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A B S T R A C T

Although substantial investments in early childhood intervention have continued, whether gains are sustained
past kindergarten for routinely implemented programs is a critical research need. Using data from the Chicago
Longitudinal Study (CLS; N=1539; 50.3% female; 92.9% African American and 7.1% Hispanic), an on-going
investigation of the Child-Parent Center (CPC) program for an inner-city cohort, this study investigates the
effects of program duration from preschool to 3rd grade on school outcomes and whether the effects differ by
gender. Regression analyses are conducted to compare the differences in outcomes among intervention groups.
Inverse probability weighting (IPW) is used to adjust for potential attrition and selection biases. Findings in-
dicate that relative to the preschool plus kindergarten (P-K) group, participation from preschool through third
grade (P-3) is significantly associated with better academic functioning at both 3rd and 8th grades, better
classroom adjustment at 3rd grade, lower rates of retention and school mobility, and few years of special
education. Relative to the preschool through second grade (P-2) group, the P-3 group has significantly higher
academic functioning in third grade. Results suggest that the P-3 dosage is associated with larger effects on
academic functioning for girls and larger effects on social-emotional functioning for boys compare to the P-K
dosage. Findings suggest that receiving up to third grade (P-3) of an early childhood education program have
associated with persistent effects on developmental outcomes compared to the dosages of P-K. Multi-year pro-
grams have the potential to sustain early childhood gains and promote healthy development via improving
academic functioning and school experiences.

1. Introduction

Early Childhood Education (ECE) intervention is recognized as an
effective approach to narrow the achievement gaps by income and
race/ethnicity (Burger, 2010). ECE can also serve as a policy lever to
improve public health by improving social-emotional functioning in
early childhood (Moore et al., 2015) and by reducing the growing
health disparities resulting from variability in adulthood educational
attainment (Muennig, 2015). Thus, ECE intervention is essential to
improve health, human capital, and well-being across the life course
(Black et al., 2017; Conti, Heckman, & Pinto, 2015). How gains from
ECE are initiated and sustained have received increased attention be-
cause recent findings on the short-term effects of public ECE programs
dissipate when children enter elementary school.

1.1. Background

Early childhood landscape has changed considerably since 1965,
and there are several points worth noting. First, the percentage of
3–5 year old children enrolled in ECE programs have increased sig-
nificantly (See Appendix A). The increase was rapid between 1965 and
1983 for all children ages 3, 4, and 5; the increase continued but slowed
down between 1983 and 1997. The percentages of children enrolled in
ECE programs have been stable since 1997. Children from economically
disadvantaged families receive priority for enrollment in many public
pre-kindergarten programs, but the disparities in access to preschool by
family income, race and ethnicity remain (Chaudry & Datta, 2017).
Second, resources on ECE have increased significantly and there is more
variation in funding sources. Federal and state investments in preschool
have increased in the last decade. For example, the Preschool Devel-
opment Grants awarded $463 million and state matching funds of $985
million in 2014 and 2015 (U.S. Department of Education, 2015) to
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provide children access to preschool. States spending on preschool rose
from just $2.4 billion in 2002 to over $7.6 billion in 2017 (National
Institute of Early Education Research (NIEER), 2018). Many preschools
combine private with public dollars, and different sources of public
dollars, such as Head Start, Child-care subsidies, and public pre-kin-
dergarten funds, are combined as well (Chaudry & Datta, 2017). Fi-
nally, although the early childhood landscape has changed since 1965,
the positive effects of preschool in academic outcomes have remained
consistent over the past decades (Camilli, Vargas, Ryan, & Barnett,
2010; Cannon et al., 2017a; Karoly, Kilburn, & Cannon, 2005). For
example, a recent study reported that preschool is positively associated
with academic outcomes using two nationally representative U.S. co-
horts 12 years apart from each other (Early Childhood Longitudinal
Study, ECLS-K 1998 and ECLS-K 2010) (Bassok, Gibbs, & Latham,
2018). While the landscape of the ECE has changed, findings from
programs implemented decades ago can still provide insights on how
gains from ECE are initiated and sustained.

1.1.1. Effects of ECE programs
Effects of ECE programs were examined in numerous studies. Short-

term effects of preschool programs on school readiness are reported
consistently in reviews and meta-analyses (Blok, Fukkink, Gebhardt, &
Leseman, 2005; Burger, 2010; Camilli et al., 2010; Farran, 2000;
Yoshikawa et al., 2013). However, there is limited evidence on the
long-term effects of public programs (Karoly et al., 2005; Phillips et al.,
2017). A meta-analysis of state prekindergarten programs by Gilliam
and Zigler (2000) found that the most significant impacts were limited
to kindergarten and first grade. More recent evidence, however, shows
that gains can be sustained into middle school and beyond (Cannon
et al., 2017b; McCoy et al., 2017; Meloy, Gardner, & Darling-
Hammond, 2019). Findings of mixed (Cascio & Schanzenbach, 2013;
Hill, Gormley, & Adelstein, 2015; Jung, Barnett, Hustedt, & Francis,
2013) and unsustained effects (Lipsey, Farran, & Hofer, 2015; Puma
et al., 2012) raise concerns about the effectiveness of scale up efforts.
Only a few studies of contemporary state prekindergarten programs
have reported enduring effects into middle school (Barnett, Jung, Youn,
& Frede, 2013; Dodge, Bai, Ladd, & Muschkin, 2017; Gormley, Phillips,
& Anderson, 2018) and beyond (Schweinhart, Xiang, Daniel-Echols,
Browning, & Wakabayashi, 2012). How gains from ECE programs are
initiated, increased, and sustained continues to be a critical issue in the
field.

Bailey, Duncan, Odgers, and Yu (2017) discussed three processes,
skill-building, foot-in-the-door, and sustaining environments, that
might explain whether the impacts of ECE programs persist or fade out.
ECE quality itself was not addressed as an additional explanation. Skill-
building and foot-in-the-door emphasize the right kinds of skills and
capacities equip children to take advantage of an environmental op-
portunity or skill development while sustaining environments empha-
sizes the necessity of subsequent investments in sufficiently high-
quality schools and other environmental contexts for persistent effects
(Bailey et al., 2017). Sustaining environments is especially relevant
because the fade out of positive effects has been attributed to the low
quality of elementary school children attended subsequently (Benner,
Thornton, & Crosnoe, 2016; Currie & Thomas, 2000; Phillips et al.,
2017). Qualities of elementary school that are related to the persistence
of preschool effects include the higher quality classroom environments
during the elementary school years (Ansari & Pianta, 2018a, 2018b),
attendance of high performing school (Zhai, Raver, & Jones, 2012),
consistency of instructional practices (Mashburn & Yelverton, 2019),
better teaching quality in early grades (Swain, Springer, & Hofer,
2015), and small class size and high levels of reading instruction in
kindergarten (Magnuson, Ruhm, & Waldfogel, 2007).

For example, the benefits of Head Start spending were found to be
larger when followed by access to better-funded public K-12 schools,
and the increases in K-12 spending were more efficacious for poor
children who were exposed to higher levels of Head Start spending

during their preschool years (Johnson & Jackson, 2017). Elementary
school quality indicators that are not related to persistence of preschool
effects includes academic content coverage in kindergarten (Claessens,
Engel, & Curran, 2014). Targeted teacher professional supports were
found to mitigate fadeout between kindergarten and first grade but it
was not mediated through classroom quality (Jenkins et al., 2018). It
should be noted, however, that the contributions of all of the above
processes and resource supports are likely to vary as a function of the
quality of the preschool experience and the size of the initial effect
(Reynolds, Ou, Mondi, & Hayakawa, 2017; Reynolds & Temple, 2019).

Given the overall evidence of both sustained and unsustained gains
of large-scale ECE programs, it is crucial to learn from large-scale ECE
programs that report positive outcomes in adulthood. Evidence on long-
term effects of large-scale programs is sparse. Knowledge on the per-
sistent impacts of ECE programs is timely given the focus of national
and state efforts to increase access to ECE and pressing needs to un-
derstand how to sustain gains from preschool to lead to long-term ef-
fects. The present study re-examines the effects of such a large-scale
public program, Child-Parent Center (CPC) Program, from a new per-
spective in the hope to provide insights into the persistent and fadeout
effects of large-scale ECE programs. As one of the few public ECE
programs that have reported long-term effects, findings from the pre-
sent study will have implications on sustained ECE effects after third
grade and beyond.

