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Context: Children from low-income and minority families are often behind higher-income and
majority children in language, cognitive, and social development even before they enter school.
Because educational achievement has been shown to improve long-term health, addressing these
delays may foster greater health equity. This systematic review assesses the extent to which full-day
kindergarten (FDK), compared with half-day kindergarten (HDK), prepares children, particularly
those from low-income and minority families, to succeed in primary and secondary school and
improve lifelong health.

Evidence acquisition: A meta-analysis (2010) on the effects of FDK versus HDK among U.S.
children measured educational achievement at the end of kindergarten. The meta-analysis was
concordant with Community Guide criteria. Findings on the longer-term effects of FDK suggested
“fade-out” by third grade. The present review used evidence on the longer-term effects of pre-K
education to explore the loss of FDK effects over time.

Evidence synthesis: FDK improved academic achievement by an average of 0.35 SDs (Cohen’s d;
95% CI¼0.23, 0.46). The effect on verbal achievement was 0.46 (Cohen’s d; 95% CI¼0.32, 0.61) and
that on math achievement was 0.24 (Cohen’s d; 95% CI¼0.06, 0.43).
Evidence of “fade-out” from pre-K education found that better-designed studies indicated both

residual benefits over multiple years and the utility of educational boosters to maintain benefits,
suggesting analogous longer-term effects of FDK.

Conclusions: There is strong evidence that FDK improves academic achievement, a predictor of
longer-term health benefits. To sustain early benefits, intensive elementary school education is
needed. If targeted to low-income and minority communities, FDK can advance health equity.
(Am J Prev Med 2014;46(3):312–323) Published by Elsevier Inc. on behalf of American Journal of Preventive
Medicine
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Income, Race and Ethnicity, and Educational
Attainment
Educational attainment is one of the most impor-
tant determinants of health.1,2 Conversely, incom-
plete or poor-quality education can jeopardize a

child’s prospects for health and well-being. This review
investigates the potential of full-day kindergarten (FDK)
to foster the public health goal of health equity, with a
focus on low-income and racial/ethnic-minority popula-
tions in the U.S.
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Table 1. Proportions of programs reporting time spent on
daily academic activities in half- and full-day kindergarten,
% unless otherwise noted

Academic activity

Half-day
kindergarten
programs

Full-day
kindergarten
programs

430 minutes/day
mathematics
instruction

50% 80%

Z60 minutes/day
reading instruction

37% 68%

Daily reading aloud 62% 79%

Self-selected activities
(minutes/day)

32 57

Source: Walston J, West J. Full-day and half-day kindergarten in the
United States: findings from the Early Childhood Longitudinal Study,
Kindergarten Class of 1998�99 (NCES 2004-078). U.S. Department of
Education, National Center for Education Statistics, Institute of Educa-
tion Sciences. Washington, DC: U.S. Government Printing Office, 2004
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Risk factors for poor lifelong educational attainment
appear even before children enter the formal educational
system. A large cohort study of U.S. children entering
kindergarten in 19983 identified a high prevalence of risk
factors for poor educational outcomes and differential
distribution of these risk factors by race/ethnicity and
income. Forty-six percent of children had one or more of
the following factors: a mother with less than a high
school education, family use of food stamps or receipt of
welfare, a single-parent household, and parents whose
primary language is not English.
Black, Hispanic, and Asian children were 2.5, 2.5, and

2.1 times, respectively, as likely as white children to have
one or more risk factors. The number of risk factors was
strongly associated with measures of general knowledge,
reading and math abilities, fine motor skills, and social
behavior among entering kindergartners. Having even one
risk factor negatively affected school readiness. Longitu-
dinal data4 suggest that these gaps persist for years.
How Education Affects Health
A substantial body of evidence links educational attain-
ment to lifelong health outcomes through three interre-
lated pathways—(1) development of psychological and
interpersonal strengths, such as a sense of control and
social support, which in turn contribute to healthy social
interactions; (2) problem-solving abilities and the ability
to pursue and maintain productive work and adequate
income, and the health benefits they provide; and (3)
adoption of healthy behaviors.2,5,6

Standardized tests of academic achievement and
school grades assess acquired knowledge and the ability
to interact effectively in the classroom setting, reason,
and solve problems. Because these abilities have been
shown to predict long-term health outcomes,2,6–8 they
provide a reasonable basis for use as outcomes in
Community Guide health equity reviews.
An Overview of U.S. Kindergarten
Funding for public kindergarten in the U.S. began in
Ohio in 1935 and had expanded to all states by 1986.9

Current public and private kindergarten programs vary
in intensity. FDK is a formal program offered in a school
or school-like setting during the year prior to entering
first grade. It typically lasts 5–6 hours per day for 1 school
year. FDK activities are organized, developed, and
supervised by at least one adult. Children aged 4–6 years
can attend FDK. Half-day kindergarten (HDK) generally
lasts about 3 hours per day, and alternating-day full-day
kindergarten (ADFDK) lasts about 5�6 hours per day on
alternating weekdays. In addition to more instructional
time for math and language, there are more teacher-
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guided and independent learning opportunities in FDK
than in HDK (Table 1).
Over the past decades, HDK enrollment rates have

declined whereas those of FDK have increased.10 By
2011, 47.8% of children aged 5 years were enrolled in
public FDK, 12.0% in public HDK, 5.5% in private FDK,
and 2.0% in private HDK; the remainder were either in
nursery school (17.7%), elementary school (5.5%), or not
formally enrolled in school (7.4%).11 Although attend-
ance in FDK is similar among racial/ethnic-minority
populations, blacks are substantially more likely to attend
FDK over HDK than other groups (Table 2).11

Evidence Acquisition
The Community Guide systematic review process was used to
assess the effectiveness of FDK (vs. HDK/ADFDK) to improve the
education-related health outcomes of low-income and racial/
ethnic-minority populations.12,13 The process involved forming a
systematic review team (the team) to work with oversight from the
nonfederal, independent Community Preventive Services Task
Force (Task Force), to develop evidence-based recommendations.
The rules of evidence under which the Task Force makes its

determination address several aspects of the body of evidence,
including the number of studies of different levels of design
suitability and execution, consistency of the findings among
studies, public health importance of the overall effect estimate,
and balance of benefits and harms of the intervention.12,13

Conceptual Approach and Analytic Framework

Compared with HDK, FDK has an immediate logical consequence
for children who attend: increased in-school time and reduced out-
of-school time. The analytic framework (Figure 1) depicts logical
and hypothetical links between FDK and downstream outcomes,
ending in health and health-related consequences. Increased



Table 2. Participation in private and public full- and half-day kindergarten by 5-year-olds,
U.S. 2011

Race/
ethnicitya

Total
population

of 5-year-olds
(thousands)

Total %
enrolled

K
Half-day %
enrolled

Full-day %
enrolled

Total
public %

Total
private %

White alone 3197 70.0 17.2 52.8 62.0 8.0

Black alone 561 63.3 7.7 55.6 58.3 5.0

Asian alone 196 74.0 15.8 58.2 66.3 7.7

Hispanic of
any race

1072 67.5 16.2 51.4 64.3 3.3

Source: U.S. Census Bureau. School enrollment in the U.S.: enrollment status of the population 3 years
old and over, by sex, age, race, Hispanic origin, foreign born, and foreign-born parentage: October 2011.
www.census.gov/hhes/school/data/cps/2011/tables.html
aThese racial and ethnic categories are not mutually exclusive
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in-school time allows more time for instruction and development
of learning skills, which may lead to improved cognition and
cognitive skills and provide the foundation for ongoing educa-
tional development.14 Increased in-school time also allows more
supervised interaction with peers and opportunities to develop
socioemotional skills—elements of mental health.

