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This study examined the development of emerging self-regulation (SR) skills across the preschool years
and relations to academic achievement in kindergarten and first grade. SR skills of 403 low-income Afri-
can American and Latino children were measured at 2½, 3½, and 5 years (kindergarten). Reading and
math skills were measured at 5 and 6 years (first grade) using the Woodcock–Johnson. Transactional rela-
tions between SR skills and achievement outcomes were estimated with latent difference score models.
Increases in set shifting predicted prospective increases in reading, but not math scores. Increases in sim-
ple response inhibition predicted prospective increases in math, but not reading scores. Application of
these findings to early intervention programming and needed supports for school readiness and achieve-
ment are discussed.

There is a growing body of literature linking self-
regulation (SR) skills to school readiness and aca-
demic achievement in children (Blair & Razza,
2007; McClelland et al., 2007; Sektnan, McClel-
land, Acock, & Morrison, 2010). Defined as “a
broad construct representing the cognitive, moti-
vational-affective, social, and physiological pro-
cesses that modulate attention, emotion, and
behavior to a given situation/stimulus, for the
purpose of pursuing a goal” (Bassett, Denham,
Wyatt, & Warren-Khot, 2012, p. 597), SR skills
support children’s ability to successfully navigate
the demands of social and academic settings.
Skills essential to success in the classroom such as
not speaking out of turn, following directions,
and managing frustration and other emotions all
involve SR (McClelland, Geldhof, Cameron, &
Wanless, 2015). Moreover, evidence that SR bene-
fits from instruction and learning activities and
predicts subsequent academic achievement has led
to the development of multiple interventions
aimed at improving SR and academic prepared-
ness in early childhood (Bierman, Nix, Greenberg,
Blair, & Domitrovich, 2008; Diamond & Lee, 2011;
Raver et al., 2011).

The Dimensionality of SR During Early Childhood

Despite growing recognition that SR plays an
important role in children’s academic, social, and
emotional development, current understanding of
how SR develops during early childhood and how
this development is related to early academic
achievement remains hindered by conceptual and
methodological hurdles. The term “SR” is often
used as an over-arching term that encompasses
both temperamental characteristics of the child as
well as cognitive skills typically referred to as exec-
utive functions (EFs; Liew, 2012). At least three cog-
nitive processes or EFs seem to be fundamental and
include working memory (actively maintaining or
manipulating information in memory), inhibition
(suppressing a prepotent response), and cognitive
flexibility or mental set shifting (SS), the ability to
shift attention to a different aspect of the stimuli
and respond accordingly (Blair & Ursache, 2011;
Garon, Bryson, & Smith, 2008).

There also seems to be a general consensus that
the dimensional structure of EF tasks exhibits both
“unity and diversity” (Garon et al., 2008; Miyake
et al., 2000). On one hand, the dimensionality of
executive tasks is diverse in the sense that conceptu-
ally distinct constructs reflecting different neurocog-
nitive mechanisms tend to cluster in accordance
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with the distinction between working memory,
inhibition, and SS in factor analytic studies. On the
other hand, executive tasks show unity in the sense
that measures of specific EFs correlate, both with
one another and with measures of a purportedly
more general EF such as a central attentional or
memory process (Posner & Rothbart, 1992).

Current understanding of the dimensionality of
SR/EF comes largely from studies of older children
and adults (see Miyake et al., 2000), whereas the
dimensionality of SR/EF during early childhood
remains an unsettled question. Willoughby, Pek,
and Blair (2013) suggest that the consensus in the
field is that EF in early childhood is best repre-
sented by a single dimension or factor that becomes
multidimensional in later childhood. Although a
single factor during early childhood was supported
by the work of Wiebe, Espy, and Charak (2008),
Wiebe et al. (2011), and Miller, Giesbrecht, M€uller,
McInerney, and Kerns (2012) identified a two-factor
structure for EFs in early childhood (inhibition and
working memory). A previously published report
on the sample for this study at ages 2½ and 3½ sup-
ported a four-factor solution (Caughy, Owen, Mills,
& Hurst, 2013). As noted by Miller et al. (2012), dif-
ferences in factor structure can result from subtle
differences in choices of tasks to assess SR/EF com-
ponents. In addition, relying on a broad age range
of children, such as in the studies reported by
Wiebe et al. (2008) and Miller et al. (2012), may
obscure developmental differences in the factor
structure of SR/EF during early childhood.

In their systematic review of the literature on EF
development during the preschool period, Garon
et al. (2008) propose that executive processes
develop in a hierarchical fashion, with precursor
skills such as attention control developing first. This
sets the stage for the subsequent emergence of
working memory, followed by response inhibition,
and ultimately SS. Garon et al. also review factor
analytic and neuroimaging support for a distinction
between simple and complex forms of response
inhibition. Whereas the former involves inhibition
of a single response, complex response inhibition
tasks require participants to additionally activate
another, conflicting response at an appropriate time.
Complex inhibition tasks are thus more demanding
in that they require maintenance over a delay of an
arbitrary rule specifying when a prepotent response
must be suppressed and an incompatible response
must be activated.

Questions about the differential validity of differ-
ent SR/EF measures have been examined in a num-
ber of studies where measures of different SR/EF

components are related to school outcomes. In this
work, inhibitory control is consistently found to
predict achievement (particularly mathematics, and
sometimes reading; Bull, Espy, & Wiebe, 2008; Espy
et al., 2004; Lan, Legare, Ponitz, Li, & Morrison,
2011). Findings for attention control (similar to SS)
are less consistent, with some finding it to be a sig-
nificant predictor of reading achievement (Lan
et al., 2011), whereas others found no relation with
academic achievement (Bull et al., 2008; Espy et al.,
2004). Espy et al. (2004) argue that inhibitory con-
trol is a better predictor of young children’s Wood-
cock–Johnson (WJ) Applied Problems performance,
a commonly used measure of mathematics ability,
because the earlier items on the test are simple
problems that depend on knowledge of small-quan-
tity numbers.