1.2. Heterogeneous effects by gender

Although heterogeneous effects of ECE by race/ethnicity, dual lan-
guage status, and low-income status have been evaluated (Duncan &
Sojourner, 2013; Ladd, 2017; Yoshikawa et al., 2013), the hetero-
geneous effects of ECE by gender are under-investigated. Gender dif-
ferences in education and behavior are well known. Studies have found
that girls have more advanced reading skills, have advantages in social
skills and classroom behavior, and obtain higher grades in school than
boys (Buchmann, DiPrete, & McDaniel, 2008; Fortin, Oreopoulos, &
Phipps, 2015; Loveless, 2015).

Schore (2017) uses a model of the psychoneurobiological mechan-
isms to underline the vulnerability of the developing male. Developing
males are more vulnerable over a longer period of time to stressors in
the social environment and toxins in the physical environment that
negatively impact right-brain development because male brain matures
more slowly than female brain in the prenatal, perinatal, and postnatal
critical periods. Boys are more vulnerable early in life than girls, so they
are more likely to be impacted by adverse life conditions than girls
(Autor, Figlio, Karbownik, Roth, & Wasserman, 2015; Golding &
Fitzgerald, 2017). This body of literature suggests that we might find
substantial differences in the impacts of ECE by gender. In addition, the
long-term effects of ECE might be promoted differently by gender.
Examining boys and girls together ignores potentially large differences
in treatment effects (García, Heckman, & Ziff, 2018). There is no con-
sensus on whether ECE program impacts differ by gender in certain
ways (García et al., 2018; Hill et al., 2015; Magnuson et al., 2016; Ou &
Reynolds, 2006; Schweinhart et al., 2005). Nevertheless, given that ECE
programs were found to benefit economically disadvantaged children
more than their more advantaged peers (Ladd, 2017; Magnuson,
Meyers, Ruhm, & Waldfogel, 2004), it is likely that boys might benefit
more than girls because boys are more vulnerable early in life than
girls. Gender differential effects of ECE are important from a develop-
mental science perspective, as they will shed light on the mechanisms of
ECE effects by gender and help to develop strategies to reduce gender
gaps in education and health (Muschkin, Ladd, Dodge, & Bai, 2018).

1.3. The present study

The present study investigates whether the effects of the Child-
Parent Center (CPC) program on academic functioning, social-
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emotional functioning in school, and school experiences between ages 9
and 16 differ by duration of participation and whether the effects differ
by gender. Findings from the present study help identify a threshold of
ECE dosage associated with positive effects in early adolescence and
potentially leading to long-term effects.

1.3.1. The CPC program
The CPC program had a unique history in that it not only provided

comprehensive services similar to Head Start but was the first early
education program funded under Title I of the Elementary and
Secondary Education Act. Opened in 1967 in four disenfranchised
neighborhoods in need of revitalization, the program showed strong
effects early on and was expanded over the next decade. The CPC
programs have been implemented in Chicago although it might not
have received as much attention as other state prekindergarten pro-
grams. The program history and elements are described in other reports
(Reynolds, 2000; Reynolds, Hayakawa, Candee, & Englund, 2016). A
summary of the main features is provided here.

CPC is a federally-funded, enriched early childhood education in-
tervention that serves children from preschool through third grade
(ages 3–9). CPC targets Title I children and offers comprehensive ser-
vices. The CPC preschool program is followed by a full-day or part-day
CPC kindergarten. The CPC school-age program is open to any child in
the school in either first through second grades in 14 sites or first
through third grades in 6 sites. All participants attended either CPC
kindergarten or an alternative kindergarten program. The CPC inter-
vention underscores the acquisition of basic skills in language arts and
math through both teacher-directed and child-initiated activities. All
teachers have bachelor's degrees and are certified in early childhood
education. Major components of the intervention (preschool, kinder-
garten, and school-age) include center-based education; instructional
supports; small class sizes; a parent program that includes parenting
education, parent room activities, classroom volunteering, and home
visitation; and health and nutrition services, including screening and
diagnostic services, meal services and referral by program nurses.
Parents are expected to participate in the program up to half of a day
per week through various supported activities. The program's focus on
the continuity of learning environments indicates that optimal devel-
opment can be promoted through enriched experiences and settings
created together by children, families, and schools.

Previous studies have revealed significant benefits of the CPC pre-
school participation on multidimensional well-being (Reynolds et al.,
2007; Reynolds, Temple, Ou, Arteaga, & White, 2011; Reynolds,
Temple, Robertson, & Mann, 2001), the high economic returns of the
CPC program (Reynolds, Temple, White, Ou, & Robertson, 2011), and
the mechanisms and processes of change from cognitive and motiva-
tional advantages to enhancements in social-emotional development
(Reynolds & Ou, 2011; Reynolds, Ou, & Topitzes, 2004). The CPC
program is a Preschool through third-grade (P-3) program that provides
children both preschool and school-age services up to third grade. To
receive the full dosage of services, children participate in the P-3 pro-
gram from preschool to third grade. This enhances continuity in
learning, defined as the consistency and predictability in environmental
settings (Reynolds et al., 2017). However, the effects of the CPC pro-
gram have not been examined via the P-3 framework. Effects of the CPC
program have been examined separately by preschool and school-age
program, and dosage of the CPC program has been examined by ex-
tended participation (4–6 years) and less extended participation
(0–3 years) (Reynolds et al., 2001; Reynolds et al., 2007; Reynolds,
Temple, Ou, et al., 2011). Dosage of CPC preschool have been examined
by years of preschool participation (Arteaga, Humpage, Reynolds, &
Temple, 2014; Reynolds, 1995). Researchers suggest that providing
children with continuity of service from preschool through third grade
(P-3) will sustain the gains in preschool and lead to better develop-
mental outcomes (Benner et al., 2016; Reynolds, Magnuson, & Ou,
2010). Yet empirical evidence on the value-added of preschool to 3rd

grade (P-3) continuity is scant. The present study examines the dosage
of the CPC program on the P-3 framework for the first time.

1.3.2. Theoretical perspectives of the CPC P-3 program
The conceptual frameworks behind the CPC P-3 program are eco-

logical systems theory (Bronfenbrenner, 1989) and psychosocial risk
and protective factors (Rutter & Rutter, 1993). They specify that de-
velopmental outcomes are enhanced as a function of supportive and
protective contexts and behaviors at multiple levels of influence. The
concept of developmental continuity or environmental maintenance of
development is a prominent feature, as the effects of early childhood
experiences are magnified as they increase in duration and intensity
(Ramey & Ramey, 2019). An additional component of the theories is a
cumulative advantage and the similar concept of developmental cas-
cades (Masten & Cicchetti, 2010), which hypothesizes that early in-
fluences multiply competencies in one domain “spill over” or are
transmitted to other domains across time, culminating in positive long-
term outcomes.

Three levels of system are involved in the CPC P-3 program: child,
family, and school. Characteristics at each level can be influenced by
the CPC program. Then those characteristics interacting with other
characteristics at different levels can function as risk or protective
factors of developmental outcomes. For example, the CPC program
might have different effects on child's cognitive and social competence
(child level), parental involvement (family level), and school mobility
(school level) depending on the dosage, and the CPC effects might
multiply when the effects at different domains/levels interact.
Understanding the dosage effects of the CPC program on school out-
comes can lead to more effective prevention programs by catalyzing
cumulative advantages or “cascades” that promote positive develop-
ment.

1.3.3. Contribution of the present study
This study is unique in several respects. First, the CPC program is

the only large-scale public program that reported long-term effects into
adulthood (Reynolds, Ou, & Temple, 2018; Reynolds, Temple, Ou,
et al., 2011), and the CPC program is still implemented nowadays. Re-
examining the CPC effects in a P-3 dosage perspective provides a new
look at the effectiveness of the CPC program, and it also provides in-
sights on how gains from early childhood experiences are likely to be
sustained. Second, social-emotional functioning in school is examined.
Understanding the social and emotional behavior of children is the key
to understand behaviors into adulthood (Jones, Greenberg, & Crowley,
2015). Third, differential effects by gender are examined. Previous
studies found significant interaction effects between gender and CPC
preschool participation in educational attainment favoring boys (Ou &
Reynolds, 2006). However, whether dosage effects vary by gender have
not been examined. Additional studies on gender differential effects
will shed light on the potential pathways of the long-term effects of the
CPC program. Fourth, the present study uses data from a cohort of over
1400 participants with substantial variability in duration of participa-
tion from ages 3 to 9. Most previous studies have small sample sizes and
were not sufficiently powered to assess dosage effects. Finally, the study
sample is a cohort of low-income minority children from high-poverty
contexts. Findings provide insights into narrowing achievement gaps by
family income and race/ethnicity and promoting healthy development.