Improved cognitive and socioemotional skills lead to improved edu-
cational outcomes and health behaviors, higher income, and reduced
morbidity andmortality.2,5,6 FDK alsomay improve children’s nutrition
insofar as healthy meals are provided. Spending more time with trained
teachers alsomay increase the detection of health and learning problems
and referral for diagnosis and treatment. Reduced out-of-school time
may lower parents’ child care expenses and increase the time available
for parents to work. Potential undesirable effects may include increased
pressure to learn and decreased recreational time and time with family.
Figure 1. Analytic framework of the effects of full-day kindergarten on distal health and ot
Inclusion Criteria

To qualify for inclusion in this
review, a study had to
�

he
evaluate the relative effectiveness
of FDK compared with HDK
or ADFDK;
�
 measure and report educational
outcomes, including school
grades or performance on stand-
ardized achievement tests and/or
health-related behavioral out-
comes reflecting the level of social
development;
�
 be published in English and con-
ducted in a country with a high-
income economy.15
Search for Evidence

During the FDK literature search, the team identified a meta-
analysis on this topic reported by Cooper et al.16 This meta-
analysis was assessed and determined to match the goals of the
Community Guide review with respect to the interventions and
outcomes evaluated, study design, and synthesis and assessment of
evidence.

It was accepted by the Task Force as the basis for their findings
and recommendations. To determine whether studies published
after the cutoff date of the meta-analysis (October 2009)
were consistent with its findings, the team conducted a systematic
search for new studies using the search criteria of Cooper et al.;
no qualifying studies published up to March 2011 were
identified.
r outcomes

www.ajpmonline.org
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The literature search in the meta-analysis of Cooper et al.16

included all available years up to October 2009 in the following
databases: ERIC, PsycINFO, Sociological Abstracts, Dissertation
Abstracts, EconLit, and Google Scholar. In addition, institutions of
higher education and other education-related organizations were
contacted and asked to submit reports of unpublished studies.
References in previous reviews and studies of this topic were
scanned for additional studies.
The meta-analysis recorded information on the racial and

ethnic composition of the study populations when the population
was homogeneous (i.e., “only one ethnicity”) but did not present
results by these demographic features. It collected information on
the SES of the student population to analyze differential effects for
low-income populations but found insufficient data for this
stratification, and therefore used a proxy measure. In the absence
of detailed results on these issues, the review team examined
evidence from other sources, either in studies of the intervention
among low-income or minority populations themselves or in
studies of the broader populations with results stratified by income
and race/ethnicity.
Synthesis Methods

The meta-analysis16 focused on educational outcomes at the end of
kindergarten or at the beginning of first grade, and provided only a
summary of findings on longer-term effects.
Effect estimates were calculated using Cohen’s d, the stand-

ardized mean difference between intervention and control out-
comes following the intervention.17,18 Both fixed and random
effects models were assessed, using a weighted measure to
determine the combined effects. The conclusions in the current
review are based on the random effects models, because they
assume heterogeneity of effects due to study design and/or
intervention components.19

Cooper et al.16 provided estimates, both unadjusted and
adjusted, for baseline achievement measures and for demographic
characteristics of intervention and control populations, including
age, gender, race/ethnicity, and preschool educational experience.
Conclusions of the present review are based on adjusted effect
estimates to increase the likelihood that observed effects are
attributable to the intervention. The researchers used the
Q-statistic to assess heterogeneity of combined effect size
estimates.17

As a supplement to their meta-analysis, Cooper and colleagues16

summarized the results of numerous analyses from the Early
Childhood Longitudinal Study—Kindergarten (ECLS-K). In 1998,
the National Center for Education Statistics began collecting
longitudinal data on a national sample of more than 21,000
entering kindergartners. The children were tested in the fall of
1998, in the following spring, and at the end of third and fifth
grade. Because multiple analyses sampled from a single cohort
would have had to be represented by a single data point in the
meta-analysis, thus masking the range of results, Cooper et al.
summarized these studies separately.
The meta-analysis of Cooper et al.16 found sparse and

inconsistent evidence regarding longer-term effects of FDK
compared with HDK/ADFDK. In the absence of additional
evidence concerning long-term effects of FDK, the Community
Guide team assessed the extensive evidence on the longer-term
effects of pre-K education programs and identified moderators
March 2014
of those effects, such as the characteristics of subsequent
schooling.
Use of this evidence for inferring the relative effects of FDK rests

on (1) the overlap of pre-K and kindergarten curricula and (2)
evidence that children in kindergarten and pre-K have similar
cognitive processing characteristics. An IOM review of child
development indicates gradual and continuous changes in devel-
opmental processes in perception, cognition, or language in
children between ages 3 and 5 years.11

Similarly, although the notion of “stages” is evolving in the field
of developmental psychology, there is support for a phase
including children aged 4–5 years.20 Because kindergarten and
pre-K programs are similar in content and their attendees have
similar psychological characteristics, the team posits that studies of
the long-term effects of pre-K programs provide useful informa-
tion on the long-term effects of FDK.
The study of Cooper and colleagues16 did not report effects of

FDK on assignment to special education and grade retention, the
requirement that a child repeat a grade because he/she has not
satisfied grade requirements. In addition, differential effects
according to SES and race/ethnicity were only partly reported.
Evidence on these outcomes from other sources is summarized
below.
Evidence Synthesis
Short-Term Effectiveness: FDK Versus HDK/
ADFDK Observed at the End of Kindergarten or
Beginning of First Grade
In total, Cooper and colleagues16 examined 655 study
reports, and 290 were retrieved as potentially useful.
Forty studies were included in the meta-analysis, of
which seven were published. The studies assessed 55
“samples,” that is, separate populations. Dissertations
and master’s theses accounted for 21 samples, and 16
samples were conference papers, government reports,
school district reports, or other unpublished research
reports.
The meta-analysis focused on FDK programs (com-

pared with HDK and ADFDK) and their association with
academic achievement. For 25 of 55 total samples,
achievement outcome effects (measured by standardized
achievement tests or teacher-assigned grades) were
adjusted for baseline achievement measures. For nine
samples, effect estimates were also adjusted for addi-
tional characteristics, including gender, age, SES, and
ethnicity.
Thirty reports contained 43 samples that compared

FDK with HDK; these studies indicated that FDK
improved academic achievement by an average of 0.35
SDs, controlling for family income level and racial/ethnic
identity (Cohen’s d; 95% CI¼0.23, 0.46; Table 3). Cohen
proposed that a “d” value of approximately 0.2 be regarded
as “small,” 0.5 as “medium,” and Z0.8 as “large.”21 The
d¼0.35 result implies that if a group of children was evenly



