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Abstract
Data from the NICHD Study of Early Child Care and Youth Development (n = 1,307) were used
to estimate the additive and multiplicative benefits of high quality child care between birth to 54
months of age and high quality elementary school education between first and fifth grade.
Results indicated that the math and language and literacy benefits of high quality child care
accrued from the end of preschool through age 15 only when coupled with higher quality
classroom environments during the elementary school years. In contrast, the benefits of high
quality child care were no longer present when children later attended lower quality classrooms
in elementary school. Taken together, these results point to the importance of continued

investments in children’s education throughout the first decade of life.
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Variation in the Long-term Benefits of Child Care:
The Role of Classroom Quality in Elementary School

There is strong research and policy interest in the early childhood years, and in early care
and education programs in particular, as a potential remedy for long-term inequality (Phillips et
al., 2017; Yoshikawa et al., 2013). Indeed, recent national estimates from the United States
suggest that approximately half of infants and toddlers under 4 years of age experience regular
non-parental care and up to 75% of 4-year-olds experience child care during the year before
kindergarten (Burchinal, Magnuson, Powell, & Hong, 2015). Although it is often argued that
early investments are one of the most cost-effective means of improving children’s long-term
educational prospects (Heckman, 2006), the efficacy of child care and other early childhood
programs are increasingly in question. This is because the long-term impacts of contemporary
early childhood programs have been ambiguous, with some scholars documenting continued,
albeit modest, benefits throughout middle childhood and adolescence (Ansari et al., 2016;
Ansari, in press; Muschkin et al., 2015; Vandell, Burchinal, & Pierce 2016) and others finding no
discernable effects shortly after kindergarten (Hill et al., 2015; Lipsey et al., 2015; Magnuson et
al., 2007; Puma et al., 2012).

In view of these conflicting claims, a pressing question in the developmental sciences has
centered on these patterns of convergence and persistence in the benefits of early childhood
programs and in identifying the conditions under which the effects of early experiences are
accentuated, attenuated, or maintained (Duncan & Magnuson, 2013; Yoshikawa et al., 2013). To
this end, although some scholars find that children’s experiences in middle childhood and
adolescence override any experiences in early childhood and thus should be considered more

salient developmentally (Bradley, Caldwell, & Rock, 1988), others contend that children’s post-
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preschool experiences play a more nuanced role (Bailey, Duncan, Odgers, & Yu, 2016). More
specifically, one of the arguments put forth by Bailey and colleagues (2016) is that the legacy
impact of early experiences vary as a function of experience in subsequent exogenous
environments. This “sustaining environments” argument has received growing empirical
attention, with recent calls for initiatives that provide children with continued high quality
educational opportunities across the first decade of life (Reynolds & Temple, 2014). That is,
despite the fact that investments in early childhood programs can (and do) prepare children for
kindergarten (e.g., Ansari, in press; Fuller, Bein, Bridges, Kim, & Rabe-Hesketh, 2017;
Gormley, Phillips, & Gayer, 2008; Magnuson et al., 2007; Puma et al., 2012; Weiland &
Yoshikawa, 2013), children’s long-term school success is likely a function of concatenated
investments that contribute to sustaining or fading impacts of early experiences, including those
in child care programs.

Although intuitive, the empirical evidence in support of this position is fairly limited, in
large part because studies of early care and education programs rarely gather data on children’s
experiences in subsequent educational settings. Yet, even among the handful of studies that have
considered different aspects of the elementary school environment as potential moderators of the
long-term effects of child care (e.g., Bassok, Gibbs, & Latham, 2015; Claessens, Engel, &
Curran, 2014; Currie & Thomas, 2000; Lee & Loeb, 1995; Zhai, Raver, & Jones, 2012), the
evidence in support of the sustaining environments argument is equally mixed. For example,
some educational scholars found that school environments of sufficient quality do sustain the
benefits of early investments in children’s education (Currie & Thomas, 2000; Lee & Loeb,
1995; Zhai et al., 2012). In contrast, others found that the long-term benefits of early care and

education programs are not conditional on children’s later schooling and, ultimately, the benefits
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conferred by these programs diminish to a similar degree for all children as they progress
throughout the elementary school years (Bassok et al., 2015; Claessens et al., 2014).

To date, however, much of the educational literature that has tested the evidence for the
sustaining environments argument (Bailey et al., 2016), at least with respect to the school
environment, has frequently examined structural measures of classroom quality, such as
elementary program type and class size as opposed to process quality, such as teachers’ day-to-
day interactions with their students. Considering that contemporary studies of education and
development emphasize the role of children’s proximal interactions with their teachers as a
powerful force in shaping children’s short- and long-term school success (Pianta & Hamre,
2009), it is likely that such interactions play a stronger role in the persistence (or convergence) of
child care effects as compared with other aspects of schooling, such as class size. And it should
be recognized that even with growing investments in child care and in early education programs
across the country, there is not a coherent approach to providing continuous (i.e., year after year)
high quality educational opportunities for young children in the United States (Pianta, Belsky,
Houts, & Morrison, 2007); therefore, it should not be at all surprising that even the most robust
early childhood effects diminish over time (e.g., Hill et al., 2015; Lipsey et al., 2015; Puma et al.,
2012).

It is also important to acknowledge that the sustaining environments hypothesis, which
points to the conditional nature of early childhood effects—although the focus of this
investigation—is but one of the many theories behind the convergence (or maintenance) of the
benefits that emerge from early intervention and child care programs. For example, economic
theories of skill building suggest that early investments shape children’s long-term development

by providing children with the foundational skills necessary to succeed in school (Cunha et al.,
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2006). As one example, children’s early counting skills have been documented as the basis for
math (and reading) achievement in subsequent years such that children with higher math abilities
during the early years are more likely to do better on more advanced assessments of mathematics
knowledge (Duncan et al., 2007). Thus, programs that boost children’s math achievement, in
theory, may have sustained long-term benefits for children academically regardless of
subsequent experiences. At the same time, however, Bailey and colleagues (2016) argue that the
focal skills children learn matters: these skills have to be malleable to intervention, fundamental
for later success, and would not otherwise develop over time in the counterfactual. A third
possibility stems from the "foot in the door" hypothesis (Bailey et al., 2016), which argues that
successful early childhood programs are those that equip children with the right skills to succeed
and avoid imminent risks (e.g., being held back in school) or to seize other opportunities (e.g.,
entry into honors classes), which in turn have long-term cascading effects for children.
Notwithstanding these other arguments for variation in the longer-term benefits of early
care and education programs, in the current investigation we focus on the sustaining
environments hypothesis. More specifically, we extend the existing literature by examining the
degree to which the long-term benefits of child care quality are conditioned on children’s later
experiences in school, with a focus on children’s academic learning, as they relate to the quality
of their proximal experiences in the classroom during the early and middle childhood years. As
part of this effort, we consider both children’s cumulative educational experiences during the
elementary school years and the specific years during which they experience higher quality
classroom environments. We consider both the cumulative and time-specific nature of children’s
experiences because, developmentally speaking, the benefits of child care and educational

quality for children may increase from exposure over time, which would be captured with our
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cumulative model, whereas the timing specific models could point to periods during which
quality makes a larger difference. And although a timing specific model might indicate when
quality matters most, if the benefits of child care or classrooms at any given point in time are
weak (e.g., Keys et al., 2013) or inconsistent over time (e.g., Pianta et al., 2007), then it might be
children’s cumulative experiences in the classroom that result in significant effects rather than
those from any one given period.

