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Deborah Lowe Vandell

University of California Irvine, School of Education

Abstract

High-quality early-care and education (ECE) has demonstrated long-term associations with
positive educational and life outcomes and can be particularly impactful for children from low-
income backgrounds. This study extends the literature on the long-term associations between
high-quality caregiver sensitivity and responsiveness and cognitive stimulation (i.e., caregiving
quality) in ECE settings and STEM success in high school. Using the 1991 NICHD SECCYD
(n=1,096; 48.6% Female; 76.4% White, 11.3% African American, 5.8% Latine, 6.5% Other),
results demonstrated that caregiving quality in ECE was associated with reduced disparities
between low- and higher-income children’s STEM achievement and school performance at age 15.
Disparities in STEM school performance (i.e., enrollment in advanced STEM courses and STEM
GPA) and STEM achievement (i.e., Woodcock Johnson cognitive battery) were reduced when
children from lower-income families experienced more exposure to higher caregiving quality in
ECE. Further, results suggested an indirect pathway for these associations from caregiving quality
in ECE to age 15 STEM success through increased STEM achievement in grades three through
five (ages 8 to 11 years). Findings suggest that community-based ECE is linked to meaningful
improvements in STEM achievement in grades three through five which in turn relates to STEM
achievement and school performance in high school, and caregiving quality in ECE is particularly
important for children from lower-income backgrounds. This work has implications for policy and
practice positioning caregivers’ cognitive stimulation and sensitivity in ECE settings across the
first five years of life as a promising lever for bolstering the STEM pipeline for children from
lower-income backgrounds.
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One of our nation’s largest policy efforts to support the development of children from low-
income families is expanding access to early childcare and education with high caregiving
quality (i.e., cognitively stimulating interactions and a rich language environment, as well

as a warm, emotionally supportive, and responsive style of caregiving) in the first 5 years

of life. Federal programs such as Head Start and Early Head Start, as well as state and

local programs such as pre-kindergarten programs have received increased public funding to
provide high quality care for children from low-income families (Parker et al., 2018; Tout et
al., 2010). Nationally, about half of infants and toddlers and three-quarters of preschoolers
experience regular non-parental childcare (Burchinal et al., 2015). These public investments
seem reasonable given economic studies suggesting that expanding access to early education
prior to kindergarten entry may well yield positive returns through later adult earnings
(Magnuson & Duncan, 2016). Unfortunately, many of these positive conclusions rest on
evidence from three classic studies — Perry Preschool, the Abecedarian Program, and the
Chicago Child-Parent Centers. The Perry Preschool and Abecedarian Programs which were
run by researchers and involved around 120 children. Research using data from the Chicago
Longitudinal Study (1985-1986; n = 1539) demonstrated that two years of involvement in
high-quality preschool programs had positive effects on behavioral outcomes in participants’
juvenile years; despite the large sample size, this study only involved a single community
(Arteaga et al., 2014). Additional research on the long-term impacts of access to high quality
early childcare and education during the first five years is needed because of the importance
of its policy implications, particularly for children living near or below the poverty line
(Burchinal et al., 2015).

Although disparities in school readiness between children from low-income families and
their middle- to high-income peers exist across content domains, they are even more
pronounced in Science, Technology, Engineering, and Mathematics (STEM), and remain
evident later in children’s school career (Morgan et al., 2016). This problem in our STEM
education system may contribute to the underrepresentation of racially and ethnically diverse
populations (disproportionately represented in low-income populations) in STEM fields
(Valantine & Collins, 2015) and unfilled STEM jobs, despite STEM representing one of

the fastest growing labor markets. Research suggests that children’s STEM identities begin
to form in the early childhood years (Pantoya et al., 2015) and that early STEM learning

is well associated with high-quality pedagogical practices and teacher-child interactions
(Bustamante et al., 2018; Fuccillo, 2011). Indeed, when teachers engage in high-quality
interactions as characterized by the most common early childhood measures of quality
(Pianta et al., 2008), they are often exercising the fundamental skills that comprise STEM
learning, such as engaging in the inquiry process, providing high quality feedback, exploring
novel phenomena to develop concepts, and asking open-ended questions to promote critical
thinking (Greenfield et al., 2009).

Myriad studies demonstrate that higher caregiving quality in early childhood education is
associated with positive school readiness outcomes for children from low-income families
upon kindergarten entry (Barnett et al., 2005; Gormley et al., 2008; Weiland & Yoshikawa,
2013). Few studies, however, examine longitudinal effects of early childcare and education
(ECE) quality extending into high school (Vandell et al., 2016; Vandell et al., 2020) and
even fewer focus specifically on interest, involvement, and performance in high-school
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STEM. This study examines two key aspects of caregiving quality: caregivers’ sensitivity
and responsiveness (sensitivity) and their cognitive stimulation (stimulation) in ECE as
predictors of later STEM success and school performance. It also considers the potential of
caregivers’ sensitivity and stimulation in early care to moderate the relations between family
income and later STEM success such that early caregiving quality is a stronger predictor

of STEM achievement for children from low-income families compared to their higher
income peers. Results from this study will constitute valuable contributions to the field by
elucidating the value of quality early childcare and education on promoting later STEM
school success. Further, if caregivers’ sensitivity and stimulation in early care and education
settings do indeed relate to later STEM success, it may be the case that an increased focus
on STEM in early childhood education (a content area that is largely ignored in the early
years; Greenfield et al., 2017) could promote expanded interest in STEM careers and have
implications for increasing representation of low-income populations in STEM fields.