2. Method

2.1. Sample and design

The data were drawn from the Chicago Longitudinal Study (CLS), an
on-going investigation of the well-being of a low-income minority co-
hort of 1539 children who attended kindergarten in 1985–1986.
Children were born in 1979 or 1980 (Reynolds, 2000). The original
sample consists of 989 children who completed preschool and
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kindergarten in 20 CPCs and 550 children who did not attend a CPC
preschool but participated in a full-day Title I kindergarten program in
five randomly selected schools in impoverished Chicago areas. Title I is
the largest federally funded program that provides financial assistance
to schools with a high percentage of children from low-income families.
Children served by the five schools matched the poverty characteristics
of the CPCs.

The study sample included 1433 participants with valid data on one
or more outcomes. This is a 93.1% rate of retention. CPC participants
had a higher rate of retention than the comparison group (94.1% vs.
91.3%; p= .036). The follow-up samples, however, well-represented
the original cohort. The study used a quasi-experimental design. Like
most other studies of established programs, random assignment to the
intervention was not possible and would have been inappropriate given
that it would have violated the legal rules requiring enrollment of the
neediest children on a first-come-first-serve basis. Children in the
comparison group did not enroll in the CPCs primarily because they did
not live in a neighborhood containing such a center. The comparability
between the program and comparison groups is well documented.
Variables from many dimensions were used to account for potential
selection bias (Reynolds, Temple, Ou, et al., 2011). Data were collected
from participants, parents, teachers, and schools from birth to adult-
hood through surveys, assessments, and a variety of administrative
records.

2.2. Intervention

CPC dosage was assessed by six groups based on preschool, kin-
dergarten, and school-age participation: 1) no intervention or kinder-
garten only (None or K only; 9.8% had K only), 2) kindergarten and/or
school-age participation (K-3; 18.7% participated between 1st and 3rd
grade), 3) preschool and kindergarten participation (P-K, reference
group), 4) preschool through 1st grade participation (P-1), 5) preschool
through 2nd grade participation (P-2), and 6) preschool through 3rd
grade participation (P-3). The differences among the six groups define
the duration of participation, which allow us to examine the difference
among the various combination of dosage including the group did not
participate in preschool but participated in kindergarten or school-age
program. The P-K group was the reference group given the policy im-
plications in whether preschool effects fade out after the transition to
elementary school. Moreover, the differences between the P-K group
and other groups (no intervention or K only and K-3) who did not
participate in preschool have implications in whether school quality
alone might help to narrow the achievement gaps. Table 1 presents the
preprogram characteristics of intervention groups.

2.3. Outcomes

To respond to the argument on persistent and fadeout effects right
after preschool participation, we selected outcomes measured between
ages 9 (3rd grade) and 16 (10th grade), and outcomes that predict adult
well-being (Herbers, Reynolds, & Chen, 2013; Ou, Mersky, Reynolds, &
Kohler, 2007; Ou & Reynolds, 2008; Ou & Reynolds, 2010a; Ou &
Reynolds, 2010b). The outcomes were classified into three categories,
a) academic functioning, b) social-emotional functioning in school, and
c) school experiences, to represent school-age children's well-being.

2.3.1. Academic functioning
Academic functioning was measured by standardized test scores in

reading comprehension and math achievement on the Iowa Tests of
Basic Skills (ITBS) (Hoover et al., 1993). ITBS has been tested with over
100,000 students to demonstrate high reliability and predictive va-
lidity. Reading and math achievement in the 3rd grade (ages 9–10,
α= 0.91 and 0.94) and 8th grade years (ages 14–15, α= 0.92 and
0.95) were examined.

2.3.2. Social-emotional functioning in school
Four measures of social-emotional development were assessed:

classroom adjustment in grade 3 (ages 9–10) and in grades 4–6 (ages
10–13), perceived competence in grades 3–4 (ages 9–11) and in grades
5–6 (ages 11–13). Classroom adjustment was measured on a 6-item
scale (Social-Emotional Maturity Scale, SEMAT) rated by teachers from
grades 3 through 6 (ages 9 to 13) (Reynolds, 2000). The six items are
“child concentrates on work,”, “child follows directions,” “child is self-
confident,” “child participates in group discussions,” “child gets along
with others,” and “child takes responsibility for his/her actions”. These
items were coded on a Likert-type scale from 1 (poor/not at all) to 5
(excellent/very much). The reliabilities are 0.91, 0.91, 0.89, and 0.91
for grades 3, 4, 5 and 6, respectively. The scores at grade 3 and the
average scores in grades 4–6 were used (range: 6 to 30).

Perceived competence was measured by a student-rated self-concept
of task persistence scale (Reynolds, 2000). Examples of the items in-
clude “my classmates like me,” “I get along well with others,” “I am
smart,” and “I try hard in school.” The items were rated from 1 (dis-
agree) to 3 (agree) in grades 3 (ages 9–10) and 4 (ages 10–11). The
scale has 10 items in grade 3 but 12 items in grade 4. We prorated grade
3 scores of the 10 items into the 12-item scale for grade 4. For example,
a score of 25 from 10-item in grade 3 becomes 30 when prorated into
the grade 4 scale (25×12/10). We averaged scores between grades 3
and 4. Scores ranged from 14 to 36. The items were rated from 1
(strongly disagree) to 4 (strongly agree) in grades 5 (ages 11–12) and 6
(ages 12–13). The scale has 11 items in grade 5 but 12 items in grade 6.
We prorated grade 5 scores of the 11 items into the 12-item scale for
grade 6. The average scores ranged from 22 to 48. The internal-con-
sistency reliabilities are 0.69, 0.76, 0.71, and 0.74 for grades 3, 4, 5 and
6, respectively.

2.3.3. School Experiences
Four measures were included: grade retention, years of special

education, school mobility, and expectations to go to college. Grade
retention was a dichotomous measure. Children were coded 1 if they
were ever retained from grades 1 through 7 (ages 6–15). Children were
coded 0 if they were on grade level (grade 8) at the beginning of the
1993–94 school year. Special education is measured by a continuous
variable indicating years receiving special education services. School
mobility is a dichotomous measure indicating whether one has changed
schools between grades 4 and 8 (ages 10–15). While reasons for school
transitions might vary, the lack of continuity of school instruction with
teachers and peers might disrupt the quality of school experiences.
Educational expectations were measured by a dichotomous variable
indicating whether the student expects to attend college or not. The
survey question was asked in both grades 4 and 10: “How far in school
do you think you will get?” The response in 10th grade was the primary
indicator with the earlier response used if missing.

2.4. Covariates

Many preprogram characteristics were included as covariates, in-
cluding gender, race/ethnicity, age, maternal education and employ-
ment, marital status, teen parenthood status at child's birth, number of
children in the household, participation in the Aid to Families with
Dependent Children (AFDC) program, eligibility for subsidized meals,
and neighborhood poverty. These were measured from birth to age 3.
These indicators were also included as input variables assessing po-
tential attrition and selection bias described below. Multiple imputation
using the Expectation-Maximization procedure was used to impute
missing values after determining that data were missing at random.
Table 2 shows the descriptive statistics of outcomes by intervention
groups.
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2.5. Statistical analysis

Several steps were taken to correct potential biases resulting from
selection and attrition. First, preprogram characteristics were included
in the models as covariates to adjust for any differences in child, family,
and neighborhood characteristics. Second, inverse probability
weighting (IPW), a propensity score technique, was used to adjust for
possible biases in program selection and nonrandom attrition (Huber,
2014; Imbens & Wooldridge, 2009; Linden & Adams, 2010; Seaman &
White, 2013; Wooldridge, 2007). Attrition rates vary by outcomes and
intervention groups (See Table 2). Over 20 explanatory variables were
used to construct the weights on attrition (See Appendix B) and pro-
gram selection (See Appendix C). Research on IPW shows that it yields
the most efficient estimator and is robust to misspecification (Stuart,
2010; Wooldridge, 2002).

