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Abstract

The effects of high- versus low-quality child care during 2 developmental periods (infant—
toddlerhood and preschool) were examined using data from the National Institute of Child Health
and Human Development Study of Early Child Care. Propensity score matching was used to
account for differences in families who used different combinations of child care quality during
the 2 developmental periods. Findings indicated that cognitive, language, and preacademic skills
prior to school entry were highest among children who experienced high-quality care in both the
infant-toddler and preschool periods, somewhat lower among children who experienced high-
quality child care during only 1 of these periods, and lowest among children who experienced
low-quality care during both periods. Irrespective of the care received during infancy—
toddlerhood, high-quality preschool care was related to better language and preacademic outcomes
at the end of the preschool period; high-quality infant-toddler care, irrespective of preschool care,
was related to better memory skills at the end of the preschool period.
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Increases in women’s educational and occupational opportunities have been accompanied by
an expansion of nonmaternal child care in U.S. families (National Center for Education
Statistics, 2010; Table 54) as well as questions about the effects of nonmaternal child care
on child developmental outcomes. Despite evidence that higher quality care during the first
5 years is linked to child cognitive and academic outcomes (Camilli, VVargas, Ryan, &
Barnett, 2010; Vandell & Wolfe, 2000), little work has partitioned the unique contributions
of experiences in the infant-toddler versus the preschool period. Also, largely unexamined
are associations between child outcomes and combinations of quality care during these two
periods.

We used data from the multisite National Institute of Child Health and Human Development
Study of Early Child Care and Youth Development (henceforward NICHD Study of Early
Child Care) to study child care quality effects on child cognitive, language, and preacademic
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skills shortly before kindergarten entry at 54 months. We used propensity score matching
techniques to reduce selection bias from differences between families who placed their
children in high- or low-quality child care. We proceeded by dividing early childhood into
two developmental periods—the infant—toddler and the preschool years—and used a
recognized quality threshold to distinguish between low- and high-quality child care. This
enabled us to compare outcomes of four groups of children who received different
combinations of quality care during the two developmental periods. By accounting for the
propensity of families to select into each of these possible combinations, we obtained
valuable information on the joint contribution of quality care at the infant-toddler and
preschool periods to child outcomes.

Effects of Quality Care During the Infant—-Toddler Period

Both developmental theory and empirical research suggest that high-quality child care
during the infant-toddler period could enhance children’s cognitive development and
academic achievement in early childhood. The first 3 years of life have been identified by
neuroscientists and developmental psychologists as important for domains such as early
language and joint attention (Huttenlocher, 1979; Nelson & Sheridan, 2011; Shonkoff &
Phillips, 2000).

Skill acquisition is enhanced when parents and other caregivers provide warm, responsive,
and stimulating care involving frequent positive interactions (National Institute of Child
Health and Human Development [NICHD] Early Child Care Research Network [ECCRN],
2000). Consistent with this focus on the first 3 years are findings from economically diverse
samples that showed that high-quality child care in this period, characterized by positive
caregiver—infant interactions, was associated with higher cognitive and preacademic scores
(Clarke-Stewart, Vandell, Burchinal, O’Brien, & McCartney, 2002; Vandell & Wolfe,
2000). Experimental studies such as the Infant Health and Development Program (IHDP;
with its sample of low-birth-weight children) and the Early Head Start Research and
Evaluation Project (with its sample of low-income children) revealed that high-quality care
in centers improved cognitive development during infancy (Brooks-Gunn et al., 1994;
Campbell, Pungello, Miller-Johnson, Burchinal, & Ramey, 2001; Love et al., 2003, 2005)
and, for a subset of children in the IHDP, through age 18 (McCormick et al., 2006).

Effects of High-Quality Care During the Preschool Period

Another set of studies have focused on the effects of high-quality child care during the
preschool period (ages 3 to 5), a time when children are expanding their language and
reasoning skills and learning how to interact effectively with both adults and other children.
Interventions during this period have shown positive effects of high-quality preschool care
on children’s cognitive and academic skills (Garces, Thomas, & Currie, 2002; Ludwig &
Miller, 2007; McCartney, Scarr, Philips, & Grajek, 1985), as have nonexperimental studies
of pre-K programs (Gormley, Phillips, & Gayer, 2008; Howes et al., 2008; Mashburn et al.,
2008).
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Several studies have documented effects of child care quality across the first 5 years on
children’s math and reading achievement prior to school entry (Campbell et al., 2001;
NICHD ECCRN, 2005). However, surprisingly, the research literature provides relatively
little guidance regarding the timing of quality care effects during the first 5 years, that is,
how the quality of care during infant-toddler and preschool periods uniquely and in
combination are associated with child cognitive, language, and preacademic outcomes.