Conceptual Framework

A cognitive advantage hypothesis suggests that high caregiving quality in ECE can provide
children from under-resourced environments with a stronger cognitive foundation during
early childhood through high levels of language stimulation, access to developmentally
appropriate learning materials, a positive emotional climate with responsive caregiving,

and opportunities for children to safely explore their environment (National Institute of
Child Health and Human Development [NICHD] Early Child Care Research Network
[ECCRN], 2000). Evidence from ECE interventions support this hypothesis as children from
low-income families who attend ECE with higher caregiving quality displaying increased
math and language achievement throughout their academic careers as well as higher wages
in adulthood (Campbell et al., 2002; Schweinhart et al., 2005).

Research and theory also suggest that high quality early care practices support a strong
foundation for science learning. High quality interactions are often characterized by
contingent back and forth interactions between caregivers and children, especially those that
pose open-ended questions and allow children to think critically and solve problems (Hirsh-
Pasek et al., 2015). Science is a process of explaining the natural world through systematic
inquiry and exploration. Chouinard (2007) explains the role that children’s questions play in
their cognitive development when they encounter a gap in their current knowledge. Children
are particularly receptive to new information when it is borne of their own curiosity, and
which can have depth of processing benefits (Chouinard, 2007). By engaging in these
inquiry processes at a young age, children may feel more comfortable and confident during
STEM learning opportunities when they encounter them in school. While there is evidence
for this kind of skill building hypothesis for math and language outcomes (Burchinal et al.,
2000; McCartney et al., 2007), little research has examined these kinds of long-term benefits
of early education for the science, technology, and engineering portions of STEM learning.

Longitudinal Associations of Early Care and Education

Several studies have examined the long-term benefits of access to high-quality early
childcare and education in the Study of Early Child Care and Youth Development
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(SECCYD), the large multi-site national study that we used in this study. Vandell et al.,
(2016) examined the longitudinal relations between early childcare and academic outcomes
at the end of high school using the SECCYD data set. They report that center-based care and
higher quality childcare from ages 6 to 54 months were associated with increased class rank
and grades respectively.

Other studies have examined the specific benefits of quality early care for children from
low-income families in the SECCYD data set in which about 25% of the sample was

from low-income backgrounds. McCartney et al. (2007) explored whether childcare quality
might be particularly important for children from low-income families and if it may also
improve children’s home environment. They found an interaction between family income
and childcare quality that predicted children’s language ability upon school entry as well as
improvements in the home environment; suggesting that quality care is particularly valuable
to children from low-income backgrounds and benefits can extend beyond the classroom
into the home.

In a related study, Dearing et al. (2009) tested a similar interaction between childcare quality
and family income predicting math and reading achievement in grades three through five
(ages 8 to 11 years). They found a moderation effect in which lower family income was
less strongly associated with underachievement in third to fifth grade for children who
experienced higher quality care from during early childhood (ages 6 to 54 months). They
also found that higher quality care was associated with math and reading achievement
indirectly through increased school readiness skills at kindergarten entry, consistent with

a mediation effect. The studies cited above have examined ECE quality across the first 5
years predicting age 15 academic outcomes without a specific emphasis on low-income
families; they have also examined interactions of early care quality with family income
predicting early childhood math and reading outcomes as well as these outcomes in grades
three through five. What has yet to be examined are the associations with ECE caregiver
sensitivity and stimulation quality for children from low-income families with age 15
outcomes, and specifically with STEM school performance and achievement.

This is a meaningful gap in the literature as high-quality teacher/caregiver practices
demonstrate strong overlap with best practices in STEM learning. For example, Kook and
Greenfield (2021) used the Classroom Assessment Scoring System (CLASS; Pianta et al.,
2008) to observe Head Start preschool classrooms during language and literacy, social
emotional, and STEM focused activities. They found that teacher’s emotional support and
classroom organization were consistent across settings, however, they reported significantly
higher scores on the instructional support domain of the CLASS (concept development,
quality of feedback, and advanced language modeling) during STEM activities. This
suggests that these high-quality instructional practices are naturally elicited during STEM
activities and teachers who are engaging children in these practices may be helping children
build a strong foundation for later STEM learning. This study will test this hypothesis

by examining whether two specific aspects of caregiving quality in ECE experiences —
sensitivity and responsiveness and cognitive stimulation —predict STEM achievement and
STEM school performance in third through fifth grade and high school and whether these
relationships are stronger for children from low-income backgrounds.
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Research Questions and Hypotheses

Method

1. Do caregiving sensitivity and stimulation between ages 6 and 54 months and children’s
family income predict STEM achievement at age 15 controlling for a host of child- and
family-level covariates?

Hypothesis: Sensitivity and stimulation in ECE between 6 and 54 months will be associated
with higher STEM achievement at age 15 and lower family income will be associated with
lower STEM achievement at age 15. We also hypothesized that cognitive stimulation would
have a uniquely predictive relationship with STEM achievement.

2. Do caregiving sensitivity and stimulation between ages 6 and 54 months moderate the
relationship between family income and age 15 STEM achievement such that early quality is
a stronger predictor of STEM achievement for children from low-income families compared
to their higher income peers?

Hypothesis: Sensitivity and stimulation in ECE will moderate relations between family
income and age 15 STEM achievement by serving as a unique predictor of STEM
achievement for children from low-income families.

3. Does STEM performance in grades three through five indirectly affect the relationship
between caregiving sensitivity and stimulation between ages 6 and 54 months and age 15
STEM achievement among children from low-income families?

Hypothesis: STEM achievement in grades three through five will serve as an indirect effect
between the relationship between sensitivity and stimulation in early care and education and
age 15 STEM achievement, consistent with a cognitive advantage hypothesis.

