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A B S T R A C T

This study examines the effects of universal Early Childhood Education and Care (ECEC) on child development
and children's later life outcomes. Using meta-analytical techniques, we synthesize the findings from recent
studies that exploit natural experiments to identify the causal effects of universal ECEC arrangements. We use
250 estimates from 30 studies conducted between 2005 and 2017. Our meta-regressions include estimates on a
wide variety of children's outcomes, ranging from (non-)cognitive development measured during early child-
hood to educational outcomes and earnings in adulthood. Overall, the evidence on universal ECEC is mixed. Age
of enrollment is not a major factor in explaining the impact. Some evidence indicates that more intensive
programs produce more favorable outcomes. Program quality matters critically: high quality arrangements
consistently generate positive child outcomes. Publicly provided programs produce more favorable effects than
privately provided (and mixed) programs. There is no evidence of fading out. Furthermore, the gains of ECEC are
concentrated within children from lower socioeconomic families.

1. Introduction

A growing number of children spend a substantial part of their early
childhood in Early Childhood Education and Care (ECEC).1 In OECD
countries, on average about one out of three children aged 0–2 and over
80% of children aged 3–5 participate in ECEC (OECD, 2016). Various
European countries (e.g. France, Germany, Norway and Spain) offer
universal ECEC programs, accessible to all children that meet age-
eligibility criteria, as a result of which the coverage rate between age 3
and mandatory school age is close to 100%. Some US states (e.g.
Georgia, Oklahoma and Florida) also provide universal programs; a
nationwide universal system does not exist, however, and enrollment
rates are considerably lower.2 The policy attention towards public in-
vestment in early childhood is fueled by results from a large body of
evidence pointing out that experiences in early childhood matter cru-
cially for later life outcomes (Currie & Rossin-Slater, 2015; Elango,
Garcia, Heckman, & Hojman, 2015).

While many recent reforms and proposals concern implementing or
expanding universal child care and preschool programs, the policy
debate has been dominated to a large extent by evidence from targeted
interventions (e.g. Perry Preschool, Abecedarian, Head Start).

Although some studies indeed provide compelling evidence in favor of
targeted ECEC interventions (Barnett, 2011; Barnett & Masse, 2007;
Carneiro & Ginja, 2014; Elango, Garcia, Heckman, & Hojman, 2015;
Heckman et al., 2010), the results from these studies have limited
applicability to universal ECEC programs. In fact, the research esti-
mating the causal effects of universal programs is far from conclusive:
some studies find that participation in ECEC improves child develop-
ment (Drange & Havnes, 2015; Gormley, Gayer, Phillips, & Dawson,
2005), while others show that ECEC has no significant impact
(Blanden, Del Bono, Hansen, & Rabe, 2017; Fitzpatrick, 2008) or may
produce adverse effects on children's outcomes (Baker, Gruber, &
Milligan, 2008; 2015). As societal returns depend critically on the
effects on children's outcomes (e.g. van Huizen, Dumhs, & Plantenga,
2018), universal child care and preschool expansions may in some
cases be considered as a promising but in other cases as a costly and
ineffective policy strategy.

This study synthesizes the recent but growing body of international
evidence on the effects of universal ECEC programs on children's out-
comes, using meta-analytical techniques. We aim to explain the het-
erogeneity in estimated effects of universal child care arrangements on
children's outcomes: Under which conditions are universal ECEC
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arrangements likely to generate positive effects on child development?
Do the effects fade out in the longer run? And which specific groups
benefit most from attending ECEC? We focus on studies that exploit
exogenous variation to evaluate the causal effects of universal ECEC
programs implemented in Western, developed countries.

Our meta-regressions are based on a sample of 250 estimates ex-
tracted from 30 studies conducted between 2005 and 2017. The study
contributes to the field by focusing on the international evidence of the
effects of universal ECEC programs exploiting natural experiments, taking
into account a large range of children's outcomes. Existing meta-analyses
generally focus on the US, are (almost) completely based on targeted
programs, use different (less strict) criteria concerning methodology for
the selection of studies and tend to concentrate on short-term cognitive
outcomes. Because our analytical sample hardly overlaps with the
analytical samples of previous meta-analyses, the present study com-
plements the literature in three ways.

First, by focusing on universal programs, the study provides insights
into the mechanisms driving variation in the estimated effects of this
type of program. Previous meta-analyses include mostly or exclusively
estimates from evaluations of targeted interventions (Camilli, Vargas,
Ryan, & Barnett, 2010; Duncan & Magnuson, 2013; Karoly, Kilburn, &
Cannon, 2005; McCoy et al., 2017; Shager et al., 2013). Given the
differences in program eligibility criteria,3 the population enrolled in
universal programs (a more general population of children) differs
substantially from the population enrolled in targeted programs (chil-
dren from disadvantaged families). The latter may be more likely to
gain from participating in ECEC, for instance because these children
may have a lower quality home environment (e.g. Cascio, 2015). In
addition, some relatively successful programs are small-scale model
programs, which may be too costly to expand to a larger scale. Hence,
results from meta-analyses including (only) estimates from targeted
programs are largely (fully) driven by these estimates and cannot be
extrapolated to universal programs.4

Second, we focus on evidence from natural experiments because
these studies account for selection into ECEC by exploiting a source of
exogenous variation. One of the central challenges in the literature on
the effectiveness of ECEC is to account for non-random selection: the
decision of parents whether or not to enroll their child in ECEC may be
related to (unobserved) factors that are related to child development.
Whereas the effectiveness of targeted interventions has been ex-
tensively evaluated using randomized controlled trials (RCTs), it is
unfeasible (and unethical) to randomly restrict access to universal
programs. Hence, RCTs of universal programs do not exist. As an al-
ternative strategy, scholars have exploited natural experiments to ac-
count for selection bias. These studies use instrumental variables (e.g.
Cornelissen, Dustmann, Raute, & Schönberg, 2018; Drange & Havnes,
2015), difference-in-differences (e.g. Baker et al., 2008; Havnes &
Mogstad, 2011), or regression discontinuity design (e.g. Blanden et al.,
2017; Gormley & Gayer, 2005) techniques to identify the causal effects
of universal ECEC programs. Covariate-adjusted associations, reported
in a vast number of studies on ECEC and child development, are prone
to bias. In fact, estimations that do not account for endogenous selec-
tion into ECEC may produce completely opposite results, even when
using the same sample (Dearing & Zachrisson, 2017; Herbst, 2013). We
argue that studies which are highly susceptible to selection bias should
be excluded from the study sample as fundamental errors in primary

studies will be carried over to the meta-analysis.5 By focusing on evi-
dence from natural experiments, we aim to synthesize the recent lit-
erature that makes a relatively strong claim of causality.

Third, we include estimates on a wide variety of children's out-
comes, ranging from (non-)cognitive development measured during
early childhood to longer-term outcomes such as adolescent educa-
tional outcomes and labor market outcomes during adulthood.
Following several recent studies (e.g. Card, Kluve, & Weber, 2010;
Groot, Poot, & Smith, 2016), we classify the estimates by whether the
effect of ECEC on children's outcomes is significantly negative, statis-
tically insignificant or significantly positive. Our main meta-regressions
are estimated with ordered probit models. Given that the evidence on
the causal effects of universal programs is still relatively scarce, an
important advantage of this approach is that we can include a larger
number of studies in our meta-regressions. Moreover, this approach
allows us to compare results from studies that measure completely
different outcomes. An innovative element of this study, therefore, is
that we take into account different types of child outcomes, capturing
different dimensions measured at different points in life (from early
childhood to adulthood). The meta-analysis therefore goes beyond the
short-term cognitive development impact, which has been the focus of
almost all existing meta-analyses on the effectiveness of ECEC.

The remainder of this study is structured as follows. The next sec-
tion discusses some general lessons from the existing literature: on the
basis of this short review, we identify the moderators that will be
central in the meta-analyses; Section 3 provides a description of the
sample of estimates; Section 4 presents some descriptive evidence;
Section 5 presents the results from our meta-regression analysis; the
final section concludes.

2. Theoretical considerations

2.1. ECEC features: starting age, intensity and quality

It is an unsettled question whether the age of enrollment into child
care or preschool is positively or negatively related to child develop-
ment. Leading scholars in neuroscience have shown that the brain de-
velops rapidly in the early years and that the speed of development
slows down with the age of the child. The brain is particularly “mal-
leable” during the early years of life (Doyle, Harmon, Heckman, &
Tremblay, 2009). According to recent models on the technology of skill
formation, early learning is the foundation for further learning and
therefore “skills beget skills.” This implies that the returns of human
capital investments are higher the earlier in life these investments are
made (Cunha & Heckman, 2007; Heckman & Masterov, 2007). Hence,
theoretically one may expect greater effects when children start ECEC
at an earlier age.

