive
function and academic achievement from ages 5 to 17 in a large, representative
national sample. Learn. Individ. Differ. 21, 327–336. doi: 10.1016/j.lindif.2011.
01.007

Blair, C. (2002). School readiness: integrating cognition and emotion in a
neurobiological conceptualization of children’s functioning at school entry. Am.
Psychol. 57, 111–127. doi: 10.1037/0003-066x.57.2.111

Blair, C., and Razza, R. P. (2007). Relating effortful control, executive function, and
false belief understanding to emerging math and literacy ability in kindergarten.
Child Dev. 78, 647–663. doi: 10.1111/j.1467-8624.2007.01019.x

Brod, G., Bunge, S. A., and Shing, Y. L. (2017). Does one year of schooling improve
children’s cognitive control and alter associated brain function? Psychol. Sci. 28,
967–978. doi: 10.1177/0956797617699838

Burrage, M. S., Ponitz, C. C., McCready, E. A., Shah, P., Sims, B. C., Jewkes,
A. M., et al. (2008). Age- and schooling-related effects on executive functions
in young children: a natural experiment. Child Neuropsychol. 14, 510–524.
doi: 10.1080/09297040701756917

Christian, K., Morrison, F. J., Frazier, J. A., and Massetti, G. (2000). Specificity in the
nature and timing of cognitive growth in kindergarten and first grade. J. Cogn.
Dev. 1, 429–448. doi: 10.1207/s15327647jcd0104_04

Cohen, J. E. (1988). Statistical Power Analysis for the Behavioral Sciences. Hillsdale,
NJ: Lawrence Erlbaum Associates, Inc.

Diamond, A. (2002). “Normal development of prefrontal cortex from birth
to young adulthood: cognitive functions, anatomy, and biochemistry,” in
Principles of Frontal Lobe Function, eds D. T. Stuss and R. T. Knight (Oxford:
Oxford University Press), 466–503. doi: 10.1093/acprof:oso/9780195134971.
003.0029

Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64,
135–168.

Diamond, A., Lee, C., Senften, P., Lam, A., and Abbott, D. (2019). Randomized
control trial of Tools of the Mind: marked benefits to kindergarten children
and their teachers. PLoS One 14:e0222447. doi: 10.1371/journal.pone.022
2447

Diamond, A., and Lee, K. (2011). Interventions shown to aid executive function
development in children 4 to 12 years old. Science 333, 959–964. doi: 10.1126/
science.1204529

Domitrovich, C. E., Morgan, N. R., Moore, J. E., Cooper, B. R., Shah, H. K.,
Jacobson, L., et al. (2013). One versus two years: does length of exposure
to an enhanced preschool program impact the academic functioning of
disadvantaged children in kindergarten? Early Child. Res. Q. 28, 704–713. doi:
10.1016/j.ecresq.2013.04.004

Dowd, B. E., Greene, W. H., and Norton, E. C. (2014). Computation of standard
errors. Health Serv. Res. 49, 731–750. doi: 10.1111/1475-6773.12122

Frontiers in Psychology | www.frontiersin.org 12 January 2021 | Volume 11 | Article 607973

https://www.frontiersin.org/articles/10.3389/fpsyg.2020.607973/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2020.607973/full#supplementary-material
https://doi.org/10.1037/edu0000296
https://doi.org/10.1076/chin.8.2.71.8724
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1016/j.lindif.2011.01.007
https://doi.org/10.1037/0003-066x.57.2.111
https://doi.org/10.1111/j.1467-8624.2007.01019.x
https://doi.org/10.1177/0956797617699838
https://doi.org/10.1080/09297040701756917
https://doi.org/10.1207/s15327647jcd0104_04
https://doi.org/10.1093/acprof:oso/9780195134971.003.0029
https://doi.org/10.1093/acprof:oso/9780195134971.003.0029
https://doi.org/10.1371/journal.pone.0222447
https://doi.org/10.1371/journal.pone.0222447
https://doi.org/10.1126/science.1204529
https://doi.org/10.1126/science.1204529
https://doi.org/10.1016/j.ecresq.2013.04.004
https://doi.org/10.1016/j.ecresq.2013.04.004
https://doi.org/10.1111/1475-6773.12122
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-11-607973 January 8, 2021 Time: 15:42 # 13

Kim et al. Schooling and Executive Function Development

Gormley, W. T., Gayer, T., Phillips, D., and Dawson, B. (2005). The effects of
universal pre-K on cognitive development. Dev. Psychol. 41, 872–884. doi:
10.1037/0012-1649.41.6.872

Graham, J. W., Taylor, B. J., Olchowski, A. E., and Cumsille, P. E. (2006). Planned
missing data designs in psychological research. Psychol. Methods 11, 323–343.
doi: 10.1037/1082-989x.11.4.323

Jacques, S., and Marcovitch, S. (2010). “Development of executive function across
the lifespan,” in Handbook of Life-Span Development: Vol 1. Cognition, Biology,
and Methods Across the Lifespan, ed. W. F. Overton (Hoboken, NJ: Wiley),
431–466.