When taken together, although previous studies with the National Institute of Child
Health and Human Development (NICHD) Study of Early Child Care and Youth Development
(SECCYD) indicate that child care quality predicts higher academic test scores throughout the
first 15 years of life (Belsky et al., 2007; Burchinal et al., 2014; Vandell et al., 2010), this is the
first to consider long-term variation in the persistence of these associations as a function of
children’s subsequent experiences in the classroom. Drawing from the sustaining environments
model (Bailey et al., 2016), we hypothesize that the benefits of high quality child care will be
more pronounced over time when children subsequently experience higher quality education as
opposed to lower quality education, where the initial academic advantages of child care will be
more likely to diminish as children progress through the K-12 educational pipeline.

Method

Data for the current investigation were drawn from the NICHD SECCYD, a longitudinal
investigation of children from birth through the end of high school. Potential participants were
pooled from mothers who gave birth during selected sampling periods in 1991 across 10
different sites in the United States (Little Rock, AR; Irvine, CA; Lawrence, KS; Boston, MA,;
Philadelphia, PA,; Pittsburgh, PA; Charlottesville, VA; Morganton, NC; Seattle, WA; and

Madison, W1). A total of 1,364 mothers with healthy newborns were enrolled into the study and
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participated in Phase | (ages 0-3; 1991-1994). Of these 1,364 study participates, 1,226
participated in Phase Il (through first grade; 1995-1999), 1,061 participated in Phase IlI (through
sixth grade; 2000-2004), and 1,009 participated in Phase IV (through ninth grade; 2005-2007).
As part of the longitudinal investigation, data were regularly collected from multiple informants
including interviews with parents and teachers, direct assessments of children, and observations
of the home and school. The analytic sample for the current investigation includes 1,307 children
and families of the original recruitment sample who were not exclusively cared for by their
mothers. Thus, our study sample includes children who experienced nonmaternal care at some
point between birth and 54 months of age. Participating children were largely White (81%), had
mothers who averaged a little over 14 years of education, and lived in households between birth
to 54 months of age that had an average family income that was approximately 3.64 times
greater than the poverty threshold. Because this investigation is based on secondary data that are
available through the Interuniversity Consortium for Political and Social Research (ICPSR), our
research ethics committee at the University of Virginia declared this study exempt.

Measures

For descriptive statistics for all focal variables and covariates, see Tables 1 and 2. For a
correlation matrix of the focal variables of interest, see Supplemental Table 1.

Child care quality. Child care quality was based on observational assessments in
children’s primary child care arrangement at 6, 15, 24, 36, and 54 months of age. Observational
assessments of caregiver-child interactions were obtained using the Observational Record of the
Caregiving Environment (ORCE) for children who were in 10 or more hours per week of
nonmaternal care. These assessments occurred across two half-day visits within a two-week

period when children were 6 to 36 months of age and one half-day visit at 54 months of age, all
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of which demonstrated strong internal consistency (o = .90, .86, .81, .80, .90 at 6, 15, 24, 36, and
54 months, respectively). Before conducting observations, all coders received extensive training
and, to be certified, coders had to achieve exact agreement with the master codes of the
qualitative ratings at 60% or better. Inter-observer agreement exceeded 0.80 across all ages.

Once certified, the trained observers completed four 44-min cycles of the ORCE at 6, 15,
24, and 36 months and two 44-min cycles at 54 months. These observations captured caregivers’
sensitivity to children’s non-distress signals, stimulation of children’s development, positive
regard toward children, detachment, flatness of affect, and intrusiveness. These scores were
based on a 4-point Likert scale (1 = not at all characteristic, 4 = high characteristic). Prior
studies with this instrument have suggested that an overall composite is most appropriate and,
thus, these ratings were averaged to create a composite of child care quality spanning from birth
to 54 months of age (see also: Belsky et al., 2007; Burchinal et al., 2014; NICHD Early Child
Care Research Network [ECCRN] & Duncan, 2003; NICHD ECCRN, 1997, 2002; Vandell et
al., 2010, 2016). At least one observational assessment was available for 86% of children
between 6 and 54 months (45%, 50%, 51%, 54%, and 65% at 6, 15, 24, 36, and 54 months).

Classroom quality during elementary school. Classroom quality during the elementary
school years was assessed with the Classroom Observation System (COS) during first (COS-1),
third (COS-3), and fifth grade (COS-5). These classrooms observations included global ratings
of teacher-child interactions and occurred during the start of the school day and took roughly
three hours for the COS-1 and six hours for the COS-3 and COS-5. These global ratings captured
several dimensions of process quality: classroom overcontrol, chaos, positive emotional climate,
negative emotional climate, teacher detachment, teacher sensitivity, productive use of

instructional time, and rich instructional methods (see also: Pianta, Belsky, Vandergrift, Houts,
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& Morrison, 2008), with ratings ranging from 1 (uncharacteristic) to 7 (extremely
characteristic). For each grade level, we created a composite of classroom quality by averaging
the COS ratings for that grade (o = .88, .79, .82 at first, third and fifth grade, respectively). In
total, 83% of the study children had at least one classroom observation in elementary school
(73%, 73%, 72% at first, third, and fifth grade).

Before rating classrooms, however, all coders underwent extensive reliability training and
testing. To be deemed reliable, 80% of a coder’s ratings needed to be within 1 scale point of the
master ratings. All coders met or exceeded this level of reliability. Additionally, Pianta and
colleagues (2008) examined the relation between codes for classrooms observed more than once
in the NICHD SECCYD to estimate the stability of the observations across days and across
different children in first (n = 63 classrooms), third (n = 52 classrooms), and fifth (n = 54
classrooms) grade. Results from this assessment—a form of test-retest reliability—revealed an
average cross-day correlation of .71, .88, and .91 in first, third, and fifth grade, respectively,
Thus, these ratings are reflective of aspects of the classroom ecology that remain relatively
stable across time and children.

It is important to note that, unlike the ORCE, the COS can be used either as an overall
composite or as a two-factor structure to capture instructional and emotional dimensions of the
classroom. Although our focal analyses use the overall composite of classroom quality during the
elementary school years, we estimate supplemental models looking at the main and moderated
effects of instructional and emotional support as separate indicators. The results from these
models indicate that the associations between these two dimensions of the COS and children’s
school success are statistically indistinguishable from one another (see Model 1 of Supplemental

Table 2) and support the general conclusions discussed below.
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Academic achievement. Children’s academic achievement was directly assessed at 54
months of age, first grade, third grade, fifth grade, and ninth grade with the Woodcock-Johnson
Educational Battery—Revised (Woodcock & Johnson, 1989), which included assessments of
children’s language and literacy and math skills. Among the full sample, roughly 80%, 77%,
76%, 75%, and 67% of children had valid test scores at 54 months of age, first, third, fifth, and
ninth grade, respectively. For the purposes of the current study we created a composite for
language/literacy (letter word identification, word attack, and passage comprehension; a = .60,
.78, .89, .84, .83 at 6, 15, 24, 36, and 54 months, respectively) and math (applied problems).
Given concerns surrounding missing data and sample attrition, we also estimated models among
the sample of children who participated through age 15 and all findings were qualitatively and
quantitatively similar to those reported below (see Model 2 of Supplemental Table 2).