However, the empirical evidence on this issue is inconclusive.
Barnett (2011: p. 977) argues that “starting education interventions
before age 3 does not appear to be a major contributor to effectiveness”.
Results from a meta-analysis show that ECEC programs which start
before the age of 3 provide larger positive estimates than programs that
start later, but this difference is not statistically significant (Leak et al.,
2010). Given that an early starting age implies separation from the
primary caregiver, studies have raised concerns that an early starting
age may lead to insecure attachment, generate stress and anxiety and
cause negative effects on child development (Bowlby, 1969; Jacob,
2009). This may especially be a problem when children enroll below
the age of two and spend long hours in child care (e.g. Haeck, Lefebvre,
& Merrigan, 2015). However, the more rigorous evidence on this issue
is mixed (Dearing & Zachrisson, 2017). Melhuish et al. (2015: 2) con-
clude on the basis of an extensive literature review that the evidence for

3 Eligibility for targeted programs depends on income or other socio-eco-
nomic conditions of the family.
4 Note that most ECEC evaluations concern targeted interventions and evi-

dence on universal programs is still relatively scarce. This means that if the
sample strategy of a meta-analysis is open to both targeted and universal pro-
grams, the results from the meta-regressions will be mainly driven by the tar-
geted programs sample. For instance, this holds for the meta-analysis by
Duncan and Magnuson (2013): almost all included estimates are from targeted
program evaluations.

5 This methodological problem is often referred to as ‘garbage in, garbage
out’ (Borenstein, Hedges, Higgins, & Rothstein, 2009: p. 380).
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0–2 year olds is rather ambiguous, but that “for three years onwards the
evidence is consistent that pre-school provision is beneficial to educa-
tional and social development for the whole population.” Hence, earlier
may not always be better.

Next, the intensity or dosage (part-time versus full-time) of ECEC
programs may determine program effectiveness. There is no consensus
in the literature about the relation between the hours spent in child care
and the benefits in terms of child development (Melhuish et al., 2015).
Some (observational) studies found that children in full-day programs
benefit more than those in part-day programs (e.g. Loeb, Bridges,
Bassok, Fuller, & Rumberger, 2007; Robin, Frede, & Barnett, 2006).
Given that the number of ECEC hours is to some degree determined by
the parents, selection into part-time versus full-time arrangements is
endogenous and these results should therefore be interpreted with
caution. Evidence from a natural experiment in Quebec, Canada, in fact
demonstrates that full-time child care can be detrimental for child de-
velopment (Baker et al., 2008; 2015) – more intensive ‘treatment’ does
not always produce better outcomes. Felfe and Zierow (2017) also re-
port that a German expansion of full-day slots in child care improved
school readiness but negatively affected socio-emotional development
among immigrant children. The evidence thus seems to suggest that the
returns to ECEC are non-linear. Overall, a full-time program is neither
sufficient nor necessary for positive effects: some part-time programs
(e.g. Perry Preschool) show significant improvements in child out-
comes.

While the empirical evidence of the developmental impact of the
starting age and intensity of ECEC is rather ambiguous, there is a
growing consensus that the quality of services is crucial. A recent meta-
analysis of European longitudinal studies, for instance, reports that
quality of ECEC is positively related to children's cognitive test scores
(Ulferts & Anders, 2016). Based on a qualitative review of the literature,
Melhuish et al. (2015, p. 45) also conclude that “[t]he positive impact
of child care quality on various aspects of children’s development is one
of the most consistent findings in developmental science”. Various
scholars point out that low quality care is a major concern and that the
potential benefits can only be realized when the quality is sufficiently
high (OECD, 2012; Cascio & Schanzenbach, 2013).

2.2. Children's outcomes: timing and domain

One of the most controversial issues in the debate on the effects of
ECEC is whether the potential developmental gains persist. Indeed,
from a policy perspective it is crucial to understand whether ECEC
generates long-term (social) benefits. Several studies on targeted ECEC
programs (e.g. Perry Preschool, Abecedarian, Head Start) have followed
treatment and control children for several years – sometimes decades –
and generally find that the positive gains in test scores diminish with
the time elapsed since the end of the program (Elango et al., 2015;
Camilli et al., 2010; Leak et al., 2010). For instance, results from the
Head Start Impact Study indicate that significant short-run gains were
are no longer significant in first grade (Puma, Bell, Cook, & Heid, 2010;
2012). In the evaluation of the Tennessee Voluntary Prekindergarten,
some effects even became negative as children moved through primary
school (Lipsey, Weiland, Yoshikawa, Wilson, & Hofer, 2015).

However, various studies point out that even though the gains in
test scores fade out during kindergarten or the first years of school,
participation in ECEC may improve longer-term outcomes with regard
to educational achievements, labor market performance, and crime
rates.6 For instance, the results from Perry Preschool show limited
cognitive achievement gains during childhood but do indicate long-
lasting effects on outcomes during adolescence and adulthood

(Heckman, Pinto, & Savelyev, 2013). Similarly, evidence indicates that
Head Start improves long-run outcomes (Carneiro & Ginja, 2014;
Deming, 2009; Ludwig & Miller, 2007). A recent meta-analysis of 22 US
studies confirms that participation in ECEC improves medium- and
long-term educational outcomes such as high school graduation rates
(McCoy et al., 2017). These findings suggest that there may be “sleeper
effects” and that mechanisms producing these long-run gains are rather
complex (Barnett, 2011).

Not only when, but also what is measured matters. Recent studies
argue that long-run gains can be attributed to the development of non-
cognitive skills during the early years (e.g. Heckman et al., 2013; Kautz,
Heckman, Diris, Ter Weel, & Borghans, 2014). Furthermore, within the
cognitive domain ECEC may for instance be more effective in improving
language than numeracy skills. This issue is related to the timing of
measurement, since data from cognitive achievement tests are generally
only available during (early) childhood, whereas school success and
labor market outcomes are observed in the longer run.

2.3. Counterfactual mode of care

Another theoretical consideration is that the effectiveness of an
ECEC program crucially depends on the alternative mode of care that
the program is substituting for (Cascio, 2015). As Elango et al. (2015:
p. 16) stress, we should distinguish between the following questions:
“What is the causal effect of an early childhood education program
relative to a particular childcare alternative, where one of these alter-
natives might be no treatment at all?” and “What is the causal effect of
adding a program to the available choice set?”. Many ECEC evaluations
– both those based on RCTs and those exploiting natural experiments –
examine the second question.

The issue of control contamination, i.e. a significant share of the
control group is exposed to alternative ECEC services, is important
when interpreting the evidence. In general, estimated (intention-to-
treat) effects will be smaller when ECEC experiences of the control
group are more similar to those of the treatment group. The results from
the Head Start Impact Study7 clearly demonstrate this issue: while ef-
fects are weak when not accounting for control contamination effects,
effects are relatively strong when comparing Head Start to home care
(Feller, Grindal, Miratrix, & Page, 2016). Control contamination pro-
vides an important explanation for the finding that effect sizes seem to
decline over time. Children seem to gain less from participating in a
(specific) ECEC program in more recent times because substantially
more children in study control groups participate in some alternative
form of ECEC (Duncan & Magnuson, 2013).

The evidence discussed above mainly refers to targeted programs.
Various studies also indicate that the introduction or expansion of
universal ECEC programs may crowd out existing ECEC services
(Bassok, Fitzpatrick, & Loeb, 2014; Blanden, Del Bono, McNally, &
Rabe, 2016; Cascio, 2017; Cascio & Schanzenbach, 2013). Because
children from medium and high socio-economic status (SES) families
also enroll in universal programs, the average quality of the home
learning environment is likely to be higher (see Section 2.4) and the
role of control contamination may be less relevant.

2.4. Heterogeneous effects

Finally, it has to be taken into account that ECEC produces het-
erogeneous effects. A general finding in the literature is that children
from parents with lower socio-economic status (SES) gain more from
participation in ECEC than children from higher SES families
(Cascio, 2015; Cascio & Schanzenbach, 2013; 2014; Drange & Havnes,

6 See Duncan and Magnuson (2013) for a more extensive discussion of the
puzzling pattern of short-run fadeout (in test scores) and long-run gains in
adulthood.