Here is an example of how we construct the weights to correct for
attrition. We first predict the probability of being in the retained sample

(R=1; otherwise= 0) using a probit regression model as follows:

= +R X µi i

= =and estimates R X: Pr( 1 | .)i

Where R indicates whether the individual is in the retained sample
or not, X is a vector of predictors that explain sample recovery and μ is
an error term. The regression then estimates ρI, the probability of
sample recovery. Then, the inverse of this predicted probability (1/ρ)
was used as a weight variable in all outcome models after verifying that
our rich array of Xs variables predict sample retention and that pro-
pensity distributions between groups overlapped. Our main outcome
model is:

= + + + + +

+ +

Y PK PK PK noPKbutSchool noCPC

X

3 2 1i

i i

0 1 2 3 4 5

Where Y represents our outcome variable for each participant i.

Table 1
Comparability of preprogram attributes by intervention groups.

Variables Study sample P-3 P-2 P-1 P-K1 K-3 None/K only

Sample size 1531 173 377 134 304 166 377
Characteristics
Mother did not complete HS, child age 0–3 54% 40% ** 52% 56% 54% 61% 59%
Child eligible for subsidized meals, child age 0–3 84% 88% 80% * 84% 87% 86% 81% +
Mother under age 18 at child birth 16% 13% 15% 19% 16% 20% 16%
Four or more children in family, child age 0–3 17% 14% 18% 13% 16% 18% 18%
Participate in AFDC program, child age 0–3 63% 60% 64% 60% 65% 69% 58%
Mother not employed, child age 0–3 66% 64% + 66% 66% 71% 72% 61% **
Single parent family status, child age 0–3 76% 75% 77% 79% 76% 75% 76%
Indicator for missing risk factors, child age 0–3 16% 9% *** 10% *** 19% 22% 17% 18%
Reside in high poverty neighborhood 76% 58% *** 85% + 75% 81% 72% ** 74% **
Low birth weight (< 2500 g) 12% 12% 10% 13% 10% 16% 12%
Child underage at preschool entry 3% 2% 1% 1% 1% 8% *** 4% *
Family conflict, child age 0–5 6% 8% + 5% 8% + 4% 5% 6%
Family financial problems, child age 0–5 7% 6% 6% 11% 8% 8% 6%
Substance abuse parent, child age 0–5 4% 4% 5% 4% 4% 2% 5%
Female child 50% 54% 53% 50% 50% 42% 49%
African American child 93% 95% 92% 91% 93% 98% * 92%
Age in months at kindergarten 63.3 63.8 *** 63.2 * 63.2 62.6 64.1 *** 63.5 **

Sample recovery rate
% with achievement by 3rd grade 84% 99% *** 92% *** 76% 72% 83% * 82% **
% with achievement by 8th grade 87% 98% *** 94% *** 86% + 78% 89% ** 84%
% with school mobility 88% 99% *** 95% *** 86% 79% 90% ** 86% +
% with perceived competence, grades 3–4 80% 97% *** 90% *** 69% 66% 80% *** 76% ***
% with perceived competence, grades 5–6 61% 70% *** 62% ** 61% * 52% 61% * 63% ***
% with expectations of college attendance 72% 84% *** 79% *** 69% 66% 66% 68%

*** p < .001, ** p < .01 * p < .05+ p < .10.
The original sample of 1539 was reduced to 1531 due to 8 participants not having identifying information for matching. 1 Reference group.

Table 2
Descriptive statistics of outcomes by intervention groups.

Outcomes Sample size Overall mean P-3 P-2 P-1 P-K K-3 None or K only

Academic functioning
Math achievement, grade 3 1289 100.66 107.58 102.41 99.78 98.27 99.95 97.18
Math achievement, grade 8 1343 147.32 152.53 151.04 146.47 145.55 143.09 143.95
Reading achievement, grade 3 1288 97.05 106.33 99.08 95.49 93.50 97.63 92.37
Reading achievement, grade 8 1344 144.72 151.18 148.38 144.56 143.34 139.31 140.77

Social-emotional functioning
Classroom adjustment, grade 3 1326 18.92 20.63 19.46 18.99 18.13 17.99 18.36
Classroom adjustment, grades 4–6 1224 18.72 19.58 19.49 18.77 18.24 17.98 18.11
Perceived competence, grades 3–4 1227 28.33 29.04 28.60 28.22 28.11 27.78 28.04
Perceived competence, grades 5–6 1054 33.65 33.64 34.28 33.39 34.07 33.35 33.10

School experiences and expectation
Ever retained, grades 1–8, % 1377 27.7% 9.2% 22.0% 31.9% 32.8% 28.9% 37.9%
Years in special education, grades 1–8 1377 0.60 0.34 0.30 0.73 0.67 0.95 0.82
Ever school mobility, grade 4–8, % 1361 60.6% 39.2% 53.3% 67.0% 65.7% 63.1% 72.8%
Expectations of college attendance, grade 10, % 1102 84.8% 89.0% 86.0% 85.9% 83.0% 80.0% 84.0%
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Third, we corrected for multiple comparison groups and utilized
modified significance levels (Benjamini & Hochberg, 1995; Newson &
Team, 2003). This procedure reduces the likelihood of mistakenly
concluding that the differences in means among groups are statistically
different from zero (Benjamini & Hochberg, 1995). Finally, standard
errors were adjusted for site clustering, although previous studies found
that corrections for clustering and alternative covariate specifications
did not affect estimates (Reynolds, Temple, Ou, et al., 2011).

To evaluate the differential effects by gender, the same procedures
were conducted separately for boys and girls. Previous studies have
found that examining boys and girls together ignores potentially large
differences in treatment effects (García et al., 2018). Separate regres-
sions for boys and girls provide the most complete information and do
not have the assumption that the associations between covariates and
outcomes are the same for each gender.

Dichotomous and continuous variables were analyzed with probit
and ordinary least squares regressions, respectively. One count variable
(years of special education) was analyzed with zero-inflated negative
binomial regression given the excessive number of zeros in the outcome
variable. Regression models included the four steps described pre-
viously. Coefficients were transformed into marginal effects. Adjusted
means/rates for the outcomes were calculated using the marginal ef-
fects. The P-K group was the reference group. The other five dummy
variables for the CPC dosage were included in the models. These con-
trasts assessed whether children receiving different CPC dosage were
associated with youth outcomes than those who received the P-K do-
sage. Effect sizes (ES) in standard deviations were calculated using
Cohen's d (Cohen, 1988). Values of 0.20 and above in absolute value
were interpreted as practically significant. Statistical power calculation
was conducted to verify if the sample sizes were large enough to detect
effects with 0.80 statistical power at the 0.05 level of significance (See
Appendix D). Data were analyzed in STATA 15 (StataCorp, 2017).

3. Results

Regression findings are reported as adjusted means or rates by in-
tervention groups. Note that the focus is on the group differences re-
lative to the P-K group. The means/rates were adjusted for preprogram
characteristics, both selection and attrition by IPW, and multiple
comparison groups. Standard errors were clustered at the kindergarten
site level.

3.1. Dosage effects

As shown in Table 3, the pattern of findings shows a dosage-re-
sponse relation—youth outcomes are enhanced as years of CPC inter-
vention increases after receiving preschool treatment. Four results were
evident. First, in academic functioning, the P-3 group had the highest
scores in both grades 3 and 8 compared to the P-K group (p < .01). ESs
were relatively large in grade 3 (0.70–0.74) and remained practically
significant in grade 8 (0.31–0.33). The P-2 group had significantly
higher scores in grade 3 (p < .05; ES=0.32) relative to the P-K group.
There was no significant difference in the outcomes between the P-K
group and other groups (P-1, K-3 and None or K only). Second, in social-
emotional functioning in school, the P-3 group had significantly higher
scores on classroom adjustment at grade 3 (p < .05; ES=0.39). There
was no significant difference in other outcomes between the P-K group
and other groups (P-2, P-1, K-3 and None or K only).