Sample and Study Design

Data were drawn from the National Institute of Child Health and Human Development
(NICHD) Study of Early Child Care and Youth Development (SECCYD) (NICHD Early
Child Care Research Network & Duncan, 2003). The publicly available portion of the
dataset follows 1,364 families from their child’s birth in 1991 until age 15 with four major
phases of data collection across the entire 15-year study, including data collection time
points at 1, 6, 15, 24, 36, and 54 months, as well as in grades K, 1, 3, 4, 5, and 9 (United
States Department of Health and Human Services. National Institutes of Health. Eunice
Kennedy Shriver National Institute of Child Health and Human Development, 1991). The
sample included economically, and geographically diverse families recruited from hospitals
surrounding cities within the United States (Little Rock, AR; Irvine, CA; Lawrence, KS;
Boston, MA; Philadelphia, PA; Pittsburgh, PA; Charlottesville, VA; Seattle, WA; Morganton,
NC; and Madison, WI). From the initial sample of 1,364 families, 979 remained in the
study through age 15. The sample for the current study consisted of 1,096 participants

with non-missing information about the site of data collection because in our analyses we
clustered standard errors by site.
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See Table 1 for descriptive statistics for the study variables and covariates for the original
SECCYD sample of 1,364 families and the 1,096 families in the analysis sample.

Family Income-to-Needs Ratio—Mothers reported annual household income from all
sources at the 6-, 15-, 24-, 36-, and 54-month assessments. For each time point, the income-
to-needs ratio was calculated by dividing the family income by the poverty threshold based
on family size, as established by the U.S. Census Bureau. For our analysis, we computed

an average family income-to-needs ratio for children’s early childhood from 6 to 54 months
of age. A ratio of 1 is the poverty line, 2 or below is low-income, 3 is middle-income,

and 4 or above is high-income; in our sample the average income-to-needs-ratio was 3.82
(SD=2.91) (Bustamante et al., 2022; Dearing et al., 2009). The sample consisted of

8.23% families at poverty level or below, 18.28% low-income families, 21.66% low- to
middle-income families, and 51.83% middle- and high-income families. For the original
SECCYD sample, the average income-to-needs-ratio was 3.60 (SD = 2.85) with 11.14%
and 19.05% of families having an income level at poverty level or below or low-income,
respectively, and 47.85% middle- and high-income.

Early Care and Education Caregiving Quality—To capture early caregiving and
education quality, Caregiver Cognitive Stimulation was observed and rated at ages 6, 15, 24,
36, and 54 months, as was Caregiver Sensitivity and Responsiveness using the Observational
Record of the Caregiving Environment (ORCE), a live observational instrument designed
for the SECCYD (NICHD Early Child Care Research Network, 2000; Bustamante et

al., 2022). Observations were conducted for all study children who received 10 hours or
more of non-parental care each week in either center-based care, childcare homes [family
daycare], or in-home care by a relative or nonrelative during half-day visits consisting

of several 44-minute observation cycles. At ages 6, 15, 24, and 36 months, two half-day
visits were conducted while only one-half day visit was conducted at 54 months. Observers
rated caregiver’s sensitivity to children’s expressions of non-distress and stimulation of
cognitive development using 4-point scales (1 = not at all characteristic, 2 = somewhat not
characteristic, 3 = characteristic, and 4 = highly characteristic). The validity of the ORCE
has been documented in a variety of studies demonstrating associations with later academic
achievement, behavioral outcomes, college graduation, and salary in adulthood (Bustamante
etal., 2021; Duncan et al., 2019; Vandell et al., 2016).

For each time point we assessed whether the child was in higher process quality care
(score of 3 or above on the ORCE for each variable). In line with the approach taken by
Dearing and colleagues (2009), rating below 3, or missing, were coded as 0, or not being
in high process quality in that dimension. Caregiver Cognitive Stimulation and Caregiver
Sensitivity/Responsiveness in our model was represented by the total number of timepoints
(0-5) received a higher process quality score on that quality dimension. The mean for
number of time points in higher quality care for Caregiver Cognitive Stimulation was 0.44
(SD=.73) and Caregiver Sensitivity/Responsiveness was 1.36 (SD = 1.21).
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For the interaction terms between family income-to-needs ratio and the two ECE quality
measures (e.g., ages where the child received high quality care for cognitive stimulation,
and ages where the child received high quality sensitivity/responsiveness), we centered

the income-to-needs ratio at the sample mean and used it as a continuous variable.

This approach is in line with previous studies examining income as a moderator of the
relationship between early quality and later academic achievement in the SECCYD dataset
(Dearing et al., 2009).

STEM Achievement and School Performance at Age 15—For STEM Achievement,
we used students’ standardized score in the Applied Problems subscale of the Woodcock-
Johnson test which examines people’s ability to solve mathematics problems. The average
standardized score for students in the sample was 102.91 (SD = 14.10), which was similar
to that of the original sample (M= 102.92, SD = 14.22). For STEM school performance,
we used students” most advanced science course completed, the most advanced math course
completed, GPA in science courses, and GPA in math courses. Science courses were coded
numerically in the following manner: 0 = no science course taken, 1 = survey science, 2

= earth science, 3 = biology, 4 = chemistry, 5 = physics, and 6 = advanced science. Math
courses were coded numerically in the following manner: 0 = no math course taken, 1 =
below algebra I, 2 = algebra |, 3 = geometry, 4 = algebra Il, 5 = advanced mathematics,

and 6 = calculus. The NICHD SECCYD team used the science and math course codes by
the Classification of Secondary School Courses (Perkins et al., 2004) to align the courses of
participants in the study to ninth-grade national-level sequence of science and math courses.
Table 1 shows the percentage of students for most advanced science and math courses for
the analysis and original samples. GPA information was extracted from student transcripts
by school personnel and ranged from O to 4. To calculate STEM school performance at age
15 we z-scored each of the four variables and then averaged across the z-scores to get a
composite score.

