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1 | INTRODUCTION

Executive functions (EF), a multidimensional cognitive skillset that
guides goal-directed behavior (Baggetta & Alexander, 2016; Blair,
2016), develop rapidly in early childhood (Garon et al., 2008) and facil-

itate long-term academic achievement, positive social functioning, and

Kevin J. Grimm?®

Abstract

Executive functions (EF) are key predictors of long-term success that develop rapidly
in early childhood. However, EF’s developmental trajectory from preschool to kinder-
garten is not fully understood due to conceptual ambiguity (e.g., whether it is a single
construct or multiple related constructs) and methodological limitations (e.g., previous
work has primarily examined linear growth). Whether and how this trajectory differs
based on characteristics of children and their families also remains to be characterized.
In a primarily low-income, racially and ethnically diverse, typically developing, urban
sample, the present study employed confirmatory factor analyses to examine the con-
struct of EF and latent growth curve modeling to examine nonlinear growth across five
time points. Results indicated that the development of a single EF construct with partial
measurement invariance across time points was best characterized as nonlinear, with
disproportionately more growth during the preschool year. There was individual vari-
ability in EF trajectories, such that children with higher EF at preschool entry showed
relatively steeper growth during preschool compared to low-EF peers. However, chil-
dren with less EF growth in preschool had steeper growth in kindergarten, attenuating
the gains of high-EF preschoolers and resulting in some convergence in EF by the end
of kindergarten. Findings have implications for (1) examining EF development in early
childhood with more specificity in future studies, (2) informing the timing of EF inter-
ventions in early childhood, and (3) identifying children for whom such interventions

might be especially beneficial.
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school success (Baggetta & Alexander, 2016; Blair, 2016; Zelazo et al.,
2016). Since foundational skills that emerge early on set the stage
for more complex abilities (Masten & Cicchetti, 2010), it is essential
that young children develop EF prior to and across the transition to
kindergarten. This transition is characterized by increases in demands

and expectations (Rimm-Kaufman & Pianta, 2000), which tax children’s
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capacity to leverage EF skills (Blair et al., 2005; Jones et al., 2016) in
order to regulate themselves in a classroom setting (e.g., follow direc-
tions; Bassok et al., 2016).

In recent decades, myriad studies examining EF in early childhood
(e.g., Anderson & Reidy, 2012; Garon et al., 2008; Willoughby et al.,
2012) have enhanced understanding of what EF looks like (Friedman
& Miyake, 2017) at different ages (Hughes Ensor et al., 2009; Lee et al.,
2013; Miyake et al., 2000) and how it relates to other skills (Blair et al.,
2005; Clark et al., 2014). However, many studies are cross-sectional
and thus do not examine changes in EF over time (Garon et al., 2008).
More recently, longitudinal studies have begun to fill this gap (Hughes
& Ensor, 2011; Hughes et al., 2009; Willoughby et al., 2012) but remain
constrained by a limited number of time points that allow for only a
rough understanding of EF’s trajectory during the transition to kinder-
garten. Therefore, this study employs latent growth curve modeling to
examine nonlinear growth across five time points during the 2 years of
this transition period. Additionally, given the importance of EF devel-
opment in early childhood for later success, along with work indicating
that there are individual differences in EF development (Zelazo et al.,
2016), it is important to understand the variability in children’s devel-
opmental trajectories of EF at this key transition time from preschool

to kindergarten.

2 | DEVELOPMENT OF EXECUTIVE FUNCTIONS

EF has been conceptualized as a multidimensional construct com-
prised of three primary components—working memory, inhibitory
control, and set shifting or cognitive flexibility (Baggetta & Alexander,
2016; Blair et al., 2005; Miyake et al., 2000; Zelazo et al., 2016)—
that “coordinate multiple sources of information in the service of
purposeful, goal-directed behavior” (Blair, 2016). Working memory
involves keeping information in mind and working with or updating it
(Diamond, 2013; Garon et al., 2008; Willoughby et al., 2012; Zelazo
et al., 2016). Inhibitory control is the ability to “control one’s attention,
behavior, thoughts, and/or emotions to override a strong internal
predisposition ... and instead do what’s more appropriate or needed”
(Diamond, 2013). Set shifting entails “changing how we think about
something” (Diamond et al., 2013), such as “considering someone else’s
perspective ... or solving a mathematics problem in multiple ways”
(Zelazo et al., 2016).

EF underpins academic achievement, social competence, and school
success in the short- and long-term (Baggetta & Alexander, 2016;
Blair, 2016) and enables increased benefit from learning opportuni-
ties (Morgan et al., 2018). Having well-developed EF in early child-
hood has been linked to growth in language, literacy, and math by the
end of kindergarten (Fuhs et al., 2014; McClelland et al., 2014), aca-
demic achievement in elementary and middle school (Morgan et al,,
2018; Sabol & Pianta, 2012), and young adulthood, and educational
attainment by age 25 (McClelland, Acock, Piccinin, Rhea, & Stallings,
2013). Conversely, having meager EF abilities early on has been linked
to maladaptive outcomes, such as learning and behavioral difficulties
(Zelazo et al., 2016).
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RESEARCH HIGHLIGHTS

e This study examines EF development across five time
points from preschool to kindergarten in a primarily low-
income, ethnically and racially diverse, urban sample.

* EF was best characterized as a unitary factor, and growth
from preschool to kindergarten was nonlinear, with more
growth in preschool but significant individual variability.

* Children withrelatively high EF at preschool entry had dis-
proportionately steep growth during preschool, whereas
children with less preschool growth had steeper growth in
kindergarten.

* Some convergence in EF trajectories by kindergarten’s
end raises questions about how characteristics of children,
families, classrooms, and schools might moderate variabil-
ity in skill growth.

Like other emerging skills, expectations for EF are developmentally
graded. For example, one might expect a preschooler to be able to keep
in mind and execute the rule to use “walking feet,” a 10-year-old to be
able to pay attention in class despite distractions, and an adolescent to
appropriately plan and execute writing a term paper instead of going
out with friends. It is especially important to understand the nature
of EF development during preschool and kindergarten because these
years represent an important transition during which routines shift and
demands and expectations increase (Rimm-Kaufman & Pianta, 2000),
particularly around EF and related self-regulatory capacities (Bassok
etal., 2016; Jones et al., 2016).