Third, in school experiences, the P-3 group was significantly asso-
ciated with lower rates of grade retention (ES=−0.71, p < .001) and
school mobility (ES=−0.44, p < .01), and fewer years in special
education (ES=−0.23, p < .01) relative to the P-K group. The P-2
group was significantly associated with a lower rate of grade retention
(ES=−0.22, p < .01) and fewer years in special education
(ES=−0.26, p < .05) relative to the P-K group. There was no sig-
nificant difference in other outcomes between the P-K group and other

groups (P-2, P-1, K-3 and None or K only). Finally, additional com-
parisons were examined between the P-3 and P-2 groups. The P-3 group
had significantly higher math and reading achievement in grade 3 and a
lower rate of grade retention relative to the P-2 group. See Appendix E
for effect sizes. Additional analyses were conducted using different
groups as the reference group. The results are noted in Table 3 for re-
ference only. Additional tables are available upon request.

3.2. Differences by gender

Separate analyses were conducted for boys and girls. Similar to the
total sample, a dosage-response pattern of results occurred with im-
proved performance being a function of increasing dosage after re-
ceiving preschool treatment. The patterns, however, varied by out-
comes.

3.2.1. Boys
Table 4 presents the findings for boys. In academic functioning, the

P-3 group had significantly higher scores on both math and reading
achievement in grade 3 relative to the P-K group (p < .01; ES= 0.57
and 0.64). The K-3 group had significantly lower scores on reading in
grade 8 relative to the P-K group (p < .01; ES=−0.29). In social-
emotional functioning in school, the P-3 group had significantly higher
scores on classroom adjustment in grades 3 and 4–6 (p < .001;
ES= 0.45 and 0.40) and perceived competence in grades 3–4 and 5–6
(p < .01; ES =. 48 and 0.48) relative to the P-K group. The P-2 group
had a higher score on perceived competence in grades 3–4 relative to
the P-K group (p < .05; ES =. 32). In school experiences, the P-3 group
had a significantly lower rate of grade retention (p < .001;
ES=−0.68), and fewer years in special education (p < .001;
ES=−0.42) relative to the P-K group. The P-2 group had fewer years
in special education (p < .001; ES=−0.47) relative to the P-K group.
There was no significant difference in other outcomes between the P-K
group and other groups (P-3, P-2, P-1, K-3 and None or K only).

3.2.2. Girls
Table 5 presents the findings for girls. In academic functioning, the

P-3 group had significantly higher scores on both math and reading
achievement in grade 3 relative to the P-K group (p < .001, ES= 0.86
and 0.83). The P-2 group had higher scores on math and reading
achievement in grade 3 relative to the P-K group (p < .05, ES= 0.37
and 0.35). The K-3 group had significantly higher scores on math
achievement in grade 3 relative to the P-K group (p < .01; ES= 0.39).
There is no significant difference found between the P-K group and
other groups (P-3, P-2, P-1, K-3 and None or K only) in any outcome of
social-emotional functioning in school. In school experiences, the P-3
group had significantly lower rates of grade retention (p < .001;
ES=−0.59) and school mobility (p < .01; ES=−0.46) and a higher
rate of expectations of college attendance (p < .01; ES=0.34) relative
to the P-K group. The K-3 group had fewer years in special education
(p < .01; ES=−0.55) relative to the P-K group. The None or K only
group had a significantly higher rate of school mobility relative to the
P-K group (p < .05; ES= 0.29). There was no significant difference in
other outcomes between the P-K group and other groups (P-3, P-2, P-1,
K-3 and None or K only).

3.3. Robustness

To assess the robustness of estimates, three additional model spe-
cifications were tested: adjustments on preprogram characteristics
alone, adjustments on preprogram characteristics and attrition by IPW,
and adjustments on preprogram characteristics and program selection
by IPW. Results remained consistent. Results also were unchanged after
including word analysis scores in kindergarten as a proxy for children's
cognitive skills. Additional tables are available upon request.
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4. Discussion

The present study investigated the effects of CPC duration on school
outcomes and whether the effects differ by gender. Several points from
the findings are discussed below.

4.1. Dosage effects of the P-3 versus P-K in academic functioning

Research on the dosage effects of ECE has been limited despite the
policy implications of such work. Relative to the P-K group, both the P-
3 and P-2 groups were significantly associated with better achievement
in grade 3, but only the P-3 group was significantly associated with
better achievement in grade 8. The P-K group was not significantly
different from other groups (P-1, K-3, and no intervention or K-only

groups). When the P-2 duration was used as the reference group, the P-
3 duration remained significantly associated with better academic
functioning in grade 3. In other words, it is not only essential to par-
ticipate in the CPC preschool, but also participate in the school-age
program for the gain to sustain. The results suggest that the gain in
preschool in academic functioning is more likely to last into 3rd grade if
preschool and kindergarten were followed by at least 2 years of a
school-age program. It is worth noting that school-age program was not
significantly associated with outcomes when it was examined with the
preschool program as two separate components in previous CLS studies
(Reynolds et al., 2007; Reynolds, Temple, Ou, et al., 2011). At a glance,
it might seem that the preschool program is associated with long-term
outcomes while the school-age program is not, but actually, the effects
of the preschool need to be accompanied by the school-age program to

Table 3
Adjusted means for outcomes: adjusted for selection, attrition, and preprogram characteristics.

Outcomes P-3 P-2 P-1 P-K1 K-3 None or K only ES range relative to P-K F-test

n= 173 n=377 n=134 n=304 n=166 n=377

Academic functioning
Math achievement, grade 3 107.19***a 102.23*b 99.52 98.27 100.60 96.37 −0.12–0.70 14.87 ***
Math achievement, grade 8 152.21**b 150.62 146.36 146.53 145.17 144.14 −0.13–0.31 7.95 ***
Reading achievement, grade 3 104.93***a 97.85*c 95.09 93.02 96.48 91.49 −0.06–0.74 10.87 ***
Reading achievement, grade 8 151.24***b 148.01 143.76 143.99 141.53 141.30 −0.13–0.33 13.84 ***

Social-emotional functioning
Classroom adjustment, grade 3 20.48*c 19.14 18.78 18.33 18.53 18.30 −0.01–0.39 1.70
Classroom adjustment, grades 4–6 19.72 18.96 18.80 18.52 18.06 18.16 −0.07–0.26 5.61 **
Perceived competence, grades 3–4 29.18 28.45 28.17 28.13 27.68 28.07 −0.12–0.28 3.95 **
Perceived competence, grades 5–6 35.78 34.25 33.46 33.99 33.45 33.66 −0.14–0.38 1.69

School experience and expectations
Ever retained, grades 1–8, % 0.03***a 0.23** 0.31 0.33 0.26 0.38 −0.71–0.11 81.08 ***
Years in special education, grade 1–8 0.87**c 1.00*c 1.26 1.31 1.26 1.38 −0.26–0.06 4.37 **
Ever school mobility, grades 4–8, % 0.44 **b 0.54 0.66 0.65 0.62 0.73 −0.44–0.16 30.22 ***
Expectations of college attendance, grade 10, % 0.90 0.86 0.85 0.84 0.80 0.84 −0.11–0.17 6.05

Note: Adjusted means/rates on the outcomes are calculated using the marginal means, which were adjusted for preprogram characteristics (i.e., child's gender, child's
race, child's age, family variables, and socio-demographic factors), selection and attrition by IPW, and Benjamin-Hochberg correction for multiple comparisons.
Standard errors are clustered at the site level at the beginning of the study.
1 Reference group. F-test: joint significance of the 6-group coefficients. *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.10.
a Significant compared to four reference groups: P-2, P-1, P-K, None or K only.
b Significant compared to three reference groups: P-1, P-K, None or K only.
c Significant compared to two reference groups: P-K, None or K only.

Table 4
Adjusted means for outcomes adjusted for selection, attrition, and preprogram characteristics, boys (N=763).

