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While most early childhood education and care (ECEC) programs taken to scale in the United States have served socially
disadvantaged 3- to 5-years-olds, Norway scaled up universal ECEC from age 1. We investigated the consequences of
Norway's universal ECEC scale-up for children's early language skills, exploiting variation in ECEC coverage across birth
cohorts and municipalities in a population-based sample (n = 63,350). Estimates from two-stage least squares (i.e., instru-
mental variable) regression and generalized difference-in-differences models indicated the scale-up of universal ECEC led
to improved language outcomes, particularly for low-income children. As preschool programs at scale become increasingly
common in the United States, our results from Norway help inform debate about the merits of universal versus targeted
policies and should provoke discussion about the benefits of beginning ECEC programs as early as infancy.
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With scientists and policy decision makers lauding the
promise of early childhood education and care (ECEC) for
raising the achievement of disadvantaged children, there
remains concern about whether large-scale, public-funded
ECEC programs can replicate the results of small-scale
interventions (European Commission, 2011; Farran, 2016;
Magnuson & Shager, 2010; Obama, 2014; Organisation
for Economic Co-operation and Development [OECD],
2006; Yoshikawa et al., 2013). There are also questions
(Barnett, 2010, 2011) about whether scale-up should be
universal (i.e., designed to serve all children) or targeted
(i.e., exclusively serving disadvantaged children). To date,
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scale-up efforts in the United States have largely been tar-
geted programs for disadvantaged preschoolers (3- to
S-year-olds), but some nations now provide publicly
funded, universal ECEC beginning in infancy. Norway is
a case in point, having taken universal ECEC, beginning at
age 1, to a national scale. As a complement to growing
evidence about scale-up in the United States, we investi-
gated the consequences of Norway’s scale-up of ECEC for
children’s early language skills. In doing so, we examined
whether the universal scale-up had differential conse-
quences for children from low-income versus middle- and
high-income families.
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Preschool ECEC and the Achievement of Socially
Disadvantaged Children

Given evidence that social inequality in achievement
may be largely attributed to limited developmental stimu-
lation in the home (e.g., Dearing, 2014; Hackman, Farah,
& Meaney, 2010; Hoff, 2006; Shonkoff & Phillips, 2000;
Yoshikawa et al., 2012), researchers across multiple disci-
plines have argued that high-quality ECEC may serve a
compensatory function for children growing up in poverty
(e.g., Dearing, McCartney, & Taylor, 2009; Magnuson &
Shager, 2010). There are, in fact, a relatively large number
of experimental and quasi-experimental studies addressing
the effects of preschool attendance (typically for children
age 3 or older) on achievement and meta-analyses of the
results. For example, two meta-analyses of experimental
and quasi-experimental preschool interventions targeting
disadvantaged children in the United States demonstrate
short-term and longer term achievement gains with effect
sizes (Hedge’s g) of about .20 (Camilli, Vargas, Ryan, &
Barnett, 2010; Duncan & Magnuson, 2013), although often
with some diminishing of the effects as children get older
(Barnett, 2011).

Despite this evidence, it remains less clear whether (or
in what direction) universal ECEC policies may affect
achievement gaps between more and less advantaged chil-
dren. To the extent that enrichment in one early learning
environment compensates for deprivation in another
(Sameroff & Chandler, 1975), universal ECEC coverage
may narrow achievement gaps. Yet to the extent that enrich-
ment in ECEC programs complements enrichment at home
(Ceci & Papierno, 2005), achievement gaps between
socially advantaged and disadvantaged children may be
widened by universal provision. In an evaluation of a state-
funded universal preschool program in the United States,
ECEC had the largest achievement benefits for poor chil-
dren but also important benefits for near-poor and middle-
class children (Gormley, Gayer, Phillips, & Dawson, 2005;
Gormley, Phillips, & Gayer, 2008). Both of these studies
used regression discontinuity designs based on cut-off
birth dates accounting for program admission to address
selection bias.

In a meta-analysis of universal preschool program evalu-
ations using quasi-experimental designs, there was mixed
evidence, with the most consistent effects evident for disad-
vantaged children (van Huizen & Platenga, 2015). There is
also evidence from Norway, where the present study was
conducted, that income inequality among young adults was
reduced by an increase in preschool coverage in the late
1970s, when these adults were between 3 and 7 years of age
(Havnes and Mogstad, 2011). In this article, the authors used
a difference-in-differences (DID) design based on variation
in enrollment rates pre— and post—preschool reforms to iden-
tify the causal effect.