Table 3. Outcomes reported in the meta-analysis of
Cooper et al.16

Outcome
(no. of
effect
estimates)

Adjusteda

d index,
random effects

model

Conclusion
Favoring FDK
over HDK/
ADFDK

(significance
of effect
estimate)

Academic
achievement (35)

d index¼0.35 Significant effect

(95% CI¼0.23,
0.46)

FDK versus HDK

d index¼0.43 FDK versus
ADFDK

(95% CI¼0.07,
0.79)

Verbal scores (21) d index¼0.24 Significant effect

(95% CI¼0.32,
0.61)

FDK versus HDK

Math scores (9) d index¼0.46 Significant effect

(95% CI¼0.06,
0.43)

FDK versus HDK

Ability to work or play
with others (1)

d index¼1.06 Significant effect

(95% CI¼0.63,
1.49)

FDK versus HDK

School attendance (1) d index¼0.09 Nonsignificant
effect

(95% CI¼�0.32,
0.50)

FDK versus HDK

Source: Cooper H, Batts Allen A, Patall E, Dent AL. Effects of full-day
kindergarten on academic achievement and social development. Rev
Educ Res 2010;80(1):34�70
aAdjusted for baseline test scores and/or demographics in interven-
tion and control populations
ADFDK, alternate-day full-day kindergarten; FDK, full-day kindergar-
ten; HDK, half-day kindergarten
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divided between FDK and HDK, 59% of those in FDK
would have test scores above the population median,
compared with 41% of those in HDK.22

Math scores were improved over those of HDK enrollees
by 0.24 SDs (Cohen’s d; 95% CI¼0.06, 0.43) and verbal
scores by 0.46 SDs (Cohen’s d; 95% CI¼0.32, 0.61). Seven
studies comparing achievement scores of FDK with
ADFDK students found that FDK scores exceeded ADFDK
scores by 0.43 SDs (Cohen’s d, 95% CI¼0.07, 0.79). On the
basis of a single study,23 children in FDK also showed an
increased ability to work or play with others, indicative of
socioemotional health (d ¼1.06; 95% CI¼0.63, 1.49).
Another single study24 indicated a nonsignificant increase
in school attendance associated with FDK.
Using urbanicity as a proxy for low income, Cooper
and colleagues16 found that the effect of FDK among
urban populations (ten studies; d¼0.49; 95% CI¼0.25,
0.72) was substantially greater than in nonurban (sub-
urban and rural, seven studies) populations (d¼0.18;
95% CI¼0.02, 0.35), concluding that FDK programs may
be more effective for lower-income children.
However, use of urban/nonurban location as a proxy

for child’s family income level or poverty is problematic.
Although rates of child poverty are generally greater in
urban than in suburban settings, urban rates are only
slightly higher than rural rates.25 Cooper (H Cooper,
Duke University, personal communication, 2013) reports
that the nonurban studies in the meta-analysis were
conducted in a mixture of suburban and rural settings,
which have lower and higher rates of child poverty,
respectively, compared with urban rates. Thus, it is likely
that the urban/nonurban proxy was inadequate for
poverty or SES; inferences using this proxy are likely to
be invalid.
Meta-analysis results stratified by race/ethnicity were

not reported, perhaps because of the strict requirement that
populations be homogeneous in order to be classified as
one race or another; a scan of the meta-analysis Appendix
database (rer.sagepub.com/supplemental/) suggests that
this variable was rarely reported in included studies.
Cooper et al.16 assessed whether any of several

methodologic or programmatic study characteristics
were associated with different levels of school achieve-
ment following completion of kindergarten, and found
no significant differences by publication status or sample
size. Unadjusted effect sizes were significantly larger than
adjusted effect sizes.
The researchers also assessed effects of specific kinder-

garten program characteristics on outcomes. One analysis
found that kindergarten programs of o360 minutes per
day have an effect estimate of d¼0.07 (95% CI¼�0.07,
0.25), whereas those of Z360 minutes per day have an
effect estimate of d¼0.43 (95% CI¼0.18, 0.67), confirming
the overall study findings. Results from the ECLS studies26

were consistent with the meta-analysis.16
Long-Term Effectiveness: FDK During the Grade
School Years
To assess the fade-out, or diminution of intervention
effects over time, Cooper et al.16 used findings from the
ECLS and studies included in the meta-analysis;27–34

findings were inconsistent. Some studies showed
increased benefit over time, whereas others, including
the ECLS studies, showed decreased benefit. Adjusted for
demographic characteristics, the results of these studies
are presented in Figures 2 and 3.
www.ajpmonline.org



Figure 2. Long-term effects of full-day kindergarten (versus half-day kindergarten)
on mathematics achievement
Note: Chart developed from data presented by Cooper et al.16
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None of the studies in the review of Cooper et al.
assessed potential benefits of educational boosters in
reducing fade-out. (An educational booster is a program
enhancement, supplement, or strengthening measure,
such as more teachers, better-trained teachers, or addi-
tional curricula that might improve the longer-term
effect of an earlier intervention.)
Two features of FDK indicate possible reasons for the

apparent fade-out of FDK and other early childhood
educational programs. First, until recently, poor and
minority children were more likely than children in other
population segments to attend FDK (rather than HDK).
Because poor and minority children are likely to live in
poor neighborhoods, they are also more likely to
subsequently attend elementary schools of lower quality,
as measured, for example, by average school achievement
and school safety.35,36

This subsequent lower-quality schooling is the oppo-
site of a booster.34 Because lower-quality elementary
Figure 3. Long-term effects of full-day kindergarten (versus half-day kindergar-
ten) on reading achievement
Note: Chart developed from data presented by Cooper et al.16
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schools will independently lead to
lower student achievement, chil-
dren who attend FDK are likely to
have lower achievement growth
after FDK even if their achievement
has been advanced by FDK. For
example, children from high-SES
families with math achievement
scores similar to those of low-SES
children at age 7 years have higher
math scores at age 16 years; how-
ever, this apparent gap is greatly
reduced when intervening school
quality is taken into account.37

Second, a nationally representa-
tive survey of teachers in 2008
revealed that elementary school
teachers focus on children who are currently having
difficulty learning.38 Because children in FDK benefit
academically from this program, they are less likely to
have difficulty in learning when they begin elementary
school and will receive relatively less attention in first
through third grade than their classmates who have not
attended FDK and are not doing as well.
When compared with others, some of whom have

received more individual attention, FDK children may
appear to have lost at least part of the FDK benefit over
less-intensive kindergarten programs/formats. However,
instead of fade-out, low-achieving children in elementary
school who did not attend FDK are catching up,
exaggerating fade-out among children who have previ-
ously benefited from FDK because the comparison
population has improved from targeted assistance. It is
likely that what has changed is not the benefit of FDK for
participants but the improved outcomes for those to
whom the FDK participants are compared.
Lessons from Long-Term
Evaluations of Pre-K Programs
Do pre-K programs have long-term
effects? Evidence on the long-term
effects of pre-K educational programs
in the U.S. indicates that stronger
study designs, such as RCTs, show
substantial fade-out39 and substan-
tially greater initial and residual bene-
fits than do studies with weaker
designs, such as pre–post observatio-
nal studies.40 Although fade-out
occurs, cognitive benefits—a combi-
nation of intelligence and reading
abilities—remain substantial after 10
years.39 The mean of standardized
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mean differences for all studies combined at ages 410
years is 0.20.39

Better-designed studies indicate effects on cognitive
outcomes approximately twice this magnitude.40 Other
research using ECLS data supports this conclusion.41

Similar findings are reported from a systematic review of
pre-K interventions in other nations.42 Overall, there is
strong evidence that pre-K programs can have substan-
tial and enduring benefits. In the Chicago Child-Parent
Center (CPC) pre-K program, additional health benefits
were reductions in violent crime and child maltreatment.
It is reasonable to expect analogous outcomes for FDK.