Maternal, child, and family confounds. One of the major concerns with early
intervention research and studies on education quality is that the focal predictor—in this case
child care quality and classroom quality in elementary school—is endogenous. That endogeneity
can undermine causal inferences to be made about associations between education quality and
children’s academic achievement, as factors that select children into higher quality environments
might also influence their school success (Duncan & Magnuson, 2013; NICHD ECCRN &
Duncan, 2003). To address these issues we explicitly estimate factors selecting children into
different quality environments and identify measureable confounds that need to be controlled
when examining the additive and multiplicative benefits of education quality for children’s
school performance. Each of these factors, in turn, is included in regression models predicting
children’s math and language and literacy achievement. These variables included are largely

based on prior child care studies done with the NICHD SECCYD (e.g., Belsky et al., 2007;
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Dearing et al., 2009; NICHD ECCRN & Duncan, 2003; Vandell et al., 2010, 2016) as well as
theoretically informed studies done on child care and preschool selection (e.g., Ansari, 2017;
Crosnoe, Purtell, Davis-Kean, Ansari, & Benner, 2016; Coley et al., 2014).

Before discussing these factors, however, it is important to note that similar to prior child
care reports with these data (e.g., Belsky et al., 2007; Burchinal et al., 2014; Vandell et al., 2010,
2016), when available, we also adjusted for time varying covariates for birth to 54 months (6, 15,
24, 36, 54 months of age), the elementary school years (first, third, and fifth grade), and
adolescence (ninth grade) as a means of providing a more conservative assessment of the effects
of early experiences on long-term development. If, however, early child care affected the
covariates during the later years (i.e., the elementary school years and adolescence), then their
inclusion in our models might result in a biased estimate of the effects of child care and
education quality. For these reasons, we also estimated a series of models without covariates
from the elementary school years and adolescence, which resulted in the same pattern of results
as those discussed below (see Model 3 of Supplemental Table 2).

To begin, at the child-level, all of our models adjusted for children’s: race (White, Black,
other), birthweight (in pounds), birth order, mother report of children’s temperament (Infant
Temperament Questionnaire; Medoff-Cooper, Carey, & McDevitt, 1993) and health (1= poor,
4= excellent) before entering child care (i.e., at 6 months of age), and the proportion of time
children attended center care between birth to 54 months. All models also adjusted for children’s
attachment security at 36 months, which was assessed with a modified version of the Strange
Situation (Cassidy et al., 1992) and classified children as either securely or insecurely attached
(see also: Dallaire & Weinraub, 2007; McCartney et al., 2004; NICHD ECCRN, 2001b).

At the parent level, all models adjusted for a wide variety of indicators, both time varying
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and time invariant. Time invariant factors included: mothers’ age after birth of child, mothers’
receipt of maternity leave (0 = no, 1 = yes), mothers’ report of their own health when children
were 6 months of age (1= poor, 5= excellent), mothers’ years of education at birth of child,
mothers’ vocabulary skills at 36 months of age (measured with the Peabody Picture VVocabulary
Test-Revised; Dunn & Dunn, 1981), mothers’ psychological adjustment when children were 6
months of age (NEO Personality Inventory; 55 items, a = 0.81; Costa & McCrae, 1985, 1989),
and mothers' childrearing attitudes after birth of child, including their progressive (8 variables, a
= 0.60; e.g., children should be allowed to disagree with their parents) and traditional (22 items,
a=0.90; e.g., preparing for the future is more important for children than enjoying today) beliefs
(Parental Modernity Scale of Childrearing and Educational Beliefs; Schaefer & Edgerton, 1985).
After the birth of their child, mothers also reported how they felt when they found out they were
pregnant (1= very unhappy, 5 = happy), how they felt about their baby after birth (0 = mixed
feelings, 1= happy), and their locus of control (20 items, oo = 0.61; e.g., being a good parent often
depends on being lucky enough to have a good baby). All models also adjusted for site fixed
effects (i.e., Little Rock, AR; Irvine, CA; Lawrence, KS; Boston, MA; Philadelphia, PA;
Pittsburgh, PA; Charlottesville, VA; Morganton, NC; Seattle, WA; and Madison, W1).

As noted above, we also included a series of time varying covariates across birth to 54
months, the elementary school years, and adolescence, namely: the proportion of time mothers
were employed, the proportion of time mothers were enrolled in school, the average household
income-to-needs ratio, the proportion of time children lived in a two-parent household,
household size, mothers’ depressive symptoms (measured with the Center for Epidemiological
Studies Depression Scale; Radloff, 1977), mothers’ relationship quality with their partner (26

items, a = .90; e.g., my spouse/partner listens to me when I need someone to talk to), parenting
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quality as measured by the Home Observation for Measurement of the Environment Scale (e.g.,
availability of learning materials, language stimulation, responsivity; Caldwell & Bradley,
1984), along with maternal sensitivity from videotaped interactions (see also: Burchinal et al.,
2014; NICHD ECCRN, 2002; Vandell et al., 2010, 2016; Watamura et al., 2011). Finally, our
models also adjusted for principal reports of broader school quality (19 items, as = .88-.93; e.g.,
problems with child absences, robbery and theft, drug use) and a composite of neighborhood
disadvantage, which was based on census data and captured the percent of: unemployed adults,
adults with less than a high school degree, households living in poverty, and households
receiving government assistance.

Analytic Strategy. Our focal analyses were estimated within a regression framework in
the Mplus program (version 7; Muthén & Muthén, 1998-2013) and missing data, which ranged
from 0-42% (mean = 15%) were accounted for with full information maximum likelihood
estimation (FIML; Schafer and Graham, 2002). Because our analyses focused on children’s child
care experiences across birth to 54 months of age, there is considerable variation in dosage and
the proportion of time children spent in non-maternal care during this period. On the one hand,
controlling for variation in dosage would treat the quality of, for example, one year in non-
maternal care the same as, for example, nearly 3 years of non-maternal care with the expectation
that these would have comparable effects. On the other, not adjusting for these differences would
give undue weight to children who experienced less time in non-maternal care. Thus, to address
this issue, we weighted our models by the proportion of time children spent in non-maternal care.
In doing so, children who spent more time in non-maternal care received greater weight than
children who spent less time in non-maternal care between birth to 54 months of age.