ECEC for Infants and Toddlers

Compared to the evaluations of ECEC programs for pre-
school-aged children, there is less evidence about the effec-
tiveness of such programs for infants and toddlers. Yet the
potential benefits of ECEC for infants and toddlers is of
interest given the consequences of learning stimulation and
environmental experiences for brain growth during the first
2 to 3 years of life (Fox & Rutter, 2010; Mustard, 2006;
Nelson & Sheridan, 2011; Shonkoff & Phillips, 2000). And
observational studies do, in fact, show that ECEC in the ear-
liest years (0-3 years) can promote language and cognitive
development. For example, in one U.S. study, more time in
center care between 6 and 36 months of age predicted better
language and school readiness scores at 3 years, controlling
for background factors and child care quality (National
Institute of Child Health and Human Development [NICHD],
2000). Also, in nationally representative U.S. data, Loeb,
Bridges, Bassok, Fuller, and Rumberger (2007) found that
math and reading achievement (measured at the start of kin-
dergarten) was higher for children who entered center care
prior to kindergarten, with effect sizes largest (Cohen’s d
approximately .11) for those who entered between ages 2
and 3 compared to earlier or later.

Within this line of nonexperimental work, there is also
some evidence that high-quality child care is most strongly
and positively associated with language skills and school
readiness for low-income 3-year-olds (McCartney, Dearing,
Taylor, & Bub, 2007), thereby reducing income-related
achievement gaps in math and literacy through the elemen-
tary school years (Dearing et al., 2009). Yet larger ECEC
effects for low-income children are not found consistently.
Ruzek and colleagues (Ruzek, Burchinal, Farkas, &
Duncan, 2014), for example, found higher quality infant
and toddler ECEC was associated with better cognitive out-
comes at 2 years, but not more so for low-income children
than for others.

The potential in the early years for ECEC to narrow
achievement gaps has also received increasing attention out-
side of the United States. In nonexperimental studies from
Canada, ECEC attendance prior to 4 years predicted a nar-
rowing gap in early language skills and academic readiness
between children of low versus high socioeconomic status
(Geoffroy et al., 2007; Geoffroy et al., 2010); children of
mothers with low education who attended formal child care
scored between 36% and 87% of a standard deviation higher
on a range of achievement and cognitive tests after school
entry, compared to their counterparts not attending ECEC. In
a large U.K. sample, using a similar methodology, Cote,
Doyle, Petitclerc, and Timmins (2013) found that center-
based care (at 9 months) was associated with better cogni-
tive skills at age 3 and 5 (about 10% of a standard deviation
compared to attending other types of care) and was more
than twice as strongly so associated for children of mothers



with low education. Yet this interaction was not evident for
low family income, and the association was inconsistent at
ages 5 and 7.

Notably, across most of these studies of ECEC between 0
and 3 years (in the United States and elsewhere), many low-
income children attended informal care settings, not ECEC
centers. Two exceptions, one from Canada and one from the
United States, addressed larger scale implementations of
center-based ECEC programs for children age 0 to 3. In
Quebec, for example, a quasi-experimental study of the roll-
out of universal early child care coverage found no effect on
language skills at age 4 and negative impacts on behavioral,
social, and motor outcomes, particularly for children enter-
ing as infants and toddlers and particularly for children of
less educated parents (Baker, Gruber, & Milligan, 2008;
Kottelenberg & Lehrer, 2014). It is notable, however, that
the Quebec program covered relatively few 0- to 2-year-
olds, involved relatively high adult to child ratios in care
settings, and resulted in most infants and toddlers being
cared for in accredited home care rather than in center care
(Japel, Tremblay, & Cote, 2005).

In the U.S. study, Duncan and Sojourner (2013) used a
large-scale randomized trial of a high-quality infant and tod-
dler ECEC intervention (the Infant Health and Development
Program) to extrapolate population-level effects of either a
universal program or one specifically targeted at children
from low-income families. The authors estimated that prior
to school entry, in both cases, income disparities in cognitive
abilities would be strongly reduced or eliminated, with treat-
ment gains being substantial even 2 years after the end of the
intervention (e.g., IQ score differences of 86% of a standard
deviation between low-income children in the treatment and
control groups).