With regard to how quality of care combines with the timing of that care, economist James
Heckman and his colleagues provided a theoretical framework for understanding the
relationship between human skill formation and human capital investment at different
developmental stages (Cunha, Heckman, Lochner, & Masterov, 2006). In Heckman’s
models, the concepts of self-productivity and complementarity were formalized to explain
how skill begets skill (Cunha, Heckman, & Schennach, 2010), or how human skill at an
earlier stage augments skill attainment at later stages (self-productivity), and how human
capital investment at the earlier stage raises the productivity of investments at subsequent
stages (complementarity). Declining effect sizes with age have been reported in evaluations
of infant—toddler and preschool child care interventions such as the IHDP (McCormick et
al., 2006) and may have been caused by the fact that the children in the intervention group
received similar types of preschooling as children in the control group after the program
ended but in fact needed continued participation in high-quality programming to sustain
impacts (Brooks-Gunn et al., 1994). The current article implicitly tested a prediction from
Heckman’s framework by estimating how different combinations of child care quality
during the infant-toddler and the preschool periods were associated with different levels of
child outcomes. Specifically, our study aimed to test the following hypotheses:

Hypothesis 1: High-quality infant—toddler care would improve cognitive outcomes at
the end of the infant—toddler period (in these data, at 24 months of age). However,
without subsequent high-quality care during the preschool period, children with high-
quality infant—toddler care would not have higher cognitive, language, and preacademic
scores at 54 months of age than children with low-quality infant-toddler care followed
by low-quality preschool care.

Hypothesis 2: High-quality care during the preschool period would improve cognitive,
language, and preacademic outcomes at the end of the preschool period (in these data, at
54 months of age). Moreover, the beneficial effects of high-quality preschool care
would be augmented by high- as opposed to low-quality infant—toddler care. In other
words, the combination of high-quality infant—toddler care and high-quality preschool
care would be associated with higher cognitive, language, and preacademic scores at 54
months of age than the combination of high-quality care during the preschool period
and low-quality infant—toddler care. These two set of hypotheses led to

Hypothesis 3: High-quality child care during both the infant-toddler and preschool
periods would be associated with higher cognitive, language, and preacademic
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performance at the end of the preschool period than any other child care quality
combination during the two periods.

Beyond testing these three hypotheses, our results provided estimates of the associations
between child outcomes and mixed combinations of care (i.e., high-quality infant care
coupled with low-quality preschool care and low-quality infant care coupled with high-
quality preschool care). Theoretical and empirical work is largely silent regarding which of
these “mixed” conditions is likely to produce the larger effects on child outcomes.

The NICHD Study of Early Child Care was an observational study; hence, children and
families self-selected into child care of various qualities. Children who experienced higher
quality care were more likely to have families with greater income, higher maternal
education, and more child-centered beliefs about child rearing—factors that were also
related to higher cognitive and academic outcomes (NICHD ECCRN, 2005). Hence,
children experiencing high- and low-quality child care had different family backgrounds,
and those differences could bias estimates of the impact of quality care on child
developmental outcomes.

To reduce possible biases, we employed Rosenbaum and Rubin’s causal effect framework
(Rosenbaum & Rubin, 1983; Rubin, 2001) in which inference about the impact of a
treatment involves conjecture regarding what the outcome for targeted individuals would be
if they had not received the treatment. Randomized experiments provide valid tests of this
inference because, according to the law of large numbers, randomization implies that the
treatment and control groups are, on average, balanced across all possible confounding
variables. This balance implies that treatment assignment group is, on average, independent
of all observed and unobserved factors.

Conventional multiple regression approaches, which would include the treatment indicator
as a dummy variable (or, in our case, two treatment dummies—one each for quality infant
care and quality preschool care) and selection factors such as child and family characteristics
as covariates, reduce selection bias by controlling for measured confounders. However,
these regression estimates can be problematic when there is insufficient overlap between
treatment and control groups, that is, if two groups are not comparable in terms of
demographics or child care characteristics indexed by control variables. An extreme
example would be where the treatment group was largely composed of low-income families
while the control group was largely composed of high-income families. Propensity score
approaches match overlapping cases from the two comparison groups and thus reduce
selection biases as well as avoid extrapolation beyond the region of the data that could occur
in typical regression estimates (Caliendo & Kopeinig, 2008; Rosenbaum & Rubin, 1983).
On the minus side, reliance on measured covariates still leaves propensity score matching
open to the possibility of lingering selection bias due to imbalance on unmeasured
confounding variables.
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In 1991, a socioeconomically diverse sample of children and their families were recruited at
the children’s birth at designated hospitals at 10 data collection sites: Little Rock, Arkansas;
Irvine, California; Lawrence, Kansas; Boston, Massachusetts; Philadelphia, Pennsylvania;
Pittsburgh, Pennsylvania; Charlottesville, Virginia; Morgantown, North Carolina; Seattle,
Washington; and Madison, Wisconsin. A total of 1,364 families with full-term healthy
newborns were enrolled in accordance with a conditionally random sampling plan, which
was designed to ensure that recruited families reflected the diversity of the sites in terms of
socioeconomic status, race, and ethnicity. The major exclusionary criteria were teenage
mothers, families planning to leave the catchment area in the coming 3 years, children with
obvious disabilities at birth, and mothers insufficiently conversant in English.