With the above in mind, our focal analyses were completed in two steps. In our first set
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of analyses, we estimated an omnibus model in which we examined the role of child care quality
between birth to 54 months of age (i.e., a combination of child care quality at 6, 15, 24, 36, and
54 months of age) and classroom quality during the elementary school years (i.e., combination of
classroom quality during first, third, and fifth grade). It is important to note that the omnibus
indicator of education quality during the elementary school years was aligned to the grade at
which the outcome assessment was available during that larger time frame. For example, when
looking at children’s third grade academic test scores, the omnibus indicator of classroom quality
only included children’s experiences in first and third grade, whereas when looking at fifth and
ninth grade outcomes, the composite of classroom quality included children’s experiences in
first, third, and fifth grade. That is, prospective indicators of classroom quality during the
elementary school years were not included in our models of past academic performance.

Next, to test for moderation, we interacted the focal independent variables (i.e., child care
quality X classroom quality during elementary school). If there was evidence for moderation, we
plotted the interactions by calculating the predicted outcome scores for a one standard deviation
change in child care quality in low (i.e., one standard deviation below the mean) and high (i.e.,
one standard deviation above the mean) quality classrooms during the elementary school years
(Aiken & West, 1991). In our second series of analyses, we estimated timing specific models
examining the contribution of classroom quality during first, third, and fifth grade, separately. A
similar series of interactions were also estimated for our timing specific analyses. Finally, it is
important to note that although all models included the covariates listed in Table 1, we did not
include prospective covariates (e.g., covariates from adolescence) when estimating models for
earlier time points (e.g., the elementary school years).

Results
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We begin with descriptive statistics for our focal variables. We then summarize the main
effects of child care quality between birth and 54 months and classroom quality during the
elementary school years before turning to a discussion of the conditional nature of the long-term
benefits of child care quality as a function of children’s subsequent classroom experiences. We
close with a presentation of robustness checks and a series of models that compare the
conditional nature of child care quality as a function of: (a) children’s cumulative experiences in
elementary school; and (b) the specific years in which they experience higher quality classrooms.

Descriptives and bivariate correlates of education quality. Between birth and 54
months of age, 70% of the time children were sampled they were not exclusively cared for by
their mothers (SD = 26%, range =6-100%). Not surprisingly, when children were one month of
age 93% were cared for exclusively by their mothers, but this steadily dropped to 34%, 29%,
27%, 20%, and 10% at 6, 15, 24, 36, and 54 months of age and, given the sample restrictions, all
children experienced non-maternal care at some point between birth and 54 months of age.
During this same time frame, the study children spent approximately 20% (SD =26%, range 0-
94%) of their time in center-based care for 10 or more hours per week. Put another way, for
roughly a third of the time children were not cared for by their mothers between 6 and 54 months
of age, they were enrolled in a center-based program.

Moreover, between 6 and 54 months of age, children experienced moderate quality care
(M =2.92, SD = 0.42; for a histogram see Supplemental Figure 1), with roughly 19% attending
child care programs that were considered to be of high quality (i.e., above a 3.30; thresholds of
child care quality are based on the work of Vandell et al., 2010) and 33% experiencing care that
was of low quality (i.e., scores below 2.75). Children subsequently attended elementary school

classrooms that were of moderate to moderately high quality in first (M = 5.10, SD = 0.86), third
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(M =5.25, SD =0.56), and fifth (M =5.23, SD = 0.54) grade (see Supplemental Figures 2-5 for
histograms), with 27% attending classrooms that were of high quality (score above 5.50). As can
be seen by the bivariate correlations (see Supplemental Table 1), however, children who
experienced higher quality interactions during early childhood were not much more likely to
experience a higher quality education in elementary school (r = 0.15, p <.001) and children who
experienced higher quality education in any grade level during elementary school were not
guaranteed to experience higher quality education during later grades (rs = 0.14-0.22). In fact,
and as can be seen in Table 3, roughly 23% of children who experienced low quality child care
(7% of the full sample) went on to experience high quality elementary school education, whereas
another 22% of children who experienced high quality child care (4% of the full sample)
subsequently experienced low quality elementary school education. Thus, overall, only a small
fraction of children experienced consistent high quality education from birth through fifth grade.
Despite the fact that children infrequently experienced consistent high quality education
across the first decade of life, both bivariate and multivariate models revealed that some children
were more likely to experience higher quality education than others. Below we only discuss the
multivariate differences, but bivariate differences between the early childhood demographics and
child care and elementary school quality are also presented in Table 4. To begin, we found that
children who lived in larger homes and whose mothers were employed and received maternity
leave and children who spent greater time in center care between 6 and 54 months of age
experienced lower quality child care. In contrast, children who lived in more affluent homes and
children who experienced higher quality parenting and had healthier mothers experienced higher
quality child care. In terms of classroom quality in elementary school, results suggested that

boys, black children, and children born to younger mothers experienced lower quality education,
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whereas children who lived in homes that were more affluent, those who experienced greater
maternal sensitivity, and those whose mothers attended school for more epochs attended
classrooms of higher quality. Effect sizes for these associations ranged from 8-30% of a SD.
Outside of these factors, however, the remaining child and family characteristics were not
significantly associated with the quality of children’s experiences in child care or elementary
school and the average bivariate (rs = ~0.13-0.14) and partial (rs = ~0.05-0.06) correlations
between all of the covariates and child care and elementary school quality indicators was small.

Main effects of child care and classroom quality. Having examined both the
descriptive patterns of child care and elementary school quality and considered which children
were more (or less) likely to experience high quality education, we next estimated a series of
regression models that examined the main effects of child care quality and classroom quality in
elementary school for children’s math and language and literacy skills from 54 months through
age 15. For these main effects models, we include all quality variables as predictors along with
the covariates. These analyses were also weighted by the proportion of time children spent in
non-maternal care.

Similar to prior studies done with the NICHD SECCYD on children’s academic
achievement during the elementary school years (Belsky et al., 2007; NICHD ECCRN, 2002)
and adolescence (Burchinal et al., 2014; Vandell et al., 2010), we found that the quality of child
care was linked with higher math and language and literacy test scores at 54 months of age and
these benefits remained largely the same throughout the next decade of life. Effect sizes for these
associations were generally small and ranged from 5-12% of a standard deviation (see Table 5).
And although there were periods during which the benefits of child care quality were not

statistically significant (e.g., first grade for math and third grade for math and language/literacy),
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there was no empirical evidence to suggest that these academic benefits changed over time
(Wald x2s =0.01.-3.07, ns). That is, there was no indication of convergence or fadeout at least
with respect to children’s academic test scores, nor was there any evidence to suggest that these
academic benefits grew as children progressed throughout the K-12 educational pipeline.

In contrast to child care quality from birth to 54 months of age, the quality of classrooms
in elementary school was, with one exception, not associated with children’s math or language
and literacy performance through age 15, with effect sizes ranging from 0-4% of a SD, on
average (see Table 5). In the one instance that a statistically significant difference did emerge,
results suggested that higher quality elementary school classrooms resulted in higher math test
scores at age 15, with an effect size of roughly 7% of a SD. It is also important to acknowledge
that although the benefits of elementary school quality were more often than not statistically
indistinguishable from zero, this does not mean that child care quality had a greater “effect” (see
Gelman & Stern, 2006). In fact, the benefits of child care and elementary school quality were
comparable in magnitude for children’s math performance across all four waves of data
collection (Wald y2s = 0.28-2.37, ns) and for three of the four waves for language and literacy
outcomes (Wald y2s = 0.27-2.20, ns). We did, however, find that the benefits of child care
quality were somewhat larger than that of classroom quality in elementary school for age 15
literacy performance (Wald %2 = 5.60, p < .05), with an effect size difference of approximately
10% of a SD.