ECEC Policy in Norway

In the present study, we build on the existing literature to
examine Norway’s national scale-up of universal ECEC for
infants and toddlers. Scale-up of ECEC in Norway has been
a gradual process across the past three decades, with the
country having first set an aim of publicly subsidizing uni-
versal access to high-quality ECEC (beginning at age 1) in
the 1980s. In turn, through the 1990s, Norwegian ECEC
policy was focused on establishing federal regulations for
quality of care (e.g., teacher educational requirements and
an educational content framework) for both center-based
care and family day care (Ministry of Education, 2014). And
in 2002, Norwegian municipalities were mandated to pro-
vide access with “a right to child care for all children” in
ECEC centers and/or family day care units, leading to an
increasing number of ECEC slots for 1- and 2-year-olds.

Since the 2002 mandate, progression toward universal
access has occurred incrementally as public spending has
increased, and correspondingly, family fees for care have
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decreased. In 2004, a maximum fee for full-time care was
introduced (NOK 2,750 or about US$400 per month at the
2004 exchange rate) and lowered further in 2006 (NOK
2,250 or about US$360 per month at the 2006 exchange
rate), but sliding scales less than the maximum fee varied at
the discretion of municipalities. Progress toward universal
access also varied considerably across municipalities due to
idiosyncratic local circumstances. Obstacles to increased
ECEC slots included, for example, (a) lack of available
spaces for building new centers, high building cost, and/or
lack of available contractors (particularly for the major cit-
ies); (b) lack of qualified staff (particularly for the smaller
municipalities); (c¢) concerns in some municipalities about
overcoverage due to year-by-year variations in birth rates
and for some municipalities conservative predictions of
demand; and (d) local concerns about the availability of
long-term earmarked funding from the government (Aspland
Virak, 2006, 2009; Rindfuss, Guilkey, Morgan, Kravdal, &
Guzzo, 2007). Nonetheless, across the 5-year time period
investigated in the present study, the national coverage for
1- to 2-year-olds increased from 40% to 75% (Sather, 2010;
Scheistraen, 2012).

With regard to age of entry, Norwegian parents with new-
borns receive up to 1 year paid leave; as a result, few chil-
dren enter nonparental care prior to 9 months of age (Ministry
of Children and Equality, 2014). After parental leave, par-
ents have the choice of enrolling their children in publically
subsidized ECEC or receiving cash benefits (approximately
NOK 3,500 or US$560 per month at the 2006 exchange rate,
2006 being when many families in the present study were
eligible) for staying home with their children until age 3.

With regard to quality, across the years of interest in the
present study, national structural quality regulations in
Norway stipulated that at least 30% to 35% of the staff
should be ECEC teachers (with 3-year university college
degrees) and that there should be a leader with ECEC teacher
education in each center. Adult to child ratios of 1:3 for those
younger than 3 and 1:6 for older children were also recom-
mended but not enforced by law. In ECEC centers, most
children younger than 3 are in infant-toddler groups of about
nine children with three staff, one of them a trained teacher.
Yet variations in group size and age composition are allowed,
as long as the staff requirements are met.

The pedagogical content is guided by a “Framework” cur-
riculum plan that sets out guidelines regarding the values and
purpose of ECEC centers, their curricular objectives, and
educational approaches (Ministry of Education, 2006). With
regard to language development, which is of interest in the
present study, the curriculum plan specifies that there should
be stimulating verbal and nonverbal interactions in all every-
day situations, age-appropriate use of learning materials, and
a learning-rich environment including work with symbols,
books, and reading. Thus, Norwegian ECEC is considered
one national program, although the implementation of this
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program varies between ECEC centers within the limits of
the legal requirements for structural quality as well as the
“Framework” plan.

Monitoring of ECEC quality in Norway is a collaborative
responsibility of the ECEC centers and their municipalities,
with a focus primarily on inspection of structural quality
standards, safety and hygiene, and evaluation of the educa-
tional content (the latter varying in formality across munici-
palities). At the time of the present study, structural quality
standards were mostly in accordance with regulations and
recommended standards (Winsvold & Guldbrandsen, 2009)
while not entirely met in all centers across the country
(Brenna et al., 2010; OECD, 2015; UNICEF Innocenti
Research Center, 2008). Observed quality has just recently
been studied in Norway (Bjernestad & Os, in press), show-
ing that most classrooms meet only minimal quality stan-
dards as assessed with the Infant/Toddler Environment
Rating Scale—Revised ITERS-R (Harms, Cryer, & Clifford,
2006), in particular with regard to hygiene, safety, and access
to play materials.