7 In this recent RCT study on the impact of Head Start, about 60% of the
control group in the HSIS is enrolled in an alternative child care or preschool
program.
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2015; Felfe, Nollenberger & Rodríguez-Planas, 2015). The explanation
for this finding is highly related to the issue discussed in Section 2.3.
Parental SES is positively related to the learning environment provided
by the counterfactual (parental or informal care by relatives). Children
from higher SES families may therefore have less to gain or even lose
from participating in ECEC programs (e.g. Havnes & Mogstad, 2015;
Herbst, 2013). The finding that more recent programs appear to gen-
erate smaller effect sizes can be partly attributed to the striking increase
in the educational level of mothers during the past decades, corre-
sponding to an improvement in the quality of the home learning en-
vironment (Duncan & Magnuson, 2013).

Furthermore, empirical evidence indicates that children from im-
migrant families – another indicator of disadvantage – are more likely
to benefit from participating in ECEC than children from native families
(Cornelissen et al., 2017; Gormley, 2008). Program effects may also
depend on race and ethnicity. Results from Head Start, for instance,
suggest that black children benefit more than white children, but also
experience a faster fading out of the effect. The cognitive gains of Head
Start seem to be more persistent for Hispanics (Bitler, Hoynes, &
Domina, 2014).

Clearly, to what extent effects are heterogeneous is a critical issue in
the discussion on universal ECEC: if the benefits accrue only to specific
groups, the rationale for public investment in universal ECEC is not
evident from a child development perspective.

3. Data

3.1. Included estimates and sample overview

Any meta-analysis starts with an extensive literature search. To
identify relevant studies, we performed internet key word searches8 and
used recent reviews and meta-analyses (Duncan & Magnuson, 2013;
Elango et al., 2015; Leak et al., 2010; Melhuish et al., 2015; Ruhm &
Waldfogel, 2011). Additional references to studies were obtained using
snowballing techniques; see Appendix Table B1 for details. We applied
the following study selection criteria:

1) Universal ECEC: studies included in the meta-analysis evaluate
universal ECEC programs. These programs are accessible to all age-
eligible children in a country, state or more local setting. Hence,
evaluations of targeted programs, which base eligibility on a
measure of disadvantage, are excluded.9

2) Methodology: as selection into ECEC is a major concern in the
identification of the program effects, we selected studies that ex-
ploit a source of exogenous variation to account for this identifi-
cation problem. Theoretically, our sampling strategy is open to
experiments (RCTs) and natural experiments. However, since RCTs
of universal programs do not exist, we focus on studies exploiting
natural experiments: the effects are estimated using instrumental
variables (IV), a difference-in-differences (DID) approach or a re-
gression discontinuity design (RDD).10

3) Starting age: we included estimates of ECEC programs that start
below the age of 5.

4) Treatment and comparison: the treatment condition concerns
(more) participation in ECEC. This implies that treatment refers to
participation in, or a higher probability of enrollment in,11 or an
earlier start of ECEC (e.g. age three versus age four). We did not
include estimates of effects of overall non-parental care (i.e. a
mixture of formal ECEC and informal care by relatives). However,
control contamination – the counterfactual is a mixture of parental,
informal and formal care – is a feature of most studies in this field;
we include only studies in which the comparison group participates
significantly less in ECEC.12 This is for instance relevant in DID
studies that exploit regional variation in the timing of expansion of
ECEC services. In that case, in order to be included the examined
reform should lead to an expansion of ECEC places and not fully
crowd out existing formal ECEC arrangements. We do not include
studies that define the counterfactual mode of care as an alter-
native ECEC program: direct comparisons between full-time versus
part-time, high-quality versus low-quality ECEC, center-based
ECEC versus (subsidized) family day care or one specific preschool
curriculum versus another are excluded.

5) Regions: in order to focus on results from relatively comparable
settings, we include only evidence from Western, developed
countries: the US, Canada, Australia, New Zealand and Western
Europe (EU-15 plus Norway and Switzerland).

6) Treatment period: we exclude evaluations of programs from before
1960.

7) Data: the estimations are based on micro (child-level) data.
8) Population: as we are primarily interested in the effects of ECEC for

the general population, we exclude studies that focus exclusively
on specific subgroups (e.g. children in single-mother households,
specific ethnic minorities).

9) Outcomes: we focus on children's outcomes that capture human
capital, including indicators of cognitive and non-cognitive skills,
school performance and labor market outcomes. The study does not
include estimates of effects on health, crime or parenting beha-
vior.13

10) Publication and language: we include peer-reviewed journal pub-
lications, official reports and discussion/working papers published
by academic/research institutes (e.g. NBER, CEPR, IZA). Estimates
reported in draft papers are not included. We exclude studies
published before 2000 and results reported in non-English studies.

Although there are many estimates on the relation between ECEC
and child outcomes, only a small share of studies meet the first two
criteria: these are the key selection criteria. Criterion 1 implies that
results from targeted programs (e.g. Head Start, Perry Preschool, tar-
geted prekindergarten programs) are excluded from our analytical
sample. Estimates of ECEC programs that represent a mixture of tar-
geted and universal programs are also excluded (e.g. Magnuson, Ruhm,
& Waldfogel, 2007). Moreover, many studies on universal programs
report covariate-adjusted correlations (OLS) or apply propensity score
matching (e.g. Gormley et al., 2011): as these studies do not exploit an
exogenous source of variation, they are not included.14 While our8 The last literature search was done on 7th December 2017.

9 This distinction between targeted and universal programs is in line with the
general literature. For instance, Elango, Garcia, Heckman, and Hojman (2015:
p. 58) define a program as ‘universal’ if access to the program is not means-
tested and “is available to a general population of children in a local setting
(e.g., county, state, country) when the only eligibility requirement is age.” On
the other hand, “programs with eligibility criteria based on income, socio-
economic status, or other measures of disadvantage” are referred to as means-
tested or targeted programs (Elango et al., 2015: p. 7).
10 “Good natural experiments are studies in which there is a transparent

exogenous source of variation that determines the treatment assignment. A
natural experiment induced by policy changes, government randomization, or
other events may allow a researcher to obtain exogenous variation in the main
explanatory variables.” (Meyer, 1995; 151).

11 For example, intention-to-treat effects when exploiting regional variation
in a DID approach (Havnes & Mogstad, 2011).
12 In our meta-regressions, we test the relevance of control contamination as

a moderator.
13 In contrast to studies on targeted programs, studies on universal childcare

arrangements using natural experiments generally do not include health and
crime outcomes.
14 Although it is common in meta-analysis to include only “high-quality”

studies, several meta-analyses on ECEC and child development also include
studies using propensity score matching, sibling fixed effects and models that
take into account observed baseline differences (e.g. Duncan & Magnuson,
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selection criteria are more restrictive with respect to the type of pro-
gram and methodology, our approach is less restrictive concerning re-
gions (i.e. we not focus exclusively on the US) and children's outcomes
(i.e. we include not only estimates of short-term language or numeracy
effects). As a result, our analytical sample differs almost completely
from existing meta-analyses.

Several studies meet the two key criteria, but do not meet at least
one of the other criteria. For instance, Cascio (2009) evaluates a kin-
dergarten program (criterion 3); Gupta and Simonsen (2010) compare
preschool with subsidized family day care (criterion 4); Berlinski et al.
(2008; 2009) provide evidence from Uruguay and Argentina (criterion
5); Herbst (2017) evaluates a 1940's program (criterion 6); Cascio &
Schanzenbach (2013) use aggregated, state-level data (criterion 7);
Gormley (2008) examines the effects of universal prekindergarten for
Hispanic children (criterion 8). Moreover, within several studies some
of the estimates meet all criteria, but others do not. For instance, IV
studies generally also provide OLS estimates (the latter are not in-
cluded). We include only those estimates from the relevant primary
studies that meet all selection criteria.

Most of the included studies provide multiple estimates of ECEC
impacts, because they use different child outcome indicators (depen-
dent variables), measure outcomes at different points of time (e.g. be-
fore and after entering school) or use multiple cohorts in their eva-
luation. For instance, some studies use both cognitive and non-cognitive
development measures (e.g. Blanden et al., 2016) or multiple estimates
on educational and labor market outcomes (e.g. Havnes &
Mogstad, 2011). Estimates on different child outcomes provide valuable
additional information and are therefore included. However, most
studies present a battery of robustness tests using different model spe-
cifications. These estimates are not included: only the estimates of the
base or preferred model are used. Furthermore, if a discussion paper is
available in addition to a journal publication, the information from the
discussion paper will be used if it provides relevant additional in-
formation (e.g. using a different cohort or different child outcome).
When estimates concern exactly the same outcome measure, only the
estimates published in the journal publication are included.