A large body of evidence suggests that EF hangs together as a single
construct in early childhood (Hughes et al., 2009; Nelson et al., 2016;
Wiebe et al., 2008; Wiebe et al.,2011; Willoughby et al., 2012) and even
into middle childhood (Brydges et al., 2012), then becomes differenti-
ated into the three component components in adolescence (Baggetta
& Alexander, 2016; Best & Miller, 2010; Blair & Ursache, 2011; Miyake,
2000). From this work, it is clear in broad strokes that multiple com-
ponents of EF are united early on and become increasingly refined and
differentiated over time, but there is room for further precision around

understanding the structure of EF within and across these early years.

3 | MODELING EF DURING A KEY
DEVELOPMENTAL TRANSITION

EF research has been plagued by a “measurement impurity problem,”
meaning that many assessments in this domain tend to simultane-
ously measure multiple components of EF, and also tap other abili-
ties such as motor skills, processing speed, and language (Anderson &
Reidy, 2012; Baggetta & Alexander, 2016; Fuhs et al., 2014; Miyake
et al., 2000; Zelazo et al., 2016). To address this problem, many studies

use a latent variable approach to isolate an underlying EF skill that is
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common across multiple tasks (Miyake & Friedman, 2012; Zelazo et al.,
2016). Often, thefit of the latent EF factor is stronger than associations
among separate EF tasks, which tend to have relatively small correla-
tions (Morgan et al., 2018; Wiebe et al., 2011). This indicates that EF
tasks tap different aspects of a multidimensional construct that is more
unified than the sum of its components.

In early childhood, EF has most consistently been found to be a
single latent factor (Nelson, Sheffield et al., 2016; Wiebe et al., 2008,
2011; Willoughby, Blair et al., 2012; Zelazo et al., 2016), which aligns
with the notion that EF is relatively undifferentiated early on and
becomes more distinguished with age (Lehto et al., 2003; Miyake et al.,
2000). However, a few early childhood studies (Lee, Ho, & Bull, 2013;
Miller et al.,2012; Usai et al., 2014) have found evidence for two EF fac-
tors that disaggregate inhibitory control from working memory and set
shifting. Understanding the structure of EF in early childhood is impor-
tant because it can clarify conceptual and methodological ambiguity
(Jones et al., 2016), guide avenues for future research, and inform inter-
ventions (Zelazo et al., 2016).

Much of the early work examining the structure of EF develop-
ment has been cross-sectional (Garon et al., 2008), but it is impor-
tant to examine skill growth longitudinally because EF rapidly devel-
ops in early childhood (Blair, 2016). An important consideration when
tracking the functional form of EF longitudinally is the extent to which
tasks consistently measure the same underlying construct over time
(i.e., measurement invariance). Given the rapid progression of EF dur-
ing early childhood, its developmentally graded nature, and its rela-
tion to other foundational cognitive abilities (e.g., language) that are
simultaneously coming online, it is not surprising that prior research
on measurement invariance of EF in early childhood has been mixed.
Whereas some studies (e.g., Hughes & Ensor, 2011; Hughes et al., 2009;
Willoughby, Wirth et al., 2012) have identified invariance adequately
sufficient to conduct longitudinal growth models, other studies (e.g.,
Clark et al.,, 2014; Nelson, James et al., 2016; Nelson, Sheffield et al.,
2016) have not found evidence of even partial measurement invari-
ance. Researchers in the latter category have hypothesized that this
could theoretically be related to the assertion that earlier on, EF tasks
more strongly tap other foundational skills (e.g., processing speed, lan-
guage) that are more widely present across the sample (and thus less
differentiating) at older ages, and/or more logistically associated with
initial floor and later ceiling effects of EF measures across this impor-
tant development time period (e.g., Clark et al., 2014; Nelson, Sheffield
et al, 2016). As such, assessment of measurement invariance in the
context of longitudinal tracking of EF is essential for interpreting the
findings and contextualizing them in prior literature.

Although there is a dearth of longitudinal studies examining EF
development over time (Zelazo et al., 2016), several exceptions exist.
Linear EF growth has been demonstrated within the preschool yearina
racially and ethnically diverse sample (Fuhs & Day, 2011) and between
ages 4 and 6 in a low-income, primarily white sample (Hughes et al.,
2009; Hughes & Ensor, 2011). Moreover, early EF growth predicted
academic and behavioral outcomes (Hughes & Ensor, 2011), such that
slow growth was related to higher teacher-reported externalizing and

internalizing behaviors in first grade and fast growth was linked with

Developmental Science

WILEY 30f 14

higher academic competence at age 6. This provides further evidence
that differing EF trajectories have long-term implications for children’s
success in school.

More recent work has used additional time points to analyze nonlin-
ear development in early childhood (Clark et al., 2013; Montroy et al.,
2016; Wiebe et al., 2012; Willoughby, Wirth et al., 2012). Altogether,
these studies have found evidence for nonlinear EF development from
ages 3 to 7, with accelerated early development that slows over time.
Specifically, in a racially and ethnically diverse, low-income, rural sam-
ple, Willoughby, Wirth, and colleagues (2012) found that 60% of EF
growth occurred during ages 3-4, with slower improvement from 4
to 5. Two studies of a predominantly white, relatively socioeconomi-
cally at-risk sample (Clark et al., 2013; Wiebe et al., 2012) found more
growth from ages 3 to 4 than ages 4-5 when looking at one spe-
cificcomponent of EF. In predominantly a white, mixed-income sample,
growthin EF (again assessed by a single measure) was found to be expo-
nential, with faster growth in preschool that decelerated in elementary
school (Montroy et al., 2016). This study identified a need to further
understand the functional form of EF in the transition from preschool
to elementary school with measures that attempt to capture the multi-

dimensional nature of EF more comprehensively (Montroy et al., 2016).

4 | THE PRESENT STUDY

The present study aimed to replicate and extend prior research on EF
in early childhood by examining whether EF is best conceptualized as a
unitary latent construct and modeling the trajectory of EF. Its main con-
tribution to the literature is that it investigates nonlinear growth in EF
across five time points during a key transition point in early childhood
within a low-income, racially and ethnically diverse, urban sample; past
work has analyzed linear growth, examined fewer time points, and/or
used a low-income rural or primarily white sample (e.g., Hughes et al.,
2009; Wiebe et al., 2011; Willoughby, Wirth et al., 2012).

It was hypothesized that a unitary construct of EF would best fit
the data and that this construct would be psychometrically equivalent
across the five time points (i.e., that measurement invariance would
be established). EF growth was expected to be nonlinear, with more
growth occurring in preschool than in kindergarten (Montroy et al,,
2016; Wiebe et al., 2012; Willoughby, Wirth et al., 2012). We also
aimed to explore whether children’s initial levels of EF were related to

rates of EF growth across this transition period.