The Present Study

We examined whether Norway’s scale-up to national
ECEC coverage beginning at age 1 (a) had consequences for
children’s early language skills and, if so, (b) differentially
affected the language of children from low-, middle-, and
high-income families and communities. Our focus on early
language skills was driven by evidence that differences in
early language help explain a considerable portion of the dif-
ferences in school performance between lower and higher
income children during elementary school (Durham, Farkas,
Hammer, Tomblin, & Catts, 2007) and that early caregiving
environments are critical to developing early language skills
(Kuhl, 2004; Mustard, 2006; Pruden, Hirsh-Pasek, Golinkoff,
& Hennon, 2006; Shonkoff & Phillips, 2000; Snow, Burns,
& Griffin, 1998).

For our analyses, we used population-based data (n =
63,350) on children living in more than 400 municipalities in
Norway. Within these data, we focused our analyses on five
birth cohorts of children who were sampled after the 2002
mandate for universal access. In these birth cohorts, we
examined whether the ECEC policy scale-up (i.e., increas-
ing availability of public ECEC over time) led to better
mother-reported child language skills at age 3. More specifi-
cally, we estimated three types of statistical models that
addressed complementary questions about the consequences
of the scale-up.

First, using two-stage least square regression models, we
attempted to isolate the causal effects of attending ECEC on
individual children’s language. Specifically, we used ECEC
attendance rates within each child’s municipality, and for her
or his same birth cohort, as an instrument for that child’s
own ECEC attendance. The logic guiding these models was

that attendance rates provided an indicator of the availability
of ECEC over time within municipalities. In turn, we
expected that availability affected children’s use of ECEC,
for reasons unrelated to family selection, thereby allowing
us to examine the effects of exogenous variance in ECEC
use. Because we were also interested in whether ECEC use
had differential impacts on children from low-, middle-, and
high-income families, we estimated our models separately
for these groups.

Second, we estimated DID models that exploited varia-
tions in ECEC use across birth cohorts and municipalities to
estimate the causal effects of the policy scale-up at the level
of municipalities. Specifically, we estimated the effects of
changes in ECEC availability across cohorts, with the expec-
tation that increasing availability should predict improved
language skills within municipalities. Here again, we used
ECEC attendance as an indicator of the likely availability of
ECEC within municipalities for each birth cohort. And here
again, we estimated models separately for low-, middle-,
and high-income groups, although in this case with a focus
on community-level income (i.e., within-municipality aver-
age family income for each birth cohort).

Third, we used fixed-effects regression to extend our
study of the differential impacts of ECEC by income group.
Specifically, we investigated whether the scale-up of uni-
versal ECEC in Norway predicted a narrowing of achieve-
ment gaps between low- and high-income children (in this
case, language skill gaps). Our expectation was that munici-
palities that experienced a narrowing of ECEC-use gaps
between low- and high-income children (i.e., municipalities
in which increasing use of ECEC rose faster for low-income
children than for high-income children) would also evi-
dence the greatest narrowing of language skill gaps between
these groups.

Method
Participants

Data are from the Norwegian Mother and Child Cohort
Study (MoBa; for complete details, see Magnus et al., 20006,
and www.thi.no/morogbarn). Beginning in 1999, pregnant
women in Norway who received routine exams at birth units
delivering more than 100 births per year were invited to par-
ticipate during their 17th-gestational-week visit. As of
October 2010, 90,725 mothers of 108,639 children had
enrolled and completed baseline assessments, which repre-
sented 42.1% of all eligible mothers in Norway. Written
informed consent was obtained, and the study was approved
by the Regional Committee for Medical Research Ethics and
the Norwegian Data Inspectorate.

Questionnaires covering demographics, health, life-
style, and child development were administered during the
17th, 22nd, and 30th weeks of gestation and at ages 0.5,
1.5, and 3.0 years (questionnaires are available online:


www.fhi.no/morogbarn

www.thi.no/moba-en). Retention rates at 1.5 and 3.0 years
were 72.4% and 59.3%, respectively. The present study uses
data collected during pregnancy (demographics), at 1.5 years
(child care use), and at 3.0 years (language skills). Linkage to
the National Income and the Medical Birth Registries pro-
vided data on family income and infant health, respectively.