Beginning at 1 month after children’s birth, families were scheduled for extensive periodic
data collection by means of observations, interviews, questionnaires, and child assessments.
Detailed family information was collected, as well as assessments of the home and of the
child-care environments. These detailed measures and assessments provided unusually rich
information to account for many potentially confounding factors in the process by which
children were selected into low- or high-quality infant—toddler and preschool care.

Child care quality—The Observationl Record of the Caregiving Environment (ORCE)
was used to measure the quality of caregiving received at 6, 15, 24, 36, and 54 months. The
ORCE could be used in different settings such as home care and center-based care to assess
different types of caregivers such as relative, nanny, and teacher. Each assessment consisted
of four 44-min child-focused observations across 2 days at 6, 15, 24, and 36 months and on
1 day at 54 months. Quality of caregiving was rated on 4-point scales. The final quality
rating score was the mean of the subscales. Cronbach’s alphas for the composite score
ranged from .83 to .89, and reliabilities were greater than .80 at all ages.

We used a score of 3.0 on the averaged ORCE scores at 6, 15, and 24 months as the cutoff
score to distinguish between low- and high-quality infant—toddler care, and 3.0 on the
averaged ORCE scores at 36 and 54 months as the cutoff score for low- and high-quality
care for the preschool period. Scores higher than 3.0 indicated that caregivers were more
sensitive to children’s behaviors, provided greater cognitive stimulation, had warmer and
more sensitive interactions with children, fostered greater exploration, and were less
emotionally detached (Vandell et al., 2010; Figure 1). Only children in child care settings
with observed ORCE scores were included in the analysis.

Child outcomes—Our outcome measure at 24 months was the Bayley Mental
Developmental Index (Bayley, 1993). This standardized test evaluates children’s cognitive
developmental status and has shown moderate to strong correlations with subsequent 1Q
measures. Hence, this index was viewed as a proxy for 1Q (Nelson & Sheridan, 2011). The
four child outcomes at 54 months were obtained from the Woodcock-Johnson Cognitive and
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Achievement Batteries (Revised; Woodcock & Johnson, 1990) and the Preschool Language
Scale (PLS; Zimmerman, Steiner, & Pond, 1979). The first outcome was the Woodcock-
Johnson Memory for Sentences, which measured short-term memory (a = .84). The second
outcome was a composite language score created from the Woodcock-Johnson Picture
Vocabulary and the PLS Expressive and Receptive tests. The Woodcock-Johnson Picture
Vocabulary scale assessed verbal comprehension by measuring the child’s ability to
recognize or name pictured objects (a =.73). The PLS measured a range of language
behaviors, including vocabulary, morphology, syntax, and integrative thinking. The PLS has
shown excellent correlations with other measures of early language development (Qi &
Marley, 2011). The third outcome was the Woodcock-Johnson Letter-Word Identification,
which measured symbolic learning and identification skills (a = .86). The fourth outcome
was the Woodcock-Johnson Applied Problems, which measured skill in analyzing and
solving practical mathematical problems (a = .85). The Woodcock-Johnson Applied
Problems has demonstrated strong associations with subsequent academic achievement
measures (Duncan et al., 2007). These four measures were standardized based on the overall
NICHD Study of Early Child Care sample to a mean of 0 with a standard deviation of 1, so
that analytic results could be compared across different outcomes.

Covariates—In our study, time-invariant demographic controls were measured at 1 month
after birth. These covariates were dummy variables for study sites, child race (white or
nonwhite), child gender, child’s birth order, child temperament (maternal rating), maternal
attitudes about raising children, maternal age, maternal educational level (in years), and
paternal educational level (in years). Time-varying covariates measured at both 1 month and
24 months of age were child’s health, maternal separation anxiety, maternal depression,
maternal employment status, whether mother’s partner was present in the household, and the
family income-to-needs ratio.

Child difficult temperament was measured using the mother-reported 55-item Infant
Temperament Questionnaire (Medoff-Cooper, Carey, & McDevitt, 1993). Maternal attitudes
and beliefs about child rearing were measured with a 30-item questionnaire probing
mothers’ ideas about raising children (Schaefer & Edgerton, 1985). High scores indicated
authoritarian child-rearing attitudes and beliefs. Maternal separation anxiety was assessed
using the Separation Anxiety Scale (Hock, Gnezda, & McBride, 1983). High scores
indicated high levels of maternal worry, sadness, and guilt during separation from the child
and also indicated adherence to beliefs about the value of exclusive maternal care. Maternal
depressive symptoms were measured using the Center for Epidemiological Studies
Depression Scale (CES-D; Radloff, 1977).