5 | METHOD

5.1 | Sample

Data for the present study were collected as part of the Understand-
ing the Power of Preschool for Kindergarten Success (P2K) project, an
observational study of children’s experiences from preschool through
kindergarten. A total of 104 publicly funded preschool classrooms

participated across two cohorts; children then matriculated into 227
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kindergarten classrooms in 35 schools, across two school districts.
Preschool teachers were eligible for participation if they served chil-
dren who would matriculate into kindergarten the following school
year; in inclusion classrooms, the general education teacher was
selected for participation. In cohort 1, 51 preschool teachers from the
59 eligible teachers who consented were randomly selected to partic-
ipate. One child transitioned to a different classroom during the year
and one teacher was replaced with a new teacher due to an extended
leave, so a total of 53 preschool teachers participated from 51 class-
rooms. In cohort 2, 51 eligible teachers consented and were selected
to participate; three children transferred to a different classroom dur-
ing the year, and two teachers who moved or took an extended leave
were replaced with new teachers, resulting in a total of 55 preschool
teachers from 54 classrooms. Therefore, in total, 108 teachers within
104 preschool classrooms participated across the two cohorts.

Children in participating preschool classrooms were eligible for the
study. Up to eight consented children per classroom were randomly
selected to participate, blocked by gender. When fewer than eight chil-
dren were consented, all consented children in the classroom were
chosen. A total of 758 children participated in the study across both
cohorts (cohort 1 n = 380; cohort 2 n = 378) and were followed
into their kindergarten classrooms when possible. Consent was then
obtained from kindergarten teachers of continuing study children. Fall
of kindergarten data for both cohorts were collected on all children in
attendance. However, in spring of the kindergarten year (i.e., the final
time point) for cohort 1, there was a planned missingness design strat-
egy in 50% of direct assessment data, guided by Little and Rhemtulla
(2013). Specifically, children were randomly selected to participate in
the EF direct assessment prior to this data collection window. In addi-
tion, due to COVID-19 disruptions, EF direct assessment data were not
collected in spring 2020 (i.e., spring of kindergarten for cohort 2). This
resulted in significantly more missing data in the final time point com-
pared to the earlier four time points, a limitation which is discussed fur-
ther below.

Preschool teachers were 98.04% female with a mean age of 43.2
years (SD = 11.2); 65.3% were white, non-Hispanic, 29.7% were Black
or African American, and 3% were Hispanic or Latino/a. Teachers
had an average of 15.1 years of experience at their current facility
(SD = 8.6); 49.5% had a master’s degree or higher. Approximately 94%
of preschool classrooms were in public schools, and 6% were housed
in Head Start centers. Class sizes ranged from 16 to 21 children, with
a mean of 18 (SD = 0.83). On average there were 7.45 study children
in preschool classrooms (SD = 1.51, range = 1-10) and 2.89 in kinder-
garten classrooms (SD = 2.28, range = 1-22).

Across the 104 preschool classrooms, 758 eligible and consented
children participated in the present study. The sample was 49.4%
female; 48.8% were Black/African American, 21.9% were white, non-
Hispanic, 12.5% were Hispanic/Latino/a, and 14.4% were of another
racial or ethnic background (e.g., Asian American, American Indian
or Alaska Native) or multiple racial identities. At the beginning of
preschool, children had a mean age of 52.63 months (SD = 3.60). Moth-
ers had on average 13.41 years of education (SD = 1.85). Families had

an average income-to-needs ratio of 1.45 (SD = 1.06), meaning that the
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average family in the study had an annual income at 145% of the federal
poverty level for their household size (e.g., $35,478 for a family of four;
U.S. Health & Human Services Department, 2016). Important to note
is that these racial/ethnic proportions are well aligned with the general
student population in the two school districts involved in this study, as
is the high rate of economic disadvantage for families; therefore, the
sample appears to be representative of the communities from which it

was drawn.
5.2 | Procedure
5.2.1 | Recruitment

Preschool administrators in two urban areas in the southeastern
United States were contacted to participate. Administrators and teach-
ers were invited to attend study recruitment sessions. Interested, eligi-
ble teachers gave informed consent. Parents or guardians of childrenin
participating classrooms were given a letter explaining the study and an
informed consent. Of consented children, up to eight from each class-
room were randomly selected to participate (blocked by gender). When
children matriculated to kindergarten, their teachers were asked to

consent to participate.

5.2.2 | Data collection

Parents and teachers completed demographic surveys in the fall
of preschool and kindergarten. Trained data collectors administered
direct child assessments in the fall, winter, and spring during preschool
and in fall and spring during kindergarten. Again, for cohort 2, the
COVID-19 pandemic disrupted data collection in spring 2020 (kinder-

garten).
5.3 | Measures
5.3.1 | Executive functions

EF Touch is a computer-administered battery of executive function
tasks that has been shown to have good reliability and validity in an
early childhood sample (Willoughby, Blair, et al., 2012; Willoughby
et al., 2013). Three subtests from the battery were used in preschool.
In the inhibitory control Animal Go/No-Go (Pig) task (Cronbach’'s a =
0.86), farm animals flash quickly on the screen and children are asked
to touch all animals except for the pig. In the working memory Pick the
Picture (PtP) task (Cronbach’s « = 0.60), children are asked to consis-
tently choose pictures from a set that they have not chosen before,
holding in mind those they have already picked. In the set-shifting
Something’s the Same (StS) task (Cronbach’'s « = 0.76), the screen dis-
plays two pictures that are similar on one dimension (e.g., color, size),
and then adds another picture that is the same as one of the first pic-
tures in a different way. Children are asked to choose which of the first

two pictures is similar to the new picture.
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In kindergarten, a fourth EF Touch subtest measuring inhibitory
control, Spatial Conflict (Arrows), was added because of ceiling effects
on the preschool inhibitory control (Pig) task. In previous studies
(Willoughby, Wirth et al., 2012), Arrows has been added at follow-up
time points to reflect the developmentally graded nature of EF. In this
task, children are first asked to push the button aligned with the direc-
tion in which an arrow points. Then, in a second trial, they are asked to
push the button in the opposite direction of the arrow. Two subscales—
Arrows Congruent (trials in which the button and the arrow direction
align; Cronbach’s « = 0.87) and Arrows Switch (trials in which they
are discrepant; Cronbach’sa = 0.92)—were included as separate vari-
ables in analyses. All other EF Touch subtests remained the same in the
kindergarten year. Proportion correct was calculated for each of the
subtests at each time point (three subtests in preschool, five subtests
in kindergarten).