For the purposes of this study, we restricted the sample to
2002 through 2006 birth cohorts (n = 63,471 children)
because the 2002 cohort was the first full cohort given the
age 3 questionnaire and the 2006 cohort was the last for
which registry data on family income were available by the
child’s age of 1.5 years. Moreover, by restricting analyses to
these cohorts, we targeted a time of exceptional population
increase in ECEC use during infancy due to policy changes.
In Appendix A in the online supplemental material, we detail
participation rates for the cohorts relative to population
births in eligible birthing units.

Measures

Child language. Two separate language screening measures
were used as indicators of broad levels of language ability,
from language difficulties and delays to typical language
ability. Mother reports were elicited to measure children’s
grammatical complexity at 3 years of age with the Norwe-
gian version of a six-point scale previously used in a large-
scale community study in the United Kingdom (Dale, Price,
Bishop, & Plomin, 2003). The initial development of the
measure was informed by the MacArthur Communicative
Development Inventory: U.K. Short Form (Dionne, Dale,
Boivin, & Plomin, 2003). A mother chose one of six state-
ments that best described her child’s ability, ranging from
“Not yet talking” (one point) to “Talking in long and com-
plex sentences, such as ‘when I went to the park, I went on
the swings’ or ‘I saw a man standing in the corner’ (six
points). For general communication skills including recep-
tive and expressive language, mothers answered six items
from the communication domain of a normed Norwegian
translation of the Ages and Stages Questionnaire (ASQ); Jan-
son & Squires, 2004; Squires, Bricker, & Potter, 1999). The
items included four original 36-month ASQ items, and one
item each from the 18- and 48-month ASQ. Mothers
responded on a three-point scale (ves, a few times, not yet) to
communicative behavior descriptions (e.g., “When looking
at a picture book, does your child tell you what is happening
or what action is taking place in the picture?”).

We combined these two measures (correlated by » = .62)
by computing the mean of the standardized scores. We then
transformed the final composite by log'’ to correct for skew-
ness, inverted values such that higher scores would reflect
better language skills (in standard deviation units), and set
the lowest score to equal zero. For more details about the
distribution of items, psychometric properties, see Appendix
B in the online supplemental material.
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ECEC arrangements. Mothers reported the type of child
care used at age 1.5 years, representing the child’s primary
care arrangement. Choices included “at home with mother
or father,” “at home with unqualified child minder,” “fam-
ily day care,” and “center care.” From these reports, we
computed a dummy variable indicating whether children
were in center-based ECEC versus any of the other arrange-
ments that were not regulated to include educational con-
tent. We also analyzed the data by comparing children in
center care exclusively with those in the “home with
mother or father” group, but these models produced results
that were statistically indistinguishable from the center-
based care versus other arrangement analysis, and the pol-
icy relevance of our findings was maximized by comparing
children in regulated center care with all other children in
care arrangements that did not have a federally regulated
educational curriculum.

Household income. We made use of annual tax records for
each participating mother and for the fathers who had agreed
to participate (77.6%). In cases wherein father’s income was
missing, we imputed this income using an expectation maxi-
mization algorithm, basing estimates on historical tax
records on mother’s income, assets, and debt dating back to
1993 as well as demographic information including total
family income that was self-reported during pregnancy. We
calculated a ratio of family income-to-needs, dividing total
income by the OECD poverty line for each particular year
(50% of the median income, adjusted for family size; OECD,
2011). The distribution of household income in the sample
relative to the population distribution is provided in Appen-
dix C in the online supplemental material.

For analyses, we divided families into three income
groups: low income (< 25th percentile), middle income, and
high income (>75th percentile). This approach allowed our
adjustments for selection and our estimates of the exogenous
components of ECEC use to vary across the three groups,
with the assumption that both selection forces and rate of
change in ECEC access due to policy change and municipal-
ity-specific factors likely differed for low- versus high-
income families.