Analytic Approach

Propensity score matching in the current study involved four steps. First, we divided the
sample into three sets of mutually exclusive groups defined by child care quality. The first
set was based on infant—toddler care quality and was used to test the first part of Hypothesis
1, which concerned children with high-quality infant—toddler care regardless of preschool
quality (labeled “early high”) and children with low-quality infant—toddler care regardless of
preschool quality (labeled “early low™). The second set was based on preschool quality and
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was used to test the first part of Hypothesis 2, concerning children with high-quality care
during the preschool period no matter the quality of infant—toddler care (labeled “late high™)
and children with low-quality care during the preschool period no matter the quality of
infant-toddler care (labeled “late low”).

In order to test the various hypotheses involving different combinations of infant-toddler
and preschool care quality, four groups were defined by combinations of child care quality
at both developmental periods: children with low-quality infant-toddler care and low-quality
care during the preschool period (labeled “low-low”), children with high-quality infant—
toddler care and low-quality care during the preschool period (labeled “high-low”), children
with low-quality infant—toddler care combined with high-quality care during the preschool
period (labeled “low-high”), and children with high-quality infant-toddler care and high-
quality care during the preschool period (labeled “high-high™). This is the third set of
mutually exclusive group comparisons.

In the second step, we built up contrasts to test the three hypotheses, which are shown in
Table 1. The first column shows the hypothesis being tested. The second and third columns
show the targeted and comparison groups in each contrast. Observations in comparison
groups were selected to match observations in the corresponding targeted groups as
described below. The fourth column shows the age at which the outcomes were measured.

The third step of the analysis employed logistic regressions for each contrast to predict a
propensity score for each individual, defined as the conditional probability of being selected
into the targeted group given the individual’s value on a full set of covariates. Since we had
six contrasts (note that in Table 1 the second contrast for Hypothesis 2 is the same as the
third contrast for Hypothesis 3), a series of six binomial logistic regressions were used to
generate propensity scores. For propensity scores of being selected into the early low, early
high, low-low, high-low, low-high, or high-high groups, variables measured at 1 month after
birth were included as predictors in the logistic models. For propensity scores of being
selected into the late high or late low group, time-insensitive variables measured at 1 month
after birth, as well as updated demographic variables and cognitive scores measured at 24
months of age, were used in the logistic models.

In the final step, for each contrast, observations in the comparison group were selected to
match observations in the corresponding targeted group. For example, in the first contrast
for Hypothesis 2, late high was the targeted group and late low was the comparison group.
Thus, each individual in late high was matched to an individual in late low with almost the
same propensity score. The match was conducted within each of the 10 research sites in an
effort to reduce or eliminate unobserved differences in the selection process (Cook, Shadish,
& Wong, 2008). A caliper width of 0.1 was used to ensure a sufficiently close match in
propensity scores between targeted and comparison groups (Caliendo & Kopeinig, 2008).
Balance checking was conducted to ensure the matching procedure was able to balance the
distribution of the relevant covariates in both targeted and comparison groups. The results of
balance checking are shown in the online supplemental material.
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After propensity score matching, we employed two approaches to test each hypothesis. The
first involved the most common propensity score methodology. We calculated the
standardized mean difference (henceforward SMD) for each pair of balanced targeted and
comparison groups and used that SMD to obtain inferences for the hypotheses. The
coefficients could be viewed as effect size estimates (i.e., Cohen’s d) because all outcomes
and predictors were standardized to have a mean of 0 and SD of 1.

The second approach was regression on matched pairs. This was used because even after
matching, small differences in distributions of covariates between the comparison and
control groups may remain. Linear regression was applied to propensity score matched
subsamples for the same reason it is used in the case of randomized experimental treatment
and control group—to reduce variability and to increase the power of the comparison (Rubin
& Thomas, 2000). Accordingly, the coefficients from the quality contrasts in our models
estimated the mean difference between groups in terms of standard deviations of the
outcome variable (i.e., they are comparable to the Cohen’s d statistic).

Assessing the Matching Quality

Results

Three methods were conducted to assess the matching quality. The first method was the
most intuitive one, calculating SMDs of the control variables between matched pairs after
propensity score matching. After matching, all SMDs should be between —.1 and .1,
indicating balance between the matched targeted and comparison groups conditional on
observed covariates. The second and third assessing methods were from Rubin (2001).
These involved calculating the SMD of propensity scores of the targeted and comparison
groups and calculating the ratio of the variances of the propensity scores in the two groups.
Rubin (2001) illustrated that for the propensity score method to be trustworthy, the absolute
SMD of propensity scores should be less than .25 and variance ratios should be between .5
and 2. These three measures were calculated to make sure that the inference would be drawn
upon properly balanced samples.

Table 2 presents descriptive statistics for the outcome and control variables in the analysis.
The columns showed means and standard deviations for various groups with different child
care quality during the infant—toddler period and the preschool period. General mental
development was measured at 24 months of age, whereas specific competencies—memory,
language, and preacademic skills (letter—word identification and applied problems)—were
measured at 54 months. The control variables, including family and child characteristics,
were collected at 1 month or at 24 months of age.