Third through Fifth Grade STEM Achievement—STEM achievement during third,
fourth, and fifth grade consisted of the Applied Problems, Broad Math, and Calculations
subtests of the Woodcock Johnson in grades 3 and 5, as well as the Block Design and Matrix
Reasoning Task from the Wechsler Abbreviated Scale of Intelligence (WASI) in grade 4.
The Woodcock Johnson Applied Problems subtest assesses an individual's ability to solve
problems, the calculation subtest assesses an individual’s calculation skills (e.g., addition,
subtraction, multiplication, and division), and broad math is a cluster of calculation, math
fluency, and applied problems. WASI provides an estimate of general cognitive abilities of
individuals ages 6-89 producing measures of intelligence and verbal and non-verbal skills.
The Block Design activity assesses individuals’ ability to replicate abstract designs using
blocks and the Matrix Reasoning Task observes individuals’ visual organizational skills and
nonverbal reasoning. Table 1 shows similar mean and standard deviation values between
the analysis and original samples across all the variables recorded when students were

in third through fifth grade. To calculate STEM achievement in third through fifth grade,
we z-scored each of the seven measures and then averaged across the z-scores to get a
composite score.
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Covariates—For study covariates we used an extensive array of child, maternal, and
household characteristics between ages 6- and 24-months that have been shown to associate
with selection into higher quality child care in previous research (Dearing et al., 2009).

For child covariates, we used gender (0 = male, 1 = female), race/ethnicity, behavioral
adjustment and health, and cognitive skills (see Table 1). Approximately 48% of children

in the analysis and original samples were female. About 80% of children were European
American, 13% African American, 2% Asian American, less than 1% Native American,
and 5% of other race, resembling the race and ethnicity distribution of the original

sample. Children’s negative and positive moods were assessed from video recordings of
mother-child semi-structured interactions of free play at 6 months using 4-point ratings

of maternal sensitivity to their child’s moods (e.g., to distress, non-distress), intrusiveness
(reverse scored), and positive and negative regard. Information regarding children’s health,
including respiratory and intestinal problems, the mother’s overall health rating of her child,
number of visits to the doctor, and hospitalizations, was gathered at 6 months via structured
interviews with mothers. Early cognitive ability was assessed with the Bayley Scales of
Infant Development at 15 months (Bailey, 1969).

Mother’s age, race/ethnicity, education, marital status, parenting beliefs, parenting
sensitivity, and vocabulary were also used as covariates. Mothers’ age, race/ethnicity, and
years of education were gathered at intake, in the structured home interviews at 1-month,
and mother’s marital status at 24 months was also recorded. Mother’s traditional beliefs

for raising children was collected at the 1-month interview using the Parental Modernity
(PM) Scale of Child-rearing and Educational Beliefs likert questionnaire which measures
parents’ progressive/demacratic and authoritarian beliefs about child rearing (Schaefer &
Edgarton, 1985). Maternal sensitivity was evaluated at 6 months using semi-structured
mother-child interactions of free play and was rated using the following items on four-point
rating scales: sensitivity to non-distress, positive regard, and intrusiveness (reversed scored).
Mothers’ receptive vocabulary was evaluated using the Peabody Picture Vocabulary Test-
Revised during the 36-month assessment (Dunn & Dunn, 1981). Home environment quality
at 15 months was evaluated using the Home Observation Measure of the Environment
(Bradley & Caldwell, 1984), an interview and observation measures that assesses parental
responsiveness, acceptance, and involvement, and environment characteristics such as home
organization, the availability of learning materials, and variability of experiences provided
to the child. We chose these covariates at the described time-points because they were

the earliest time-points during early childhood at which they were available. Although we
would have preferred for all the covariates to precede the quality of care measures (e.g.,
intake or six-month visit), children’s Bayley scores and HOME environment ratings were
first collected at the 15 month visit, and mother’s vocabulary was only measured at the
36-month.

Attrition

Although the means for the analysis sample and the original sample of 1,364 families
were very similar, we examined the potential for differential attrition. First, we conducted
bivariate analyses to examine whether family income-to-needs-ratio, caregiver cognitive
stimulation and sensitivity, and the covariates, one by one, were associated with the
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likelihood of remaining in the analysis sample (see Table 1). We found small but statistically
significant differences in rates of attrition. Specifically, families were more likely to be
retained in the study if they had a higher average family income-to-needs ratio from 6 to 54
months of age and the children or mothers were European American, but less likely to be
retained if the children or mothers were African American. Furthermore, children were more
likely to be retained if they had more episodes of higher caregiver cognitive stimulation and
sensitivity/responsiveness, and if their mothers were older, more educated, more sensitive,
or scored higher on the vocabulary test. On the contrary, children were less likely to be
retained if their mothers had never married or they held lower levels of traditional beliefs for
raising kids. Next, we examined family income-to-needs ratio, ECE cognitive stimulation,
ECE sensitivity/responsiveness, and the 14 covariates (race and marital status were dummy
coded) simultaneously, in a multivariate model. Combined, the variables explained 5.4% of
the variance in retention rate.