Do booster interventions assist in maintaining the initial
effects of pre-K programs? Two well-conducted studies
of pre-K programs with long-term follow-up provide
strong evidence of the effect of differential educational
“booster” quality in first through third grade on dis-
advantaged children exposed to pre-K educational
programs.43,44

In the Abecedarian program (1972–1977),43 infants in
North Carolina (N¼111) with multiple sociodemo-
graphic risk factors for poor educational outcomes were
randomized into experimental and control groups. At
school age, children from the intervention and control
groups were matched on cognition scores, and one child
in each pair was randomized to receive intensive educa-
tional attention for the first 3 years of elementary school
or routine schooling.
Thus, four groups of children were randomized to

different combinations of pre-K (or not) and intensive
elementary school (or not).43 Mathematics and reading
achievement were assessed following the elementary school
program at age 8, then again at ages 12, 15, and 21 years.
Over the entire follow-up period, there was modest fade-
out for the effects of pre-K alone, intensive elementary
school alone, and for both interventions combined.
There was also substantial residual benefit of each

intervention and both combined. At all ages, the effect
of pre-K was greater than that of intensive elementary
school for both math and reading, but the intensive
educational booster program provided a substantial effect
beyond that of pre-K alone. Additional health benefits of
the Abecedarian program were reductions in teen child-
bearing rates and cigarette and other substance abuse.
The second study on the course of pre-K learning

during elementary school programs is the CPC pro-
gram.44 During 1985–1986, poor children in Chicago
(N¼989) were provided a 1- or 2-year pre-K program
focused on literacy skills, along with health care. Children
with demographics similar to CPC participants were
randomly selected from Chicago school districts for the
control condition (n¼550).
Following the pre-K program, intervention and control
children were offered special kindergarten and elementary
education with smaller classes and enhanced education for
1–3 years. Intervention and control children were followed
through K–12 schooling into their late 20s and assessed for
multiple outcomes, including health outcomes. This
design allowed assessment of the contributions of the
separate and combined pre-K and K–3 components of the
program, but lack of randomization in this study intro-
duced selection bias and thus causality is unclear.
In general, immediately following the conclusion of the

CPC third grade program, there were benefits of both the
pre-K and intensive elementary schooling on all outcome
measures; at this stage, the larger effect was from the
elementary school component, the smaller effect from the
pre-K program, and the combination of both showed the
greatest benefit.
Two years later, there was a diminished overall benefit:

the relative contribution of pre-K was increased, that
of elementary school decreased, and the combined
effect was again significantly greater than the effect of
each alone. Thus, the CPC study also indicates the
enduring benefits of an early learning program and the
added benefit of subsequent intensive educational boos-
ters. It is reasonable to expect that long-term benefits
of FDK will also depend on strong, ongoing primary
education.
Outcomes Not Fully Considered in the
Meta-Analysis of Cooper et al.
Two categories of outcomes not fully assessed by Cooper
et al.16 were (1) reductions in grade retention and referral
to special education and (2) differential effects of FDK by
SES and race/ethnicity. Although referral for special
education may sometimes be appropriate, it may also
be regarded as a failure when remediable problems are
not addressed, leading to unnecessary referral. Findings
associated with FDK on these outcomes are reported in
other studies of FDK and summarized here.
Grade retention is an indicator of ongoing academic

problems and a predictor of school dropout.45 In
addition, both grade retention and referral for special
education are costly, the former adding a year’s schooling
expense for each retained student, the latter more often
adding recurring expense. Several reviews indicate the
effectiveness of FDK compared with HDK/ADFDK in
reducing grade retention and referral for special educa-
tion, with estimates of reductions in grade retention
ranging from 17% to 75%.27,46–49

Most other reviews of the effects of FDK report greater
benefit for lower-income and racial/ethnic-minority
students than for middle- and upper-income and white
www.ajpmonline.org
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students.50–53 The absence of relative benefit or lower
relative benefit is also reported.27,28,36,54,55

Potential Harms, Additional Benefits, and
Considerations for Implementation
Full-day kindergarten may have further benefits and
harms not evaluated here systematically. Researchers
postulate that FDK allows earlier identification of learn-
ing problems, improved nutrition, and more time for
parents to work outside the home.55 The review team also
postulates that FDK lowers out-of-pocket child care costs
for families. In contrast, some researchers believe that
FDK may lead to academic pressure to achieve before a
child is ready developmentally and to increased
fatigue, irritability, and stress-related and behavioral
problems among students, and less planning time for
teachers.14,56,57

Preschool programs have been associated with
increased behavioral problems among attendees, which
may also be found in FDK.56,58 Implementation issues in
the establishment of FDK include a lack of qualified
teachers, rapid teacher turnover, and the reservations
of some scholars16 about “accelerated learning” and
reduced time for informal learning. Probably the greatest
challenge to the successful implementation of FDK is the
need to support the benefits of this intervention with
ongoing, high-quality education after kindergarten.

Applicability
Because the focus of this review is increasing health equity
by improving educational achievement among socioeco-
nomically disadvantaged children, the applicability of
findings across socioeconomic position and race/ethnicity
are central issues. Cooper et al.16 found few study results
stratified by these effect modifiers, and the present review
noted concerns about their use of urbanicity as a proxy for
poverty. However, as noted above, other studies of pre-K
education and FDK report greater benefits for poor and
minority populations.41,59–61

Relative Economic Efficiency of FDK
The systematic economic review found two journal
articles,27,28 three reports,49,62,63 and one doctoral dis-
sertation64 related to FDK and its benefits relative to
HDK. Only the study by Aos et al.62 was rated as good
according to Community Guide quality evaluation cri-
teria.65 The others provided only limited information on
costs or benefits and were not rated. All monetary figures
reported here were converted to 2009 U.S. dollars, using
the Consumer Price Index.66