Head-Toes-Knees-Shoulders (HTKS) is a measure of executive func-
tioning that requires inhibitory control, working memory, and attention
focusing (Ponitz et al., 2009). Children are asked to learn simple com-

»

mands (i.e., “touch your head,” “touch your toes”) then do the opposite
of what the assessor said (e.g., touch their toes when asked to touch
their head). An advanced trial incorporating the same task with knees
and shoulders is given to children who do not reach a ceiling on the
first set of items. Children receive two points for each correct response
and one point for a self-corrected response; scores ranged from O to 60
across 30 trials. HTKS has been shown to have adequate reliability and
concurrent and predictive validity in a preschool sample (Ponitz et al.,
2009).

Inhibitory control was also measured by the Pencil Tap subtest of
the Preschool Self-Regulation Assessment (PSRA; Smith-Donald, Raver,
Hayes, & Richardson, 2007). Children are asked to tap their pencil
once when the examiner taps twice and twice when the examiner
taps once. Scores represent percentage of correct responses. This test
has shown acceptable concurrent and construct validity (Smith-Donald
etal,, 2007).

These measures (EF Touch subtests, HTKS, and Pencil Tap) were
included in a CFA to determine whether EF was best characterized by a
single latent factor in these data (see Analytic Plan for further details).
Table 1 provides descriptive statistics for as well as bivariate correla-

tions between all key study variables.

5.4 | Analytic plan

5.4.1 | Clustering

Intraclass correlation coefficients (ICCs) from unconditional regres-
sion models and design effects (Mass & Hox, 2004) were examined
to determine the need to control for nestedness of children within
preschool and/or kindergarten classrooms. The design effect takes into
account the ICC and the average cluster (in this case, classroom) size
(design effect = 1+[average cluster size-1] - ICC). This second step
of assessing nestedness was important for this study because of the

small cluster sizes in kindergarten (mean number of study childrenina
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kindergarten classroom = 2.89,SD = 2.28). ICCs greater than 0.10 indi-
cate that a given type of nestedness should be considered in clustering
(Raudenbush & Bryk, 2002). Design effects greater than or equal to 2
indicate that multilevel models are necessary; if they are less than 2,
then multilevel modeling is not necessary (Maas & Hox, 2004).

ICCs ranged from 0.01 to 0.17, and two out of 29 ICCs were above
the 0.10 cutoff (one in preschool, one in kindergarten). However, all
design effects (ranging from 1.01 to 1.75, with average cluster sizes of
7.45 for preschool and 2.89 for kindergarten) were less than the cutoff
of 2 (Maas & Hox, 2004). Thus, multilevel models were not fit. However,
to provide a more conservative, robust estimate of results given the
dependency of data when children are nested in classrooms, all anal-
yses used TYPE = COMPLEX in Mplus, which uses maximum likelihood
estimation with robust standard errors.

5.4.2 | Missing data

Missingness was fairly minimal during the preschool assessments with
missing data rates under 10%. The fall kindergarten assessment vari-
ables had a higher level of missingness, with rates between 15% and
21%, due to reasons such as children moving out of the district, being
lost to follow-up, and kindergarten teachers declining to participate in
the study. The spring kindergarten assessment variables had the high-
est level of missingness with a rate of 80%. The large percentage of data
missing at the kindergarten spring data collection window can be con-
sidered MCAR because children in cohort 1 were randomly selected to
participate at this time point, and inability to collect direct assessment
data with children in cohort 2 at this time point because of COVID-19
school closures.

Covariate-dependent missingness was assessed to determine
whether study variables (i.e., components of EF at each time point)
were significantly predicted by child characteristics (e.g., gender,
race, ethnicity). Correlations between missing data indicators and
child characteristics were estimated. Correlations were weak, with
the strongest correlation being 0.11. Importantly, the likelihood of
missing values was more strongly related to the other study variables
(e.g., missingness of Pencil Tap at the first assessment correlated
with the other assessments of EF); however, these correlations were
moderate at best (e.g., r = 0.30). Thus, the effect of missingness on
results is expected to be minimal (Collins et al., 2001), and data can
be considered MAR (Li, 2013). As such, full information maximum
likelihood estimation was implemented to retain cases missing data on

study variables.

5.4.3 | Confirmatory factor analysis

A CFA was conducted in Mplus Version 8.3 (Muthén & Muthén, 1998-
2015) on the HTKS, Pencil Tap, and EF Touch subtests to determine
whether a single unitary factor of EF fit the data. The hypothesized
one-factor solution (in which all measures load onto a single latent fac-

tor) was compared to a two-factor solution that separated inhibitory
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control from working memory and set shifting (following Miller et al.,
2012; Usai et al., 2014). In the two-factor model, Pencil Tap and Pig
subtests were indicators of the Inhibitory Control factor, whereas Pick
the Picture and Something’s the Same subtests loaded on the Working
Memory/Set Shifting factor. HTKS, which assesses aspects of all three
EF components (Ponitz et al., 2009), loaded on both factors. For the
kindergarten time points, the Arrows Congruent and Arrows Switch
were regressed on the single latent factor in the unitary model and on
the Inhibitory Control factor in the two-factor model. A three-factor
model was not examined because (1) most prior literature indicates
that EF is a unitary factor in early childhood, with a small subset finding
two factors, and (2) there were not enough measures specific to each
of the three components to enable an examination of each separately.
In CFA models, the variance of the latent factor was constrained to 1
for identification. A unique covariance between the two Arrows sub-
scales (Congruent and Switch) was modeled. In the two-factor model,
the latent factors were allowed to covary with one another.

Model fit was assessed using Bentler’'s comparative fit index (CFl),
the root-mean-square error of approximation (RMSEA), the standard-
ized root mean square residual (SRMR), and the)(2 statistic. Because
the latter is sensitive to relatively few degrees of freedom (Kenny et al.,
2015; Perry et al.,, 2015), the Satorra—BentIer)(2 difference test was
used to account for the non-normality of data and complex analyti-
cal models (Satorra & Bentler, 2001). Models with CFI greater than or
equal to 0.95 and RMSEA less than or equal to 0.05 are considered to
exhibit “good fit,” whereas models meeting just one of these criteria or
models with CFI greater than or equal to 0.90 and RMSEA less than
0.08 are considered to have “adequate fit” (Fuhs & Day, 2011; Hu &
Bentler, 1999; Willoughby, Wirth et al., 2012). SRMR less than 0.08 is
indicative of good fit (Chen et al., 2005).