Data Analysis Plan

This study used a path model approach to allow for estimation of missing data using

Full Information Maximum Likelihood (FIML). FIML estimates parameters using all the
information available. Specifically, it generates an estimated covariance matrix of those that
would have been obtained if the missing values were replaced by their most likely values.
Using Mplus version 7.1 (Muthen & Muthen, 2017), we conducted a moderated mediation
analyses to answer the research questions testing the following models:

1.) Age 15 STEM achievement and STEM school performance were regressed on family
income and number of time points (0 to 5; 6, 15, 24, 36, and 54 months) in higher quality
caregiver cognitive stimulation and higher caregiver sensitivity/responsiveness, controlling
for covariates (child gender, race/ethnicity, behavioral adjustment health, and cognitive
skills, as well as the mothers’ age, race/ethnicity, education, parenting values, parenting
sensitivity, vocabulary, and marital status).

2.) To test for moderation, an interaction term between family income and timepoints in
high quality caregiving stimulation and high quality caregiving sensitivity (between ages 6
and 54 months) was added to the model to examine if either of these caregiving dimensions
moderated the relations between family income and age 15 STEM achievement and STEM
school performance.

3.) To test for our hypothesized path model, the product of the coefficients comprising the
indirect pathways from number of time periods with high caregiving stimulation and high
caregiving sensitivity to STEM achievement in grades three through five and, in turn from
STEM achievement during these years to age 15 STEM achievement and STEM school
performance was estimated.

To determine model fit we examined the Bentler comparative fit index (CFl), the
standardized root mean square residual (SRMR), and the root mean square error of
approximation (RMSEA). The caregiver cognitive stimulation model (CFI = .84, SRMR
=.09, RMSEA = .09) and the caregiver sensitivity and responsiveness model (CFI = .84,
SRMR = .10, RMSEA = .09) both revealed adequate model fit. Chi-square can provide

Dev Psychol. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bustamante et al.

Results

Page 10

unreliable estimates with large sample sizes, therefore we did not use it as a metric of fit
(Kline, 2011).

Results of the moderated mediation analyses are presented in Figure 1 and Figure 2. Figure
1 presents a path model of STEM achievement in grades 3 through 5 serving as an indirect
effect on the relationship between an interaction of caregiver cognitive stimulation with
family income and STEM achievement at age 15. Figure 2 depicts the same model but with
caregiver sensitivity and family income as predictors. Here we present the main results, but
all results are presented in Table 2 and Table 3.

Caregiver Sensitivity and Responsiveness

First, we present results examining relations between early caregiver sensitivity and
responsiveness and family income during early childhood on STEM achievement and

school performance at age 15. We did find a significant direct effect of caregiver sensitivity/
responsiveness on STEM school performance at age 15 (8= -.16, SE= .10, p=.01) but

not on STEM achievement (8= -.06, SE= .38, p=.09) at age 15. Yet, there was not a
significant direct effect of family income on either STEM school performance at age 15 (8=
-.10, SE= .04, p=.07), or STEM achievement (8= -.02 SE = .29, p=.80).

We then tested the interaction between income and caregiver sensitivity and responsiveness
on STEM Achievement and STEM school performance, with STEM achievement in grades
3-5 as a pathway. Our analyses revealed a significant interaction of family income by
cognitive stimulation on STEM school performance at age 15 (8= .22, SE= .02, p=.02)
but not on STEM achievement (8= .05, SE = .11, p=.47). Furthermore, there was a
significant indirect effect, such that that STEM achievement in grades 3 to 5 served as a
pathway between the interaction term and STEM achievement, (8= -.18 SE= .06, p <.001),
and STEM school performance, (8= -.06, SE=.003, p< .001). Once more, we found

that STEM achievement in grades 3 to 5 served as a pathway linking caregiving quality and
STEM academic achievement and school performance at age 15.

Caregiver Cognitive Stimulation

Next, we turn to our results examining the relations between caregiver cognitive stimulation
and family income during early childhood on STEM achievement and STEM school
performance at age 15. In addition, we considered whether relations between number

of episodes in which caregivers provided cognitively rich stimulation in early caregiving
settings and age 15 STEM achievement was indirectly affected by STEM achievement in
elementary school, particularly among children from low-income families.

We did not find significant direct effects between early caregiver cognitive stimulation or
family income on STEM school performance, (8= -.04, 8= .01, ps > .05) or STEM
achievement (8= -.06, 8= -.03, respectively, ps > .05) at age 15. Next, we tested

the interaction between income and caregiver cognitive stimulation on age 15 STEM
achievement and STEM school performance and examined the indirect effect of STEM
achievement in grades 3-5. Our analyses did not reveal a significant interaction of family
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income by cognitive stimulation on STEM achievement at age 15 (8=.09, SE= .17, p=
.13), or STEM school performance (8= .07, SE = .02, p=.30). Yet we did find a significant
indirect effect in which the interaction of income and caregiver cognitive stimulation
predicts STEM achievement in grades 3-5 which in turn predicts STEM achievement at age
15 (B=-.10, SE= .09, p=.003) and STEM school performance at age 15 (8= -.03, SE=
.01, p=.004). Taken together, these results suggest that higher quality cognitive stimulation
was a stronger predictor of high school STEM achievement and school performance for
children from low-income families compared to their higher income peers.

Discussion

The United States STEM education and career pipelines are sorely lacking (Hinton et al.,
2020; Leroux & Renken, 2020). This is particularly true for individuals from underserved
and low-income communities. Even with growing efforts to improve STEM education and
diversify the STEM workforce, individuals from underserved and low-income communities
continue to be underrepresented in STEM careers compared to higher-income peers. This
is an issue because STEM careers are often high paying and prestigious (Xu, 2013).
Further, science itself suffers when there is a lack of diversity as new perspectives bring
new ideas which drives innovation. Prior research has demonstrated that higher caregiving
quality during early childhood promotes children’s math and reading achievement in middle
childhood, particularly for children from low-income communities (Dearing et al., 2009).
The current study examined two specific aspects of caregiving quality in ECE settings
during early childhood --high caregiver sensitivity and high caregiver cognitive stimulation
-- in relation to STEM achievement and school performance in high school, asking if
low-income children derived greater benefit from these aspects of positive caregiving.