Longitudinal Studies of SR During Early Childhood

As noted by Garon et al. (2008) current under-
standing of the development of SR/EF components
is based on cross-sectional analyses of children at
different ages. The few studies that have studied
EF longitudinally have relied on a single indicator
of EF and/or restricted the range of the longitudi-
nal period to < 3 years (Fuhs, Nesbitt, Farran, &
Dong, 2014; Hughes, Ensor, Wilson, & Graham,
2010; Schmitt, Geldof, Purpura, Duncan, & McClel-
land, 2017; Welsh, Nix, Blair, Bierman, & Nelson,
2010; Wiebe, Sheffield, & Espy, 2012). It is also
unclear how the different components of SR are
structured together in the early years of develop-
ment. As noted in a review by Best and Miller
(2010), how the onset or course of particular execu-
tive processes affects others remains largely a mys-
tery. This knowledge gap extends to theorized
correlates such as academic achievement. Currently,
little is known about how the onset and develop-
ment of individual executive processes prospec-
tively affect different aspects of achievement.
Longitudinal studies of SR’s influence on various
outcomes have been conducted, but they have typi-
cally modeled the outcome longitudinally and trea-
ted SR as a time-invariant covariate (Blair, Ursache,
Greenberg, & Vernon-Feagans, 2015; Li-Grining,
Votruba-Drzal, Maldonado-Carre~no, & Haas, 2010;
Matthews, Kizzie, Rowley, & Cortina, 2010; McClel-
land, Acock, & Morrison, 2006). This approach pre-
cludes the possibility of detecting dynamic
associations between SR and the outcome over time
in the form of correlated concurrent changes or
prospective transactional effects of one variable on
another.
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A few longitudinal studies of SR /EF develop-
ment have included repeated measures of both SR/
EF development and academic achievement out-
comes including Fuhs et al. (2014), Schmitt et al.
(2017), and Welsh et al. (2010). Although similar in
purpose to this study, they differed in some impor-
tant ways. For example, each used a composite
measure of EF rather than measures of distinct SR/
EF components. This precluded examining dynamic
relations between different components of SR/EF
and achievement outcomes. In addition, these stud-
ies focused on children who were older, starting
when children were in prekindergarten (around age
4½ years), unlike the children in the present investi-
gation who were 2½ years old at study inception.
Modeling SR/EF longitudinally starting at such a
young age—when SR/EF skills are emerging and
developing rapidly—provides a unique opportunity
to examine both the codevelopment and dynamic
interactions between these skills and achievement,
as children transition from a critical formative per-
iod to formal schooling.

SR Development Among Ethnically Diverse Children
During Early Childhood

Another limitation of previous work is that the
sociocultural composition of extant samples is lar-
gely non-Latino white and middle class (e.g., 80%–
95% among studies reviewed in Garon et al., 2008
that reported the ethnic composition of their sample).
One notable exception is the The Family Life Project
(see Rhoades, Greenberg, Lanza, & Blair, 2011; Wil-
loughby, Wirth, & Blair, 2012), a recent study that
includes a substantial number of low-income African
Americans. However, measures of SR constructs
were not administered prior to age 3 in this study. To
understand how the capacity for SR emerges, it is
clear that more data on diverse samples are needed.
This study focuses on an underrepresented popula-
tion in the SR literature, specifically low-income Afri-
can American and Latino children, the latter being
primarily of Mexican-origin and Spanish-speaking
when the study began. Although there is no theoreti-
cal reason to expect that the development of SR/EF
would proceed differently in the current sample,
increasing the diversity of samples studied in the lit-
erature on EF development is important for several
reasons. For example, previous analyses of the pre-
sent data indicate that the milestones of achieving
proficiency in the component skills of SR/EF are
achieved significantly later as compared with what
has been reported previously (Caughy et al., 2013).
Furthermore, because low-income ethnic minority

children are at heightened risk for early academic
failure relative to the samples of children dominating
the preschool EF literature, studying these develop-
mental processes within this population is critical for
the development of interventions to support early
academic achievement.

This study directly addresses many of the limita-
tions of the available research on the development
of SR/EF during early childhood and its relation to
early academic achievement. Performance data on
SR/EF tasks and academic achievement are exam-
ined in a sample of children followed longitudinally
starting at age 2½. Additionally, it focuses specifi-
cally on African American and Latino children from
low-income families, a high-risk and understudied
population of children in the EF literature. African
American and Latino children from low-income
families experience higher rates of early academic
failure, and poor SR development has been sug-
gested as one of the factors that may at least par-
tially mediate the relations between poverty-related
stressors such as household instability and parent-
ing stress and poor academic achievement (Raver,
2004; Ursache, Blair, & Raver, 2012). However,
studies of SR development in this population are
exceedingly rare, particularly among Latino chil-
dren and particularly starting at such a young age.

A Latent Difference Score Framework for Studying SR
Development

Longitudinal transactions between multiple
latent SR/EF variables and achievement measures
were modeled using a latent difference score (LDS)
framework (Ferrer & McArdle, 2004; McArdle,
2009). This approach reflected several considera-
tions. For example, given general expectations that
SR will exhibit developmental increases, models of
within-person change are warranted. As will be dis-
cussed here, this is doubly important given that in
previous work, change in the capacity for SR has
often not been distinguished from the absolute
capacity for SR. Latent growth modeling repre-
sented an alternative approach that was not used
due to limits on available assessments (many of the
SR variables were assessed at two adjacent time
points) and the analytic goals. Specifically, the goals
were not to describe the functional form of develop-
mental trajectories of SR variables. Rather, the pur-
pose was to model dynamic transactions between
SR components and their prospective impact on
theoretically relevant outcomes. LDS models are
ideally suited for these questions and this method-
ological context.
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As shown in Figure 1, the LDS model is simply
a reparameterized version of the familiar cross-
lagged regression approach to longitudinal analysis.
By imposing a few constraints, however, a cross-
lagged model of latent variables over time can be
reframed as a model of latent change in those vari-
ables over time. For example, latent change in a
longitudinal variable Y (DY) over two time points
can be obtained by constraining (a) the means/in-
tercepts of Y1 and Y2 to equality, (b) the regression
of Y2 on Y1 to 1, (c) the residual variance of Y2 to 0,
and (d) the regression of Y2 on DY to 1. The mean/
intercept and residual variance of DY is freely esti-
mated. This reparameterization is analogous to the
common practice of directly computing a change
score (i.e., Y2–Y1). However, because change is com-
puted indirectly through model constraints in the
LDS model, strengths of the latent variable frame-
work are retained (e.g., more reliably estimated
structural parameters, and in turn, greater power to
detect effects). The LDS approach simultaneously
avoids common complications of stepping outside
of the latent variable framework, such as unreliabil-
ity in manifest change scores, or the often problem-
atic use of factor scores to compute such change
scores (Cronbach & Furby, 1970; Grice, 2001).