Variables in the “family characteristics” and “child characteristics” panels were used in
binomial models to generate propensity scores. As expected, there was imbalance between
certain pairs of groups on certain variables. For example, mean family income-to-needs at 1
month after birth was 3.88 for the high-high group compared with 2.66 for the low-low
group—a highly significant difference of roughly half a standard deviation (p <.001).
Another example of imbalance was the mother’s usage of paid leave at 1 month after giving
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birth— 59% of the group receiving low-quality care in the preschool period versus 49% of
the group who received high-quality care in the preschool period (p < .05).

Also noteworthy is that for means of the 54-month outcomes (the second to the fifth rows
and the four right-most columns of Table 2), the lowest average readiness was found for the
low-low group and the highest was found for the high-high group, with the high-low and
low-high groups relatively close together approximately midway between the two extremes.
Comparisons across the four groups, after using propensity score methods to adjust for
imbalanced covariates, were the primary focus of this article.

Propensity score matching is designed to adjust these kinds of imbalance in covariates;
balance checking before and after matching is shown in Tables 1(a)-1(f) in the supplemental
materials. Differences between the target and comparison groups on the covariates after
propensity score matching were reduced, as evidenced by the values in each row. After
matching, the standardized differences between groups ranged from —.1 to .1, and were not
statistically significant, indicating balance between the matched targeted and comparison
groups conditional on observed covariates. The last column of these tables demonstrated a
substantial percentage reduction in bias after propensity score matching. Bias reduction
could be negative for several covariates because of a compromise for balance across all
covariates, that is, because of the compromise for all covariates to achieve an SMD between
—.1and .1. The last two rows of the tables also demonstrate Rubin’s (2001) SMD of
propensity scores and their variance ratios. All the absolute values of propensity score SMD
were less than .001. This satisfied Rubin’s “less than .25” rule, and all the variance ratios
were between .989 and 1.016, which satisfied Rubin’s “between .5 and 2” rule. The results
in these supplemental tables demonstrate a successful propensity score matching procedure,
increasing our confidence in the resulting estimates of group differences in outcomes.

The first two rows of each panel in Table 3 present the SMD of cognitive outcomes between
targeted and comparison groups before (Model 1) and after (Model 2) propensity score
matching. The third row shows comparison results from a regression run on matched
samples (Model 3). Standardized mean differences in Model 2 and Model 3 were generally
smaller than in Model 1, suggesting that preexisting differences among families who did and
did not place their children in high-quality child care account for a considerable share of the
simple differences in child outcomes. Accordingly, we focus on the findings from Model 2
and Model 3—the models based on propensity score matching without and with the
covariates included as control variables.

Tests of Hypothesis 1

Results in the first column of Table 3 support Hypothesis 1 in showing significant positive
associations between child care quality during the infant—toddler period and child cognitive
outcomes at the end of this period (24 months). After propensity score adjustment (Models 2
and 3), results indicate that high-rather than low-quality infant—toddler care was associated
with a .28 SD higher cognitive score at 24 months of age. Given that the difference of
average ORCE scores between high-quality and low-quality infant care was 1.9 SDs, a 1-SD
increase in ORCE increased cognitive outcome at 24 months by an effect size of .15 SD.
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Hypothesis 1 also asserted that without subsequent high-quality care during the preschool
period, children with high-quality infant-toddler care would not have higher cognitive and
achievement scores at 54 months of age than children with low-quality infant—toddler care
followed by low-quality preschool care. That is, the positive effect of high-quality infant—
toddler care would decline by the end of the preschool period for children who received low
as opposed to high-quality preschool child care. Results of this test can be seen in the second
column of Table 3. Restricting attention to Model 3 results, we found support for this
hypothesis except where memory was the outcome. At 54 months, the memory performance
of the high-low group was 0.20 SD above that of the low-low group, and this is significant at
the .05 level. This suggests that the short-run memory gained due to higher quality infant
care continued through the preschool period, even if the child received low-quality care
during this period. However, this hypothesis was not supported for language and reading
(we found no statistically significant group differences for these outcomes) and was at best
marginally supported for math (a group difference of .17 that is significant at only the .10
level).

Tests of Hypothesis 2

The second set of columns in Table 3 provide tests of Hypothesis 2, which asserts that high-
quality care during the preschool period is associated with immediate improvement in
cognitive and academic outcomes at 54 months and that the quality of infant-toddler care
will affect 54 month outcomes even when preschool care was of high quality (high-high care
will produce better outcomes than low-high care). The third column of this table shows the
results of the first of these, by comparing outcomes for late-high-versus late-low-quality
child care. Short-term memory outcomes at 54 months provided no support for the first
hypothesis, but this hypothesis is strongly supported by the language, reading, and math
results. Group differences for these outcomes were .19, .28, and .22, respectively, and are
significant at the .001 level. Clearly, high-quality preschool care translated immediately into
improved language, reading, and math outcomes, irrespective of whether the child received
high-quality infant—toddler care.

Results in the fourth column of Table 3 test the second part of Hypothesis 2, that the quality
of infant-toddler care would affect 54-month outcomes even when preschool care is of high
quality. This was not supported for memory and language, but it was supported at the .05
level for reading and at the .10 level for math.