Multiplicative effects of education quality. We next estimated a series of models that
considered the multiplicative benefits of education quality (i.e., child care X elementary school
quality interactions). That is, we examined the degree to which the long-term benefits of child

care were conditioned on children’s later experiences in elementary school. Results from this
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effort revealed evidence for moderation during fifth (for language and literacy) and ninth (for
math and language and literacy) grade. When plotting these interactions, the benefits of child
care quality were found to be considerably larger when children subsequently experienced high
(versus low) quality classrooms during the elementary school year. More specifically, the
average benefits of child care quality between birth and 54 months of age were 7-8% of a SD;
however, for children who subsequently experienced high quality education in the elementary
grades, these child care benefits grew larger by the end of fifth and ninth grade, with effect sizes
of roughly 15-20% of a SD for language and literacy test scores, and roughly 18% of a SD by the
end of ninth grade for math test scores. In contrast, for children who ended up in low quality
classrooms during elementary school, child care quality showed no consistent nor significant
association with children’s academic test scores by age 15. It is of note, however, that for
children’s language and literacy (but not math) achievement, high elementary school quality was
associated with amplified estimated long-term effects of both positive and negative early child
care quality (i.e., the main effect of elementary school quality for literacy is considerably smaller
than the interaction term, whereas the difference for math is smaller). That is, children who
experienced low quality child care and high quality elementary schools demonstrated the least
optimal language and literacy achievement in fifth and ninth grade.

Timing specific models. In addition to our omnibus models of elementary school quality,
we also estimated a series of models that examined the periods during which children
experienced higher quality classrooms during the elementary school years to determine whether
the timing of high quality education mattered for the maintenance of child care benefits. As
discussed earlier, these analyses are important as they can indicate whether the findings reported

above are attributable to certain periods during which children experience higher (or lower)
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quality education in elementary school. Similar to the prior set of main effects models reported
above, child care quality and classroom quality are both in the models as main effect along with
the covariates, omitting only interaction terms between our focal predictors.

Results from this effort revealed that classroom quality in first, third, and fifth grade did
not have differential implications for children’s academic achievement, with absolute effect sizes
ranging from 0-8% of a SD (see Table 3). And there was no consistent evidence for moderation
by any specific grade level; the raw effect sizes of the interaction terms were statistically
indistinguishable from one another during fifth (Wald y2s = 0.23-1.51 ns) and ninth grade (Wald
x2s = 0.02-3.37, ns). We also examined model fit across specifications using the Bayesian
information criterion (BIC) statistic. Given two models fit on the same data, the model with the
smaller BIC value is considered to be better fitting. According to these fit statistics, the omnibus
(i.e., quality composited across grades) models were consistently superior to the timing specific
models. Thus, when taken together, these results suggest that high quality education in first grade
did not matter more (or less) for sustaining child care benefits as compared with high quality
education in third and/or fifth grade; instead, what really appeared to matter was children’s
cumulative experience across the elementary school years.

Robustness checks. To ensure that our findings were robust, we estimated a series of
supplemental models. First, we estimated a set of falsification tests that considered whether
prospective indicators of classroom quality during the elementary school grades predicted and/or
moderated the associations between early child care quality and children’s math and language
and literacy test scores at 54 months of age through third grade, logically impossible relations
(i.e., the future predicting the past). Beyond being logically implausible, we estimated these

models because they address the possibility that the results discussed above stem from the fact
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that children in high quality child care end up in high quality elementary school classrooms (i.e.,
post-treatment bias). As can be seen in Supplemental Table 3, results from these analyses
revealed that classroom quality during the elementary school years did not predict children’s
math or language and literacy performance at 54 months of age, nor did classroom quality in
elementary school interact with child care quality for these outcomes. Put another way, children
who experienced higher quality care were not more (or less) likely to end up in higher quality
classrooms during the elementary grades, which is also demonstrated in our selection models that
revealed that net of covariates that selected children into the different environments, child care
quality was not linked with higher quality elementary school education (see Table 4). When
looking at first and third grade, we also found no evidence to suggest that prospective indicators
of classroom quality predicted children’s past academic performance nor moderated the
documented associations.

Next, families” household income was associated with both child care and elementary
school quality in our multivariate prediction models and, thus, our findings may be confounded
by families’ socioeconomic status. We, thus, estimated additional models that included income x
child care and income x elementary school quality indicators as covariates. Results from these
analyses were the same as those discussed above (see Model 4 of Supplemental Table 2).
Relatedly, considering that the earliest time point children’s cognitive skills were assessed was at
15 months of age, our focal analyses had not controlled for children’s cognitive abilities given
that doing so would incorporate effects of child care environments. As a precaution, however, we
estimated a series of models that examined child care quality at 15, 24, 36 months, and 54
months (i.e., excluding quality scores at 6), which allowed us to adjust for any sorting of children

into higher quality programs as a result of higher skills (and child care quality during the earlier
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waves). Results from bivariate analyses revealed that children with higher cognitive skills were
more likely to attend higher quality child care (r = 0.13, p <.001) and elementary schools (r =
0.06, p < .05), but the magnitude of the correlations were small and these differences were no
longer statistically significant after accounting for the other covariates. Moreover, and as can be
seen in Model 5 of Supplemental Table 2, all findings were the same as those reported above
when adjusting for children’s earlier cognition. That is, net of children’s cognitive skills at 15
months of age (and earlier child care quality at 6 months), children who experienced higher
quality child care performed better in areas of math and language and literacy and these
academic benefits grew larger in magnitude when coupled with higher quality elementary school
education. Thus, these analyses indicate that our findings were not an artifact of higher
functioning children attending higher quality programs.

As a means of addressing potential confounds, a number of advances have also been
made in quasi-experimental methodology (e.g., propensity scores). Although traditional
propensity score matching often requires the dichotomization (or categorization) of predictors,
which results in the loss of valuable information, there are other types of propensity scores that
allow us to preserve the continuous nature of our focal predictors. To this end, we implemented a
covariate adjustment with the propensity score to further probe our primary model specification
(for more information on this method, see: Austin, 2008, 2011). We included all of the variables
outlined in Table 4 in addition to site fixed effects as predictors of child care and elementary
school quality. And because income was associated with both child care and elementary school
quality in our multivariate predictor models, we included SES interaction terms with all focal
variables of interest. As part of this effort, we estimated two sets of models: (a) outcome models

that excluded all covariates that were included in stage 1 of the propensity scores; and (b)
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outcome models that included all of the covariates that were included in stage 1 of the propensity
scores. It is also important to note that in the context of covariate adjustment using the
propensity score, balance is assessed by examining the standardized difference between the
predictors of interest, conditional on the propensity score (Austin, 2008). After balancing the
child care and elementary school quality conditions (see Supplemental Table 4), we found that
our propensity score models confirmed the conclusions discussed above (see Models 6 and 7 of
Supplemental Table 2).