Parameters of an LDS model directly quantify
various within-person effects of possible theoretical

interest and are thus well-suited for modeling trans-
actions between rapidly changing variables. The
latent change score’s intercept corresponds directly
to the average amount of within-person change in
the latent variable between two assessment points,
and effects on the latent change variable represent
unique effects on this within-person change. In con-
trast, in the cross-lagged regression approach,
change is modeled only indirectly, and its parame-
ters quantify various between-person effects. For
example, autoregressive parameters describe how
much the rank ordering of a variable’s values
reshuffle across time (an overview and comparison
of several major alternative approaches to longitu-
dinal data analysis with structural equation models
can be found in Selig & Preacher, 2009).

The LDS model is similar to the more familiar
latent growth model (LGM) in that both can be
used to model change over time. A key difference
between these approaches is whether time is explic-
itly parameterized. In the LGM, a latent slope factor
drives linear change over time. In the LDS model
(as well as autoregressive/cross-lagged models),
time is accommodated implicitly by incorporating it
directly into the definitions of the variables. The
stable component of the trajectory is transmitted
through fixed autoregressive paths between adja-
cent time points, and the trajectory’s dynamic

Figure 1. Cross-lagged (a) and latent difference score (LDS) (b) parameterizations of a longitudinal model of transactional relations
across time. X, Y, and Z are hypothetical latent (X and Y) and manifest (Z) variables. For simplicity, manifest indicators of latent vari-
ables are not depicted. For a given variable X, LDS parameterization constraints (shown in gray) partition X(t) into two components—
the variable’s value at the previous time point X(t � 1) and the current deviation from that value DX(t)—by fixing each component’s
effect on X(t) to 1 and constraining the residual variance of X(t) to 0 (not shown).
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components are freely estimated as deviations from
their value at the preceding time point. Because no
constraints are imposed on these deviations, they
freely accumulate at each time point and may take
any functional form, linear or nonlinear. As dis-
cussed by McArdle (2009) the LGM is a special case
of the LDS model and is particularly useful when
one wishes to impose functional form on a vari-
able’s change over time through the estimation of
temporal trajectory parameters such as intercepts
and slopes. A focus on the functional form of the
change makes sense with three or more data points.
However, when some measures are only available
for two time points but one still wants to model
change between those two time points, such as in
this study, or when describing functional form is
not an overarching goal, then the LDS model pro-
vides greater analytic flexibility than does a LGM
approach.

In addition to elucidating the emergence of SR
skills during early childhood, another purpose of
this article was to examine the prospective relations
between these emerging SR skills and academic
achievement after the transition to formal schooling.
As noted previously, few studies have examined
the longitudinal changes in SR skills, and even
fewer have examined the relation of change in SR
skills to academic achievement. This study adds to
previous work by including direct, repeated assess-
ments of multiple SR skills during early childhood,
a period when these skills emerge and exhibit rapid
growth. This provides a unique opportunity to
examine how individual differences in the emer-
gence and subsequent developmental course of
these early childhood skills predict academic func-
tioning. This question is fundamentally different—
theoretically and methodologically—from those
addressed in previous research, which have focused
almost exclusively on how SR skills at a single
point in time (such as during preschool or kinder-
garten) predict later academic achievement or
growth in achievement. The nature of the relations
between emergent SR skills, dynamic changes in
those skills, and subsequent academic outcomes in
this sample of at-risk children has important impli-
cations for the development and timing of early
interventions to support academic success. For
example, if certain components of EF are more pre-
dictive of particular academic outcomes than others,
or if onset and change are differentially predictive
of subsequent achievement, knowledge of these
facts can directly inform the content of interven-
tions and the efficiency with which they are
delivered.

Method

Participants

A total of 407 children and their families were
recruited in 2010 as part of a large longitudinal
study examining SR development and school readi-
ness among low-income African American and
Latino preschoolers living in a large metropolitan
area in the southwest United States. Families were
recruited from the community through the dissemi-
nation of project information to organizations such
as WIC clinics and Head Start programs, recre-
ational centers, churches and by word of mouth. To
be eligible for the study, at least one parent had to
self-identify as either African American or Latino
with family income that was below 200% of the
federal poverty level. At the time of enrollment,
recruited families had one child who was between
29 and 31 months old who was not hospitalized for
more than 7 days after birth. Additionally, the fam-
ily needed to intend on remaining in the area for at
least 1 year. Four waves of data collection have
been completed: at age 2½, age 3½, kindergarten,
and first grade.

Of the initial 407 families enrolled in the study,
four were excluded from the analysis because of
subsequent diagnoses of autism or other significant
developmental disability. The remaining 403 chil-
dren (54% boys, 46% girls) were retained for the
current sample, of which 45% were African Ameri-
can and 55% were Latino. This study examines SR
data from Waves 1–3 in relation to child outcomes
during Waves 3 and 4. Of these 403 children, 32
(7.9%) were lost to follow-up after Wave 1, 39
(9.7%) completed two waves, 33 (8.2%) completed
three waves, and 299 (74.2%) completed all four
waves of data collection. In addition, 333 (82.6%)
completed data collection during Wave 3 and/or
Wave 4, when academic achievement was assessed.
Likelihood of follow-up did not differ by child gen-
der or child SR skills at Wave 1, but there were dif-
ferences by child ethnicity and household income.
African American children were more likely to be
lost to follow-up after one visit compared to Latino
children, 12.1% versus 4.5%, v2(1) = 7.81, p < .01. In
addition, families lost to follow-up had lower aver-
age income-to-needs ratios compared to those who
were not. The average income-to-needs ratio for
families who completed one or two waves of data
collection was .62 (SD = .53) compared to .86
(SD = .55) for those who completed three or more, t
(396) = 3.64, p < .001.

Sample characteristics are reported in Table 1.
There were several key differences between African
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American and Latino families. The primary care-
giver was more likely to be the biological mother
among Latino families compared with African

American families. Average family income was
higher for Latino families, and African American
caregivers were more likely to have a high school
education or higher compared to Latino caregivers.
Latino fathers or father figures were more likely to
be living in the household compared to African
American fathers or father figures.