Results suggest that caregiving quality in ECE can build a strong foundation for a
trajectory of STEM success. We found that two aspects of caregiving quality (cognitive
stimulation and sensitivity-responsivity) predicted STEM achievement in late elementary
school (third, fourth, and fifth grade) which in turn predicted STEM achievement and
school performance in high school (age 15). This included a significant indirect effect from
caregiving quality in ECE to high school STEM suggesting a skills pathway while children
were in third, fourth, and fifth grade, linking caregiving quality in ECE and high school
STEM achievement. Further, there was a significant interaction between family income
and caregiver sensitivity, such that more exposure to sensitive and responsive caregiving in
ECE was a stronger predictor of high school STEM school performance for children from
low-income families compared to their higher income peers. Together, these results highlight
caregiver cognitive stimulation and sensitivity and responsiveness in ECE as an area for
investment to strengthen the STEM pipeline, and this might be a particularly impactful
approach for children from low-income households.

Our results contribute to the evidence base for positive long-term associations between
caregiving quality in ECE and later STEM achievement and school performance with a
sample of community-based ECE that is more reflective of common modern ECE settings
than experimental studies from the 1960’s and 1970’s. Classic experimental studies, such as
the Perry, Abecedarian, and Chicago Child-Parent Centers intervention studies (Arteaga et
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al., 2014, Campbell et al., 2002; Schweinhart et al., 2005), examined long-term impacts of
ECE with impressive results lasting into adulthood. However, these were relatively small and
highly-resourced studies that would be difficult to replicate at scale. The current study offers
ecological validity by examining caregiving quality in ECE in community-based settings

at 10 geographically and economically diverse sites. Also notable is that we examined
caregiving quality in ECE across the first five years of children's lives, and not just a single,
pre-kindergarten year. Our results are consistent with the classic experimental studies like
the Abecardian study that demonstrated long term impacts of ECE and provided high quality
care across the first five years (Campbell et al., 2002; Schweinhart et al., 2005).

This study also investigated two aspects of caregiving quality in ECE to test if cognitive
stimulation and caregiver sensitivity-responsiveness were differentially linked to specific
outcomes. We hypothesized that cognitive stimulation might be uniquely predictive of
later STEM achievement. This hypothesis was grounded in evidence that science activities
in Head Start classrooms fostered higher scores in the instructional support domain of

the CLASS (quality of feedback, concept development, and language modeling; Pianta,
2008) compared to other content domains, but did not differ in the other domains of
emotional support or classroom organization (Kook & Greenfield, 2021). The idea is

that science exploration naturally elicits open-ended questions, back-and-forth exchanges,
deep exploration of concepts, and rich vocabulary which are all indicators of instructional
support. Therefore, we expected that ECE with high cognitive stimulation might create a
strong foundation for STEM learning that would relate to later STEM success. Our findings
did not support this hypothesis. Instead, we found that both indicators of caregiving quality
(cognitive stimulation and caregiver sensitivity and responsiveness) were associated with
later STEM school performance and achievement through STEM achievement in third to
fifth grade.

Few studies examining the influence of caregiving quality in ECE on later outcomes have
asked whether ECE may benefit children differentially depending on their family income.
Because the SECCYD data set included a range of family income, this study was able to test
for an interaction where caregiving quality ECE might be more meaningful for children from
low-income families, and indeed this is what we found. This aligns with previous research
using the SECCYD dataset which found that family income moderated the relationship
between episodes in high-quality ECE and academic achievement in grades 3 to 5, meaning
the number of high-quality episodes in ECE was more predictive of positive academic
achievement in elementary school for children from low-income household compared to
their high-income peers (Dearing et al., 2009; McCartney et al., 2007). Bustamante and
colleagues (2021) demonstrated that these findings extend into adulthood; high-quality ECE
erased the disparity between children from low- and higher-income families in their salary
and likelihood to graduate from college at age 26. Taken together, these findings have
implications for how we invest in ECE, and suggest that when resources are limited, we
should prioritize families with the most need.

Finally, we find that relations between caregiving quality in ECE and high school STEM
outcomes operated through STEM achievement in third to fifth grade. This lends support
for the skills begets skills or skill building hypothesis (Burchinal et al., 2000; Cunha et
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al., 2006; McCartney et al., 2007) that suggests building an early foundation allows for
success in the elementary school context which in turn allows for success beyond that. This
finding is also consistent with Dearing and colleagues (2009) who showed that relations
between high-quality ECE and achievement in late elementary school operated through
school readiness in kindergarten.

Results from the current study suggests that high-quality caregiver-child interactions in
ECE may be a key mechanism for building a foundation for STEM learning. High quality
instructional practices like creating a warm and responsive environment, and stimulating
children with back-and-forth exchanges, high-quality feedback, and rich vocabulary prepare
students for exploration and inquiry. Building this strong foundation for STEM learning
early could have implications for bolstering the STEM workforce and supporting children
from low-income families in pursuing high paying careers and breaking cycles of
generational poverty.