Full-day kindergarten is potentially more expensive
than HDK and may involve additional start-up costs,
March 2014
particularly for personnel and equipment. Costs vary
widely even among schools in the same district or state.
Lee et al.49 presented findings from a 1980 study that
estimated 20%–24% higher costs for FDK programs over
half-day programs during 1981–1983, factoring in the
number of teachers, salary and fringe benefits, trans-
portation, instructional materials, library materials, and
teacher aides.
Because kindergarten teachers in schools with half-day

programs can instruct two sessions per day, full-day
programs generally double the number of classrooms and
teachers (or teacher time) required. DeCicca28 notes the
reduced opportunities in full-day programs for students
to share resources such as desks, books, and computers
relative to half-day programs. He cites Ohio’s Office of
Education Oversight estimates that FDK costs more than
70% above traditional HDK in per-pupil expenditures.
Thus, estimates of the marginal cost of FDK range from
20% to more than 70%.
Stone64 computed the average cost-effectiveness of

FDK relative to HDK programs for Manheim County,
Pennsylvania. Costs included teachers’ salaries and
benefits, and effectiveness was measured in terms of the
number of students scoring proficient on the end-of-year
Developmental Reading Assessment (DRA). The county
started with one full-day session and nine half-day
sessions of kindergarten in 2000–2001, and all ten
sessions were converted to FDK by 2003�2004. The
initial cost-effectiveness per student scoring proficient
was $2790 for half-day students and $4745 for full-day
students.
As the county increased its FDK offerings over a 3-year

period, the difference between HDK and FDK average
cost-effectiveness ratios steadily decreased, suggesting
that the FDK program became relatively more efficient
over time. The percentage of students scoring proficient
on the end-of-year DRA in FDK was 92.4% compared
with 79.7% in HDK, and FDK cost the school district
$466,594 compared with $159,575 for HDK. Thus, the
cost-effectiveness per student scoring proficient was
$3395 for half-day students and $4242 for full-day
students, indicating that the efficiency of HDK declined
substantially, whereas that of FDK increased.
On the basis of analytic modeling, Aos et al.62 esti-

mated that FDK in Washington State would cost about
$2778 more per child than HDK in terms of operating
and capital expenditures. Operating costs were based on
the difference in teacher salaries and capital costs,
including the cost of additional classrooms.
Assuming availability of appropriate public policies to

sustain early gains in test scores to the end of high school,
they estimated the present value of benefits to be $5958
per student. These benefits included lifetime gains in



Hahn et al / Am J Prev Med 2014;46(3):312–323320
earnings and other benefits, including reduced crime,
reduced healthcare costs, increased civic participation,
and “knowledge spillovers”—the educational advances of
one person that improve the capacities of collaborators,
thus stimulating general economic growth.
Reductions in grade retention and assignment to

special education were not included as benefits in this
analysis.48 For example, one study67 notes additional
possible savings over the long run from lower rates of
grade retention, providing evidence that Philadelphia’s
FDK students were substantially more likely than former
HDK students to make it to third grade without repeating
a grade; they estimated that the lower retention rates for
FDK graduates saved approximately 19% of FDK costs.
In addition, in the study of Aos et al.,62 to enable
calculation of a societal rate of return from investment
in FDK, costs of supplemental programs to help maintain
initial gains in test scores must be added to the extra costs
of FDK over HDK programs.

Evidence Gaps
Whereas prior reviews have indicated that FDK pro-
grams are especially effective for lower-income and
minority populations,50–53,68,69 the meta-analysis by
Cooper et al.16 could only address this issue with a proxy
measure. Lack of findings on variations in effect by race/
ethnicity may have been a consequence of their seem-
ingly stringent inclusion criterion of population homo-
geneity (i.e., “only one ethnicity”), which, if taken
literally, is rare. Given that low-income and minority
populations are often developmentally behind higher-
income and majority populations prior to entry into
kindergarten, the differential effect of FDK by lower
income and minority status is a critical issue.
There is a paucity of studies on the long-term

cognitive and social-developmental effects of kinder-
garten programs with different formats. In the present
review, evaluating the relative short-term and longer-
term benefits of FDK over less-intensive HDK pro-
grams, inferences are drawn from research on the
related population and educational intervention, that
is, pre-K programs. Studies of kindergarten itself
should assess the effects of subsequent schooling,
family, and community characteristics to allow better
estimation of kindergarten’s long-term effects (inde-
pendent of subsequent schooling and environment)
and to determine the optimal design of effective educa-
tional boosters.
Future research on the economic benefits of FDK

(versus HDK) should incorporate savings in transporta-
tion costs to the school system and child care savings for
parents. Other potential benefits that merit additional
study include increased employment opportunities for
parents during the kindergarten years associated with
children’s FDK attendance; such opportunities could
raise household income and tax revenue for society.27

On the other hand, there could be additional costs of
FDK programs to consider, such as adopting new
curricula and training teachers, principals, and other
school staff members.

Discussion
The present review demonstrates that, at least in the
short term, children in the general population benefit
more from FDK than HDK/ADFDK in academic and
social development. Evidence on the long-term benefits
of pre-K programs suggests that FDK also may have
long-term educational and health benefits, particularly
when reinforced by intensive ongoing education pro-
grams. Prior reviews suggest greater relative benefits
among children in lower-income populations and
racial/ethnic-minority populations.50–53,68,69

The effects reported in the present review are based
on comparison of FDK and HDK/ADFDK. Assuming
that HDK/ADFDK are effective, the estimates made by
Cooper et al.16 and this review therefore underestimate
the benefits of FDK compared with no kindergarten. To
estimate the effect of FDK compared with no kinder-
garten at all, one would add the effect estimates reported
in this study (i.e., the results of Cooper et al.) to the
baseline effect reported for HDK and ADFDK.
Although very few studies report the separate effects of

FDK and HDK/ADFDK, these rates are reported in two
studies based on the ECLS Kindergarten Class of 1998–
1999.49,55 This study estimates that HDK/ADFDK
improves math and reading achievement scores by 1.00
and 1.05 SDs, respectively. Adding the respective esti-
mated improvements from FDK of 0.24 and 0.46 SDs for
math and reading, the benefit of FDK compared with no
kindergarten is clearly large.
Given the decline over time in the relative benefits of

FDK, it is critical to determine the features of subsequent
educational booster programs that effectively maintain
early gains.70 Several features of effective educational,
health, and social service boosters for preschool and
kindergarten programs were gleaned from an assessment
of the maintenance of pre-K benefits in the CPC and
Abecedarian programs.71

Effective booster programs were characterized by a low
student–teacher ratio, a focus on basic skills, teacher
training, creation of school–parent liaisons, school meals,
provision of transportation to and from school, night
courses for parents, healthcare services/referrals, home
visitation, and supportive social services. There is
www.ajpmonline.org



Hahn et al / Am J Prev Med 2014;46(3):312–323 321
evidence for a benefit of similar features, as well as
organization and continuity, in a review of pre-K to
third-grade programs and initiatives.71

Findings from the Cooper meta-analysis16 have several
limitations. Outcomes measured were achievement
scores available at the end of kindergarten or beginning
of first grade. Adjusted effect estimates controlled for
baseline achievement scores. A study34 using the nation-
ally representative ECLS cohort to assess changes in
achievement over the kindergarten year found that fall
baseline assessments were made as late as December of
the school year and that spring ECLS assessments were
made prior to the end of the kindergarten year, thus
potentially underestimating the absolute achievement of
FDK versus HDK for the full kindergarten year, insofar
as substantially less than the full kindergarten year
exposure was assessed.
In summary, the present review does not demonstrate

the specific effectiveness of FDK (versus HDK) for low-
income and minority populations, although the body of
available studies examined here suggests that these
groups likely benefit from FDK. As described above,
other studies show that FDK programs are more effective
for low-income and minority populations compared to
more affluent and majority populations.40,41,60