Outcomes P-3 P-2 P-1 P-K1 K-3 None or K only ES range relative to P-K F-test

n=79 n=178 n=67 n=152 n=96 n=191

Academic functioning
Math achievement, grade 3 105.07 *** 100.85 99.21 98.08 98.08 93.61 −0.20–0.64 10.06***
Math achievement, grade 8 149.17 148.21 143.09 144.56 140.71 141.91 −0.25–0.33 2.37+
Reading achievement, grade 3 101.04 ** 94.60 91.40 91.18 95.39 87.08 −0.20–0.32 5.36**
Reading achievement, grade 8 149.12 143.10 138.10 142.25 136.01** 137.04 −0.29–0.32 4.48**

Social-emotional functioning
Classroom adjustment, grade 3 19.52 *** 18.23 16.51 16.76 16.74 17.12 −0.05–0.50 4.90**
Classroom adjustment, grade 4–6 18.99 *** 17.89 17.70 17.10 16.88 16.67 −0.07–0.40 6.37***
Perceived competence, grades 3–4 28.71*** 28.13* 27.51 26.98 26.77 27.75 −0.04–0.48 5.72**
Perceived competence, grades 5–6 35.99** 33.76 33.17 33.78 33.19 33.03 −0.19–0.48 8.28**

School experiences and expectation
Ever retained, grades 1–8, % 0.11 *** 0.33 0.39 0.42 0.37 0.49 −0.50–0.14 47.82**
Years in special education, grades 1–8 0.92*** 0.87*** 1.41 1.39 1.36 1.29 −0.42–0.17 5.93**
Ever school mobility, grades 4–8, % 0.49 0.55 0.78 0.68 0.68 0.71 −0.27–0.10 11.75*
Expectations of college attendance, grade 10, % 0.83 0.87 0.82 0.81 0.81 0.81 −0.10–0.17 3.91

Note: Adjusted means/rates on the outcomes are calculated using the marginal means, which were adjusted for preprogram characteristics (i.e., child's gender, child's
race, child's age, family variables, and socio-demographic factors), selection and attrition by IPW, and Benjamin-Hochberg correction for multiple comparisons.
Standard errors are clustered at the site-level.
1 Reference group. *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.10
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yield the largest gains into elementary school or beyond. Nevertheless,
as a result of the large effect size at kindergarten entry (Arteaga et al.,
2014; Reynolds, 1995), preschool had independent, sustained gains
over time. The findings of the present study supports, in part, the sus-
taining environments process as discussed by Bailey et al. (2017), that
identified the later supporting environments of the children who par-
ticipate that can be expected to sustain beneficial program impacts.

Moreover, our results aligned well with hypotheses and findings in
the literature. For example, several studies postulate the hypothesis of
dynamic complementarity (Cunha & Heckman, 2009; Heckman, 2006).
In these studies, it is argued that if a parent (and/or the government
through policies) invest in a child in preschool and also during the
school years (complementarity), the impact of these investments will be
larger than if these investments are only made during the preschool
years (Johnson & Jackson, 2017). Additionally, using data from Project
Star, Chetty et al. (2011) found that children who were randomly as-
signed to higher quality classrooms in grades K through 3 had sig-
nificant and sizeable long-term outcomes (e.g. higher earnings, more
savings, more likely to attend to college). Our findings also support
recent initiatives like the one by the federal Race to the Top Early
Learning Challenge grants that sought to create “preschool through
third grade approaches to sustain improved early learning outcomes
through the early elementary grades (Priority 4)” in their last round of
funding (U.S. Department of Education and U.S. Department of Health
and Human Services, 2011). At the state level, the legislature also seems
to recognize the early school years as a sensitive period. For example,
Arizona's HB 2083 (“Kindergarten; survey; report.,” Kindergarten;
survey; report., 2083, 2019), proposed in the first session of 2019,
petitions for collecting annual data statewide of reading proficiency
levels of K-3.

4.2. Dosage effects of the P-3 versus P-K in school experiences

Relative to the P-K group, both the P-3 and P-2 groups were sig-
nificantly associated with lower rates of grade retention and few years
in special education, but only the P-3 group was significantly associated
with a lower rate of school mobility. The first is on the effects of the P-3
and P-2 duration in grade retention relative to the P-K duration. The
retention rates of the P-3 and P-2 groups are 3% and 23%, respectively,
relative to 33% for the P-K group. The P-K group is not significantly
different from other groups (P-1, K-3 and no intervention or K only).

Based on the developmental cascades theory, the magnitude of the ef-
fects of the P-3 duration relative to the P-2 duration indicates that the
effects of early skills associated with the additional one year might
cascade over time to influence later skills. The detrimental effects of
grade retention in academic performance and social adjustment have
been reported in the literature (Jimerson, 2001; Ou & Reynolds, 2010b;
Pagani, Tremblay, Vitaro, Boulerice, & McDuff, 2001). Moreover, pre-
vious CLS studies have found that one of the mechanisms explain the
long-term effects of the CPC program is through reducing the rates of
grade retention (Ou, 2005; Reynolds et al., 2004; Reynolds & Ou,
2011). This mechanism through reducing the rates of grade retention
also supports the foot-in-the-door process discussed by Bailey et al.
(2017). Both the P-3 and P-2 duration are likely to be associated with
other longer-term outcomes indirectly by reducing the rates of grade
retention.

The second is on the effects of the P-3 and P-2 duration in years of
special education relative to the P-K duration. Special education pla-
cement is an expensive practice in schools, so the effects of the ECE
program in special education is typically linked to cost savings of in-
vestment. For example, reducing the need for special education services
via ECE intervention is the major outcome expected in the Pay for
Success (PFS) implemented in Illinois and Utah recently to expand
promising ECE programs (Temple & Reynolds, 2015). PFS is a new fi-
nancing method that allows state or local governments to expand cost-
effective social or education services through contributions from pri-
vate investors.

A final point is on the effects of the P-3 duration in school mobility
relative to the P-K duration. School mobility is linked to various ne-
gative developmental outcomes (Gruman, Harachi, Abbott, Catalano, &
Fleming, 2008; Herbers et al., 2013). Moreover, school mobility was
found as one of the initiators of the effect of CPC preschool (Ou, 2005;
Reynolds et al., 2004; Reynolds & Ou, 2011; Reynolds, Ou, et al., 2017).
Those initiators can lead to long-term outcomes through other inter-
vening factors, such as high school graduation. One explanation on the
association between the P-3 duration and low school mobility might be
because parents prefer to let children stay in the neighborhood due to
years of positive experience in the CPC centers or any positive experi-
ences regarding the elementary schools that they might have heard
about from the CPC centers. Not only was preschool participation as-
sociated with fewer school moves, but greater parent involvement was
found to be associated with fewer school moves as well (Ou, 2005;

Table 5
Adjusted means for outcomes adjusted for selection, attrition, and preprogram characteristics, girls (N= 768).

Outcomes P-3 P-2 P-1 P-K1 K-3 None or K only ES range relative to P-K F-test

n=94 n=199 n=67 n=152 n=70 n=186

Academic functioning
Math achievement, grade 3 109.51*** 103.16* 101.84 98.51 103.48** 98.97 0.06–0.86 10.15***
Math achievement, grade 8 155.17 152.44 150.63 148.77 150.29 146.36 −0.03–0.55 2.49+
Reading achievement, grade 3 108.90*** 100.61* 98.82 95.31 100.06 95.48 0.03–0.83 8.82***
Reading achievement, grade 8 154.19 152.64 150.55 146.43 147.76 146.52 0.02–0.52 2.34+

Social-emotional functioning
Classroom adjustment, grade 3 21.47 20.07 21.13 19.67 20.18 19.47 −0.04–0.37 2.19+
Classroom adjustment, grade 4–6 21.83 20.08 19.74 19.65 18.89 19.46 −0.16–0.24 1.40
Perceived competence, grades 3–4 29.65 28.63 28.76 28.96 28.69 28.38 −0.16–0.20 0.79
Perceived competence, grades 5–6 35.75 34.74 33.91 34.17 34.26 34.49 −0.06–0.33 0.33

School experiences and expectations
Ever retained, grades 1–8, % 0.02*** 0.14 0.22 0.24 0.14 0.29 −0.59–0.11 30.71***
Years in special education, grade 1–8 0.84 1.15 1.13 1.13 0.42** 1.60 −0.70- -0.25 2.16+
Ever school mobility, grades 4–8, % 0.40** 0.55 0.57 0.62 0.58 0.76* −0.46–0.29 60.28***
Expectations of college attendance, grade 10, % 0.99** 0.87 0.87 0.88 0.89 0.90 −0.03–0.35 19.43**

Note: Adjusted means/rates on the outcomes are calculated using the marginal means, which were adjusted for preprogram characteristics (i.e., child's gender, child's
race, child's age, family variables, and socio-demographic factors), selection and attrition by IPW, and Benjamin-Hochberg correction for multiple comparisons.
Standard errors are clustered at the site level.
1 Reference group. *** p < 0.001, ** p < 0.01, * p < 0.05, + p < 0.10
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Reynolds et al., 2004; Reynolds & Ou, 2011). In addition to parent
involvement, other components of the CPC program, such as outreach
services, might play a strong role in accounting for this association.