Data Collection Procedures

Home visits lasted approximately 1.5 hr and
were conducted by a team of two home visitors.
One home visitor interviewed the primary care-
giver, whereas the second home visitor conducted
the child assessments. Although all child assess-
ments were video-recorded, some tasks were coded
live in the home and others were coded later in the
lab, as will be described next. Home visitors for all
Spanish-speaking families were bilingual. All mea-
sures were administered to parents and children in
their preferred language.

Measures

Child SR and EF

Key features of children’s SR skills were mea-
sured including inhibition, SS, and working mem-
ory. Inhibition was measured by two types of
tasks, simple response inhibition (inhibition tasks
requiring minimal load on working memory and
the inhibition of a single response), and complex
response inhibition (tasks which put greater
demands on working memory in that they involve
multiple conflicting response options; Garon et al.,
2008; Petersen, Hoyniak, McQuillan, Bates, & Sta-
ples, 2016).

Simple response inhibition. Simple response
inhibition was assessed using four tasks: Snack
Delay (Waves 1 and 2), Wrapped Gift/Wait for Bow
(Waves 1–3), Forbidden Toy (Wave 1 only), and
Delay of Gratification (Wave 3 only). During the
Snack Delay task (Kochanska, Murray, & Harlan,
2000), children were instructed to wait until the
home visitor rang a bell before eating a small choco-
late candy placed in front of them. The task consisted
of four trials (10 s, 20 s, 30 s, 15 s) where latency
(measured in seconds) from the start of the trial until
the child touched the candy was coded from video
recordings. Interrater reliability based on intraclass
correlation (ICC) for the snack delay task coding was
.99 based on double coding 15% of cases.

During the first phase of the Wrapped Gift/Wait
for Bow task (Kochanska et al., 2000), the child was

Table 1
Study Sample Characteristics (N = 403)

African
American
(N = 182)

Latino
(N = 221)

v2N (%) N (%)

Child gender
Boy 100 (54.9) 116 (52.5) 0.24
Girl 82 (45.1) 105 (47.5)

Primary caregiver’s relationship to child
Mother 161 (88.5) 215 (97.3) 12.44**
Father 11 (6.0) 3 (1.4)
Grandmother/aunt 10 (5.5) 3 (1.4)

Primary caregiver’s ethnicity
Non-Latino 182 (100.0) 12 (5.4) 357.54***
Latino 0 (0.0) 209 (94.6)

Average family income-to-needs ratio
< 50% federal
poverty level

88 (49.7) 24 (10.9) 75.73***

50%–99% federal
poverty level

53 (29.9) 107 (48.4)

100%–149% federal
poverty level

19 (10.7) 60 (27.1)

150%+ federal
poverty level

17 (9.6) 30 (13.6)

Primary caregiver’s level of education
Less than high
school

27 (14.8) 94 (42.5) 38.21***

High school/general
education diploma

83 (45.6) 78 (35.3)

More than high
school

72 (39.6) 49 (22.2)

Father/father-figure in household
No 74 (40.7) 22 (10.0) 51.85***
Yes 108 (59.3) 199 (90.0)

Latino families only
Caregiver language status
Spanish-dominant 125 (56.6)
English-dominant 11 (5.0)
Bilingual 71 (32.1)
Missing 14 (6.3)

Preferred language, Wave 1 (child)
Spanish 174 (78.7)
English 47 (21.3)

Nativity (caregiver)
U.S. born 60 (27.1)
Foreign born 161 (72.9)

Country of origin (foreign-born caregivers)
Mexico 154 (95.7)
Central America 6 (3.7)
South America 1 (.6)

**p < .01. ***p < .001.
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instructed not to peek while a gift was wrapped
directly behind them for 1 min. During the second
phase of the task, the child was instructed not to
touch the gift that was placed in front of the child,
whereas the child assessor left the room for 1½ min
to get a bow. Latency to peek was coded during
the wrap phase, and latency to touch the wrapped
gift was coded during the wait for bow phase.
Interrater reliability (ICC) for the wrapped gift task
ranged from .87 to .99 across waves based on 21%
double coding of cases. During Wave 3, only
latency to peek was coded.

The Forbidden Toy task, adapted from proce-
dures of the NICHD Study of Early Child Care
and Youth Development (NICHD ECCRN, 1998)
was only administered during Wave 1. The home
visitor and child played with the attractive toy (a
small car that moved on its own after shaking it)
for a full minute. After the 60-s play period, the
home visitor told the child not to touch or play
with the toy until the visitor returned to the room.
The wait trial lasted 150 s. Latency to touch was
scored from videotape. Interrater reliability for the
task was high (ICC = .95) based on 16% double-
coded cases.

During Wave 3, the traditional Delay of Gratifica-
tion task based on the classic work of Mischel and
colleagues was used (Mischel, Shoda, & Rodriguez,
1989). The child was shown two piles of snacks (ei-
ther M&Ms or gold fish crackers), one smaller, and
the other larger. The child was told if s/he waited
for the entire 6 min, s/he would get the larger pile.
The child was told s/he could ring the bell sooner,
at any time during the waiting period, to get the
smaller pile. Latency to ring the bell was coded.
Interrater reliability was high (ICC = .92) based on
20% double-coded cases.

Complex response inhibition. Complex response
inhibition was assessed using two tasks, Fruit
Stroop (Wave 1) and Head–Toes–Knees–Shoulders
(HTKS; Waves 1–3). In the Fruit Stroop task
(Kochanska et al., 2000) children were presented
with pictures of large fruits with smaller, different
fruits embedded in them. In order to successfully
complete the task, the child needed to inhibit his or
her dominant response to point to the large fruit
and point to the small fruit instead. Children were
scored on their ability to name each fruit (two tri-
als), correctly point to the small fruit in practice tri-
als with reinstruction for incorrect responses
(two trials), and correctly point to the small fruit
during test trials (four trials). Each trial was coded
on a 3-point scale (0 = incorrect, 1 = self-correct,
2 = correct).