Researchers may also consider evidence of the inter-
vention’s overall effectiveness—without regard to income
and minority status, combined with theoretical reasoning
on the plausibility of a differential effect by income and
minority status. For example, it might be theorized that,
given a background of lesser school readiness and fewer
environmental learning resources, low-income and
minority children may benefit more than others
academically from a greater dose/duration educational
program.
In the absence of evidence to the contrary, it is

reasonable to assume that, if an intervention is effective
in the population overall, it is likely to be at least as effective
in low-income and minority populations that have greater
need. With full utilization of FDK, the general benefits
should also apply to these populations and improve their
academic outcomes and the long-term health benefits
associated with greater educational attainment.
Education before the beginning of formal schooling

has the potential to foster greater health equity by
redressing educational deprivations commonly suffered
by the large proportion of U.S. children who grow up in
poverty. Failure to compensate for gaps in language,
reasoning, and social and learning skills may lead to
lifelong challenges and obstacles in the child’s educational
career and to subsequent difficulties in employment,
income, and health. This review shows that FDK provides
benefits that may, in part, address this critical need.
March 2014
The authors wish to thank Katherine Magnuson, PhD (Uni-
versity of Wisconsin); Elizabeth Dhuey, PhD (University of
Toronto); Raj Chetty, PhD (Harvard University); Elizabeth
Votruba-Drzal, PhD (University of Pittsburgh); Harris Cooper,
PhD (Duke University); Jessie Hood, ScD (CDC); and Jackie
Buckley, PhD (Department of Education), in addition to our
consultant team: Ann Abramowitz, PhD (Emory University);
Geoffrey Borman, PhD (University of Wisconsin); Jeannie
Brooks-Gunn, PhD (Columbia University); Kristen Bub, PhD
(Auburn University); Duncan Chaplin, PhD (Mathematica);
Dennis Condron, PhD (Oakland University); Janet Currie,
PhD (Princeton University); Greg Duncan, PhD (University of
California, Irvine); Rebecca Herman, PhD (What Works);
Gloria Ladson-Billings, PhD (University of Wisconsin); Robert
Lerman, PhD (Urban Institute); Raegen Miller, MS (Teach for
America); Pedro Noguera, PhD (Columbia University);
Charles M. Payne, PhD (University of Chicago); Annie
Pennucci, PhD (Washington State Institute for Public Policy);
Catherine Ross, PhD (University of Texas, Austin); Janelle
Scott, PhD (University of California, Berkeley); and Emily
Wentzel, PhD (University of Maryland). Thanks also for the
excellent editorial assistance of Kate W. Harris and Amy
Benson Brown.
Author affiliations are shown at the time the research was

conducted.
The findings and conclusions in this report are those of the

authors and do not necessarily represent the official position of
the CDC.
References
1. Commission on Social Determinants of Health. Closing the gap in a

generation: health equity through action on the social determinants of
health. Final Report of the Commission on Social Determinants of
Health. Geneva: WHO, 2008. whqlibdoc.who.int/publications/2008/
9789241563703_eng.pdf.

2. Feinstein L, Sabates R, Anderson TM, Sorhaindo A, Hammond C.
What are the effects of education on health? Measuring the effects of
education on health and civic engagement. Proceedings of the
Copenhagen Symposium, 2006.

3. U.S. Department of Education, National Center for Education Sta-
tistics. Entering kindergarten: a portrait of American children when
they begin school: findings from The Condition of Education 2000.
nces.ed.gov/pubs2001/2001035.pdf.

4. Farkas G, Beron K. The detailed age trajectory of oral voca-
bulary knowledge: differences by class and race. Soc Sci Res 2004;33:
464–97.

5. Egerter S, Braveman P, Sadegh-Nobari T, Grossman-Kahn R, Dekker
M. Education matters for health. Issue Brief 6: Education and health.
Robert Wood Johnson Foundation, 2009. www.rwjf.org/content/dam/
web-assets/2009/09/education-matters-for-health.

6. Ross CE, Wu C. The links between education and health. Am Sociol
Rev 1995;60:719–45.

7. Bowers A. Reconsidering grades as data for decision making: more
than just academic knowledge. J Educ Admin 2009;47:609–29.

8. Chetty R, Friedman JN, Hilger N, Saez E, Schanzenbach DW, Yagan D.
How does your kindergarten classroom affect your earnings? National

whqlibdoc.who.int/publications/2008/9789241563703_eng.pdf
whqlibdoc.who.int/publications/2008/9789241563703_eng.pdf
nces.ed.gov/pubs2001/2001035.pdf
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref2
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref2
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref2
www.rwjf.org/content/dam/web-assets/2009/09/education-matters-for-health
www.rwjf.org/content/dam/web-assets/2009/09/education-matters-for-health
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref3
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref3
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref4
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref4


Hahn et al / Am J Prev Med 2014;46(3):312–323322
Bureau of Economic Research Working Paper #16381, 2010. www.
nber.org/papers/w16381.

9. Dhuey E. Who benefits from kindergarten? Evidence from the
introduction of state subsidization. Educ Eval Policy Anal 2011;33(1):
3–22.

10. Bureau of Labor Statistics, Census Bureau. Current Population Survey
(CPS) 2009.

11. U.S. Census Bureau. School enrollment in the U.S.: enrollment status of
the population 3 years old and over, by sex, age, race, Hispanic origin,
foreign born, and foreign-born parentage: October 2011. www.census.
gov/hhes/school/data/cps/2011/tables.html.

12. Briss PA, Zaza S, Pappaioanou M, et al. Developing an evidence-based
Guide to Community Preventive Service—methods. Am J Prev Med
2000;18(1S):35–43.

13. Zaza S, Wright-De Aguero LK, Briss PA, et al. Data collection instru-
ment and procedure for systematic reviews in the Guide to Community
Preventive Services. Am J Prev Med 2011;18(1S):44–74.

14. Duncan GJ, Dowsett CJ, Claessens A, et al. School readiness and later
achievement. Dev Psychol 2007;43(6):1428–46.

15. World Bank. World development indicators 2006. go.worldbank.org/
I358WVLTT0.

16. Cooper H, Batts Allen A, Patall E, Dent AL. Effects of full-day
kindergarten on academic achievement and social development. Rev
Educ Res 2010;80(1):34–70.

17. Lipsey MW, Wilson DB. Practical meta-analysis. Applied social
research methods, vol. 49. Thousand Oaks CA: Sage, 2000.

18. Lipsey M, Wilson D. The efficacy of psychological, educational, and
behavioral treatment. Am Psychologist 1993;48:1181–209.

19. Hunter JE, Schmidt FL. Fixed effects vs. random effects meta-analysis
models: implications for cumulative research knowledge. Int J Select
Assess 2000;8(4):275–92.