Our analytical sample contains multiple estimates per primary
study. Since using only a single estimate per primary study may
lead to a loss of information (e.g. Bijmolt & Pieters, 2001), this is
common in the meta-analysis literature: for instance, the sample of
Doucouliagos and Stanley (2009) consists of 1474 estimates obtained
from 64 studies. Also in meta-analytical studies applying a similar es-
timation method as we do (‘sign and significance’ ordered probit
models), multiple observations per primary study are used.15

The final sample consists of 250 estimates obtained from 30 primary
studies, conducted in the period 2005–2017.16 Table 1 provides an
overview of the studies included in our analytical sample. The studies
are ordered by cluster, consisting of studies using the same data source
(27 clusters in total). The countries covered are the US, Canada, Aus-
tralia, France, Germany, Norway, Spain and the UK. Authors explicitly
refer to the ECEC program as universal or to the system that is (moving
towards) a universal ECEC system in all except one study.17 It should be
noted that even when all children within a specific age range are

eligible, universal ECEC does not imply universal ECEC coverage at the
time of evaluation. In fact, various studies exploit the (staggered) ex-
pansion of ECEC services while moving towards a universal ECEC
system (e.g. Cornelissen et al., 2017; Felfe, Nollenberger, & Rodríguez-
Planas, 2015; Havnes & Mogstad, 2011). All programs are (highly)
publicly-subsidized and public subsidies cover all or most of the costs of
ECEC. However, not all programs are publicly provided (see below).

3.2. Extraction of estimates and moderator data

3.2.1. Estimates of ECEC effects
As outcome measures (the dependent variable(s) used in the pri-

mary studies), we collected estimates of ECEC effects on cognitive test
scores (math/numeracy, language), motor skills, non-cognitive skills,
social-emotional development and externalizing problem behavior for
different ages. Most of these indicators are measured before the age of
7. Furthermore, educational outcomes during primary and secondary
school (e.g. grades, grade repetition, special educational needs) and
later life outcomes (e.g. school dropout, completed education, em-
ployment state, wages) are included. Given the differences in the out-
comes, there is no common metric. Therefore, the estimates are clas-
sified as significantly negative (coded as −1), insignificant (0) and
significantly positive (1), using the 10% significance level (p<0.10).18

3.2.2. Methodology
We also extracted information about the estimation method: DID, IV

or RDD. DID studies generally exploit regional variation in the timing of
an ECEC expansion following a reform, comparing changes in children's
outcomes between treatment and comparison regions (e.g. Blanden
et al., 2016; Felfe et al., 2015; Havnes & Mogstad, 2011). IV studies also
often exploit regional variation, for instance instrumenting ECEC at-
tendance by an indicator of local ECEC supply (e.g. Cornelissen et al.,
2017). All included RDD studies use an age-cutoff. For instance,
Gormley and Gayer (2005) evaluate universal prekindergarten in Tulsa
(Oklahoma) and exploit the fact that children are eligible if they are age
4 on September 1 of a given year. They compare test scores of children
who started kindergarten and were just eligible for prekindergarten in
the year before the assessment to test scores of children who started
prekindergarten and were just ineligible for prekindergarten in the year
before the assessment.

Although RDD has been frequently applied in evaluations of US
prekindergarten programs and is often considered a strong design, the
specific implementation in US evaluations has also been subject to
criticism.19 Lipsey et al. (2015) provide an extensive discussion on
threats to the validity of these RDD studies. They argue that the likely
direction and magnitude of the potential bias is unclear and depends on
the specific application. However, when lower performing children are
less likely to enroll in the program or are more likely to drop out, dif-
ferential attrition would result in an upward bias of the treatment ef-
fects. In our meta-regressions, we test whether the estimates from these
RDD studies systematically differ from studies applying alternative
methods.

3.2.3. ECEC features: starting age, intensity, quality and type of provision
Following the literature reviewed in Section 2, we distinguish be-

tween programs that start before the age of 3, and those that start at age
3 or later. We also test the results when using an additional category
(below age 3; age 3; age 4). We code the variable indicating the in-
tensity of the program as 1 if it concerns a full-time program and 0
otherwise (part-time program or program with varying intensity).

While it is relatively straightforward to measure starting age and

(footnote continued)
2013; McCoy et al., 2017).
15 For instance, Card, Kluve, and Weber (2010) use 199 estimates from 97

studies and Butschek and Walter (2014) use 99 estimates from 33 studies.
16 The first study that meets the selection criteria was published in 2005.
17 The exception is the study by Weiland and Yoshikawa (2013: p. 2115), but

they note that the evaluated program is accessible to all age-eligible children
(i.e. not means-tested): “[a]ny child within the city of Boston who turned 4 by
September 1 could apply for the program; … children's access was not limited
by their family income or other restrictions.” Elango et al. (2015: p. 68) also
state that “Weiland and Yoshikawa (2013) evaluate a universal preschool
program…”.

18We performed sensitivity tests using the 5% significance level instead.
19 For instance, Elango et al. (2015: p. 68) are “…skeptical about the inter-

pretation of the estimates…”.
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intensity, ECEC quality is difficult to measure in general and even more
difficult to compare across different settings. We use two quality in-
dicators: educational levels of ECEC staff and staff-to-child ratios. We
focus on these indictors for several reasons. First, they are to a large
extent comparable between different institutional settings. Second, it is
likely that these structural features are important determinants of the
quality of center-based facilities (Blau & Curie, 2006; Mashburn et al.,
2008; NICHD Early Child Care Research Network, 2002). Third, these
dimensions are important for policy makers, as they are clearly related
to the costs of the programs and can be influenced by public policy.

Both the ratio and education dimension are scored on a 3-point
scale: low (0), medium (1) or high (2): see Appendix Table A1 for the
scoring scheme and Appendix Table B2 for the documentation on how
we have derived the scores for the specific studies. The quality indicator
we use in our main analyses is the sum of these scores. In order to
determine the scores, we use the information about quality provided by
the primary study, generally discussed in the “institutional back-
ground” section of the paper. Moreover, we rely on other academic
papers and external reports that evaluated the quality of the specific
ECEC arrangement (e.g. OECD and NIEER reports). In addition to the
official quality standards, we take into account results from a more
qualitative assessment: is the arrangement considered as high-quality
(by the authors or external evaluators)? Do the centers generally
comply with the regulations? The qualitative assessment is generally
consistent with the derived quality scores. An exception is the Canadian
(Quebec) case, where quality regulations seem relatively strict but
noncompliance was a major issue during the expansion period. As we
aim to capture the actual quality level, we adjust the score if there is a
discrepancy.

In addition to this quality indicator, we coded the type of provision
of ECEC: public versus private or mixed.20 Although it is not clear a
priori whether public or private provision is more beneficial in terms of
children's outcomes, quality may depend on the type of provision.
Quality may also be more homogenous in the case of public provision.
In mixed markets, quality differences between publicly and privately
provided studies have been examined. Results for the UK, for example,
show that process quality is lower in private nurseries than in public
nurseries (Blanden et al., 2017; Sylva, Melhuish, Sammons, Siraj-
Blatchford, & Taggart, 2004).

3.2.4. Children's outcomes: timing and domain
In order to test whether effects diminish as children age, we mea-

sure the difference in years between the end of treatment year and the
year of measurement. Alternatively, we distinguish in the analysis be-
tween four time periods in the child's life: immediate (during or directly
after the program, i.e. including measurements at the start of kinder-
garten); short-term (during kindergarten, generally a year after the
program); medium-term (elementary and secondary school, up to 10
years after treatment), and long-term (during adolescence/adulthood,
more than 10 years after treatment). Furthermore, we coded whether
cognitive or non-cognitive outcomes are measured (outcome type 1 and
4 versus 2 and 5; see Table A2), and within the cognitive domain
whether language and numeracy skills are measured.

3.2.5. Counterfactual mode of care
Whether the comparison group has access to alternative ECEC ser-

vices may be a relevant moderator. We code the ‘access to alternative
ECEC’ as 1 if a study:

- Follows a DID approach and the ECEC expansion resulted in a sig-
nificant crowding out of existing ECEC services (e.g. Blanden et al.,
2016).

- Uses an IV approach and participation in a specific ECEC program is
instrumented while a significant share of children in the comparison
group participates in an alternative form of ECEC.

- Follows a RDD strategy and a substantial share of the comparison
group is enrolled in an alternative form of ECEC.

Furthermore, the time period during which children were enrolled
in the program is likely to be related to the degree of control con-
tamination: in more recent times, more alternative ECEC services are
available (Duncan & Magnuson, 2013). We therefore also code the year
in which the children were participating in ECEC. When a study covers
multiple years, we use the average year.