Covariates. Medical Birth Registry information was
retrieved for child gender, birth weight (dichotomized: <
2,500 and >2,500 grams), Apgar score 5 min after birth,
multiple birth (e.g., twins), and congenital syndromes
(including Down syndrome, cleft lip and palate, and limb
malformations). Parental education, partner status (single
vs. partnered), non-Norwegian background, and number of
siblings were reported by mothers at the 17th gestational
week. Mothers reported on their anxious/depressive symp-
toms (Tambs & Moum, 1993) and partner/spouse relation-
ship satisfaction (Rosand, Slinning, Eberhard-Gran,
Roysamb, & Tambs, 2011) at 0.5, 1.5, and 3.0 years.
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Statistical Analyses

We employed an array of analytic techniques to probe the
causal effects of ECEC scale-up in Norway. Here, as our pri-
mary models, we focus the article on results from two-stage
least squares (TSLS), generalized DID, and fixed-effect
regression analyses, techniques that can provide quasi-experi-
mental tests of causal hypotheses when correctly specified
(e.g., Angrist & Pischke, 2009; Murnane & Willett, 2011).

For both our TSLS and DID models, we exploited varia-
tions in ECEC use across cohorts and municipalities as a
proxy for variations in ECEC availability. Although we did
not have access to administrative data on actual ECEC avail-
ability in Norway, we were able to estimate availability of
ECEC within cohort by municipality clusters (i.e., each
child was nested within a cohort of children based on birth
year and municipality). Specifically, we used the proportion
of children attending ECEC within each cohort by munici-
pality cluster as an estimate of availability. To do so, we took
a jackknife approach—iteratively excluding children one by
one to compute the proportion—so that the cohort by munic-
ipality proportion in ECEC for child i excluded child i when
calculating that child’s corresponding proportion. In our
TSLS models, proportion of children in ECEC served as the
instrument; in our DID models, proportion of children in
ECEC served as the treatment. Note that this approach led to
an analytical sample of 63,350 children (from 63,471), drop-
ping 121 children who were the only children represented
within their cohorts by municipality cluster.

The general logic guiding these models was as follows.
The rollout of universal ECEC in Norway created an empiri-
cal opportunity because children born at different times in dif-
ferent municipalities had varying access to ECEC for reasons
beyond family selection. Within a short historical window,
there is little reason to expect the language in the child popula-
tion to improve across birth cohorts unless influenced by far-
reaching environmental changes in Norway, such as influential
policy shifts. Moreover, the interaction of (a) when children
were born by (b) where families lived (i.e., birth cohort by
municipality variations in ECEC scale-up) likely rendered the
progression toward universal provision of ECEC difficult for
families to forecast, and local idiosyncratic causes of ECEC
scale-up rates within each municipality helped rule out the
influences of other national policy changes or population
trends. Below, we provide details of our TSLS and DID model
specifications and key assumptions.

TSLS (instrumental variable) analyses. The first and sec-
ond stages of our TSLS models were estimated as Equation
1 and Equation 2, respectively. In the first stage (Equation
1), ECEC use was regressed on our instrument (i.e., the pro-
portion attending ECEC in the corresponding cohort by
municipality cluster for child 7/) and our covariate set, indi-
cated with Ws. In the second stage (Equation 2), children’s

language scores were regressed on predicted values of ECEC
from the first stage, plus covariates.

ECEC, = ny + n,ProportionECEC,

Equation 1
+m, W+ W+, d

Language, =B, + B,ECEC; +B,W,

Equation 2
+"'+B1+rVVn’+u[' q

To remove omitted between-municipalities heterogene-
ity, we estimated our TSLS models with municipality fixed
effects. Our covariate set included all child and family vari-
ables in Table 1 as well as cohort by municipality averages
for these variables. To examine variations by family income,
we estimated the TSLS model separately for children in
low-, middle-, and high-income families.

For these TSLS models, we examined three key assump-
tions, one of which is related to instrument strength and two
of which are related to instrument validity: (a) the instrument
should be strongly associated with the treatment (i.e., F-test
statistic of 10 or greater), (b) the instrument(s) should be
independent of factors (other than treatment) that influence
the outcome variable, and (c) the instrument should influence
the outcome variable only through the treatment (i.e., the
exclusion restriction). Satisfying the first assumption, in all
cases, [ values from our first-stage models exceeded the cri-
terion of 10 (see online supplemental material Table S4).