Jaffe, L. E. (2009). Development, Interpretation, and Application of the W Score
and the Relative Proficiency Index (Woodcock-Johnson III Assessment Service
Bulletin No. 11). Rolling Meadows, IL: Riverside Publishing.

Kim, M. H., and Morrison, F. J. (2018). Schooling effects on literacy skills during
the transition to school. AERA Open 4, 1–15.

McClelland, M. M., Cameron, C., Bowles, R., and Geldhof, G. (2018). Developing
a Measure of Self-Regulation for at-Risk Children. Washington, DC: U.S.
Department of Education, Institute for Education Sciences.

McClelland, M. M., Cameron, C., Duncan, R., Bowles, R., Acock, A., Miao, A., et al.
(2014). Predictors of early growth in academic achievement: the Head-Toes-
Knees-Shoulders task. Front. Psychol. 5:599. doi: 10.3389/fpsyg.2014.00599

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn.
Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734

Moeller, J. (2015). A word on standardization in longitudinal studies: don’t.
Frontiers in Psychology 6:1389. doi: 10.3389/fpsyg.2015.01389

Monsell, S. (1996). “Control of mental processes,” in Unsolved Mysteries of the
Mind: Tutorial essays in Cognition, ed. V. Bruce (Hove: Erlbaum), 93–148.

Montroy, J. J., Bowles, R. P., Skibbe, L. E., McClelland, M. M., and Morrison, F. J.
(2016). The development of self-regulation across early childhood. Dev. Psychol.
52:1744.

Morrison, F. J., Griffith, E. M., and Alberts, D. M. (1997). Nature-nurture in
the classroom: entrance age, school readiness, and learning in children. Dev.
Psychol. 33, 254–262. doi: 10.1037/0012-1649.33.2.254

Morrison, F. J., Kim, M. H., Connor, C. M., and Grammer, J. K. (2019). The causal
impact of schooling on children’s development: lessons for developmental
science. Curr. Dir. Psychol. Sci. 28, 441–449. doi: 10.1177/0963721419855661

Morrison, F. J., Smith, L., and Dow-Ehrensberger, M. (1995). Education and
cognitive development: a natural experiment. Dev. Psychol. 31, 789–799. doi:
10.1037/0012-1649.31.5.789

Posner, M. I., and Rothbart, M. K. (2000). Developing mechanisms of self-
regulation. Dev. Psychopathol. 12, 427–441. doi: 10.1017/s0954579400003096

Sameroff, A., and Haith, M. M. (1996). Reason and Responsibility: The Passage
Through Childhood. Chicago. Illinois: University of Chicago Press.

Samuels, W. E., Tournaki, N., Blackman, S., and Zilinski, C. (2016). Executive
functioning predicts academic achievement in middle school: a four-year
longitudinal study. J. Educ. Res. 109, 478–490. doi: 10.1080/00220671.2014.
979913

Selya, A. S., Rose, J. S., Dierker, L. C., Hedeker, D., and Mermelstein, R. J. (2012).
A practical guide to calculating Cohen’s f 2, a measure of local effect size, from
PROC MIXED. Front. Psychol. 3:111. doi: 10.3389/fpsyg.2012.00111

Shing, Y. L., Lindenberger, U., Diamond, A., Li, S. C., and Davidson, M. C. (2010).
Memory maintenance and inhibitory control differentiate from early childhood
to adolescence. Dev. Neuropsychol. 35, 679–697. doi: 10.1080/87565641.2010.
508546

Skibbe, L. E., Connor, C. M., Morrison, F. J., and Jewkes, A. M. (2011).
Schooling effects on preschoolers’ self-regulation, early literacy, and language
growth. Early Child. Res. Q. 26, 42–49. doi: 10.1016/j.ecresq.2010.
05.001

Skibbe, L. E., Hindman, A. H., Connor, C. M., Housey, M., and Morrison, F. J.
(2013). Relative contributions of prekindergarten and kindergarten to children’s
literacy and mathematics skills. Early Educ. Dev. 24, 687–703. doi: 10.1080/
10409289.2012.712888

Stipek, D. (2006). No child left behind comes to preschool. Elem. Sch. J. 106,
455–466. doi: 10.1086/505440

Watts, T. W., Spanier, M., and Duncan, G. J. (2014). Predicting adolescent
math achievement with preschool math skills. Paper Presented at the
Annual Meeting of the American Educational Research Association,
Philadelphia, PA.