3.2.6. Heterogeneous effects
Various studies contain impact estimates for specific subsamples in

addition to the overall (pooled) sample. We collected these estimates to
test whether the effects of ECEC are heterogeneous. We were able to
extract a substantial number of estimates for children from low and
high SES backgrounds (129 estimates for each subgroup), where SES is
generally measured using the education of the mother (e.g. high school
completed or not) or the income level of the father (e.g. above or below
the median level).21

4. Descriptive analysis

Table 2 provides the descriptive statistics of the sample. Concerning
region (Europe/non-Europe), starting age, intensity, quality and the
type of provision, the analytical sample appears to be more or less
equally distributed between the different categories. Estimates on full-
time programs are, however, relatively more common in the non-Eur-
opean subsample. Most of the estimates are from the US and are derived
from studies on ECEC arrangements for children aged 3 and older.
About one third of the estimates refer to full-time programs (which are
more frequently observed in the US/Canada). The quality scores from
European cases are higher on average. A larger share of the European
estimates also concern publicly provided programs. The majority of the
estimates concern immediate effects, measured during or directly after
the ECEC program. Most evaluations are on recent programs, especially
in the non-European subsample.

Table 3 presents the distribution of the estimated effects. A striking
feature is that the evidence on universal ECEC seems rather mixed.
Although about a third of all the estimates indicate significantly posi-
tive impacts on children's outcomes, half of the estimates are insignif-
icant and 16% of the estimates are significantly negative. The estimates
obtained from European studies tend to be more favorable than those
estimated in non-European studies. However, this difference is mainly
due to the Canadian case (study cluster 1; see Table 1), which generally
indicates negative effects. The Canadian case can also explain the rather
large share of negative estimates for programs with a starting age below
3 and for full-time programs. Estimates for high-quality programs are
relatively favorable, with the majority of estimates being significantly
positive and almost no estimates being significantly negative. Studies
on publicly provided programs report more significantly positive effects
than those on private and mixed programs. Surprisingly, children are
more likely to benefit from treatment if the comparison group had ac-
cess to alternative ECEC services (or significant crowding out of existing
ECEC services took place) – although the number of these estimates is
relatively low. Furthermore, effects are more favorable when cognitive
outcomes are measured; the negative effects appear to be concentrated
within the cluster of estimates on non-cognitive outcomes. Impact es-
timates do not seem to vary considerably with the timing of

20Most cases concern either public provision or mixed (private/public)
provision. We therefore merged the latter category with private provision.

21We also extracted separate estimates for blacks, Hispanics, and whites
(around 30 estimates for each subgroup). The race/ethnicity specific estimates
are all from US studies.
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measurement, treatment year, publication status and sample size. Stu-
dies that are based on larger samples are not more likely to report
significant effects: in fact, they appear to be somewhat more likely to
report insignificant effects.22 Finally, comparing the results for the
different subgroups, the more favorable outcomes are concentrated
within the group of lower SES children. Almost 80% of the estimates for
the subsamples of higher SES children are insignificant.

To further examine the overall evidence, we calculated for each of the
study clusters an average score (labelled ‘average study score’). Given
that the estimates are coded as −1 (negative and significant), 0 (insig-
nificant) or 1 (positive and significant), the average score for each study
can vary theoretically between −1 (only significantly negative esti-
mates) and 1 (only significantly positive estimates). Fig. 1 presents the
distribution of the average study scores. The figure points out that there
is substantial variation between studies in the estimated effects. About
30% of the study scores are non-positive and 70% of the scores are po-
sitive. However, a substantial part of the studies with a positive average
score do not consistently provide evidence of positive ECEC effects: half
of the studies with positive scores have a score of 0.5 or lower, indicating
that at least half of the estimates obtained from the study are insignif-
icant (or that some estimates are significantly negative).

We also plotted the average study scores against the three non-

binary moderators (Figs. 2–4). Fig. 2 plots the average study score
against the quality scores. It is striking that studies evaluating programs
with high-quality scores (3 or 4) generally report positive impacts,
whereas the results of low-quality programs appear to be rather mixed.
Furthermore, Fig. 3 shows to what extent the effects of ECEC fade out as
the child ages. The x-axis indicates the (natural log transformation of
the) difference in years between the end of treatment year and the year
in which the outcome is measured. The figure does not provide support
for the hypothesis that ECEC fade out: medium- and long-term effects
are not systematically lower than the immediate and short-term effects.
Next, as in Duncan and Magnuson (2013), we plotted our indicator of
program effectiveness against the (average) year children were enrolled

Table 2
Sample descriptive statistics.

All Europe Non-Europe

1. Number (%) of estimates 250 114 136
(45.60) (54.40)

2. Age enrollment
Age 3+ 51.60 62.28 42.65
Age below 3 48.40 37.72 57.35

3. Intensity
Part-time/varies 55.20 89.47 26.47
Full-time 44.80 10.53 73.53

4. Quality
Low quality (<3) 45.60 28.95 59.56
High quality (≥3) 54.40 71.05 40.44

5. Provision
Private/mixed 54.80 27.19 77.94
Public 45.20 72.81 22.06

6. Outcome domain
Cognitive 34.40 21.93 44.85
Non-cognitive 22.80 16.67 27.94
Other 42.80 61.40 27.21

7. Timing measurement
Immediate 64.40 45.61 80.15
Short term 12.40 19.30 6.62
Medium term 9.60 13.16 6.62
Long term 13.60 21.93 6.62

8. Counterfactual
No ECEC 71.20 82.46 61.76
Includes ECEC 28.80 17.54 38.24

9. Treatment year
Before 2000 28.80 50.00 11.03
After 2000 71.20 50.00 88.97

10. Estimation method
DID 49.20 28.95 66.18
IV 27.20 54.39 4.41
RDD 23.60 16.67 29.41

11. Publication status
Working paper/report 57.20 65.79 50.00
Published 42.80 34.21 50.00

12. Sample size
Small sample (<7441) 50.00 35.96 61.76
Large sample (≥7441) 50.00 64.04 38.24

The European subsample includes France, Germany, Norway, Spain and the UK;
the non-European subsample includes US, Canada, Australia.

Table 3
Distribution of estimated effects of ECEC.

Significantly
negative

Insignificant Significantly
positive

N (%) (%) (%)

1. All 250 16.00 50.00 34.00
2. Regions/

countries
Europe 114 3.51 56.14 40.35
Germany 67 2.99 61.19 35.82
Other Europe 47 4.26 48.94 46.81
Non-Europe 136 26.47 44.85 28.68
US 55 – 40.00 60.00
Other non-Europe 81 44.44 48.15 7.41

3. Age enrollment
Age 3+ 129 2.33 52.71 44.96
Age below 3 121 30.58 47.11 22.31

4. Intensity
Part-time/varies 138 2.90 55.80 41.30
Full-time 112 32.14 42.86 25.00

5. Quality
Low quality
(< 3)

114 32.46 54.39 13.16

High quality
(≥ 3)

136 2.21 46.32 51.47

6. Provision
Private/mixed 137 27.74 52.55 19.71
Public 113 1.77 46.90 51.33

7. Outcome domain
Cognitive 86 5.81 47.67 46.51
Non-cognitive 57 35.09 45.61 19.30
Other 107 14.02 54.21 31.78

8. Timing
measurement
Immediate 161 16.77 48.45 34.78
Short term 31 12.90 51.61 35.48
Medium term 24 20.83 54.17 25.00
Long term 34 11.76 52.94 35.29

9. Counterfactual
No ECEC 178 22.47 50.56 26.97
Includes ECEC 72 – 48.61 51.39

10. Treatment year
Before 2000 72 6.94 59.72 33.33
After 2000 178 19.66 46.07 34.27

11. Estimation
method
DID 123 26.83 54.47 18.70
IV 68 10.29 47.06 42.65
RDD 59 44.07 55.93

12. Publication status
Working paper/
report

143 13.29 55.24 31.47

Published 107 19.63 42.99 37.38
13. Sample size

Small sample
(<7441)

125 14.40 42.40 43.20

Large sample
(≥7441)

125 17.60 57.60 24.80

14. Subgroup
estimates
Low SES 129 7.75 52.71 39.53
High SES 129 4.65 79.07 16.28

22 In general, most studies seem to have sufficient power as sample sizes are
generally large (between 686 children and over 3 million children).
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in the program (Fig. 4). The figure shows no clear declining profile over
time, but our analytical sample consists almost completely of estimates
from recent (post-1990) programs.