The HTKS task was developed by McClelland
and colleagues (Ponitz et al., 2008). During Wave 2,
only the first portion of the task (Head & Toes) was
administered due to prominent floor effects. In each
trial, the child was asked to touch his or her head
when the child assessor said to touch and did touch
her toes and vice versa. The task consisted of six
practice trials and 10 test trials, each coded on a 3-
point scale: incorrect (0), self-correct (1), and correct
(2). During Wave 3, all three phases of the HTKS
shoulder were administered. Phase 2 (Knees and
Shoulders) included an additional five practice tri-
als and 10 test trials. In the final phase of the task,
all four body parts are included, but the corre-
sponding body parts are changed so that head was
paired with knees and toes were paired with shoul-
ders. Phase included six practice trials and 10 test
trials for a total of 30 test trials across all three
phases. Interrater reliability (ICC) for Wave 2 based
on 16% of cases double-coded was .89; for Wave 3,
interrater reliability was .90 based on 21% of dou-
ble-coded cases.

Set shifting. SS was assessed during Waves 2
and 3 using the Dimensional Change Card Sort
(DCCS) task (Diamond, Carlson, & Beck, 2005). The
task involves multiple sets of cards, each containing
cards with fish and with cars in red or blue and a
pair of sorting boxes, one labeled with a red fish
and the other with a blue car. During the warm up
and priming trials, the child was instructed to sort
the cards into the boxes based on one criterion (ei-
ther color or shape). For the test trials, the child
was asked to switch rules and sort the cards by the
other dimension, instructing the child that the game
had now changed from a “shape game” to a “color
game,” or from a “color game” to a “shape game.”
Of the six postswitch trials, four were conflict trials
that required the child to consider both the shape
and color of the card’s pictured object in order to
sort the card by the correct dimension. This was
done in order to ensure that scores for correct SS
were not due to chance. The dimension used for
priming trials versus test trials (color or shape) was
counterbalanced across children. Performance on
the conflict trials was scored as either incorrect (0)
or correct (1). Interrater reliability (ICC) based on
24% double coded was .92. In Wave 3, an extension
of the DCCS was administered to include a border
phase. In the border phase, children were asked to
sort the card by color if the card has a black border
and to sort by shape if the card does not have a
black border. There were 12 test trials during the
border phase. Interrater reliability (ICC) based on
21% double-coded was .90 in Wave 3.
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Working memory. A memory span task called
Memory Chocolates was created for the study using
a toy called “Smart Snacks Hide “n” Peek Choco-
lates” by Learning Resources, a heart-shaped plastic
box with removable lid and spaces for twelve dif-
ferently shaped plastic “chocolates.” Each chocolate
had a removable top and various animal stickers
were placed with a clear adhesive coating on the
plastic “chocolate” underneath the top. The task
was administered during Wave 2 and consisted of
six naming trials, during which the covers were
removed, and the child was asked to name each of
the animals, after which the covers were replaced.
Three practice trials in which the child was asked
to find a single animal followed. The child had to
pass at least two practice trials to continue to the
test trials. Three test trials assessed a memory span
of two items, and a second set of test trials assessed
a memory span of three items. The task was scored
live. During Wave 3, the Operation Span (OS) task
(Willoughby, Blair, Wirth, Greenberg, & The Family
Life Project Investigators, 2010) was administered.
In this 19-item working memory task, children had
to remember types of animals displayed on a previ-
ous page in the correct order. The task required an
increasing number of items children had to remem-
ber at a given time, from 2 to 4 animals. This task
was scored live during the assessment.

Academic achievement outcomes. To measure
academic outcomes, the Applied Problems, Letter-
Word Identification, and Word Attack subtests of
the standardized WJ achievement battery (Wood-
cock, 1990) were administered during Waves 3 and
4. For children who were Spanish-dominant, the
Spanish version of the test, the Bateria Woodcock–
Mu~noz (Woodcock & Munoz-Sandoval, 1996), was
administered.

Specific guidelines were followed for determin-
ing the child’s language preference and the form of
the WJ achievement battery (WJ reading [WJR])
used in the home visits. This was done through the
Receptive One Word Picture Vocabulary Test
(ROWPVT; Gardner, 1985), which was also admin-
istered but is not included in the current analyses.
The ROWPVT includes a bilingual version and
extensive questions about the child’s language pref-
erences, providing a clear idea of the child’s lan-
guage proficiency in English and Spanish before
administering the WJR. Only a single language
could be used in each subtest’s administration, but
for the Applied Problems subtest, the child could
answer questions using either language. For a cor-
rect score in the Letter-Word Identification and
Word Attack subtests, the child needed to answer

in the same language as the language used in the
test’s administration.

W scores were used for these analyses. For all
models, the WJR scores were centered at their
normed mean of 500 and rescaled by dividing the
resulting value by 20. This rescaling reduces the esti-
mated variances for WJR scores to values more con-
sistent with scaling of other variables in the model,
in order to avoid common convergence problems
(Muth�en & Muth�en, 1998–2006). A one point change
in the rescaled metric thus corresponds to a 20 point
change in the original WJR metric.

Performance on the Applied Problems subtest
was used as a measure of achievement in mathe-
matics, and the Letter-Word Identification and
Word Attack subtests scores were averaged for a
composite measure of reading achievement.

Covariates. Covariates used in the analyses
reported included child ethnicity and family
income-to-needs ratio. For the latter, the ratio of
reported household income to family size at each
wave was averaged.

Translation of Study Materials

All measures that were only available in English
were forward translated into Spanish and then
back-translated into English by two Spanish-speak-
ing individuals. Differences were resolved by con-
sensus.

Analyses

To inform the initial specification of a longitudi-
nal model of transactions between SR latent vari-
ables, several preliminary analyses were conducted.
First, confirmatory factor models were estimated
for SR measures administered at each wave of
assessment based on a previously reported analysis
of the dimensionality of these measures at Waves 1
and 2 (Caughy et al., 2013). As in those previous
analyses, all SR latent variables were modeled
using trial level data, and all trial level data were
dichotomized. For SR tasks in which trial data were
latencies, these latencies were dichotomized as did
not wait (0) versus waited (1) given that the laten-
cies exhibited distinct bimodal distributions where
the large majority of responses fell into the two
most extreme response categories. The categorical
scale of the indicators was accommodated by mod-
eling their factor loadings as probit coefficients
through the use of Mplus’ mean and variance-
adjusted weighted least squares estimator (Muth�en
& Muth�en, 1998–2006).
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In previously reported analyses of SR data from
Waves 1 and 2 of this study, systematic confirma-
tory factor analyses comparing single-factor, two-
factor, three-factor, and four-factor representations
of the data provided support for a four factor
model (Caughy et al., 2013). Results of wave-speci-
fic analyses of all four waves of SR data were lar-
gely consistent with a four factor model of SR
including latent variables to represent simple
response inhibition, complex response inhibition,
set shifting, and working memory. Subsequent lon-
gitudinal variations on these models employed the
same approach, where SR measures were parti-
tioned into four substantive sources of variation.
The amount of variance explained in the SR mea-
sures by their respective factors was generally high.
Indicator R2 values for the four substantive SR fac-
tors ranged from .63–.91 (SS), .08–.90 (simple
response inhibition), .49–.94 (complex response inhi-
bition), and .06–.84 (working memory).