4.3. Gender analyses

Our findings suggest that boys are driving the P-3 effects in social-
emotional functioning. Gender differential effects by domains are found
in other studies (García et al., 2018). The direction of our findings in
gender difference matches with the concept of boys at risk (Schore,
2017). Because boys are at higher risk than girls due to slower devel-
opment, experiencing longer duration of early educational enrichment
is likely to benefit boys more by improving social-emotional func-
tioning and a lower need for school remedial services. Previous studies
show evidence that boys do not get as much stimulation as girls in their
homes (Bertrand & Pan, 2013). Thus, improving boys' social and
emotional skills might have higher payoffs in prevention programs for
disruptive behavior in the classroom and ultimately for preventing later
involvement in the criminal justice system. Moreover, the results sug-
gest that the pathways of long-term benefits associated with the P-3
dosage might vary by gender. Academic functioning, social-emotional
functioning, and school experiences are all predictors of adult well-
being. For example, social-emotional functioning is a predictor of crime
(Jones et al., 2015). Improving those outcomes might lead to better
well-being in adulthood. The findings suggest that ECE is more likely to
lead to long-term benefits in adulthood via improving social-emotional
functioning for boys.

It is worth noting that the K-3 group had better math achievement at
third grade and fewer years in special education relative to the P-K
group for girls. The findings suggest that the school-age program might
benefit girls even without participating in preschool. It should be fur-
ther explored whether certain components of the school-age program,
such as small class size or parent involvement, have a larger impact on
girls than on boys. In addition, the None or K only group had a sig-
nificantly higher rate of school mobility relative to the P-K group
(p < .05; ES=0.29) while there is no significant difference between
the P-K group and other groups (K-3, P-1, and P-2) for girls. This sug-
gests that participation of either CPC preschool or school-age program
is associated with a lower rate of school mobility for girls. As discussed
earlier, the CPC program might be related to a lower rate of school
mobility through increasing parent involvement or positive school ex-
periences. It is possible that the dosage of the CPC has a different effect
in reducing school mobility for girls. This warrants further investiga-
tion. While there is evidence of different patterns of findings for boys
versus girls, when we compared the estimates of boys to those of girls,
only a few differences were statistically significant (See Appendix F).
Thus, the results should be taken with caution.

4.4. Strengths and limitations

The major strengths of the present study include the prospective
longitudinal cohort design and large sample size to evaluate an estab-
lished P-3 program. Studies on large-scale ECE have focused on the
effects of preschool, and outcomes beyond third grade are rarely ex-
amined because most of the time the effects fade out by first grade. The
study sample of low-income minority children is a primary focus of
prevention efforts to reduce achievement gaps and improve health over
the life course.

Several limitations are also notable. First, the study utilized a quasi-
experimental design, which is more challenging to inferences of effects
compared to well-executed randomized experiments. However, ana-
lyses using propensity score methods for both selection and attrition
yielded an interpretable and consistent pattern of findings. Second, the
present study did not distinguish all different duration of the

intervention. Our metric of years of intervention is a global measure
and more specific indicators of length (e.g., days), frequency, and in-
tensity (instructional hours) would likely provide greater precision. We
also did not adjust for average attendance rates over time. Moreover,
preschool dosage (1 vs. 2 years) and the length of the kindergarten day
(part- vs. full-day) were not investigated.

Third, participants attended ECE in the 1980s, and the policy con-
text today is different. Whether findings are generalizable to current
practice is an important question, and further research is needed. For
example, participation in early childhood programs is substantially
higher today, as nearly 4 in 5 young children are enrolled in center-
based early education (U.S. Department of Education, 2017). Such
greater access may underestimate the value-added effects of innovative
programs like CPC P-3 because it would be harder to find matched
comparison groups. Alternatively, there has been little progress in
scaling longer-duration P-3 programs. Consequently, the educational
practices implemented in our study remain largely in place today. In-
itial evidence of a scale-up of the CPC P-3 program shows similar
benefits in school readiness skills and parent involvement than in the
CLS (Reynolds, Hayakawa, et al., 2017). Whether ECE is associated
with long-term outcomes and how to sustain gains remains a critical
issue even though the early childhood landscape has changed since the
CLS participants attended the CPC between 1983 and 1989. Findings
from the present study demonstrate that longer-duration programs can
have beneficial effects. Fourth, sample sizes were relatively small when
the intervention effects were examined by gender. However, IPW
methods can yield valid estimates with low prevalence rates and sample
sizes as low as 40 (Pirracchio, Resche-Rigon, & Chevret, 2012). Power
calculation was also conducted. Finally, generalizability and reprodu-
cibility should be further investigated as well as the extent to which
findings are generalizable beyond economically disadvantaged samples.

5. Conclusion

Implemented almost 30 years apart from the CPC P-3 program,
findings from recent state preschool programs have shown that effects
drop off after the transition to elementary school, and even if they
persist (e.g.,Barnett et al., 2013; Gormley et al., 2018; Schweinhart
et al., 2012), achievement gains are not as large as those found in many
earlier studies of the highest quality programs (McCoy et al., 2017;
Meloy et al., 2019). Our findings suggest that the P-3 dosage is asso-
ciated with better academic functioning at both third and eighth grades,
social-emotional functioning at third grade, and better school experi-
ences beyond third grade compared to the P-K intervention. Preschool
programs with subsequent school-age services up to third grade may be
more likely to connect to better future wellness via improving academic
functioning and school experiences. The P-3 dosage has the potential to
further close achievement gaps by income and race/ethnicity above and
beyond preschool intervention. Our findings suggest that boys are
driving the P-3 effects in social-emotional functioning. Improving boys'
social and emotional skills might have higher payoffs in prevention
programs for disruptive behavior in the classroom. Replication and
extension of findings to other locations and samples will further
strengthen confidence in the diverse benefits of prevention programs
for young children.
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Appendix A. Percent of 3-, 4- and 5-year-old children enrolled in Early Childhood Programs
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Appendix B. Estimates of the Marginal Effects of Being in the Retained Sample for Selected Outcomes

3rd-grade sample Expect. to go to college sample

Any CPC preschool −0.007 0.039
Any CPC school age 0.045* 0.021
Mother did not complete HS, child age 0–3 −0.014 −0.051
Child eligible for subsidized meals, child age 0–3 0.088*** 0.041
Mother under age 18 at childbirth −0.009 −0.081*
Four or more children in the family, child age 0–3 0.006 −0.035
Participate in AFDC program, child age 0–3 0.056+ −0.043+
Mother not employed, child age 0–3 0.016 0.060*
Single parent family status, child age 0–3 −0.014 −0.009
Indicator for missing risk factors, child age 0–3 −0.268*** −0.275***
Reside in a high poverty neighborhood −0.024 −0.039
Low birth weight (< 2500 g) 0.021 −0.013
Family conflict, child age 0–5 0.054 0.079
Family financial problems, child age 0–5 −0.105* −0.037
Substance abuse parent, child age 0–5 0.042 −0.097*
Female child −0.005 0.110***
African American child 0.019 0.003
Early residential mobility −0.063*** −0.044*
Have an SSN 0.379*** 0.382***
Percent Living one year in current unit, Neighborhood census −0.321 −0.551
Percent living 1–5 years in current unit, Neighborhood census −0.582** −0.481
Percent living 5–10 years in current unit, Neighborhood census −0.366 −0.247
Percent living 10–20 years in current unit, Neighborhood census −0.542* −0.451
Percent Self-employed, neighborhood census −0.120 −0.811
Percent Black families with female householder, neighborhood census −0.025 0.025

Note: *** p < .001, ** p < .01 * p < .05+ p < .10. Standard errors are clustered at the site level.
We estimate the probability of being in the retained sample using a probit regression model, controlling for child characteristics, family risk factors, neighborhood
variables and having permission to track them using their social security number, and report the marginal effects in additional tables. Each column reports results for
different regressions. For example, the first column reports the determinants of being in the third grade sample. Attending any CPC school-age program, having a
subsidized meal and having a SSN increases the likelihood of being in the retained math sample for third grade, while family conflict and neighborhood mobility
decreases the likelihood of being found in the retained sample.