5. Multivariate analysis

5.1. Meta-analytic model

Following Card et al. (2010), we estimate the relation between
outcomes (significantly positive, insignificant, significantly negative)

and the relevant moderators using an ordered probit model. The ap-
plication of more conventional effect size meta-analytical models is
unfeasible with our analytical sample for two main reasons. First, there
is no common metric: the included studies use very different outcome
measures as dependent variables, ranging from early childhood cogni-
tive test scores to earnings in adulthood. Second, the studies apply
different econometric techniques and typically do not report the same
type of estimate. For instance, in the typical DID study, the estimates
should be interpreted as intention-to-treat whereas in most IV studies
the local average treatment effects are estimated. The reported
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estimates in US RDD studies are neither pure intention-to-treat nor pure
treatment-on-the-treated (Lipsey et al., 2015). The sizes of these dif-
ferent estimates are likely to vary even when they concern the same
program. The advantage of the ordered probit model approach is that it
allows us to compare studies using a large diversity in outcomes and
different econometric techniques.23 However, a limitation is that this

approach only allows us to draw relative and not absolute conclusions
about the effectiveness of ECEC. Section 5.3 provides a test of our meta-
analytical model.

Given that we use multiple estimates per primary study, we use
sampling weights. Although we could use a simple weighting scheme,
where the weight is equal to one divided by the number of estimates
provided by the study (e.g. Horváthová, 2010), we argue that this ap-
proach is not appropriate for our analysis. For instance, consider the
case where both study A and B provide one estimate on short-term
cognitive development but study B also provides several estimates on
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23 If we were to restrict our sample to the most common metric (during/end
of program language scores) and estimation method, we would keep only 17 of
the 250 estimates (all on US prekindergarten programs).
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non-cognitive development and later school outcomes. Applying a
simple weighting rule, the weight of the cognitive development esti-
mate from study A will be substantially larger than that of the estimate
reported in study B. We therefore use the following equation to calcu-
late the weight of each estimate (see Appendix Table A2 for information
on the child outcome domains):

1
number of study estimates within child outcome domain

If the study provides no pooled sample estimate but provides esti-
mates on subgroups that jointly form the general population, we mul-
tiply this weight by an additional correction factor (given by Nsubsample/
Ntotal sample) to derive the final estimate weight.24 We follow a similar
strategy when estimates for multiple cohorts are provided.

Whereas the number of estimates per study varies between 1 and
69, the total weight per study varies between 1 and 5 (i.e. in our
sample, up to five different outcome domains are assessed within a
study). This approach adjusts for the number of estimates per study,
while at the same time more weight is assigned to studies that provide a
more comprehensive evaluation in terms of variety in child outcomes.
We test the sensitivity of our results using alternative weighting
methods in Section 5.4. Furthermore, as it is likely that there are sta-
tistical dependencies among estimates from the same study, we cluster
the standard errors by study or data source: when different studies use
the same data source, the estimates are likely to be correlated and are
considered as a single cluster (see Table 1).

5.2. Main results

The main estimation results from the meta-regression analyses are
presented in Table 4. We start by separately analyzing the various di-
mensions of heterogeneity: ECEC features, measured outcomes (type
and timing) and study features. Column (1) shows the results when four
central ECEC features are included: starting age, intensity, quality and
type of provision. Columns (2)–(5) present the (separate) results for the
timing of outcome measurement, the counterfactual, the time period
the children were enrolled in the ECEC program and several study
features. Columns (6)–(8) present models that include various dimen-
sions simultaneously.

5.2.1. ECEC features: starting age, intensity, quality and type of provision
Starting below the age of 3 does not lead to more favorable results:

in fact, the coefficient in most specifications is negative (though insig-
nificant). We obtain similar results when we introduce an additional
dummy indicating starting at age 3 (reference: starting at age 4).
Overall, there is no clear relation between ECEC enrollment age and
outcomes in terms of child development. Next, the coefficient in-
dicating program intensity (full-time versus part-time/intensity varies)
is positive and significant in the more complete specifications. Hence,
the results provide some support for the hypothesis that full-time pro-
grams lead to more positive results than part-time programs. While our
findings on starting age and intensity are somewhat ambiguous, the
coefficients of our ECEC quality indicator are positive and highly sig-
nificant (p<0.01) in all specifications. This result is consistent with
previous qualitative literature reviews (e.g. Melhuish et al., 2015) and
meta-analyses (e.g. Ulferts & Anders, 2016), pointing out that quality is
a crucial determinant of the positive ECEC effects. Interestingly, pub-
licly provided ECEC programs consistently appear to generate more
favorable effects than private and mixed programs. A likely explanation
is that this variable captures variation in dimensions of ECEC quality
that are not measured by our quality indicator.

As the results point out that the ECEC quality score is an important

moderator for program effectiveness, we provide a more extensive as-
sessment of quality using different indicators: see Table 5 for the esti-
mation results s–. First, in panel A the results are shown from models
using a dummy indicating high-quality services (scoring 3 or 4). The
coefficient of this dummy is consistently positive and significant.
Second, we explore the role of staff-child ratios and educational re-
quirements separately (panel B). The coefficients of both quality di-
mensions are positive and significant across specifications, but the re-
sults indicate that educational standards are somewhat more important
in determining ECEC effects than staff-child ratios. This finding is
consistent with the results of a recent meta-analysis of longitudinal
studies on European programs (Ulferts & Anders, 2016). Third, in panel
C we distinguish between three different high-quality arrangements:
those with high staff-child ratios standards but medium educational
requirements (total score 3); with medium staff-child ratios standards,
but high educational requirements (total score 3); and arrangements
that score high on both dimensions (score 4). Again, these results in-
dicate that ECEC quality plays a critical role. Furthermore, it should be
noted that the dummy indicating public provision is significantly po-
sitively associated with ECEC effects in all specifications presented in
Table 5.

5.2.2. Children's outcomes: timing and domain
The second category of moderators concerns the timing of outcome

measurement and the outcome domain. The models presented in
Table 4 demonstrate that timing of measurement does not explain
variation in ECEC effectiveness. None of the specifications shows that
effects significantly decline with the years since treatment. We also
used a linear variable (the number rather than the log of years between
time of measurement and the end of treatment) and examined potential
non-linear effects, distinguishing between four evaluation periods
(during or directly after treatment; short-term; medium-term; long-
term25). In the alternative specifications, the coefficients of these
dummies are insignificant and do not indicate a consistent pattern.
Hence, the results from our meta-regressions do not provide evidence
that suggests initial ECEC effects fading out.

Furthermore, we tested whether children are more likely to gain in
specific development domains. We distinguish between cognitive, non-
cognitive and other outcomes.26 The results from all specifications
presented in Table 4 indicate that children are less likely to benefit from
ECEC in terms of non-cognitive outcomes than in cognitive and other
outcomes. This result is in sharp contrast to the argument made in
studies on targeted interventions, that children's non-cognitive devel-
opment is (mainly) positively affected and that this is an important
channel for persistent gains in later life (Heckman et al., 2013). It could
be that ECEC effects are especially heterogeneous with respect to the
non-cognitive development domain: low SES children may benefit from
ECEC while the non-cognitive skills of high SES children may be ne-
gatively affected. In that case, effects of universal programs are some-
what ambiguous given that a more general population of children
participates in these programs. Another potential explanation is that
most of the estimates on the non-cognitive domain are from programs
for children who start at a relatively young age. As discussed in
Section 2.1, the evidence for these programs is rather mixed.

5.2.3. Counterfactual mode of care
The results show that program effectiveness cannot be explained by

an indicator of control contamination (whether the control group had

24 Cascio (2017) for instance provides estimates for ‘low income’ and ‘not low
income’ children, but not for the pooled sample.

25 Because only a few studies provide information on long-term effects, we
also run specifications where we merged the medium-term and long-term ca-
tegories. These timing dummies are also not significantly associated with the
program effectiveness.
26We also examined differences between language and math outcomes, but

did not find any systematic differences between these two domains.
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access to alternative ECEC or whether a preschool reform significantly
crowded out existing ECEC programs). This holds across all estimated
specifications (also when no other controls are included). This seems to
be in contrast with evidence from targeted programs. A plausible ex-
planation is that the relevance of the counterfactual probably depends
on the differences between the treatment and comparison group in
terms of the quality of the learning environment. In the case of targeted
programs, the quality of the home environment is relatively low: effects
may be substantial if treatment is compared to the home situation, but
small if compared to a comparison group of children who have access to
alternative ECEC services. In the case of universal programs, the quality
of the home learning environment is likely to be higher on average and
therefore whether the counterfactual group has access to alternative
ECEC services may be a weaker determinant of the estimated program
effectiveness. For children with a high quality home learning environ-
ment, substituting parental care by ECEC may not be beneficial, while
positive effects may be expected from substituting low quality by high
quality ECEC. An alternative explanation is that counterfactual condi-
tions are difficult to measure (especially in natural experiments), and
that our measure is not sufficiently precise to capture variation in the
counterfactual conditions.