Several limitations of this study should be noted. First, these data are non-experimental,
meaning families were not randomly assigned to different caregiving experiences. This
introduces the possibility that selection and omitted variable bias may account for the
findings. Families whose children attended ECE with higher caregiver sensitivity and
responsiveness may be different from other families and these other differences may account
for STEM achievement and school performance at age 15. To address this limitation, we
included a rich set of covariates in our analyses. However, experimental evaluations of these
phenomena are important for future directions in order to draw causal conclusions. A second
limitation is that data collection for this study began in the 1990’s and therefore the ECE
landscape may have changed since then. However, in order to examine long-term impacts of
caregiving quality in ECE it is necessary to utilize longitudinal data. Further, with increased
focus on ECE and advancements in research it is likely that caregiving quality in ECE is
higher now than it was in the 1990’s. Given what we know about the importance of high
caregiver stimulation and sensitivity the long-term impacts of ECE might be even greater
with modern higher quality care. Another common issue with longitudinal data is attrition,
in this dataset there was differential attrition based on several demographic characteristics
including family income and race. We controlled for all variables that showed differential
attrition and used full information maximum likelihood which helps reduce bias associated
with missing data by using all data to provide the most likely model estimates, although

it does not completely eliminate the bias (Duncan et al., 2019). Finally, another issue with
using longitudinal data is that the demographics of our country have changed substantially
since the 1990’s and therefore this sample is not demographically representative of our
country today (e.g., Latine families are underrepresented in this sample). Future research

is needed to replicate these findings with diverse samples that more accurately reflect the
current demographics of the United States.

Caregiver sensitivity and stimulation in ECE during the first five years might be key
levers for promoting STEM achievement and school performance throughout children’s
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educational careers, especially for children from low-income backgrounds. We should
continue to invest early and strategically in education to cultivate the next generation of
scientists and innovators who will lead our country.
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Public Significance Statement

High quality caregiving, that is emotionally responsive and cognitively stimulating, in
the first five years of life is linked to STEM achievement and school success at age 15,
and this relation is facilitated through increased STEM achievement in grades 3 to 5.
Further, this link is particularly strong for children from low-income families who benefit
uniquely from exposure to high quality early childcare and education. This work informs
policy conversation around investing in high quality early childcare and education for
children from underserved communities.

Dev Psychol. Author manuscript; available in PMC 2024 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Bustamante et al.

Page 18

Figure 1. Path Model of The Relationship Between an Interaction of Caregiver Cognitive
Stimulation with Family Income and STEM Achievement at Age 15 with STEM Achievement in
Grades 3-5 Serving as a Significant Pathway

Note. *p< .05, **p<. 01, *** p<.001

Child level covariates include child gender, ethnicity, Bayley Mental Development index
at age 15 months, positive and negative mood at 6 months, Child Behavior Checklist total
problem scores rated by caregiver at 24 months, and health of child at 6 months. Family
level covariates include mothers age, ethnicity, maternal sensitivity, maternal education,
mothers’ vocabulary (PPVT), HOME total score, mothers’ traditional beliefs on parenting,
and maternal marital status at 24 months.
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Figure 2. Path Model of The Relationship Between an Interaction of Caregiver Sensitivity and
Responsiveness with Family Income and STEM Achievement at Age 15 with STEM Achievement
in Grades 3-5 Serving as a Significant Pathway

Note. * p< .05, ** p<.01, *** p<.001

Child level covariates include child gender, ethnicity, Bayley Mental Development index

at age 15 months, positive and negative mood at 6 months, Child Behavior Checklist

total problem scores rated by caregiver at 24 months, and health of child at 6 and 24

months. Family level covariates include mothers age, ethnicity, maternal sensitivity, maternal
education, mothers’ vocabulary (PPVT), HOME total score, mothers’ traditional beliefs on
parenting, maternal depression at 24 months, and maternal marital status at 24 months.
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Table 1