We also found that the study covariates were balanced
across levels of our instrument. In two-way (cohort by
municipality) fixed-effects regression models, nearly all
associations between cluster-specific levels of the covariates
and cluster-specific levels of ECEC participation were very
small and null (see online supplemental material Table S5),
with only two exceptions being evident: for children in high-
income families, ECEC participation was negatively related
to parent education and preterm births. Moreover, consistent
with the exclusion restriction, there was no evidence that our
instrument was associated with language scores once con-
trolling for ECEC use and none of our covariates provided
alternative pathways through which the instrument affected
child language (see online supplemental material Table S6).

DID analyses. We estimated generalized DID models in the
present study to examine whether rate of expansion of ECEC
availability was, in turn, predictive of rate of improvement
in children’s language skills (for similar empirical approaches
to the study of ECEC policy expansion, see Bassok, Fitzpat-
rick, & Loeb, 2014; Cascio & Schanzenbach, 2013). DID
designs include two orders of differencing—a pre-post treat-
ment difference and a comparison of the size of pre-post
treatment differences across groups with varying levels of
exposure to the treatment—and may be generalized to quasi-
experiments in which there are more than two groups (e.g.,
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TABLE 1

Descriptive Statistics for Child Language, Early Childhood Education and Care Use, and Study Covariates (n = 63,350)

M (SD) or % Range Percentage missing
Early language skills 7.86 (1.04) 0.00-8.58 40.38
Early childhood education and care variables
Use by 18 months 45.73% 27.25
Child covariates®
Boy 51.00% 0.00
Apgar score at 5 min 9.40 (0.78) 0.00-10.00 0.00
Preterm/low birth weight 4.30% <1.00
Multiple birth (e.g., twins) 3.51% 0.00
Congenital syndromes 5.04% 0.00
Parent and family covariates
Maternal age 29.59 (4.58) 14.00-47.00 3.59
Income-to-needs 2.16 (0.78) 0.00-10.00 0.00
Years of parent education” 15.02 (2.44) 8.00-18.00 4.45
Number of siblings 0.79 (0.90) 0.00-15.00 0.00
Single parent 4.61% 2.54
Non-Western background 10.11% 5.52
Maternal anxiety/depression 1.25 (0.30) 1.00-4.00 3243
Relationship satisfaction 1.79 (0.72) 1.00-6.00 14.48

“Information about all parent variables was taken from the questionnaire at the 17th gestational week for the Norwegian Mother and Child Cohort Study,
and from the 6-month interview for the Behavior Outlook Norwegian Developmental Study. ®Years of parent education is for the most educated parent in

the household.

in the present study, the cohort by municipality clusters that
differ in proportion of ECEC availability) and continuous
treatment variables (e.g., in the present study, the proportion
of children in ECEC within a cluster); in essence, general-
ized DID models are two-way fixed-effects models (e.g., in
the present study, cohort by municipality). To examine vari-
ations by community income, we estimated the DID models
separately for the poorest 25% of the clusters (low income),
the middle 50% of the clusters (middle income), and the
richest 25% of the clusters (high income). Specifically, for
each income group, our DID equation took the following
form, where Language for cohort by municipality cluster cm
was regressed on proportion of children in ECEC for cluster
cm, and yc and dm were vectors of cohort and municipality
fixed effects:

Language,, = o+ B,ProportionECEC,, .
Equation 3
+Y,+98, +&,,.

Within-municipality regression estimates of language gap
changes. In addition to our TSLS and DID models, we esti-
mated a within-municipality fixed-effects regression that was
also specified to estimate DID. In this case, we were inter-
ested in examining associations between income-related dis-
parities in ECEC use and, in turn, income-related disparities

in early language skills. And more specifically, we examined
whether within-municipality changes in ECEC-use dispari-
ties predicted changes in language skill disparities.

Prior to estimating the fixed-effects regression model, the
first-level differencing involved computing within-munici-
pality difference scores for the 2002 and 2006 cohorts. For
both rate of ECEC use and language skills, we subtracted the
average for low-income children from the average for high-
income children. For example, for differences in average lan-
guage skills, the difference score for cohort ¢ and municipality
m was computed as LanguageGap,,, = HighlncomeLang,,,
—LowlIncomeLang_,, . Next, to create a set of DID indicators,
we subtracted the language gap for the 2002 cohort from the
language gap for the 2006 cohort. That is, for municipality
m we computed A LanguageGap,, = LanguageGap,yye,
—LanguageGap,y,,, - And in a similar fashion, we created
DID scores for ECEC use as well as the study covariates.