Moreover, the findings do not show that more recent programs are
significantly less (or more) effective than older programs. It should be
noted though that our analytical sample consists primarily of evalua-
tions of recent (post-1990) ECEC programs. ECEC programs and their

Table 4
Main results.

(1) (2) (3) (4) (5) (6) (7) (8)

ECEC FEATURES
Age below 3 −0.253 −0.103 0.0964 −0.0600 −0.0337

(0.232) (0.230) (0.363) (0.432) (0.352)
Fulltime 0.408 0.458* 0.489* 0.533** 0.609**
(ref= Part-time/varies) (0.258) (0.263) (0.266) (0.269) (0.243)
Quality score (0–4) 0.882*** 0.958*** 0.925*** 0.933*** 1.045***

(0.155) (0.143) (0.136) (0.138) (0.137)
Public provision 0.996*** 1.019*** 1.141*** 1.158*** 1.277***
(ref= Private/mixed) (0.228) (0.224) (0.228) (0.253) (0.292)
MEASUREMENT: DOMAIN/TIMING
Domaina (ref=Cognitive)
Non-cognitive −0.803*** −0.870** −0.865** −0.862** −0.890**

(0.303) (0.401) (0.405) (0.403) (0.410)
Other −0.137 −0.00556 0.000562 −0.000993 0.0170

(0.251) (0.257) (0.255) (0.253) (0.249)
Measurement-treatment gapb −0.115 −0.0694 0.0476 0.0520 −0.00196

(0.188) (0.125) (0.142) (0.144) (0.183)
COUNTERFACTUAL/ECEC PERIOD
Comparison incl. alternative ECEC 0.517 0.379 0.373 0.616
(ref=No alternative ECEC) (0.371) (0.370) (0.369) (0.382)
Treatment year (coef. × 100) −1.503 0.488 1.007 0.199

(1.556) (1.753) (1.720) (1.440)
STUDY FEATURES
Estimation method (ref=DID)
Estimation method: IV 0.590** 0.0724 −0.240

(0.281) (0.294) (0.269)
Estimation method: RDD 0.663* −0.175 −0.490*

(0.343) (0.265) (0.286)
Published −0.521*

(0.269)
Sq. root sample size (coef. × 100) −0.00831

(0.0353)
Pseudo R2 0.252 0.0418 0.0229 0.0389 0.294 0.299 0.300 0.311
Log likelihood −37.80 −48.40 −49.35 −48.54 −35.67 −35.42 −35.34 −34.78

Entries represent coefficients of ordered probit models (clustered standard errors in parentheses). The estimated are based on 250 estimates from 27 study clusters
(30 studies).

a The cognitive domain refers to outcome domain 1 and 4, the non-cognitive domain refers to outcome domain 2 and 5 (see Appendix Table A2).
b Measurement-treatment gap= ln (1+ [measurement year] − [end of treatment year]).
⁎⁎⁎ p<0.01.
⁎⁎ p<0.05.
⁎ p<0.1.

Table 5
Results: quality dimensions.

(1) (2) (3) (4)

A. High quality 1.536*** 1.661*** 1.673*** 1.657***
(dummy: score≥ 3) (0.223) (0.251) (0.259) (0.259)

B. Staff: child ratio score 0.593** 0.631*** 0.639*** 0.643***
(0.231) (0.222) (0.228) (0.232)

Educ. requirements score 1.101*** 1.202*** 1.148*** 1.200***
(0.208) (0.213) (0.223) (0.232)

C. Ratio[High]&Educ[Medium] 1.351*** 1.454*** 1.441*** 1.399***
(0.294) (0.327) (0.333) (0.336)

Ratio[Medium]&Educ[High] 1.535*** 1.679*** 1.835*** 1.786***
(0.308) (0.325) (0.418) (0.425)

Ratio[High]&Educ[High] 1.759*** 1.881*** 1.761*** 1.781***
(0.308) (0.266) (0.297) (0.308)

Ref: quality scores<3
Controls:
ECEC features YES YES YES YES
Domain and timing NO YES YES YES
Counterf. and period NO NO YES YES
Study features NO NO NO YES

Entries represent coefficients of ordered probit models (clustered standard er-
rors in parentheses). The estimated are based on 250 estimates from 27 study
clusters (30 studies).

⁎⁎⁎ p<0.01.
⁎⁎ p<0.05.
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counterfactuals probably did not change much during this relatively
short period of time.27

5.2.4. Study features
The final set of moderators we explore are the study features.

Concerning the estimation method, IV and DID do not produce con-
sistently different results in terms of child outcomes. The final column
shows that results published in academic journals are somewhat less
favorable, though this result appears to be rather sensitive to the spe-
cification of the model. In addition, the number of observations used in
the study is not significantly related to the child outcome in our ordered
probit model.

Next, we tested whether the RDD studies of US prekindergarten
programs report systematically different results, given the criticism
these studies received (see Section 3.2). It appears that estimates from
these studies are significantly more positive when no other moderators
are included, but when other moderators are included this no longer is
the case. The results from our meta-regression therefore do not indicate
that these studies systematically over- or underestimate program ef-
fects.

5.2.5. Heterogeneous effects
We analyzed whether ECEC effects are heterogeneous, focusing on

subsample estimates from different socio-economic groups. Panel A of
Table 6 presents the results when using the estimates for low and high
SES subsamples in addition to our main analytical sample, whereas
Panel B shows the results based on the estimates from only those studies
that provide SES-specific estimates. The coefficients for the low SES
groups are positive in the more extensive specifications but the results
indicate no significant difference with the estimates from the overall
sample. In all specifications, the impact of ECEC is less favorable for
higher SES groups: children from more advantaged families are less
likely to benefit from ECEC.28 Overall, the findings consistently point
out that the benefits of ECEC are concentrated within more dis-
advantaged children.

5.3. Testing the meta-analysis model

Card et al. (2010) demonstrate that the ordered probit model ap-
proach is valid when the ‘effective’ sample size, a combination of
sample size and study design complexity, is constant. Larger (negative
and positive) t-statistics may be expected when the sample size is
larger. However, this mechanical effect of the actual sample size may be
offset by the use of more complex and demanding research designs that
can be applied when larger samples are available. Card et al. (2010) test
the validity of their ordered probit model using simple probit models
that estimate the probability of significantly negative or significantly
positive effects and include the square root of the sample size as an
additional right-hand-side variable. If larger sample sizes are system-
atically related to the ‘effective’ sample size (i.e. they are not offset by
more complex research designs), one can expect that the sample size
increases the likelihood of finding significantly negative and sig-
nificantly positive effects.

We follow this approach to test the validity of our model: see
Table 7. If the ordered model is accurate, the estimated coefficients on
the negative outcomes should have the opposite sign to the coefficients
from the ordered probit model, while the coefficients on the positive
outcomes should have the same sign as the coefficients from the or-
dered probit model. Despite some inconsistencies in the models

predicting negative outcomes, the results from the probit models are
overall in line with our main results.29 The main test of the ordered
probit model is based on evaluating the coefficient on the (square root
of the) sample size in the probit models, which appears to be small and
insignificant. The finding that the sample size is not related to finding a
positive or negative effect indicates that our ordered probit model is
valid (see Card et al., 2010 for a more extensive discussion on this test).

5.4. Sensitivity tests

We performed a series of tests to examine the robustness of our main
results (see Appendix Tables B3–B9). First, we used the 5% rather than
the 10% level to determine whether an estimate from a primary study is
significantly positive or significantly negative. This of course changes
the distribution of the outcome variable: 54% of the estimates are in-
significant, while 11% and 35% of the estimates are significantly ne-
gative and positive, respectively. Except for the coefficients for program
intensity and the non-cognitive domain, which are insignificant in
(almost) all specifications, the results are qualitatively similar to our
main results.

Second, we applied alternative weighting schemes: each estimate is
weighted equally (i.e. no weighting) or each study is weighted equally
(estimate weights are defined as 1 divided by the number of estimates
provided by the study cluster). The estimates are generally consistent
with our main findings. However, the coefficients for ‘other outcome
domains’ are more precisely estimated in the unweighted models. This
suggests that the effects on cognitive skills are more positive compared
not only to non-cognitive skills but also to other child outcomes.