Finally, considering that many of the policy issues for quality child care and early
childhood education more generally revolve around the experiences of 4-year-olds, we also
estimated a series of models that focused on the preschool period specifically. As can be seen in
Model 8 of Supplemental Table 2, and similar to Keys and colleagues (2013), we found no
consistent main effects of child care quality at 54 months of age (net of earlier child care quality
and cognitive functioning) and no consistent evidence for moderation, suggesting that our
findings pertain more to children’s cumulative child care and early education experiences during
the early childhood years as opposed to the preschool year specifically.

Discussion

With the growing investments in children’s education during the early childhood years as
a means of strengthening children’s long-term educational prospects (Duncan & Magnuson,
2013; Phillips et al., 2017; Yoshikawa et al., 2013), research and policy interest in understanding
how to maintain the benefits of early care and education programs throughout middle childhood
and adolescence has been on the rise. Although prior child care studies with the NICHD
SECCYD (e.g., Belsky et al., 2007; Burchinal et al., 2014; NICHD ECCRN, 2002; Vandell et

al., 2010, 2016) have greatly contributed to the discourse surrounding the ways in which early
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childhood experiences drive success in life and school, to date, studies with these data have not
fully considered the extent to which the long-term benefits of high quality child care vary as a
function of children’s subsequent educational experiences. In the current investigation, we
sought to fill in this gap in knowledge.

Informed by the sustaining environments hypothesis (Bailey et al., 2016), the questions
posed as part of this investigation, although correlational, point to the conditional nature of the
long-term links between high quality child care and children’s academic success in school. To
that end, the results reported herein build on the existing literature that has considered structural
processes of the school environment as sources of heterogeneity to focus on classroom processes
as a source (e.g., Currie & Thomas, 2000; Lee & Loeb, 1995; Zhai et al., 2012). Results reveal
that the predictive associations between high quality child care and academic skills at age 15
appear greater in magnitude when supported by high quality interactions between teachers and
children in elementary school classrooms, but diminish otherwise. Although the associations
between child care quality and children’s math and language and literacy performance were
generally small in magnitude on average, they grew two- to three-fold between 54 months and
age 15 for children who subsequently experienced more stimulating and supporting teacher-
student interactions across the elementary grades. In contrast, these associations with age 15
performance converged to close to zero for children who did not have these experiences in
elementary school.

More specifically, there was little to no evidence to suggest that: (a) children’s
experiences during the elementary school years took precedence over their experiences in early
childhood (e.g., Bradley et al., 1988); (b) children’s experiences during early childhood mattered

more than later classroom experiences; nor (c) the benefits of high quality education across birth
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to and 54 months of age and the elementary school years were additive. Instead, the findings
suggest that the magnitude of possible benefits of high quality early care and education across
the first decade of life, on average are modest in size, and conditional depending on experience.
Associations between quality of care and later academic functioning persisted over time as the
benefits of those early experiences combined with subsequent high quality experiences in the
classroom while, subsequent classroom experiences had very few benefits in the absence of prior
high quality child care. Thus, although there is promise in investing in high quality child care as
a means of improving children’s longer-term educational success, the associations between
quality of child care and outcomes upon which those investments would be predicated are
stronger 6 to 10 years later for some children as compared with others, in part as a function of
their experiences in elementary school classrooms.

Importantly, the results from the current investigation also indicate that the apparent
persistence of child care “effects” was largely a function of the cumulative quality of experiences
in classrooms across the elementary grades rather than experiences in any specific grade. At the
same time, however, descriptive analyses reveal that children infrequently experience high
quality education across the elementary school years, let alone across both early childhood and
elementary school. In light of these descriptive patterns, careful attention must be paid to
monitoring the educational opportunities provided to young children during the first decade of
life. For these reasons, both researchers and stakeholders interested in maintaining the long-term
educational gains that result from investments in early child care will need to consider children’s
subsequent educational experiences. That is, high quality early childhood programs alone are not
as likely to meet the long-term needs of young children as when they combine with high quality

classroom settings across their educational careers. And although there is good reason to think
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cumulative effects are the way in which children accrue benefits from exposure over time, one
alternative reason that could explain why we see cumulative rather than timing specific
associations, is simply that the benefits of high quality at any given time—in child care or in
elementary school classrooms—were small and inconsistent. If experiences in any specific
elementary grade were more potent, we might then see more sizable associations with later
performance in, for example, first grade.

It is also important to acknowledge that high quality classrooms during the elementary
schools years not only amplified the long-term positive “effects” of child care, but also its
negative “effects”: children who experienced low quality child care and high quality elementary
schools demonstrated the least optimal literacy (but not math) achievement in fifth and ninth
grade. Put another way, higher quality elementary school education did not compensate for lower
quality child care experiences. Although unexpected, prior studies have also found that children
who have a misalignment in experiences across the pre-school to elementary transition do less
well in school (e.g., Abry, Latham, & Bassok, 2015). As our results suggest, children who
experience lower quality child care enter school with lower-level skills, and if they subsequently
enter a higher quality elementary school environment, it is plausible that this type of setting
might not meet their individual needs (e.g., Claessens et al., 2014; Lipsey, Farran, & Hofer,
2015) and result in poorer than expected performance. And because children are unlikely to
experience continuous high quality education throughout their educational careers, what our
results suggest is that we must more carefully consider how schools build on the diverse skills of
individual children to optimize their long-term school success.

This possible disconnect between the preschool and elementary educational systems is

particularly concerning for children’s literacy performance as prior studies have found that
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teachers interactions for the development of children’s language and literacy skills is highly
sensitive to children’s individual needs (Connor, Morrison, & Katch, 2004; Foorman et al., 1998;
Juel & Minden-Cupp, 2000). For example, children with stronger literacy skills have been found
to make greater progress in classrooms that use a meaning-based approach than children with
weaker literacy skills who demonstrate greater literacy development in classrooms with a code-
based emphasis (Juel & Minden-Cupp, 2000). Thus, providing children with high quality
education for a few years cannot overcome potential challenges that children and families
experience, which is why aligning standards, curriculum, instruction, and assessments across
educational systems is of utmost importance. Ultimately, these findings regarding the persistence
of negative associations between low quality care and children’s literacy development is just as
worrisome as the convergence of academic test scores discussed in the literature.

Despite these contributions to the early childhood literature, the results of the current
investigation should be interpreted in light of a few important limitations and future directions.
First, because the design of the NICHD SECCYD is correlational in nature, caution is warranted
when interpreting our findings and conclusions. Although it is true that analyses adjusted for a
rich set of covariates—including children’s earlier functioning and care quality—without an
experimental design, causal claims cannot be made about the additive and multiplicative benefits
of high quality education during the first decade of life. Nonetheless, long-term longitudinal
studies with direct observations of children’s educational experiences are rare and investigations
that randomly assign children to different quality educational environments across the first
decade of life are even more unlikely (for an exception see: Araujo, Carneiro, Cruz-Aguayo, &
Schady, 2016). Thus, the results reported herein do provide correlational evidence to suggest that

the benefits of high quality child care are more persistent if children subsequently experience
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high quality education during the elementary school years. And even though correlation does not
imply causation, a correlation is necessary for a causal effect.