Tests of Hypothesis 3

The final three columns of Table 3 test the third hypothesis, that high-high care would
produce better 54-month outcomes than any of the other combinations. In general, the
Model 3 results support this hypothesis. Of the 12 coefficients in these columns, nine were
positive and significant at the .10 level or better (5 at the .05 level or better), and only three
were not significant. The magnitudes of the significant coefficients are generally similar to
those discussed above, with the most regular pattern of significant positive effects occurring
for the high-high versus low-low comparison. No strong pattern distinguishes between the
magnitudes or statistical significance of the outcomes produced by the high-low versus the
low-high child care quality pattern. That is, the high-high pattern produced the best
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outcomes, the low-low pattern produced the worst outcomes, and there was little observable
difference between the outcomes produced by high-low- versus low-high-quality child care.

Check

In the analyses reported in the previous section, we conducted pairwise propensity score
matching to reduce selection bias and to draw inferences about the association between
quality of child care and child outcomes. Our matching procedure achieved balance; that is,
the comparison groups were equivalent at baseline on all covariates, supporting the validity
of the estimated association. However, the method of pairwise propensity score matching
had two limitations. The first limitation was in the matching procedure; all of the inferences
were drawn from pairwise matched samples, which were a subset of the total analyzed
sample. This limits the generalizability of the inference. The second limitation was that in
the process of generating pairwise propensity scores, a series of binomial models for six
different contrasts were estimated, and this might bias between-contrast comparisons
(Bryson, Dorsett, & Purdon, 2002). For example, subsamples in one matched contrast could
be more socioeconomically disadvantaged than subsamples in another matched contrast.
Because we were concerned about these issues, we conducted two additional analyses to
check the robustness of our results.

The first robustness check involved the estimation of pairwise propensity score weighted
regression. This procedure enabled us to use all the observations in the analysis and weight
each of them for unequal probability of selection (Lohr, 1999). Kang and Schafer (2007)
called this a doubly robust method. For children in targeted groups, we generated weights as
inverse propensity scores (w = 1/p). For children in comparison groups, we generated
weights according to the formula w = 1/(1 — p). These weights ensured that the children in
the comparison group who were most like the children in the targeted group received larger
weights and that those less like the children in the targeted group received smaller weights.
These weights were applied to two separate regressions including all the control variables—
the first regression for the targeted group and the second one for the comparison group. The
two separate weighted regressions generated two sets of consistent estimates of regression
coefficients. The first set, which was generated from weighted regression on the targeted
group, indicated what the outcomes for the represented population would be if they had been
assigned to the targeted group. So this first set of estimates was used to generate predictions
for all the potential outcomes out of the full sample (including both targeted and comparison
groups). Similarly, the second set of consistent estimates of regression coefficients was used
to generate predictions of all the potential outcomes out of the full sample (including both
targeted and comparison groups). The simple mean difference of the two predictions from
the two sets of estimates was then used to obtain inferences for the hypotheses (Kang &
Schafer, 2007; Schafer & Kang, 2008). The standard error for the mean difference was
obtained by bootstrapping based on 2,000 replications.

Our second robustness check involved multinomial propensity score weighted regression
estimation. This method was similar to our first robustness check except that propensity
scores were generated from a multinomial model fit to the entire sample of all the four
groups (high-high, low-low, high-low, and low-high). These generalized propensity scores
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(Imbens, 2000) represented the probability of being assigned to a certain group rather than to
the other three groups. This method could test the second limitation of pairwise propensity
score matching discussed above by enabling between-contrast comparisons. For example, in
this multinomial context, inference of implicit contrasts such as “high-low” versus “low-
high,” could be drawn by comparing contrast “high-high” vs. “high-low” with contrast
“high-high” vs. “low-high.” This multinomial method is not without its own limitations. It
could be statistically less robust since a misspecification in one of the series would
compromise all others (Lechner, 2001). A second limitation followed from multinomial
regression’s assumption of independence of irrelevant alternatives (i.e., the choice between
any of the two alternatives was independent with the existence of the other alternatives;
McFadden, 1984). For example, in our context, multinomial regressions were based on the
assumption that the choice between low-high and low-low were independent of the
existence of the other alternatives (i.e., high-high and high-low), and this assumption could
have been violated if low-high and high-high were very close alternatives.

The results of robustness checking are presented in Table 4. Here the Model 3 results were
replicated from Table 3 for ease of comparison with the robustness check estimates.
Estimates for Model 4 involved pairwise propensity score weighted regression estimation
for each of the six contrasts. Model 5 corresponded to multinomial propensity score
weighted regression estimation for contrasts among high-high, high-low, low-high, and low-
low. Hence, in Model 5 no estimates were obtained for the contrast of early high versus
early low and the contrast of late high versus late low.