5.4.4 | Measurement invariance across time

Once the best-fitting model (one- vs. two-factor) was determined, a
longitudinal CFA model was fit for each of the five time points to deter-
mine whether measurement invariance of the EF construct over time
could be established. Establishing invariance indicates that the EF con-
struct is psychometrically equivalent at each time point, which is a pre-
requisite before moving forward with latent growth curve modeling
(Fuhs & Day, 2011; Meredith & Horn, 2001; Willoughby, Wirth et al.,
2012). Testing measurement invariance involves fitting a set of increas-
ingly restrictive models (Fuhs & Day, 2011; Schmitt et al., 2017) and
comparing their model fit (Cheung & Rensvold, 2002).

In the first, least restrictive model (configural invariance), factor
loadings, intercepts, and unique factor variances were freely estimated
over time. In this model, the latent variable means were fixed to 0 and
the latent variable variances were fixed to 1 at all time points for identi-
fication (Schmitt et al., 2017; Willoughby, Wirth et al., 2012). The latent
factors were allowed to covary across time points, and the unique fac-
tors of the same indicator were allowed to covary over time.

Next, metric (weak) invariance was tested by setting the factor

loadings to be equal across time. In this model, the latent variable
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variance at the first time point was fixed at 1 and the remaining latent
variable variances were estimated. The fit of the metric invariance
model was compared to fit of the configural invariance model using
the likelihood ratio test (LRT), as well as absolute and global fit indices.
If the metric invariance model does not fit significantly worse than
the configural invariance model, then the factors are measuring the
same construct across time. Next, we fit the scalar (strong) invariance
model, in which the factor loadings and measurement intercepts were
constrained to be equal across time points. The means and variances
of the latent variables were freely estimated, with the exception of the
first measurement occasion. Scalar invariance indicates that the fac-
tors are measuring the same construct in the same scale over time, and
is the minimum level of measurement invariance necessary to examine
change in the factor with growth models (Grimm et al., 2017; Meredith
& Horn, 2001). Finally, strict invariance was tested by additionally con-
straining the unique factor variances to be equal across time. Partial
invariance models, where some of the measurement parameters are
equal over time, were considered when constraining all factor loadings,

intercepts, or residual variances led to a severe reduction in model fit.

5.4.5 | Longitudinal growth analysis

Second-order growth models (McArdle, 1988) were fit to examine
changes in EF across grade. Second-order growth models examine
changes in the first-order EF latent variable as long as a form of
strong invariance can be established (e.g., full strong invariance, par-
tial strong invariance). There are several advantages of fitting second-
order growth models compared to first-order growth models (i.e.,
growth models specified for an observed variable; see von Oerzen
et al, 2010). Different functional forms of change were examined
including the (1) intercept only, (2) linear growth, (3) latent basis
growth, and (4) bilinear spline growth model, with the knot or transition
point between preschool and kindergarten. The intercept-only model
was fit to examine whether systematic change was evident (i.e., if the
intercept-only model is rejected, then systematic change is present).
The linear and latent basis growth models examine whether there is a
single change process for EF across preschool and kindergarten, with
the latent basis model allowing for non-constant change within each
student. The bilinear spline growth model was fit to examine whether
the change process for EF was different during the preschool year com-

pared to the kindergarten year.

6 | RESULTS

6.1 | Confirmatory factor analyses

The CFA models were fit to the data from each measurement occasion
separately using the preschool or kindergarten classroom as the cluster
variable with TYPE = COMPLEX in Mplus. Table 2 contains the model fit
statistics for the one- and two-factor confirmatory factor models fit to

the EF indicators at each of the five measurement occasions. The fit of
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TABLE 2 Confirmatory factor analysis model fit statistics
One factor models
Winter Spring
Measurement occasion Fall PreK PreK PreK Fall K Spring K
Sample size 755 736 717 650 154
Fit statistics
CFI 0.987 0.950 0.987 0.981 0.946
RMSEA 0.041 0.087 0.042 0.035 0.062
SRMR 0.022 0.034 0.022 0.024 0.047
K2df) 11.324(5) 32.904(5) 11.282(5) 23.590(13) 20.592(13)
Two factor models
Fit statistics
CFI 1.000 1.000 1.000 0.980 0.966
RMSEA 0.000 0.031 0.000 0.040 0.054
SRMR 0.013 0.015 0.009 0.0222 0.041
X(df) 2.888(3) 5.064(3) 1.785(3) 22.261(11) 15.851(11)

the one-factor model was at least adequate (i.e., CFl > 0.90 and RMSEA
< 0.08) at all time points, with the exception of the winter assessment
in preschool; however, the SRMR was less than 0.08 in all models, sug-
gesting good model fit. The two-factor model demonstrated good fit
in preschool and adequate fit at the kindergarten measurement occa-
sions. Although the two-factor model fit statistically better than the
one-factor model in preschool fall (Ax%(2) = 8.06, p < 0.05), winter
(Ax%(2) = 25.97, p < 0.01), and spring (Ay2(2) = 8.38, p < 0.01), there
were no significant differences between the two models in the fall of
kindergarten (Ay2(2) = 1.81, p = ns) and the spring of kindergarten
(Ax%(2) = 4.02, p = ns). Moreover, the two factors in the two-factor
models were always highly correlated (r ~ 0.80), indicating that the
two factors were not very distinguishable. Given the preference for the
one-factor model and the adequate overall model fit of the one-factor
model at most time points, the single factor model of EF was retained
in all subsequent analyses.