Next, and perhaps just as importantly, despite the rich information on children and
families available in the NICHD SECCYD, these data are not nationally representative.
Considering that there have not been enough empirical studies examining the benefits of
providing long-term investments in children’s education, our ability to draw definitive
conclusions is limited, and, therefore, replication with different samples is necessary before
generalizations can be made (Duncan, Engel, Claessens, & Dowsett, 2014). Relatedly, the results
from the current investigation should be interpreted in light of: (a) the counterfactual conditions
at the time that these children experienced non-maternal child care (early to mid-nineties) and
were enrolled in elementary school (early 2000s); and (b) the fact that these were largely middle
class families. For instance, the last decade has seen a rise in quality improvement efforts and a
growing number of children are spending more time outside of the home before kindergarten
entry. Moreover, a growing number of services are being targeted at low-income populations,
which is why continued effort is necessary to understand whether the patterns reported herein
would replicate among children and families who experience greater hardship. In this context,
some of our descriptive findings are even more concerning: if the children of middle class
families receive inconsistent high quality education across the first decade of life, then how
frequently do the most disadvantaged children across the country experience these opportunities?
It is also important to acknowledge that the home environment has undergone changes and may
be improving at differential rates across the income distribution (Bassok, Finch, Lee, Reardon, &
Waldfogel, 2016; Kalil, Ziol-Guest, Ryan & Markowitz, 2016), which can have implications for

child care effects. Thus, when studying child care experiences, it is important to keep in mind
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cohort effects given the changing early life experiences of children.

Although our timing specific models revealed that the quality of classrooms in any grade
level did not individually matter, this may stem from measurement error in the quality variables
at one time point as compared with the average from our omnibus models. Irrespective of this
possibility, however, our main effect estimates for classroom quality in elementary school were
not too dissimilar from prior correlational and experimental estimates (0-10% of a SD; Araujo et
al., 2016; Pointz, Rimm-Kaufman, Grimm, & Curby, 2009; Keys et al., 2013), which supports
the general notion that elementary schools have small effects on children’s educational
trajectories. Finally, as part of the current study, we focused on just one potential explanation for
the convergence of child care benefits, but there are other possibilities, such as the foot in the
door hypothesis by Bailey and colleagues (2016), that requires continued empirical attention.

With these limitations and future directions in mind, this study used a prospective
longitudinal dataset of American children and finds that the long-term academic benefits of high
quality child care were conditioned by children’s subsequent classroom experiences.
Specifically, the small (but statistically significant) associations between high quality child care
and children’s academic performance were found to persist, and in fact accumulate over time,
when coupled with higher quality classroom environments during the elementary school years,
whereas in lower quality environments, there were no long-term benefits. Thus, despite the fact
that researchers and policymakers who have sought to reduce deficits in children’s long-term
school success have been increasingly interested in the early childhood years, the results of this
investigation highlight the importance of continued investments in children’s education
throughout the first decade of life, and not just in early childhood alone. What these results also

make clear is that children’s educational experiences across the first decade of life have little
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benefit in the long-term in the absence of continuous high quality educational opportunities.

31
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Table 1.
Descriptive statistics for covariates.

Measurement period

Birth to 54 Elementary Ninth grade
months of age school years
Child characteristics and experiences
Male 0.52 -- --
White 0.81 - --
Black 0.13 -- --
Other race 0.07 -- --
Birthweight (pounds) 7.71 (1.11) - --
Birth order 1.81 (0.92) -- --
Temperament 3.18 (0.40) - --
Cognitive skills 108.55 (14.10) -- --
Health 3.34 (0.74) - --
Secure attachment 0.61 -- --
Proportion in center care 0.20 (0.26) - --
Poor school quality -- 1.50 (0.31) 1.91 (0.49)
Family and household characteristics
Maternal...
Education 14.29 (2.51) - --
Age 28.19 (5.63) - --
Health 3.28 (0.73) - --
Locus of control 47.71 (7.54) - --
Maternity leave 0.47 - --
Language skills 99.04 (18.32) -- --
Psychological adjustment 59.06 (13.86) - --
Progressive child rearing beliefs 32.77 (3.53) -- --
Traditional child rearing beliefs 59.98 (15.12) - --
Life stress 1.18 (0.75) -- --
Positive feelings about pregnancy 4.09 (1.20) - --
Positive feelings about baby 1.89 (0.40) -- --
Depression 9.33 (6.75) 8.71 (7.26) 10.41 (9.71)
Sensitivity -0.02 (0.75) -0.02 (0.85) 0.00 (1.00)
Parenting quality -0.04 (0.85) -0.00 (0.93) 0.01 (1.00)
Relationship quality with partner 5.72 (0.75) 3.87 (0.83) 3.80 (0.99)
Proportion of epochs in school 0.08 (0.18) 0.09 (0.21) 0.07 (0.26)
Proportion of epochs employed 0.66 (0.37) 0.76 (0.36) 0.80 (0.40)
Household income to needs 3.64 (2.86) 4.28 (3.47) 5.31(5.82)
Proportion of epochs two parent household 0.84 (0.32) 0.81 (0.34) 0.77 (0.42)
Household size 4.12 (1.10) 4.35 (1.08) 4.19 (1.21)
Neighborhood disadvantage 10.27 (7.27) 7.37 (5.60) 7.04 (5.67)




VARIATION IN CHILD CARE BENEFITS

Table 2.

Descriptive statistics for focal independent and dependent variables.
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Measurement period

Birth to 54

months of age ? First grade Third grade Fifth grade Ninth grade
Language and literacy
Picture vocabulary 459.57 (14.08) 483.99 (12.25) 496.94 (11.52)  505.82 (12.11) 518.64 (13.14)
Letter word identification 452.61 (24.02) 493.84 (18.73) 510.07 (17.56)

369.44 (21.43)
Word attack

Passage comprehension
Math

Applied problems
Childcare quality
Classroom quality -

424.77 (19.23)
2.92 (0.42)

473.95 (17.72)

470.10 (15.53)

5.10 (0.86)

494.58 (15.66)
495.31 (14.55)

497.30 (13.22)

5.25 (0.56)

505.16 (12.66)
509.82 (12.89)

5.23 (0.54)

520.43 (12.45)
524.54 (16.65)

Notes. ¢ Children’s academic achievement was measured at 54 months of age, whereas classroom quality was a composite

measured from birth to 54 months.
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Table 3.
Distribution of child care and elementary school quality.

Elementary School Quality

Low Moderately Low Moderately High High Total

Child care quality (<5.00) (5.00-5.24) (5.25-5.49) (5.50-7.00)
Low (1.00-2.74) 0.12 0.06 0.06 0.07 0.32
Moderately Low (2.75- 3.00) 0.08 0.04 0.05 0.07 0.25
Moderately High (3.01-3.29) 0.07 0.05 0.06 0.07 0.25
High (3.30-4.00) 0.04 0.03 0.05 0.06 0.18
Total 0.31 0.18 0.23 0.27 1.00

Notes. Proportions in rows and columns might not sum to total estimates due to rounding.
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Table 4.