Third, we tested whether the results are sensitive to whether and
how standard errors are clustered. If we do not cluster the standard
errors or use alternative study clustering methods (for instance, clus-
tering at the level of actual study titles), the results overall do not
change substantially. Nevertheless, when we do not cluster-adjust the
standard errors, the standard errors are somewhat larger. The results on
program intensity are weaker than in our main specifications, in-
dicating no significant differences between full-time and part-time/
mixed programs.

Table 6
Results: heterogeneous effects.

(1) (2) (3) (4)

A. Low SES −0.0877 −0.0554 0.00134 0.0394
(0.172) (0.182) (0.190) (0.173)

High SES −0.544** −0.569** −0.614*** −0.633***
(0.219) (0.224) (0.217) (0.208)

Reference group Pooled Pooled Pooled Pooled
Nr of estimates 496 496 496 496
Nr of clusters 27 27 27 27

B. High SES −0.553*** −0.649*** −0.855*** −0.837***
(0.207) (0.181) (0.193) (0.190)

Reference group Low SES Low SES Low SES Low SES
Nr of estimates 258 258 258 258
Nr of clusters 15 15 15 15
Controls:
ECEC features YES YES YES YES
Domain and timing NO YES YES YES
Counterf. and period NO NO YES YES
Study features NO NO NO YES

Entries represent coefficients of ordered probit models (clustered standard er-
rors in parentheses).

⁎⁎⁎ p<0.01.
⁎⁎ p<0.05. * p< 0.1.

27 Duncan and Magnuson (2013) present evidence indicating a declining
profile over time, but their meta-analysis includes many studies on programs
beginning in the 1960s and 1970s.
28 The results from additional analyses for the US sample indicate that

Hispanic children are more likely to benefit from ECEC than the other groups.

29 The discrepancies are probably due to the fact that this model cannot fully
control for estimation method (due to multicollinearity). More specifically,
negative outcomes are relatively uncommon in our sample and results from
RDD studies, for instance, are never negative.
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Fourth, we tested whether the results are sensitive to excluding
specific cases. For instance, in our main sample estimates from
working/discussion paper versions of published articles are included if
they provide additional information (e.g. on a different child outcome
domain). Excluding these studies (25 estimates; Felfe, Nollenberger, &
Rodríguez-Planas, 2012; Haeck, Lefebvre, & Merrigan, 2013; Havnes &
Mogstad, 2010) has almost no impact on our estimates. Finally, we
examined whether the results change if the Canadian case, which
contributes by far the most estimates to our analytical sample, is ex-
cluded. While our sample size declines substantially (to 172 estimates),
the results remain qualitatively similar to our main results. However,
the results on age of entry are stronger, indicating more favorable re-
sults when children enter ECEC before the age of three.

6. Conclusion

This study synthesizes the main lessons from the recent natural
experiment research on Early Childhood Education and Care, using
meta-analytical techniques. Although it is frequently claimed that
participation in child care and preschool improves child development
and leads to positive outcomes in the long run, the overall evidence on
universal ECEC is somewhat mixed: About a third of the estimates in-
dicates positive impacts on children´s outcomes, half of the estimates
are insignificant and about one out of six estimates is significantly

negative. This study examines what explains the heterogeneity in ef-
fects: When do children benefit from ECEC?

Results from our meta-regressions do not indicate that the age of
enrollment is an important factors explaining the variation in program
effectiveness. There is some evidence indicating that full-time programs
are more likely to produce significant gains than part-time programs.
One of the most robust findings of this study is that quality matters:
across many different specifications, using different samples and con-
trols and measuring quality in different ways, high quality ECEC ar-
rangements consistently produce more favorable outcomes. Publicly
provided programs also appear to generate more positive effects than
privately provided (and mixed) programs. Our results also indicate that
children benefit more in the cognitive than in the non-cognitive de-
velopment domain. Furthermore, the evidence does not provide support
for the idea that effects of ECEC fade out. In contrast to evidence from
targeted programs, whether the comparison group has access to alter-
native ECEC services appears not to be a relevant moderator for the
effectiveness of the program. However, the direction of the effect of the
counterfactual condition is more ambiguous in the case of universal
programs, since children enrolled in universal programs have a higher
quality home learning environment on average. Finally, the evidence
clearly indicates that the gains of ECEC are concentrated within the
group of disadvantaged children.

The results have important policy implications. First, given the

Table 7
Results: probit models.

Significantly negative estimate Significantly postive estimate
(1) (2) (3) (4)

ECEC FEATURES
Age below 3 1.080*** 2.258*** 0.279 0.606*

(0.344) (0.544) (0.270) (0.357)
Fulltime −0.409 −3.774*** 0.644** 0.730***
(ref= Part-time/varies) (0.389) (1.268) (0.289) (0.274)
Quality score (0–4) −0.704** −1.795*** 0.885*** 0.960***

(0.283) (0.494) (0.139) (0.140)
Public provision −1.124** −3.159*** 0.892*** 1.129***
(ref= Private/mixed) (0.474) (0.579) (0.242) (0.359)
MEASUREMENT: DOMAIN/TIMING
Domaina (ref=Cognitive)
Non-cognitive 0.690 1.005 −1.116* −1.104*

(0.545) (0.679) (0.592) (0.577)
Other 0.702 1.119 0.117 0.103

(0.500) (0.747) (0.274) (0.272)
Measurement-treatment gapb −0.158 −0.776*** −0.132 −0.160

(0.227) (0.249) (0.126) (0.245)
COUNTERFACTUAL/ ECEC PERIOD
Comparison incl. alternative ECEC – 0.570
(ref=No alternative ECEC) (0.491)
Treatment year (coef. × 100) −17.22*** −1.805

(4.538) (1.853)

STUDY FEATURES
Estimation method (ref=DID)
Estimation method: IV 1.048*** −0.440

(0.216) (0.386)
Estimation method: RDD – −0.454

(0.329)
Published −0.256 −0.381

(0.241) (0.403)
Sq. root sample size (coef. × 100) −0.0421 −0.00837

(0.108) (0.0451)
Pseudo R2 0.526 0.604 0.279 0.291
Log likelihood −6.566 −5.490 −27.85 −27.38

Entries represent coefficients of ordered probit models (clustered standard errors in parentheses). The estimated are based on 250 estimates from 27 study clusters
(30 studies).

a The cognitive domain refers to outcome domain 1 and 4, the non-cognitive domain refers to outcome domain 2 and 5 (see Appendix Table A2).
b Measurement-treatment gap= ln (1+ [measurement year] − [end of treatment year]).
⁎⁎⁎ p<0.01.
⁎⁎ p<0.05.
⁎ p<0.1.
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importance of the early years in shaping later life outcomes, compro-
mising on quality may reduce short-run costs but also long-run benefits
(or lead to long-run costs). This highlights the role of public policy. The
relevance of quality does fit well with the current policy consensus: the
attention is shifted from expanding coverage – to increase female labor
force participation and gender equality – towards improving quality
levels – to improve child development and well-being. Although these
policy objectives are supported by the results from our meta-analysis,
increasing coverage levels and investing in quality are both policy
strategies that require substantial amounts of public spending. Given
that the gains from investments in quality ECEC materialize in the long
run, it is important that policies focusing on increasing coverage take
these longer-term consequences of quality changes into account.
Because high quality typically implies high cost and program benefits
for higher SES children are not evident, there is an economic rationale
for providing universal ECEC with a sliding fee scale (where higher
income families pay more for the services) instead of free ECEC for all.

The evidence on universal programs presented in this study is not
always consistent with evidence from existing (meta-analytic) studies
on targeted programs. While various scholars claim that there is com-
pelling evidence in favor of targeted ECEC interventions, we would
conclude that the effects of universal programs are rather ambiguous
given that the majority of estimates is non-positive. Nevertheless, a

shared finding in the literature on universal and targeted ECEC is that
disadvantaged children are likely to gain from participating in (high-
quality) ECEC. As our findings show that children from higher SES fa-
milies are unlikely to benefit significantly from ECEC, both targeted and
universal programs have the potential to narrow SES skill gaps. A key
policy question is whether universal programs generate larger benefits
for disadvantaged children than targeted programs. Although a recent
study suggests that disadvantaged children benefit more from universal
than from targeted programs in the short-term (Cascio, 2017), evidence
on the differential impact of these programs is almost nonexistent.
Testing the differences between program effects as well as the me-
chanisms explaining these differences are important directions for fu-
ture research.
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