6.2 | Measurement invariance across time

The longitudinal CFA models were fit using the preschool classroom
as the cluster variable with TYPE = COMPLEX. With TYPE = COMPLEX,
the standard chi-square difference testing is not appropriate, so
chi-square difference testing was carried out following Satorra and
Bentler (2010). The configural invariance model fit the data well
((2(313) = 460.600, p < 0.01, CFl = 0.973, RMSEA = 0.025,
SRMR = 0.055). Constraining the factor loadings (metric invariance)
resulted in significantly worse fit (Ay2(18) = 198.487, p < 0.01);
however, the model showed adequate model fit (CFI = 0.930,
RMSEA = 0.039, SRMR = 0.125). The Pencil Tap variable was
found to be a major cause for the lack of metric invariance. Freely
estimating this factor loading across time led to good model fit
(CFI = 0.960, RMSEA = 0.029, SRMR = 0.124). Next, the measure-

ment intercepts were constrained to be equal and the mean of the
factor was allowed to change over time. This partial scalar invari-
ance model fit significantly worse than the partial metric invariance
model (Ax2(14) = 67.582, p < 0.01); however, the overall model fit
remained adequate (CFl = 0.949, RMSEA = 0.033, SRMR = 0.113).
Next, we constrained the unique factor variances to be equal over
time (with the exception of Pencil Tap). This partial strict invariance
model fit significantly worse than the partial scalar invariance model
(Ax%(18) = 113.885, p < 0.01) and most of the additional model misfit
was primarily due to the equality constraint on the unique factor vari-
ance for the Pig subtest of the EF Touch. Relaxing this constraint led to
a model in which there remained a significant increase in model mis-
fit compared to the partial scalar invariance model (Ay?(14) = 53.629,
p < 0.01); however, the overall model fit was adequate (CFl = 0.939,
RMSEA = 0.035,SRMR =0.139).

The factor means increased at each occasion with a fairly linear
increase across the three preschool assessments (0, 7.652, 13.543 for
the fall, winter, and spring assessments, respectively) and somewhat
slower increases during kindergarten (22.677, 28.824 for the fall and
spring assessments). The factor variances increased over the preschool
year (98.994, 188.092, 220.407 for the fall, winter, and spring assess-
ments, respectively), but the variances were smaller in kindergarten
(173.380, 129.606 for the fall and spring assessments). The EF factors
were highly correlated over time. The smallest correlation was 0.770,
between the EF factor in the winter of preschool and the EF factor in

the spring of kindergarten.

6.3 | Second-order latent growth curve models
The second-order growth models were built upon the first-order
confirmatory factor model with partial strict invariance. Given that

our partial strict invariance factor model serves as the basis for
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TABLE 3 Modelfit statistics for second-order growth models
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Fit statistics Intercept only Linear Latent basis Bilinear spline
CFI 0.645 0.906 0.920 0.930
RMSEA 0.087 0.045 0.042 0.039
SRMR 0.299 0.192 0.203 0.148
X2(df) 2517.097(371) 936.952(368) 845.509(365) 789.467(364)

Note. Bilinear spline growth model had an inadmissible parameter estimate.

TABLE 4 Growth parameter estimates for the latent basis growth
model fit to the executive function factor

Standard

Parameter Estimate error
Slope factor loading

Fall preschool 0.000 -

Winter preschool 4.980 0.276

Spring preschool 8.686 0.325

Fall kindergarten 14.217 0.408

Spring kindergarten 18.000 -
Means

Intercept 0.000 -

Slope 1.597 0.054
Variances

Intercept 114.445 10.737

Slope 0.027 0.036

Executive function factor residual 20.820 2.247
Covariance

Intercept-slope 1.552 0.480

Note. -’ indicates that the parameter was fixed and does not have a standard
error.

examining change, the growth models and their parameters are pre-
dominantly determined by the indicators whose model parameters are
invariant over time.

The intercept only, linear growth, latent growth, and bilinear spline
growth models were specified to examine changes in the first-order
EF factor. Model fit statistics for the second-order growth models
are contained in Table 3. The latent basis growth model fit the data
best (2 (365) = 845.509, p < 0.001, RMSEA = 0.042, CFl = 0.920;
SRMR = 0.203) and did not have convergence issues. Parameter esti-
mates of the growth parameters are contained in Table 4. The first
(fall preschool) and last (spring kindergarten) factor loadings for the
slope were fixed at 0.000 and 18.000 to indicate the number of months
between the assessments. The estimated slope factor loadings were
4.980 (winter preschool), 8.686 (spring preschool), and 14.217 (fall
kindergarten). These slope loadings are used to construct the shape of
changes and indicate that children’s average gains in preschool were
more than twice as large as their average gains in kindergarten. This
can be seenin Figure 1, which s a plot of the predicted EF factor scores

over time from the latent basis model. There was significant variance
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Predicted EF factor scores over time from the latent

in the intercept, suggesting that children differed from one another in
their EF in the fall of preschool; however, the slope variance was not
significant, suggesting a fairly homogenous rate of change in EF. More-
over, children who had higher predicted EF factor scores in the fall
of preschool tended to show more change in EF during preschool and
kindergarten (r = 0.876).

7 | DISCUSSION

EF is a foundational ability that develops rapidly in early childhood
(Garon et al., 2008) and has been linked to school success in the short-
and long-term (Baggetta & Alexander, 2016; Blair, 2016; Zelazo et al.,
2016). The present study leveraged data across five time points in a pri-
marily low-income, racially and ethnically diverse sample of children to
investigate the latent construct of EF and the trajectory of its growth
from preschool to kindergarten.

Both a unitary and a two-factor EF construct fit the data well. As
hypothesized, the one-factor model, which demonstrated adequate
fit across the five time points, was selected because data indicated
that the one-factor model provided a superior fit at the majority of
time points, based on prior literature (e.g., Nelson, Sheffield et al.,

2016), and for parsimony. There was evidence of partial measurement
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invariance, justifying the use of a longitudinal latent growth model;
however, consistent with prior work (e.g., Willoughby, Wirth et al.,
2012) strong measurement invariance was not obtained, indicat-
ing some developmental differences in the underlying EF construct
over time. As expected, children demonstrated significant, non-linear
growth in EF from preschool to kindergarten, with more substan-
tial growth occurring during preschool. Interestingly, children who
started preschool with higher EF showed the greatest growth in EF
prior to kindergarten; however, those children who ended up entering
preschool with lower EF actually had steeper growth in EF during the

kindergarten year, compared to initially high-EF peers.

7.1 | Adequate support for EF as a unitary factor
across time

The present study supports prior research that has found EF to be a
unitary construct (Nelson, Sheffield et al., 2012; Wiebe et al., 2008,
2011; Willoughby, Blair et al., 2012; Zelazo et al., 2016). However, the
fact that both the unitary and bipartite constructs of EF fit the data
well does not discount prior work that focused on a bifactor (Nelson,
James et al., 2016) or two-factor model of EF (Lee et al., 2013; Miller
et al,, 2012; Usai et al., 2014) and indicates that more longitudinal EF
measurement work is needed, especially across this key early child-
hood transition period. It will continue to be important to understand
the developmentally graded structure of EF to further clarify concep-
tual and methodological ambiguity (Baggetta & Alexander, 2016; Jones
etal,, 2016; Zelazo et al., 2016).