Appendix C. Appendix C Estimates of Participation in P-3 Groups (n=1531).

P-3 P-2 P-1 P-K K-3 None or K only

Mother did not complete HS, child age 0–3 −0.355*** −0.060 0.073 b 0.165 0.229+
Child eligible for subsidized meals, child age 0–3 0.300+ −0.387* −0.133 b −0.122 −0.242
Mother under age 18 at child birth −0.053 −0.024 0.058 b 0.135 −0.040
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Four or more children in family, child age 0–3 −0.114 0.076 −0.109 b 0.096 0.103
Participate in AFDC program, child age 0–3 0.078 0.266* −0.025 b 0.224 0.091
Mother not employed, child age 0–3 −0.225 −0.174 −0.154 b −0.177 −0.400***
Single parent family status, child age 0–3 −0.028 0.067 0.121 b −0.126 0.050
Indicator for missing risk factors, child age 0–3 −0.747*** −0.588*** −0.113 b −0.276 −0.079
Reside in high poverty neighborhood −0.727 0.255 −0.203 b −0.330 −0.225
Low birth weight (< 2500 g) 0.159 −0.067 0.167 b 0.236 0.146
Family conflict, child age 0–5 0.607** 0.228 0.491 b 0.258 0.413+
Family financial problems, child age 0–5 −0.435* −0.364* 0.178 b −0.034 −0.312+
Substance abuse parent, child age 0–5 −0.172 0.072 −0.418 b −0.489* −0.039
Female child 0.095 0.054 0.039 b −0.189* 0.000
African American child 0.106 −0.245 −0.199 b 0.644+ −0.102
Child underage at preschool entry −0.143 0.277 0.102 b −0.931 −0.489
Age in months at kindergarten 0.060** 0.038* 0.032* b 0.042** 0.039*
Constant term −3.473 −2.166* −2.254* b −2.374+ −1.331

Note: b= Base category: P-K. *** p < .001, ** p < .01 * p < .05+ p < .10. Standard errors are clustered at the site level.
This table reports differences in observed characteristics according to CPC duration. The probability of receiving none or K only, K up to 3 or 1 up to 3, P-K, P-1, P-2,
and P-3 is estimated using a multinomial probit regression, controlling for child characteristics and family risk factors. Overall, groups were very similar on most
background variables including mother's age at childbirth, number of children in the household, participation in the AFDC program, single-parent family, low birth-
weight child, family resides in a high poverty neighborhood, being an African American child, and child under age at preschool entry. Although children who
attended P-3 seemed a little more advantaged than the P-K group (mothers are less likely to not complete high school, children are slightly likely to be a few months
older, families are less likely to have financial problems), they also live in more conflictive families. We found similar results when we compare the P-2 group with the
P-K group. However, an interesting finding is that we also found that children who did not attend any CPC program were slightly older and had mothers who were
less likely to be unemployed than the P-K group. Because this might be an indicative of potential selection bias, we corrected for it using an inverse probability
weighting approach. The estimated probabilities generated by the multinomial probit regression are the propensity scores used to construct the weight. The esti-
mation assigns each individual a predicted probability of receiving each of the treatment levels.

Appendix D. Appendix D Power calculation.

Overall Gender

minimum detectable effect minimum detectable effect

Math achievement, grade 3 0.096 0.136
Math achievement, grade 8 0.098 0.136
Reading achievement, grade 3 0.100 0.136
Reading achievement, grade 8 0.098 0.136
Classroom adjustment, grade 3 0.099 0.141
Classroom adjustment, grades 4–6 0.103 0.140
Perceived competence, grades 3–4 0.099 0.141
Perceived competence, grades 5–6 0.111 0.155
Ever retained, grades 1–8, % 0.076 0.106
Years in special education, grade 1- 0.096 0.136
Ever school mobility, grades 4–8, % 0.083 0.121
Expectations of college attendance, grade 10, % 0.088 0.126

Note: Minimum detectable effect (MDE) shows that with a given sample size what is the minimum effect we can expect to measure with certain sensitivity
and specificity. We used a two-tailed test, and statistical power= 0.80, and alpha=0.05 (significance), as it is typically used in the literature. We used
STATA 15.0 to conduct the MDE calculations. This means, for example, that if “ever retained” drops from 27% to at least 19.4% (in 7.6%=MDE) for the
overall sample, our models will be able to detect the effect.

Appendix E. Appendix E Effect Sizes: Adjusted for Selection, Attrition, and Preprogram Characteristics.

Outcomes P-3 P-2 P-1 P-K K-3 None or K only F-test

n=173 n=377 n=134 n=304 n=166 n=377

Academic functioning
Math achievement, grade 3 0.70*** 0.32* 0.10 a 0.20 −0.12 14.87 ***
Math achievement, grade 8 0.31** 0.22 −0.01 a −0.08 −0.13 7.95 ***
Reading achievement, grade 3 0.74*** 0.32* 0.13 a 0.24 −0.06 10.87 ***
Reading achievement, grade 8 0.33*** 0.18 −0.01 a −0.12 −0.13 13.84 ***

Social-emotional functioning
Classroom adjustment, grade 3 0.39* 0.15 0.08 a 0.03 −0.01 1.70
Classroom adjustment, grades 4–6 0.26 0.10 0.06 a −0.07 −0.06 5.61 **
Perceived competence, grades 3–4 0.28 0.09 0.01 a −0.12 −0.02 3.95 **
Perceived competence, grades 5–6 0.38 0.05 −0.13 a −0.14 −0.09 1.69

School experience and expectations
Ever retained, grades 1–8, % −0.71*** −0.22** −0.04 a −0.16 0.11 81.08 ***
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Years in special education, grade 1–8 −0.23** −0.26* −0.01 a 0.06 0.01 4.37 **
Ever school mobility, grades 4–8, % −0.44 ** −0.23 0.02 a −0.06 0.16 30.22 ***
Expectations of college attendance, grade 10, % 0.17 0.06 0.03 a −0.11 0.00 6.05

Note: Effect sizes and rates on the outcomes are adjusted for preprogram characteristics (i.e., child's gender, child's age, child's race, family variables, and socio-
demographic factors), selection and attrition by IPW, and Benjamin-Hochberg correction for multiple comparisons. Standard errors are clustered at the site-level. ***
p < 0.001, ** p < .01, * p < .05, + p < .10. F-test: joint significance of the 6-group coefficients. a Base category (reference group).

Appendix F. Appendix F Differences in Adjusted Means for Boys and Girls.

Outcomes P-3 P-21 P-1 P-K K-3 None or K only

n=173 n=377 n=134 n=304 n=166 n=377

Academic functioning
Math achievement, grade 3 −4.44 −2.31 −1.63 −0.43 −5.40 −5.36+
Math achievement, grade 8 −6.00* −4.22 −7.55+ −4.21 −9.57** −4.46
Reading achievement, grade 3 −7.85 −6.01* −7.42+ −4.14 −4.67 −8.40*
Reading achievement, grade 8 −5.07 −9.55* −12.45** −4.19 −11.75*** −9.48+

Social-emotional functioning
Classroom adjustment, grade 3 −1.95* −1.84+ −4.62*** −2.91* −3.44** −2.35*
Classroom adjustment, grades 4–6 −1.84* −2.19* −2.03** −2.55* −2 0.01+ −2.79*
Perceived competence, grades 3–4 −0.94 −0.50 −1.25 −1.98* −1.92* −0.63
Perceived competence, grades 5–6 0.24 −0.98 −0.74 −0.39 −1.07 −1.46

School experience and expectations
Ever retained, grades 1–8, % 0.09 0.19** 0.17 0.18+ 0.23** 0.20*
Years in special education, grades 1–8 0.08 −0.28 0.28 0.26 0.94** −0.31
Ever school mobility, grades 4–8, % 0.09 −0.01 0.21 0.06 0.10 −0.05
Expectations of college attendance, grade 10, % −0.16* 0.00 −0.05 −0.07 −0.08 −0.09

*** p < .001, ** p < .01, * p < .05, + p < .10.
We ran separate regressions for boys and girls, and then we reported the adjusted means by CPC contrast on Tables 3 and 4, respectively. This table shows the gender
difference in the adjusted means (adjusted means of boys – adjusted means of girls) by CPC contrast. We then used the “adjust” command in STATA to test for
statistical significance.
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