The point estimates strongly supported the Model 3 results shown in Table 3, although in
some cases the standard errors in Model 4 and Model 5 were a little higher. In particular,
similar to results in Table 3, Model 4 showed that high-quality infant care itself was
associated with .23 SD higher mental development scores at 24 months. And if followed by
low-quality care during the preschool period, children with high-quality infant care scored .
17 to .21 SD higher than those with low-quality infant care.

Looking at the third column of Table 4 one can see that regardless of infant-toddler care
quality, high-quality care in the preschool period was associated with .18 SD higher
language scores, .16 SD higher reading scores, and .15 SD higher math scores. Also, if
followed by high-quality care during the preschool period, children receiving high-quality
infant care scored higher than children with low-quality infant care by .16 SD in reading
scores. Children with consistently high-quality child care from birth to 54 months scored
significantly higher in language, reading, and math than children with consistently low-
quality child care and than those with high-quality infant care but low-quality care during
the preschool period. They also achieved higher (by .16 SD) reading scores compared with
children with low-quality infant care and high-quality care during the preschool period.

Since Model 5 (the multinomial propensity score weighted regression estimation) enabled
between-contrast comparison, we summarized results from Model 5 in Figure 1. Figure 1
shows the means in standard deviations of the four 54-month outcomes, indexed by four bar
groups for memory, language, letter—-word, and math. Each bar group shows the
standardized means for the four child care quality combinations (high-high, low-low, high-
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low, and low-high). The height for the first bar of the memory bar group represents the
standardized mean of memory scores of the high-high group. The heights of the other three
bars in this memory group were calculated by subtracting mean differences in Model 5 from
the standardized mean of the high-high group. For example, for the low-low group we
subtracted .16, which was the standardized mean difference between the high-high group
and the low-low group calculated by multinomial propensity score weighted regression,
from .29 (last column in Table 2), the standardized mean of the high-high group, which gave
us .13 as the estimated standardized mean of memory scores for the low-low group. Overall,
the combination of high-quality care during both the infant-toddler and preschool periods
was associated with the best child outcomes at 54 months; none of the other child care
combinations had outcomes close to these.

Discussion

In this article, we analyzed data from the NICHD Study of Early Child Care to compare the
cognitive, language, and preacademic outcomes of children with different combinations of
child care quality during the infant-toddler and preschool periods. Detailed information
about the families was used to implement propensity score matching to reduce selection
bias. This was followed by propensity score weighted regression estimation for robustness
checking. We found differentiated effects of quality of care in the infant-toddler period, in
the preschool period, and in the combination of quality in these two periods on child
outcomes. Results for each of our three hypotheses are discussed in turn.

Effects of Quality of Care in the Infant-Toddler Period

Testing Hypothesis 1, we found that the quality of child care in the infant—toddler period
was positively and significantly related to two outcomes. At 24 months, high-quality care in
the infant-toddler period was associated with higher cognitive development scores, as
measured by the Bayley Mental Developmental Index. In addition, higher quality infant—
toddler care was associated with better memory scores at 54 months for children in low-
quality child care in the preschool period. This result was consistent with Huttenlocher’s
theory of brain development (Huttenlocher, 1979), which indicated that brain functions
developed most rapidly during the infant—toddler period.

Effects of Quality of Care in the Preschool Period

Testing Hypothesis 2, we found that the quality of care in the preschool period was also
related to child outcomes. Children who received high-quality child care in the preschool
period obtained higher language, reading, and math scores at 54 months of age. Among
students who received high-quality care in the preschool period, those who also received
high-quality infant—toddler care scored better than those receiving low-quality infant-toddler
care on reading (significant at the .05 level) and math (significant at the .10 level).

Joint Contributions of Infant-Toddler and Preschool Quality of Care

Unique in our investigation was its focus on the joint contribution of quality care in the
infant—toddler and preschool periods (Hypothesis 3). Here our results suggest that the most
robust differences were found between children who received high-quality care in both the
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infant-toddler and preschool periods versus those who received such care in neither period.
There was no clear winner when comparing 54-month outcomes for the high-low- versus
low-high-quality child care patterns. Short-term memory outcomes at 54 months appear to
be most sensitive to child care quality inputs during infancy—toddlerhood, whereas language,
reading, and math outcomes at 54 months appear to be most sensitive to experiences in the
preschool period.

Different patterns in memory versus in language, reading, and math were consistent with
evidence for Huttenlocher’s theory of brain development (Huttenlocher, 1979; Huttenlocher
& Dabholkar, 1997), which asserts that cognitive functions (as well as other functions such
as seeing and hearing) driven by synaptogenesis develop most rapidly during the first 3
years of life (although growth can continue well into adolescence). Following this line of
argument, neurobiologists have relied on animal studies that have yielded strong evidence
for such timing effects (Bornstein, 1989). However, animal studies may have limited
generalizability to human development. Thus, the present article provided much needed
evidence supporting the importance of timing (periods of differential growth and
responsiveness) for human development.