Next, SR measures administered across multiple
time points were subjected to a series of nested
model comparisons to test for longitudinal mea-
surement invariance, using time of assessment as
the grouping variable in a multiple-group frame-
work (Steenkamp & Baumgartner, 1998; Vanden-
berg & Lance, 2000; Widaman, Ferrer, & Conger,
2010). These analyses were conducted separately by
SR measure (e.g., simple response inhibition items
only), and their purpose was to test whether mea-
surement parameters (e.g., loadings, thresholds) dif-
fered by time of assessment. When measurement
differences are present and are not addressed in
some way such as by removing the offending items,
or by directly incorporating measurement differ-
ences into the model, they can bias inferences about
the construct of interest. In longitudinal contexts,
the concern is with the possibility that change in
the construct is confounded with change in the con-
struct’s measurement. In the present analyses,
strong measurement invariance as reflected by no
differences in loadings or thresholds across time
held for all longitudinal measures (for additional
details, see Table S1). Analyses establishing mea-
surement invariance by gender and ethnicity were
reported in Caughy et al. (2013).

In an LDS model, proportional change represents
the extent to which change depends on the start-
ing/baseline value, or the effect of X(t � 1) on DX
(t) and is analogous to the time by baseline score
interaction effect commonly estimated in models
that explicitly parameterize effects of time (see Fig-
ure 1b). Negative proportional change is common
and simply indicates that more extreme scores at an

earlier time point tend to be followed by larger
changes in the opposite direction at the following time
point. This may reflect some substantive aspect of
the developmental process being modeled, a regres-
sion to the mean artifact, or some combination of
these two explanations. Of course, regression to the
mean is present any time repeated measurements
are made on scores with random error, and disen-
tangling it from substantive developmental pro-
cesses presents well-known difficulties (Lord, 1967).
Whatever its source(s) however, when present it
cannot be ignored. Significant, nonzero estimates of
proportional change reflect a real dependency in
the data that can distort other estimates of interest
if it is not adjusted for.

Our general modeling strategy was to first esti-
mate a model with saturated structural effects over
time. That is, all possible lagged effects from prior
time points were specified as in Figure 1b. In a sub-
sequent stage of model trimming, nonsignificant
effects were dropped, and models were refit.
Trimmed models differed in no substantive way
from the initial model with saturated effects, and
consequently, the initial models specified prior to
any exploratory model respecifications are reported.
Figure 2 provides an overview of the latent vari-
ables in the model, the corresponding measures
they were based on in parentheses, the waves at
which they were administered, and exactly which
variables were parameterized as LDS in the analy-
ses. Note in particular that latent variables for
working memory and the Fruit Stroop task were
not parameterized as latent change scores. As
described in the introduction, modifications to the
measurement instruments were necessary over the
course of the study. Fruit Stroop and Memory Cho-
colates were two measures that were not readminis-
tered in a subsequent wave. Although an
alternative measure of working memory, Operation
Span, was added at Wave 3, this was an entirely
different measure with no items in common with
Memory Chocolates. Consequently, it was not sen-
sible to compute any kind of change score either
directly or indirectly for working memory. How-
ever, because Memory Chocolates and OS reflect
the same theoretical construct, these measures are
grouped together in Figure 2 in a manner analo-
gous to other latent variables in the figure. Fruit
Stroop is modeled as a distinct latent variable, as its
items consistently clustered together in preliminary
factor models.

Models were estimated separately for reading
and math achievement scores on the WJ. All
reported models additionally adjusted for effects of
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the child’s ethnicity and family income-to-needs
ratio on the achievement outcome at Wave 3 and
the latent change in achievement at Wave 4.

Results

Results from two LDS models are shown in
Table 2. The two models differed only in the
achievement measure (reading vs. math) modeled
at Wave 4. Structural estimates not involving these
outcomes such as SR means and paths linking SR
variables are shown from the reading model and
differed in no substantive way from the math
model.

LDS include those variables with D in the name.
As can be seen in the first column on the far left,
the means/intercepts for all LDS were consistently

positive and highly significant. For example,
between Waves 1 and 2, scores on the simple
response inhibition measure increased by roughly
1.7 SDs. Likewise, scores on the WJR reading and
math measures improved between Waves 3 and 4
by just over 4 points and 3 points, respectively.
Both of these results make sense theoretically
because the capacity for SR should increase for chil-
dren over this age period as should academic
achievement among children receiving academic
instruction.

For all latent difference variables, proportional
change was significant and negative. As described
earlier, this indicates that higher proportional
change scores at earlier time points tended to be
followed by higher proportional change scores in
the opposite direction at the next assessment. This
is a common finding, and all structural estimates of

Figure 2. Estimated latent variables and the parameterization of change across the four study time points. Latent difference score
parameterization constraints are depicted in gray. Asterisks identify expanded measures that retained items from previous assessment
points. Correlations, couplings, and cross-lagged effects that were estimated in the models are not shown.
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interest discussed next control for this dependency
on starting values.

Prospective Effects of Emerging SR Skills

One of the goals of this article was to understand
developmental transactions between emerging SR
skills. Transactional relations between SR measures
are shown under the heading of “SR (Wave 3)” in
the right half of Table 2. As described in the
Table 2 footnote, prospective effects on Wave 2 SR
measures were nonsignificant and are not shown in
the table. Also not shown in the table are correla-
tions between the exogenous Fruit Stroop and sim-
ple response inhibition variables (r = .36, p < .001)
and correlations between endogenous residual vari-
ances variables at the same assessment point. Sig-
nificant correlations among these latter estimates
included Wave 2 CI with SS (r = .25, p < .05), DCI
with DSS (r = .34, p < .05), DCI with OS (r = .44,
p < .01). Wave 3 SR variables were also correlated
with Wave 3 achievement outcomes: DCI: WJR:
r = .60, p < .01; WJ math (WJM): r = .36, p < .001;
DSS: r = .48, p < .05; WJM: r = .24, p < .05; and OS:
r = .70, p < .001; WJM: r = .27, p < .01. All correla-
tions are provided in Table S2.