Although findings were generally consistent with hypotheses, it was
unexpected that when the two-factor model did fit significantly bet-
ter, it was during preschool rather than later in development, when the
EF construct has been hypothesized and found to become more dif-
ferentiated (Lee et al., 2013). This finding calls into question whether
the significant difference between the one- and two-factor model early
in preschool and the subsequent superiority of the unitary construct
through kindergarten reflected actual developmental changes in the
construct of EF or whether it was primarily related to limitations in
measurement. Previous work has suggested that we may not yet have
the tools to be able to precisely assess and adequately differentiate
between EF subcomponents at different ages (Jones et al., 2016).

Relatedly, in this study Pencil Tap was not found to be invariant over
time, indicating that this task may be assessing a different construct at
different time points between preschool and kindergarten. It is pos-
sible that early in preschool this measure may load more on certain
skills such as motor control and auditory comprehension, and that it
is more strongly based on inhibitory control later in preschool and in
kindergarten. This is consistent with a previous finding by Clark and
colleagues (2014) that early in childhood (i.e., age 3), a latent exec-
utive functioning factor was indistinguishable from processing speed
and only became differentiated from this foundational cognitive skill at
subsequent time points. Within the current study, there was a bimodal
distribution for Pencil Tap in the fall of preschool, such that the two

most common performances were close to 0% correct and close to
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100% correct (i.e., characterized by both floor and ceiling effects),
whereas at all subsequent time points, the distribution was unimodal
and negatively skewed. The implications of this for future research are
that perhaps Pencil Tap may be a more appropriate tool for assess-
ing inhibitory control when children on average have adequate motor
control, attention, and comprehension. Future work should continue to
explore age effects on Pencil Tap performance, given that it is a com-
monly used early childhood measure.

Prior to interpreting LGCM results, it is essential to recognize that
the fit of measurement invariance and LGCMs was generally adequate,
but not strong. Moreover, it is important to consider potential concep-
tual and technical reasons for less than ideal fit and only partial invari-
ance. Research on the construct of EF has been plagued by a “measure-
ment impurity problem” given its complexity, such that measures pur-
porting to assess EF also tend to assess other cognitive functions (e.g.,
motor skills, processing speed, and language) and often assess mul-
tiple subcomponents of EF simultaneously (Anderson & Reidy, 2012;
Baggetta & Alexander, 2016; Fuhs et al., 2014; Miyake et al., 2000;
Zelazo et al., 2016). This concept, that loadings of various skills onto
performance of a single task can change over time (e.g., as was hypoth-
esized for Pencil Tap above), as well as the role of psychometric prop-
erties (e.g., floor and ceiling effects) have been well described in recent
work by Nelson, James, and colleagues (2016) and Nelson, Sheffield,
and colleagues (2016). In the current study, ceiling effects were indeed
observed for Pencil Tap (kindergarten spring M = 0.91,SD = 0.17, pos-
sible range = 0-1), as well as for another measure, EF Touch Pig, by
spring of kindergarten (M = 0.96, SD = 0.05, possible range = 0-1).
It is arguable that rather than a measurement limitation, these ceiling
effects may reflect an underlying developmental change in the con-
struct of EF (e.g., as described by Nelson, Sheffield et al., 2016), such
that it needs to be assessed with different, more complex tasks over
time. To account for this and make the construct more developmentally
graded, this study introduced two additional inhibitory control sub-
scales during the kindergarten time points. An argument against this
hypothesis, however, is that EF Touch has been found to have adequate
measurement invariance over time (Willoughby et al., 2012). Notably,
however, the present study used a smaller number of EF Touch sub-
tests and added the HTKS (with Pencil Tap being freely estimated). For
this reason and because of demographically distinct samples, measure-
ment invariance statistics are not directly comparable across this and
the Willoughby et al. (2012) study.

7.2 | The trajectory of EF development from
preschool to kindergarten

Consistent with hypotheses, there was significant, nonlinear growth in
EF, with steeper development in preschool than in kindergarten. This
aligns with prior work examining the functional form of EF in early
childhood (Hughes et al., 2009; Hughes & Ensor, 2011; Wiebe et al.,
2012; Willoughby, Wirth et al., 2012). Specifically, Willoughby and col-
leagues (2012) followed children from ages 3 to 5 and found that 60

percent of growth in EF occurred between ages 3 and 4; two additional
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studies found similarly higher growth rates from 3 to 4 than 4 to 5
(Clarketal.,2013; Wiebe et al.,2012). In this study, which followed chil-
dren from 4 to 6, significantly more growth occurred between ages 4
and 5 than between ages 5 and 6. Together, this indicates a trend that
children make relatively more gains earlier in their development (when
compared to a year later). This is consistent with the notion that EF
develops rapidly in early childhood (Blair, 2016; Garon et al., 2008) and
suggests a sensitive period for EF development during that time. Alter-
natively or in addition, slower growth toward the end of kindergarten
could represent a failure of current measures to adequately capture
continued growth as children’s EF abilities develop (e.g., the role of ceil-
ing effects on some measures in this study).

One practical implication of this relatively slower growth in
kindergarten is that it may indicate a potentially beneficial time for
intervention aimed at promoting children’s EF, particularly given the
shifts in routines and expectations and increases in demands that
occur during the transition to kindergarten (Bassok et al., 2016; Jones
et al., 2016; Rimm-Kaufman & Pianta, 2000). Although findings from
prior studies (Clark et al., 2013; Wiebe et al., 2012; Willoughby et al.,
2012) indicate that relatively more growth occurred between ages 3
and 4 than between 4 and 5, the kindergarten year likely remains a
beneficial time and setting for intervention given that 79 percent of 3-
to 5-year-old children were enrolled in full-day kindergarten programs
as of 2017 (National Center for Education Statistics, 2019), compared
to 42 percent of 3-year-olds and 66 percent of 4-year-olds enrolled in
preprimary education in 2016 (McFarland et al., 2018). Future work
examining the relative efficacy of EF interventions in preschool and
kindergarten contexts could further elucidate whether either year
may provide a relatively more beneficial time period to bolster the
development of this foundational skillset.