20. Fischer K. States and individual differences in cognitive development.
Annu Rev Psychol 1985;36:613–48.

21. Macartney S. Child poverty in the U.S. 2009 and 2010: selected race
groups and Hispanic origin. American Community Survey Briefs. U.S.
Census Bureau, 2011.

22. Rosenthal R, Rubin DB. A simple general purpose display of
magnitude of experimental effect. J Educ Psychol 1982;74:166–9.

23. Anderson E. Increasing school effectiveness: the full-day kindergarten.
Paper presented at the Annual Meeting of the American Educational
Research Association. New Orleans LA, 1984.

24. Hamilton Township Schools New Jersey. Full-day kindergarten pilot
program. Interim report of the Full-Day Kindergarten Pilot Program
Committee. Interim Evaluation. Full-Scale Evaluation, 1984. Report
No.: ED 275461.

25. Department of Education. Federal TRIO Programs current-year low-
income levels. www2.ed.gov/about/offices/list/ope/trio/incomelevels.html.

26. National Center for Education Statistics. Early Childhood Longitudinal
Program (ECLS). nces.ed.gov/ecls/kindergarten.asp.

27. Cannon JS, Jacknowitz A, Painter G. Is full better than half? Examining
the longitudinal effects of full-day kindergarten attendance. J Policy
Anal Manage 2006;25:299–321.

28. DeCicca P. Does full-day kindergarten matter? Evidence from the first
two years of schooling. Econ Educ Rev 2007;26(1):67–82.

29. Fish RM. Relationship between education intensity in kindergarten
and grade 1 and the academic benefits of attending pre-school.
Unpublished doctoral dissertation, State University of New York at
Buffalo, 2008.

30. James S. The impact of kindergarten scheduling, gender, geographic
location and parental involvement on the achievement and behavior of
African-American children. Unpublished doctoral dissertation,
Howard University, 2008.

31. Kaplan D. Methodological advances in the analysis of individual
growth with relevance to education policy. Peabody J Educ 2002;77:
189.
32. Le VN, Kirby SN, Barney H, Setodji CM, Gershwin D. School
readiness, full-day kindergarten, and student achievement: an empiri-
cal investigation. Santa Monica CA: RAND Corporation, 2006.

33. Rathbun AH, Walston JT, Hausken EG. Kindergarten teachers’ use of
developmentally appropriate practices: results from the Early Child-
hood Longitudinal Study, Kindergarten Class of 1998–1999. Paper
presented at the Annual Meeting of the American Educational
Research Association; 2000 Apr 24–28; New Orleans LA, 2000.

34. Votruba-Drzal E, Li-Grinning C, Maldonado-Carreño C. A develop-
mental perspective on full- versus part-day kindergarten and children’s
academic trajectories through fifth grade. Child Dev 2008;79(4):
957–78.

35. Currie J, Thomas D. School quality and the longer-term effects of Head
Start. J Human Res 2000;35(4):755–74.

36. Lee VE, Loeb S. Where do Head Start attendees end up? One reason
why preschool effects fade out. Educ Eval Policy Anal 1995;17(1):62–82.

37. Currie J. Early childhood education programs. J Econ Perspect 2001;15
(2):213–38.

38. Loveless T, Farkas S, Dufett A. High achieving students in the era of NCLB.
Washington DC: Thomas B. Fordham Foundation & Institute, 2008.

39. Camilli G, Vargas S, Ryan S, Barnett WS. Meta-analysis of the effects of
early education interventions on cognitive and social development.
Teach Coll Rec 2010;112(3):579–620.

40. Barnett WS. Effectiveness of early educational intervention. Science
2011;333(6045):975–8.

41. Magnuson KA, Ruhm C, Waldfogel J. The persistence of preschool
effects: do subsequent classroom experiences matter? Early Child Res
Q 2007;22:18–38.

42. Nores M, Barnett SB. Benefits of early childhood interventions across
the world: (under) investing in the very young. Econ Educ Rev 2011;29
(2):271–82.

43. Campbell FA, Ramey CT, Pungello E, Sparling J, Miller-Johnson S.
Early childhood education: young adult outcomes from the Abece-
darian Project. Appl Dev Sci 2002;6(1):42–57.

44. Reynolds AJ. Effects of a preschool plus follow-on intervention for
children at risk. Dev Psychol 1994;30(6):787–804.

45. Dynarski M, Clarke L, Cobb B, Finn J, Rumberger R, Smink J. Dropout
prevention: a practice guide. U.S. Department of Education. Institute of
Education Sciences, 2008. ies.ed.gov/ncee/wwc/pdf/practice_guides/
dp_pg_090308.pdf.

46. Ackerman DJ, Barnett WS, Robin KB. Making the most of kinder-
garten: present trends and future issues in the provision of full-day
programs. NIEER (National Institute for Early Education Research)
Policy Report, 2005.

47. Cryan JR, Sheehan R, Wiechel J, Bandy-Hedden IG. Success outcomes
of full-day kindergarten: more positive behavior and increased achieve-
ment in the years after. Early Child Res Q 1992;7(2):187–203.

48. Karoly LA, Kilburn MR, Cannon JS. Early childhood interventions:
proven results, future promise. Santa Monica CA: The RAND
Corporation, 2005.

49. Lee VE, Burkham DT, Ready D, Honigman J, Meisels SJ. Full-day vs.
half-day kindergarten: in which program do children learn more?
U.S. Department of Education, Office of Educational Research
and Improvement (Award Reference Number R305T990362-00).
school.elps.k12.mi.us/kindergarten-study/Full-Half_U_of_M_study_V_
Lee_et_al.pdf.

50. Elicker J, Mathur S. What do they do all day? Comprehensive evaluation
of a full-day kindergarten. Early Child Res Q 1997;12(4):459–80.

51. Olsen D, Zigler E. An assessment of the all-day kindergarten move-
ment. Early Child Res Q 1989;4(2):167–86.

52. Plucker JA, Eaton JJ, Rapp KE, et al. The effects of full day versus half
day kindergarten: review and analysis of national and Indiana data.
Bloomington IN: Center for Evaluation and Education Policy, 2004.