Significant prospective estimates shown in
Table 2 included a positive effect of Fruit Stroop at
Wave 1 on later changes in complex response inhi-
bition, positive effects of simple response inhibition
on subsequent changes in SS and in working mem-
ory (as measured by the OS task), and a positive
effect of changes in simple response inhibition on
later changes in SS. There was also a positive effect
of Wave 2 working memory (as measured by the
Memory Chocolates task) on later changes in SS.
An asymmetry within these transactional relations
to note is that in general, simple response inhibition
and working memory measures had positive
prospective influences on the later SR measures of
SS and complex response inhibition, but the con-
verse was not the case. That is, SS and complex
response inhibition did not show any prospective
effects on one another or on working memory.

Prospective Effects of Emerging SR Skills on Academic
Achievement

The second purpose of this article was to exam-
ine the prospective effects of emerging SR skills on
academic outcomes in early elementary school. The
right half of Table 2 contains effects of SR measures
on later achievement outcomes. There were two
sets of significant parameters, and again there is an

interesting asymmetry in that the pattern of effects
varies across the two achievement outcomes. First,
increases in SS predicted increases in reading
achievement, as indicated by the significant, posi-
tive estimate for the DSS ? DWJR reading path.
Second, children with higher general levels of sim-
ple response inhibition at Wave 1 tended to score
higher in general on math achievement. Over and
above this effect, increases in simple response inhi-
bition between Waves 1 and 2 also predicted
increases in math achievement between Waves 3
and 4.

Discussion

During the preschool period, self-regulatory skills
develop along a steep and accelerating arc. These
abilities tend to show remarkable improvements
over a relatively short time as children begin to rely
increasingly on their own internal cues and less on
external controls provided by caregivers (Kochan-
ska, Coy, & Murray, 2001). Surprisingly, however,
only a handful of studies have sought to estimate
how different dimensions of SR are rapidly chang-
ing, how changes in these dimensions relate to one
another, or how they relate to relevant achievement
outcomes. In this study, an analytic approach tai-
lor-made for these types of questions—LDS models
—was used to model transactional relations involv-
ing four SR dimensions across early childhood and
the transition to school and reading and math out-
comes. Results showed a distinct asymmetry in
transactions. SR skills thought to emerge earliest—
working memory and simple response inhibition—
displayed prospective effects on later emerging
skills such as complex response inhibition and SS.
However, these more advanced EFs of complex
response inhibition and SS did not demonstrate
prospective effects on working memory or simple
response inhibition. These findings indicate that
working memory and simple response inhibition
represent foundational processes that support the
subsequent emergence of more sophisticated func-
tions like SS. They also echo findings of Friedman,
Miyake, Robinson, and Hewitt (2011), who showed
that individual differences in simple response inhi-
bition during early childhood predicted individual
differences in SS in adolescence. This asymmetrical
development of SR/EF skills over the course of
early childhood supports the hierarchical model
proposed by Garon et al. (2008).

The present results also support a more nuanced
view of the dimensionality of SR during early
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childhood in that distinct dimensions of SR related
differently to math and reading achievement out-
comes. Invariance testing across ages 2½, 3½, and
kindergarten indicated four distinguishable compo-
nents of SR—simple response inhibition, complex
response inhibition, working memory, and set shift-
ing—consistent with a previously published report
(Caughy et al., 2013). The hierarchical relation
between emerging SR skills, wherein early emerg-
ing skills prospectively affect later skills, lends fur-
ther support to a view of distinguishable
components of EF during the preschool years. The
present findings regarding dimensionality may dif-
fer from previous results for many reasons. One is
that the type as well as the breadth of measures
used to assess SR/EF can affect the number of
dimensions found (Miller et al., 2012). For example,
measures with an affective component such as
snack delay often load on a separate dimension
such as in this study (Bassett et al., 2012; Denham,
Warren-Khot, Bassett, Wyatt, & Perna, 2012). Age
of the child during assessment is also likely to be
an important factor, as the dimensional structure of
SR/EF may change over the course of development.
Children in this study were not only chronologi-
cally younger at enrollment than other studies
reporting on the dimensionality of SR/EF in early
childhood, they also performed at levels that were
significantly below (about 8 months behind) reports
of similarly aged samples (Caughy et al., 2013).

A second purpose of the present investigation
was to examine the prospective effects of emerging
SR skills on academic achievement outcomes in
early elementary school. The results of the LDS
analysis indicated that increases in SS were
prospectively related to increases in reading
achievement between kindergarten and first grade.
Higher levels of simple response inhibition at age
2½ were related to higher levels of mathematical
ability, and increases in simple response inhibition
between ages 2½ and 3½ also predicted increases in
mathematical ability. This pattern of effects for
math is perhaps somewhat puzzling given previous
accounts of the kinds of processes engaged by
mathematics. According to Blair et al. (2015; see
also McClelland et al., 2014), a mathematics prob-
lem represents a “classic” EF task because it
requires switching attention between relevant prob-
lem elements. Under this line of thought, SS might
be expected to be a key predictor of mathematical
ability. Why this effect did not emerge in the pre-
sent analyses is unclear. One possibility is that SS is
simply not engaged by the outcome measure at this
age among these participants. For example, because

early items on the Woodcock-Johnson rely on more
basic knowledge of numeracy (Espy et al., 2004),
the measure may be less likely to engage SS pro-
cesses. To the extent the processing demands of the
task are restricted to application of basic knowl-
edge, simple inhibitory processes may be more rele-
vant to successful performance.

Some researchers suggest that it is important to
statistically control for processing speed or general
IQ when examining the relation between executive
cognitive skills and academic outcomes, although
this practice has been questioned (e.g., Cepeda,
Blackwell, & Munakata, 2013; see also Dennis et al.,
2009). At issue are questions about how or whether
such covariates are situated along the causal path-
ways that link neurocognitive processes to perfor-
mance outcomes such as academic achievement.
For example, if covariates like IQ or processing
speed are causal consequences of self-regulatory
processes such as inhibition or working memory,
then controlling for those covariates in statistical
models of performance outcomes would logically
be expected to distort the very parameters of inter-
est (namely, those that estimate the causal effect of
a self-regulatory process on a performance out-
come). With respect to the present findings, the
issue was inconsequential: Supplemental analyses
of the present data that included an adjustment for
processing speed had no substantive impact on the
reported results (results available upon request).