In general, our results suggest that investing in high-quality infant-toddler care without
subsequent high-quality care during the preschool period could be a productive strategy for
cognitive domains such as memory but less productive for preacademic skills such as
reading (letter—word identification) or math (applied problems). High-quality care during the
preschool period without high-quality infant—toddler care was associated with increased
kindergarten readiness, but not by as much as was achieved by consistent high-quality
infant—toddler and preschool care (see the final column of Table 3). These findings provide
further evidence that early education does not inoculate children from the impacts of
subsequent experiences. Instead, as with education during the elementary years,
experiencing high-quality education appears to translate into contemporaneous gains that
may be maintained only with long-term (continued) exposure to high-quality education
(Pianta, Barnett, Burchinal, & Thornburg, 2009).

Our findings support a strategy of distributing child care investment across early childhood
periods, as opposed to front-loading investment on infant—toddler care or back-loading on
preschool care. Of course, this recommendation needs to be considered within a benefit—
cost framework. While expensive child care is not necessarily high-quality care, it is clear
that high-quality care is expensive (Helburn, 1995). High-quality care occurs when
caregivers provide frequent warm, stimulating, and responsive interactions with children, as
well as clear intentional instruction. This is best achieved via low child/adult ratios and
substantial investments in skilled caregivers (Pianta et al., 2009). If sufficient funds are
available to provide high-quality care in one but not both of the time periods, then high-
quality care during the preschool period may have an advantage, since it is less costly
(because of higher child/teacher ratios for preschoolers than for infants) and yet is
accompanied by relatively similar 54-month language, reading, and mathematics outcomes
(compare high-low and low-high outcomes in Figure 1).
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Limitations of these policy suggestions include the following. First, the NICHD Study of
Early Child Care is not a representative sample, and even with reduction in selection bias,
the sample characteristics may limit generalization. Moreover, its cumulative response rate
at the point of the 6-month interview was around 50%. The sample that used infant—toddler
child care tended to be relatively advantaged economically and included disproportionately
more white families than the U.S. sample in general. Second, our results are limited by
observed variables, with omitted variable bias (i.e., selection bias) remaining linked to
unmeasured variables or variables we could not include because they were assessed during
the treatment period. Third, the impact of variation in quality may be truncated because we
categorized quality of care so that we could conduct the propensity score matching.
Furthermore, we could not include other child care characteristics when creating the
propensity score groups, so we could not account for either type or quantity of child care in
these analyses.

At least three types of studies might be undertaken to test the reliability of our conclusions.
First, studies could be conducted using a more causal framework such as random assignment
or instrumental variables to correct for unobserved selection bias. Second, efforts should be
made to replicate these findings with measures of the quantity of high-quality care, as well
as with study samples available in other data sets. In particular, low-income families
constituted a relatively small share of the NICHD Study of Early Child Care sample, and
teenage mothers and low birth weight babies were excluded altogether. Databases such as
the Early Childhood Longitudinal Study—Birth Cohort better represent these important
population subgroups. Future studies are greatly needed particularly for at-risk populations
of children such as those attending Head Start or Early Head Start, since these groups of
children have been found to benefit most from high-quality educational and child care
experiences (Magnuson, Ruhm, Waldfogel, 2007). Third, future studies should include
additional outcomes such as attention skills and socioemotional behaviors, including
internalizing and externalizing problems and social skills. Attention skills have been found
to be one of the strongest predictors for later achievement (Duncan et al., 2007), and
socioemotional behaviors could also be linked to later academic achievement (Entwisle,
Alexander, & Olson, 2005; NICHD ECCRN, 2004). These outcomes are important and may
be positively affected by high-quality child care in the infant-toddler and/or preschool years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Comparison among different combinations of child care quality during infant-toddler and

preschool period. The height of the high-high group represents its standardized means. The
heights of the other three groups were calculated by subtracting multinomial propensity
score weighted regression estimation for differences (M5 in Table 4) from the standardized
mean of the high-high group.
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Table 1
Contrasts for Testing Hypotheses
Hypothesis Targeted group  Comparison group Time of
outcome
measur ement

H1: High-quality infant-toddler care is associated with immediate improvement  Early high Early low 24 months
in cognitive scores at 24 months. However, without subsequent high-quality care i
for the preschool period, children with high-quality infant—toddler care wilinot ~ High-low Low-low 54 months
have higher cognitive and achievement scores at 54 months of age than children
with low-quality infant—toddler care followed by low-quality care for the
preschool period.
H2: High-quality care during the preschool period is associated with immediate Late high Late low 54 months
improvement in cognitive and academic scores at 54 months. In addition, the . . .
combination of high-quality infant-toddler and preschool care will produce High-high Low-high 54 months
higher cognitive and achievement scores at 54 months of age than the
combination of high-quality care for the preschool period but low-quality infant—
toddler care.
H3: Everything else the same, high-quality child care in both the infant—toddler High-high Low-low 54 months
and preschool stages is associated with the highest cognitive and academic i X .
scores at school entry compared with any other child care quality combination. High-high High-low 54 months

High-high Low-high 54 months

Note. H1-H3 = Hypotheses 1-3.
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