53. Puleo VT. A review and critique of research on full-day kindergarten.
Elementary School J 1988;88:427–39.
www.ajpmonline.org

www.nber.org/papers/w16381
www.nber.org/papers/w16381
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref5
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref5
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref5
www.census.gov/hhes/school/data/cps/2011/tables.html
www.census.gov/hhes/school/data/cps/2011/tables.html
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref6
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref6
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref6
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref7
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref7
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref7
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref10
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref10
go.worldbank.org/I358WVLTT0
go.worldbank.org/I358WVLTT0
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref11
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref11
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref11
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref12
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref12
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref9
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref9
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref13
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref13
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref13
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref8
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref8
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref14
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref14
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref14
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref15
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref15
www2.ed.gov/about/offices/list/ope/trio/incomelevels.html
nces.ed.gov/ecls/kindergarten.asp
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref16
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref16
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref16
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref17
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref17
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref18
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref18
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref18
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref19
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref19
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref19
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref20
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref20
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref20
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref20
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref21
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref21
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref22
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref22
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref23
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref23
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref24
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref24
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref24
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref25
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref25
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref25
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref26
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref26
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref27
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref27
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref27
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref28
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref28
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref28
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref29
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref29
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref29
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref30
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref30
ies.ed.gov/ncee/wwc/pdf/practice_guides/dp_pg_090308.pdf
ies.ed.gov/ncee/wwc/pdf/practice_guides/dp_pg_090308.pdf
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref31
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref31
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref31
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref32
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref32
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref32
school.elps.k12.mi.us/kindergarten-study/Full-Half_U_of_M_study_V_Lee_et_al.pdf
school.elps.k12.mi.us/kindergarten-study/Full-Half_U_of_M_study_V_Lee_et_al.pdf
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref33
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref33
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref34
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref34
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref35
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref35
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref35
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref36
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref36


Hahn et al / Am J Prev Med 2014;46(3):312–323 323
54. Gamoran A, Milesi C. Quantity of schooling and educational inequal-
ity: full-day kindergarten in the USA. Paper presented at the meetings
of the Research Committee on Social Stratification, International
Sociological Association; 2003 Mar; Tokyo.

55. Walston J, West J. Full-day and half-day kindergarten in the U.S.:
findings from the Early Childhood Longitudinal Study, Kindergarten
Class of 1998�99 (NCES 2004-078). U.S. Department of Education,
National Center for Education Statistics, Institute of Education
Sciences. Washington DC: U.S. Government Printing Office, 2004.

56. Loeb S, Bridges M, Bassok D, Fuller B, Rumberger RW. How much is
too much? The influence of preschool centers on children’s social and
cognitive development. Econ Educ Rev 2007;26:52–66.

57. National Institute of Child Health and Human Development Early
Child Care Research Network. Does amount of time spent in child care
predict socioemotional adjustment during the transition to kinder-
garten? Child Dev 2003;74(4):976–1005.

58. National Institute of Child Health and Human Development Early
Child Care Research Network. The NICHD Study of Early Child Care:
contexts of development and developmental outcomes over the first
seven years of life. In: Brooks-Gunn J, Fuligni AS, Berlin LJ, eds. Early
childhood development in the 21st century: profiles of current research
initiatives. New York: Teachers College Press, 2003:182–201.

59. Barnett WS. Four reasons the US should offer every child a preschool
education. In: Zigler E, Gilliam WS, Barnett WS, eds. The pre-K
debates: current controversies and issues. Baltimore MD: Brookes
Publishing, 2011.

60. Fitzpatrick MD. Starting school at four: the effect of universal pre-
kindergarten on children’s academic achievement. BE Journal of
Economic Analysis and Policy (BEJEAP), 2008. www.bepress.com/
bejeap/vol8/iss1/art46.

61. Gormley WT, Gayer T, Phillips D, Dawson B. The effects of
universal pre-K on cognitive development. Dev Psychol 2005;41(6):
872–84.
March 2014
62. Aos S, Miller M, Mayfield J. Benefits and costs of K-12 educational
policies: evidence-based effects of class size reductions and full-day
kindergarten. Olympia WA: Washington State Institute for Public
Policy, 2007.

63. Brewster C, Railsback J. Full-day kindergarten: exploring an option for
extended learning. Northwest Regional Educational Laboratory, 2002.
educationnorthwest.org/webfm_send/467.

64. Stone RT, The Pennsylvania State University. Full-day kindergarten in
Manheim Central School District: exploring early literacy growth and
proficiency. University Park PA: The Pennsylvania State University,
2006.

65. Carande-Kulis VG, Maciosek MV, Briss PA, et al. Methods for
systematic reviews of economic evaluations for the Guide to Com-
munity Preventive Services. Am J Prev Med 2000;18(1S):75–91.

66. U.S. Department of Labor, Bureau Labor Statistics. Consumer Price
Index—all urban consumers. data.bls.gov/PDQ/outside.jsp?survey=cu.

67. Weiss ADG, Offenberg RM. Enhancing urban children’s early success
in school: the power of full-day kindergarten. Paper presented at the
Annual Meeting of the American Educational Research Association;
2002 Apr; New Orleans LA.

68. DeCesare D. Full-day kindergarten programs improve chances of
academic success. The Progress of Education Reform, vol. 5, no. 4.
Denver CO: Education Commision of the States, 2004. www.ecs.org/
clearinghouse/54/83/5483.pdf.

69. Karweit N. The kindergarten experience. Educ Leadership 1992;49(6):
82–6.

70. Brooks-Gunn J. Early childhood education. The likelihood for sus-
tained effects. In: Zigler E, Gilliam WS, Barnett WS, eds. The pre-K
debates: current controversies and issues. Baltimore MD: Brookes
Publishing, 2011.

71. Reynolds AJ, Magnuson KA, Ou S-R. Preschool-to-third grade
programs and practices: a review of research. Child Youth Serv Rev
2010;32:1121–31.

http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref37
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref37
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref37
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref37
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref37
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref37
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref38
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref38
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref38
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref39
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref39
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref39
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref39
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref40
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref40
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref40
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref40
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref40
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref40
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref41
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref41
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref41
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref41
www.bepress.com/bejeap/vol8/iss1/art46
www.bepress.com/bejeap/vol8/iss1/art46
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref42
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref42
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref42
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref43
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref43
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref43
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref43
educationnorthwest.org/webfm_send/467
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref44
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref44
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref44
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref44
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref45
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref45
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref45
data.bls.gov/PDQ/outside.jsp?survey=cu
www.ecs.org/clearinghouse/54/83/5483.pdf
www.ecs.org/clearinghouse/54/83/5483.pdf
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref46
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref46
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref47
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref47
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref47
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref47
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref48
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref48
http://refhub.elsevier.com/S0749-3797(13)00649-1/sbref48

	Effects of Full-Day Kindergarten on the Long-Term Health Prospects of Children in Low-Income and Racial/Ethnic-Minority...
	Context
	Income, Race and Ethnicity, and Educational Attainment
	How Education Affects Health
	An Overview of U.S. Kindergarten

	Evidence Acquisition
	Conceptual Approach and Analytic Framework
	Inclusion Criteria
	Search for Evidence
	Synthesis Methods

	Evidence Synthesis
	Short-Term Effectiveness: FDK Versus HDK/ADFDK Observed at the End of Kindergarten or Beginning of First Grade
	Long-Term Effectiveness: FDK During the Grade School Years
	Lessons from Long-Term Evaluations of Pre-K Programs
	Do pre-K programs have long-term effects?
	Do booster interventions assist in maintaining the initial effects of pre-K programs?

	Outcomes Not Fully Considered in the Meta-Analysis of Cooper et al.
	Potential Harms, Additional Benefits, and Considerations for Implementation
	Applicability
	Relative Economic Efficiency of FDK

	Evidence Gaps
	Discussion
	References