Findings from the present study also bring additional nuance to
understanding the trajectory of EF development across this pivotal
transition by describing how individual variability in EF growth during
preschool is associated with growth during kindergarten. Results indi-
cate that although children who start preschool advantaged in EF make
more growth during that year, it is children with shallower preschool
growth trajectories who show disproportionately more EF develop-
ment in kindergarten. That is to say, there seems to be an EF “catch-up”
effect in kindergarten leading to more equitable EF abilities across chil-
dren on average prior to first grade. This aligns with prior work on the
convergence of academic skills over time for children who did versus
did not participate in early childhood education programs (Bassok et al.,
2015; Lipsey et al., 2015; Pumaet al., 2010). Again, however, it is impor-
tant to acknowledge that challenges in obtaining strong measurement
invariance could argue against this interpretation in favor of the notion
that the underlying EF construct may be at least somewhat different
by the end of kindergarten from its representation at the beginning of
preschool.

At least for academic skills, it has been hypothesized that this con-
vergence, or attenuation of earlier skill advantage, may be related to
true individual differences in children’s trajectories or learning experi-
ences and/or divergence due to varied classroom-level quality or focus
in subsequent years (Ansari & Purtell, 2018; Bailey et al., 2017). For
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example, it may be that kindergarten classrooms are supporting EF at
the same, more basic level as in preschool, such that there is a “ceiling”
on EF support for high-EF preschoolers entering kindergarten, and/or
that kindergarten teachers disproportionately focus on building the EF
skills of those who enter kindergarten with lower EF, given the need
for increased self-regulatory capacity at that time (Bassok et al., 2016;
Jones et al., 2016). Understanding these moderating factors in chil-
dren’s skill trajectories has implications not only for cultivating stu-
dents’ growth but also larger educational funding and social policy deci-
sions (Abenavoli, 2019; Winsler & Mumma, 2021). As such, as such,
future work should seek to understand characteristics of children, fam-
ilies, teachers, classrooms, and schools that may be associated with
divergent trajectories specifically in EF over time. For instance, relative
disadvantages in early EF trajectories have been found for boys (Con-
way et al., 2018; Wiebe et al., 2008, 2012), children from low-SES or
impoverished backgrounds (Conway et al., 2018), and relatively older
children in mixed-age classrooms compared to children with same-age
peers (Ansari, 2017).

7.3 | Limitations and future directions

It is essential to interpret the contributions of this study’s finding
within the context of a number of limitations. Although the sam-
ple was racially and ethnically diverse, children were primarily from
low-income households (and approximately half were in poverty). The
sample demographics did closely match proportions of poverty and
racial/ethnic diversity in the local community, increasing the external
validity of these findings and helping to understand the experiences
of this population. However, this also limits generalizability of results
to children from economically disadvantaged families and confounds
racial and ethnic identity with socioeconomic status and preschool
attendance. Future research might leverage a racially and ethnically
diverse, mixed-income sample with varying preschool participation
rates to understand the trajectory of EF development and its demo-
graphic correlates more broadly.

Another threat to generalizability was the fact that over half of
the sample was missing data in the spring of kindergarten because of
planned missingness (in cohort 1), and no data were collected at this
time point for cohort 2 because of the COVID-19 disruption. Given
that these data were conceptualized as being missing completely at
random and there was rich information about children who were not
assessed at that time point, full information maximum likelihood esti-
mation was applied. However, because of the abovementioned limita-
tions, results can only offer suggestions about what EF looks like at the
end of kindergarten and about the trajectory of nonlinear growth from
preschool entry to the end of kindergarten. This is an important limita-
tion in the context of extant EF literature, because there is not yet con-
sensus about nonlinear growth in EF within the preschool and kinder-
gartenyears. However, it was possible to obtain a nuanced understand-
ing of the trajectory of EF development during preschool because of
the three data collection windows in that year. In future studies, it

would be helpful to have two consecutive years with fall, winter, and
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spring data for all children to assess whether the within-year growth
trajectory looks similar in kindergarten.

One measurement limitation was that there were not enough dis-
tinct measures of the three conceptual subcomponents of EF (i.e.,
inhibitory control, working memory, and set shifting) to be able to
examine whether a three-factor model of EF fit the data well. Although
this would be unexpected in early childhood, it would be beneficial
going forward to compare a three-factor model to the unitary and
bipartite models, particularly given continued debate in the field about
the construct of EF in early childhood. The adequate model fit for CFAs
and LGCMs requires that interpretations be made with caution. Specif-
ically, these findings may overstate the extent to which EF is defini-
tively a unitary construct in early childhood, particularly given that the
bipartite model also fit the data well. It may also overstate the speci-
ficity of the nonlinear trajectory of EF development from preschool
to kindergarten (e.g., accelerated and then decelerated growth), par-
ticularly given that more specific nonlinear functional forms were not
tested.

Finally, using the bilinear spline necessitates choosing where the
“knot” or transition point is. For the purposes of this study, it made
sense to position the knot at the point between preschool and kinder-
garten to assess differences between the 2 years. Given that this func-
tional form was not preferred compared to the latent basis model in
this study, future work might consider adjusting the transition point in
the bilinear spline model to better understand stability versus gains in
EF over the summer between preschool and kindergarten, when it is
less likely that children would be engaged in formal learning opportu-
nities. For instance, EF may be less subject to “summer learning loss”
(Stewart, Watson, & Campbell, 2018, p. 517)—which disproportion-
ately affects children from low-income backgrounds who may have less
access to learning opportunities outside of school than more affluent
peers—than academic skills, perhaps because EF is less dependent on
formal instruction. It would be useful to have information about chil-
dren’s summer activities and/or to compare the nonlinear growth of EF
and academic skills to be able to test this hypothesis.

8 | CONCLUSION

Despite its limitations, the present study makes multiple contribu-
tions to the literature by examining EF development across five time
points in a primarily low-income, ethnically and racially diverse sam-
ple. Specifically, findings provide further evidence that a unitary con-
struct of EF develops nonlinearly in early childhood, as is hypothesized
in the majority of prior work (e.g., Hughes & Ensor, 2009; Willoughby
etal.,, 2012). Although measurement invariance was adequate to assess
longitudinal growth, findings from this study add to prior literature
indicating that the developmentally graded nature of EF could be
somewhat qualitative rather than solely quantitative (Nelson, James
et al., 2016). Practically, findings point to kindergarten as a potentially
beneficial time for intervention to continually bolster EF skills, given
decelerated growth found during this time period. However, the fact

that children entering preschool with lower EF tended to show less

REILLY ET AL.

growth during the preschool year also suggests that attention to EF
skills for this subgroup earlier on may be helpful. Finally, the present
study addresses the “measurement impurity problem” of EF research
in the context of its findings and limitations, and suggests ways future
research can further elucidate this key foundational school readiness
skill.
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