Weiland, C., and Yoshikawa, H. (2013). Impacts of a prekindergarten program on
children’s mathematics, language, literacy, executive function, and emotional
skills. Child Dev. 84, 2112–2130. doi: 10.1111/cdev.12099

Wiebe, S. A., Sheffield, T. D., and Espy, K. A. (2012). Separating the fish from the
sharks: a longitudinal study of preschool response inhibition. Child Dev. 83,
1245–1261. doi: 10.1111/j.1467-8624.2012.01765.x

Willoughby, M. T., Wirth, R. J., and Blair, C. B. (2012). Executive function in early
childhood: longitudinal measurement invariance and developmental change.
Psychol. Assess. 24, 418–431. doi: 10.1037/a0025779

Wong, V. C., Cook, T. D., Barnett, W. S., and Jung, K. (2008). An effectiveness-
based evaluation of five state pre-kindergarten programs. J. Policy. Anal.
Manage. 27, 122–154. doi: 10.1002/pam.20310

Woodcock, R. W., McGrew, K. S., and Mather, N. (2001). Woodcock-Johnson III
Tests of Achievement. Itasca, IL: Riverside.

Zelazo, P. D. (2015). Executive function: reflection, iterative reprocessing,
complexity, and the developing brain. Dev. Rev. 38, 55–68. doi: 10.1016/j.dr.
2015.07.001

Zelazo, P. D., Craik, F. I., and Booth, L. (2004). Executive function across the life
span. Acta Psychol. 115, 167–183.

Zhang, Q., Wang, C., Zhao, Q., Yang, L., Buschkuehl, M., and Jaeggi, S. M.
(2018). The malleability of executive function in early childhood: effects
of schooling and targeted training. Dev. Sci. 22:e12748. doi: 10.1111/desc.
12748

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Kim, Ahmed and Morrison. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 13 January 2021 | Volume 11 | Article 607973

https://doi.org/10.1037/0012-1649.41.6.872
https://doi.org/10.1037/0012-1649.41.6.872
https://doi.org/10.1037/1082-989x.11.4.323
https://doi.org/10.3389/fpsyg.2014.00599
https://doi.org/10.1006/cogp.1999.0734
https://doi.org/10.3389/fpsyg.2015.01389
https://doi.org/10.1037/0012-1649.33.2.254
https://doi.org/10.1177/0963721419855661
https://doi.org/10.1037/0012-1649.31.5.789
https://doi.org/10.1037/0012-1649.31.5.789
https://doi.org/10.1017/s0954579400003096
https://doi.org/10.1080/00220671.2014.979913
https://doi.org/10.1080/00220671.2014.979913
https://doi.org/10.3389/fpsyg.2012.00111
https://doi.org/10.1080/87565641.2010.508546
https://doi.org/10.1080/87565641.2010.508546
https://doi.org/10.1016/j.ecresq.2010.05.001
https://doi.org/10.1016/j.ecresq.2010.05.001
https://doi.org/10.1080/10409289.2012.712888
https://doi.org/10.1080/10409289.2012.712888
https://doi.org/10.1086/505440
https://doi.org/10.1111/cdev.12099
https://doi.org/10.1111/j.1467-8624.2012.01765.x
https://doi.org/10.1037/a0025779
https://doi.org/10.1002/pam.20310
https://doi.org/10.1016/j.dr.2015.07.001
https://doi.org/10.1016/j.dr.2015.07.001
https://doi.org/10.1111/desc.12748
https://doi.org/10.1111/desc.12748
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	The Effects of Kindergarten and First Grade Schooling on Executive Function and Academic Skill Development: Evidence From a School Cutoff Design
	Introduction
	Schooling and EF Development
	Schooling and Academic Development
	Study Aims and Hypotheses

	Materials and Methods
	Sample
	Measures
	Executive Function
	Academic Skills

	Data Analysis
	Balance Checks

	Results
	Are There Kindergarten and First Grade Effects on EF?
	Are There Kindergarten and First Grade Effects on Reading?
	Are There Kindergarten and First Grade Effects on Math?
	Robustness Checks
	Using an Alternative Calculation of HTKS Scores
	Sensitivity to Different Bandwidths


	Discussion
	Schooling Effects on EF
	Schooling Effects on Reading Skills
	Schooling Effects on Math Skills
	Limitations and Future Directions

	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