Regarding executive functioning and reading,
Blair et al. (2015) suggest that the ability to identify
smaller units within larger words would require
both attention shifting as well as inhibitory control
skills. However, Blair et al. (2015) contend that
early literacy is based more on knowledge of letters,
sounds and words and should not depend on exec-
utive processing skills. In this study, although SS
skills were not associated with reading achievement
in kindergarten, increases in SS between age 3½
years and kindergarten predicted increases in read-
ing skills from kindergarten to first grade. It may
be that the growth in reading skills between kinder-
garten and first grade represents the emergence of
the higher order literacy skills of phonological
awareness and decoding skills that Blair et al.
(2015) hypothesized would be facilitated by a
child’s set shifting ability.

Several other studies have examined the differen-
tial relation of specific components of SR with aca-
demic outcomes, but the findings across studies are
not consistent enough to draw any firm conclu-
sions. Comparisons across studies are complicated
by whether multiple dimensions or a single
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dimension of EF was assessed, the variety of mea-
sures employed, and whether EF measures were
combined in the analysis or considered separately.
Among researchers who have examined relations of
individual components of EF and later academic
achievement, some have found that measures of
complex response inhibition are related to math
performance but not reading (Brock, Rimm-Kauf-
man, Nathanson, & Grimm, 2009; Lan et al., 2011;
Matthews, Ponitz, & Morrison, 2009; McClelland
et al., 2014; Ponitz, McClelland, Matthews, & Mor-
rison, 2009), whereas others have reported that
complex response inhibition is related to both math
and reading performance (Bull et al., 2008).

This study differed from other studies of child
SR and achievement in several ways. For example,
SR was modeled longitudinally, as opposed to
examining the relation between SR assessed at one
time point and later academic achievement. Longi-
tudinal studies of SR’s influence on academic out-
comes have typically modeled the outcome
longitudinally, but not SR (Blair et al., 2015;
Li-Grining et al., 2010; Matthews et al., 2010;
McClelland et al., 2006). Additionally, different
components of SR/EF were measured beginning
when children were 30 months old. The few studies
that have modeled both SR as well as academic
achievement longitudinally utilized a composite of
SR/EF as opposed to modeling the components of
SR/EF separately, and started at a significantly
older age compared to this study (Fuhs et al., 2014;
Schmitt et al., 2017; Welsh et al., 2010). Together,
these aspects of the present methodology allowed
the stable and dynamic contributions of different
SR skills to achievement to be disentangled over
the course of early childhood.

Examining emerging SR longitudinally during
this period of rapid development presents a num-
ber of methodological challenges. As noted by
Garon et al. (2008), although the EF skills of young
children cannot be assessed using the same tasks
used with older children/adults, simply modifying
tasks used with older individuals is risky because it
remains unclear whether the critical EF skill mea-
sured by the task is still being assessed with valid-
ity. Furthermore, because cognitive skills are
developing rapidly during early childhood, EF
tasks have short windows of utility, defined as the
age range when the measure will have sufficient
range and variability. At ages earlier than this
range, the measure will suffer from large floor
effects, and after it, ceiling effects are a problem.
Petersen et al. (2016) conducted a meta-analysis of
complex response inhibition tasks between the age

of 18 months and 8 years and found that measures
were useful for a developmental span of < 3 years.
However, it is important to note that this limitation
is not unique to this study: it is intrinsic to the
study of any emergent construct. Future research
should continue employing developmentally sensi-
tive tasks while being mindful of task congruency
over time, at least to the extent it is possible with-
out inducing floor or ceiling effects. A second limi-
tation was the relatively small number of
assessment points. As with any longitudinal study,
more assessment points would allow for more fine-
grained analysis of the processes under examina-
tion. Finally, the focus on low-income African
American and Latino children is both a strength
and limitation of this study. While this population
is understudied, the focus on specific ethnic groups
from low-income families limits the generalizability
of the findings to other groups.

The present focus on a relatively understudied
population in the early childhood EF literature—
low-income African American and Latino children
—is notable in that no other study of SR develop-
ment during early childhood has included a sub-
stantial number of Latino children. Although the
Family Life Project includes a large number of low-
income African American children, there is still a
need for additional study of the development of SR
and its components with data on more diverse sam-
ples. The current findings indicate that early SR
skills support later academic achievement among
low-income African American and Latino children.
Consequently, improving understanding of the
development of SR in these populations is impor-
tant for supporting early academic achievement in
these groups.

The relevance of SR to later academic achieve-
ment, however, has been questioned in at least one
study. Willoughby, Kupersmidt, and Voegler-Lee
(2012) argued that the relation between early EF
development and later academic achievement is
spurious because the relation is confounded by
time-invariant, unmeasured covariates. This was
inferred from the disappearance of an EF-achieve-
ment association in a fixed effect regression model
that—unlike other longitudinal analytic techniques
(the authors argued)—controlled for time-invariant
unmeasured covariates. However, the fixed-effect
model is a special case of a more general regression
model with specific, restrictive assumptions about
random effects and time-varying influences, and is
typically used when one has no intention of gener-
alizing to other time points. Consequently, to the
extent the fixed effect model controls for such
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effects, so does any more general regression-based
approach, including the LDS approach used in the
current investigation. As such, the present finding
that early SR predicts later academic achievement is
also adjusted for the potential confounders high-
lighted by Willoughby, Kupersmidt, et al. (2012),
suggesting the association is not spurious.

This study is the first to examine longitudinal
relations between emerging EFs and academic skills
in a low-income sample of African-American and
Latino children. Minority children have been shown
to be at risk for the development of deficient EF
skills (Raver, 2004) and academic failure (U.S.
Department of Education, 2004). Additionally, eth-
nic minority children disproportionately come from
low-income households, which has been robustly
associated with a variety of suboptimal outcomes.
Consequently, it is important to examine the man-
ner in which regulatory competencies develop and
relate with academic achievement in populations
that have been historically underserved and under-
studied. Results from this study are a first step in
understanding transactions between these vari-
ables and add to the evidence base underlying
efforts to improve the development of self-regulatory
skills and school readiness in low-income minority
children.
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