Descriptive Statistics for the Recruitment and Analysis Samples

Original Sample Analysis Sample Likelihood of
(N =1,364) (N = 1,096) Retained
Variable n M SD n M SD t p
Family Income-to-Needs 1,302 3.6 285 1,094 3.82 291 6.47 <.001
At Poverty Level or Below 11.14% 8.23%
Low Income 19.05% 18.28%
Low to Middle Income 21.97% 21.66%
Middle Income 15.67% 16.27%
High Income 32.18% 35.56%
ECE Quality of Care @
Episodes in Higher Caregiver Cognitive Stimulation 1,364 0.29 0.61 1,096 0.44 073 887 <.001
Episodes in Higher Caregiver Sensitivity/Responsiveness 1,364 111 1.20 1,096 1.36 121 1727 <.001
STEM Achievement Age 15
Applied Problems 887 102.92 142 789 10291 14.10
STEM School Performance Age 15
Most Advanced Science Course 730 654
No Science Course Taken 8.36% 8.41%
Survey Science 30.82% 30.43%
Earth Science 20.68% 20.34%
Biology 33.70% 34.25%
Chemistry 0.82% 0.76%
Physics 5.34% 5.50%
Advanced Science 0.27% 0.31%
Most Advanced Math Course 730 654
No Math Course Taken 5.21% 4.74%
Below Algebra | 4.25% 4.59%
Algebra | 51.37% 51.22%
Geometry 30.82% 31.04%
Algebra Il 7.95% 8.10%
Advanced Math 0.41% 0.31%
Calculus 0.00% 0.00%
GPA in Science Courses 667 291 093 597 2.92 0.92
GPA in Math Courses 690 2.85 0.93 621 2.86 0.92
STEM Achievement Grades 3-5
Applied Problems Grade 3 1,013 115.05 15.00 903 11551 147
Broad Math Grade 3 1,012  116.26 17.3 902 116.73 16.9
Calculations Grade 3 1,010 115.81 18.7 901 116.08  18.60
Applied Problems Grade 5 993 10931 135 887  109.57 133
Broad Math Grade 5 993 110.66 17.4 887 11091 17.00
Calculations Grade 5 991 108.66  16.5 885 108.84 16.1
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Original Sample Analysis Sample Likelihood of
(N =1,364) (N =1,096) Retained
Variable n M SD n M SD t p
Block Design and Matrix Reasoning Grade 4 1,015 10437 146 906 10458 147
Child Covariates
Gender = Female 1,364 48.31% 1,096 48.63% 0.47 .64
Race 1,364 1,096
European American 80.43% 82.21% 3.37 <.001
African American 12.90% 11.31% -3.55 <.001
Asian American 1.61% 1.55% -0.37 71
Native American 0.37% 0.36% -0.02 .98
Other 4.69% 4.56% -0.46 .65
Negative Mood - 6 Months 593 1.69 0.49 555 1.69 049 -0.65 .52
Positive Mood - 6 Months 593 2.36 0.52 555 2.37 0.52 1.18 .24
Health - 6 Months 1,279 3.34 0.74 1,079 3.34 0.72 0.88 .38
Early Cognitive Ability - 15 Months 1,180 108.58 141 1,036  108.69 14.1 0.76 45
Moaternal Covariates
Race 1,364 1,096
European American 82.62% 84.31% 3.33 <001
African American 12.76% 11.13% -3.65 <.001
Asian American 2.20% 2.19% -0.05 .96
Native American 0.59% 0.64% 0.51 61
Other 1.83% 1.73% -0.55 .58
Marital Status 1,197 1,048
Married, Living Together 77.86% 78.34% 1.06 .29
Partnered, Living Together 8.35% 8.49% 0.46 .65
Separated, Not Living Together 3.51% 3.91% 2.01 .04
Divorced, Not Living Together 0.33% 0.38% 0.75 45
Widowed 0.08% 0.10% 0.38 71
Never Married, Not Living Together 9.86% 8.78% -3.33 <.001
Age 1,364 28.11 563 1,096  28.45 5.53 449 <001
Years of Education 1,363 14.23 251 1,096 14.44 2.45 6.32 <.001
Traditional Beliefs for Raising Kids 1,360  60.34 152 1,095 5937 1480 -479 <.001
Sensitivity- 6 months 1,272 9.21 1.78 1,073 9.26 1.76 2.32 .02
Vocabulary- 36 months 1,167 99.01 18.4 1,033 99.84 18.2 433 <.001
HOME at 15 months 1,234 37.31 468 1,074 37.48 4.58 336 <.001

a - ! . . . . .
Across the five time points at which ECE quality of care was observed in the analysis sample, 20.6% of children had data for only one

observation, 18.0% had data for two observations, 15.6% had data for three observations, 18.4% had data for four observations, and 27.4% had data

for all five observations.
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Table 2

Moderated Mediation Analysis for Income and Caregiver Cognitive Stimulation Moderating STEM
Achievement in Grades 3-5 on Age 15 STEM School Performance and Achievement

DV: Age 15 STEM school
performance

Predictor
CogStim

Income
Income*CogStim

STEM Achievement in Grades 3-5

Predictor
CogStim
Income

Income*CogStim

Dependent Variable M odel

DV: Age 15 STEM
Achievement

Predictor
CogStim

Income
Income*CogStim

STEM Achievement in Grades 3-5

Predictor
CogStim
Income

Income*CogStim

B SE t p
-.04 14 -.81 42
.01 .04 19 .85
.07 .02 1.04 .30
.23 .08 6.83 <.001
Indirect Effect Model (STEM Achievement in
Grades 3-5)

B SE t p

.03 .03 2.65 .008
.04 .01 3.17 .002
-.03 .01 -2.87 .004
Dependent Variable M odel

B SE t p
-.06 .95 -1.21 .23
-.03 19 -.84 40
.09 17 1.51 13
.68 51 22.25 <.001
Indirect Effect Model (STEM Achievement in
Grades 3-5)

B SE t p

.09 .66 2.63 .009
12 14 4.22 <.001
-.10 .09 -2.96 .003

Page 22

Note. The betas are standardized coefficients. SE = Standard Error, Number of episodes in Higher Caregiver Cognitive Stimulation = CogStim,
Family Income-to-Needs Ratio = Income
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Moderated Mediation Analysis for Income and Caregiver Sensitivity and Responsiveness Moderating STEM

Achievement in Grades 3-5 on Age 15 STEM School Performance and Achievement

DV: Age 15 STEM school
performance

Predictor
Sens

Income
Income*Sens

STEM Achievement in Grades 3-5

Predictor
Sens
Income

Income*Sens

Dependent Variable M odel

B SE t p
-.16 .10 -2.57 .01
-.10 .04 -1.83 .07
22 .02 2.37 .02
.24 .07 7.55 <.001

Indirect Effect Model (STEM Achievement in
Grades 3-5)

B SE t p
.06 02 4.20 <.001
07 01 3.64 07

-.06 003 -4.40 <.001

DV: Age 15 STEM
Achievement

Predictor
Sens

Income
Income*Sens

STEM Achievement in Grades 3-5

Dependent Variable M odel

B SE t p
-.06 .38 -1.72 .09
-.02 .29 -0.26 .80
.05 A1 12 47
.68 .52 22.01 <.001

Predictor
Sens
Income

Income*Sens

Indirect Effect Model (STEM Achievement in
Grades 3-5)

B SE t p

17 .35 5.50 <.001
.19 .20 4.62 <.001
-.18 .06 -4.71 <.001

Note. The betas are standardized coefficients. SE = Standard error, Number of episodes in Higher Caregiver Sensitivity/Responsiveness = Sens,
Family Income-to-Needs Ratio = Income.
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