Bivariate and multivariate correlates of child care and elementary school quality.
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Child care quality

Elementary school quality

Predictor Bivariate Multivariate Bivariate Multivariate
Child characteristics and experiences
Male -0.10 (0.06) -0.06 (0.06) -0.18 (0.06) ** -0.12 (0.06) *
Black -0.61 (0.10) *** -0.15(0.12) -0.70 (0.12) *** -0.30 (0.14) *
Other race 0.11 (0.12) 0.21 (0.12) 0.05 (0.14) 0.08 (0.13)
Birthweight 0.00 (0.03) -0.02 (0.03) 0.01 (0.03) -0.02 (0.03)
Birth order -0.08 (0.03) * 0.04 (0.04) -0.03 (0.03) 0.03 (0.04)
Temperament -0.04 (0.03) -0.00 (0.03) -0.08 (0.03) * -0.03 (0.03)
Health 0.12 (0.03) *** 0.04 (0.03) 0.03 (0.03) -0.03 (0.03)
Secure attachment 0.05 (0.06) -0.01 (0.06) 0.14 (0.07) * 0.05 (0.06)
Proportion in center care -0.16 (0.02) *** -0.23 (0.03) *** -0.03 (0.03) -0.07 (0.04)
Child care quality 0.14 (0.03) *** 0.01 (0.03)
Family and household characteristics
Maternal...
Education 0.20 (0.03) *** 0.03 (0.04) 0.26 (0.03) *** 0.07 (0.04)
Age 0.15 (0.03) *** -0.03 (0.04) 0.15 (0.03) *** -0.10 (0.04) *
Health 0.11 (0.03) *** 0.06 (0.03) * 0.04 (0.03) -0.03 (0.03)
Locus of control -0.00 (0.03) -0.01 (0.03) 0.01 (0.03) 0.06 (0.04)
Maternity leave -0.06 (0.06) -0.17 (0.07) * 0.10 (0.06) -0.04 (0.07)
Language skills 0.17 (0.03) *** 0.01 (0.04) 0.25 (0.03) *** 0.03 (0.04)
Psychological adjustment 0.09 (0.03) ** -0.04 (0.04) 0.12 (0.03) *** -0.01 (0.04)
Progressive childrearing beliefs 0.09 (0.03) ** 0.01 (0.03) 0.11 (0.03) *** 0.04 (0.03)
Traditional childrearing beliefs -0.16 (0.03) *** 0.03 (0.04) -0.25 (0.03) *** -0.05 (0.04)
Life stress -0.04 (0.03) 0.03 (0.03) -0.07 (0.03) * 0.00 (0.03)
Positive feelings about pregnancy 0.10 (0.03) *** 0.02 (0.03) 0.13 (0.03) *** 0.04 (0.03)
Positive feelings about baby 0.01 (0.03) -0.01 (0.03) 0.04 (0.03) -0.00 (0.04)
Depression -0.11 (0.03) *** 0.02 (0.03) -0.16 (0.03) *** -0.02 (0.04)
Sensitivity 0.21 (0.03) *** -0.01 (0.04) 0.31 (0.03) *** 0.12 (0.04) **
Parenting quality 0.36 (0.03) *** 0.32 (0.05) *** 0.29 (0.03) *** 0.05 (0.05)
Relationship quality with partner 0.08 (0.03) ** -0.01 (0.03) 0.13 (0.03) *** 0.06 (0.04)
Proportion of epochs in school -0.04 (0.03) -0.01 (0.03) -0.00 (0.03) 0.06 (0.03) *
Proportion of epochs employed -0.08 (0.04) * -0.08 (0.03) * 0.04 (0.04) 0.03 (0.03)
Household income to need 0.19 (0.03) *** 0.10 (0.03) ** 0.25 (0.03) *** 0.13 (0.03) ***
Proportion of epochs two parent household ~ 0.22 (0.03) *** 0.06 (0.04) 0.21 (0.03) *** 0.01 (0.04)
Household size -0.11 (0.03) *** -0.09 (0.04) * -0.02 (0.03) 0.05 (0.05)
Neighborhood disadvantage -0.18 (0.03) *** -0.02 (0.04) -0.27 (0.04) *** -0.04 (0.04)

Notes. All continuous variables have been standardized to have a mean of 0 and standard deviation of 1, and therefore, all

coefficients correspond to effect sizes. Estimates in brackets correspond to standard errors. Bivariate correlates were estimated
without FIML, whereas multivariate estimates addressed missing data. All estimates have been weighted by the proportion of
epochs children attended non-maternal care and all variables were drawn from birth to 54 months of age.

*% < 001, ** p < .01 * p < .05.
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Table 5.
Multivariate results of children’s academic achievement as a function of classroom quality during early (0-54 months) and middle (first to fifth grade) childhood
Preschool First grade Third Grade Fifth grade Ninth Grade
Math Li_nguage/ Math La_nguage/ Math La_nguage/ Math Lapguage/ Math La_nguage/
iteracy Literacy Literacy Literacy Literacy
Omnibus main effects model
Child care quality 0.07 * 0.08 ** 0.05 0.08 * 0.05 0.04 0.08 * 0.07 * 0.09 * 0.12 ***
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.04) (0.03) (0.04) (0.03)
Classroom quality during elementary school -- -- -0.01 0.03 -0.02 0.04 0.01 0.01 0.07 * 0.02
- - (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
Omnibus interaction model
Child care quality X elementary school quality -- -- 0.03 0.03 0.00 0.05 0.05 0.07 * 0.09 * 0.07 **
- - (0.03) (0.03) (0.04) (0.03) (0.04) (0.03) (0.03) (0.03)
Timing specific main effect models
Classroom quality in first grade -- -- -0.01 0.03 -0.05 -0.00 -0.06 -0.03 -0.02 -0.01
- - (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
Classroom quality in third grade -- -- -- -- 0.02 0.05 0.02 0.01 0.06 0.02
- - - - (0.03) (0.03) (0.03) (0.03) (0.04) (0.03)
Classroom quality in fifth grade -- -- -- -- -- - 0.06 0.03 0.08 * 0.03
- - - - - - (0.03) (0.03) (0.04) (0.03)
Timing specific interaction models
Child care quality X first grade classroom quality -- -- 0.03 0.03 0.05 0.03 0.06 0.05 0.01 0.05
- - (0.03) (0.03) (0.04) (0.03) (0.04) (0.03) (0.03) (0.03)
Child care quality X third grade classroom quality -- -- -- -- -0.05 0.02 0.03 0.01 0.10* 0.03
- - - - (0.04) (0.04) (0.04) (0.03) (0.04) (0.03)
Child care quality X fifth grade classroom quality -- -- -- -- -- - -0.00 0.03 0.05 0.03
- - - - - -- (0.03) (0.03) (0.04) (0.03)

Notes. All continuous variables have been standardized to have a mean of 0 and standard deviation of 1, and therefore, all coefficients correspond to
effect sizes. Estimates in brackets correspond to standard errors. All estimates have been weighted by the proportion of epochs children attended non-
maternal care.

***pn<.001. **p<.01l. *p<.05.