In turn, to examine whether narrowing of ECEC-use gaps
over time (i.e., smaller difference scores for the 2006 cohort
compared with the 2002 cohort) predicted narrowing lan-
guage gaps, we estimated a (within-municipality) fixed-
effects regression model as presented in Equation 4;
A LanguageGap,, was the change score indicating the extent
to which language score differences between low- and high-
income children narrowed or widened across cohorts for
municipality m, AECECGap,, was the change score
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indicating the extent to which ECEC-use differences
between low- and high-income children narrowed or wid-
ened across cohorts for municipality m, and W , fo W _were
municipality-level averages for the child and family covari-
ates presented in Table 1.

ALanguageGap,, = n, + ;, AECECGap,,, +

Equation 4
oW+ W+,

For this analysis, we included only the 173 municipalities
that had a reasonable representation of lower income and
higher income households (we chose 10 households in each
of these categories as the threshold, although the results
were similar if we included municipalities with fewer low-
and high-income households).

Missing data. Despite complete data on some key indicators
such as family income, there were considerable missing data
due to attrition. Most notably, 27.25% of children were miss-
ing ECEC data at 1.5 years, and 40.37% of children did not
have complete language data at 3.0 years. Although likeli-
hood of having missing values on the study covariates or lan-
guage outcome was by and large unrelated to the “treatment”
ofinterest, likelihood of attrition was higher for more socially
disadvantaged families and children with congenital syn-
dromes. To account for this attrition, our statistical models
were estimated using multiple imputation for missing values,
combining estimates and standard errors according to Rubin’s
Rules (Rubin, 1987). Given the sample size and complexity
of our models, we were limited to using five imputations (see
online Appendix E for further details about missing data).

Results
Descriptive Statistics

In Table 1, we provide descriptive statistics for the study
variables. In addition, in Figure 1, we plot the proportion of
children in ECEC for each birth cohort. In the figure, it is
evident that ECEC use increased across cohorts by nearly 30
percentage points or more for children from low-, middle-,
and high-income households. Correspondingly, for low-
income children, use of parental care had the most rapid
declines across cohorts, while for middle- and high-income
children, declining use was fairly similar for parental care
and family day care.

TSLS Models

In Table 2, we summarize results from our TSLS models
estimating the effects of ECEC use at 18 months on lan-
guage at 3 years. For low-income children, the estimated
effect of ECEC use was statistically significant and more
than twice as large as the estimates for middle- and high-
income children. Based on the TSLS estimate, low-income
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and care and other arrangements across birth cohorts.

children who were in ECEC at 18 months had language
scores at 3 years that were, on average, 89% of a standard
deviation higher than those for low-income children who did
not attend ECEC. For middle- and high-income children, on
the other hand, ECEC use was associated with approxi-
mately 31% and 29% of a standard deviation difference in
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TABLE 2

Predicting Language Scores at 36 Months from Early Childhood Education and Care Use at 18 Months: Instrumental Variable Models

Low income

Middle income High income

(n=17,395) (n=31,073) (n=14,882)
b b b
[95% CI] [95% CI [95% CI]
Early childhood education and .89 317 .29
care use at 18 months [0.28-1.49] [-0.05-0.67] [-0.12-0.70]

Note. In the two-stage least squares models, low, middle, and high income refer to family income levels. Low-income families were at the 25th percentile or

lower, and high-income families were at the 75th percentile or higher.

p<.10."p<.01.
TABLE 3
Predicting Language Scores at 36 Months from Early Childhood Education and Care Coverage at 18 Months: Difference-in-Difference
Models
Low income Middle income High income
(n=495) (n=1,006) (n=489)
b b b
[95% CI] [95% CI] [95% CI]
Early childhood education and care 35 21 —-.04
coverage at 18 months [0.10-0.60] [-0.11-0.52] [-0.44-0.36]

Note. Sample sizes for the difference-in-difference models indicate the number of cohort-by-municipality clusters of children. In these models, low, middle,
and high income refer to cluster-level averages of family income. Low-income communities were those at the 25th percentile or lower, and high-income

communities were those at the 75th percentile or higher.

Hkk

p<.01.

language scores, respectively; the estimate was null for
high-income children and only approached significance for
middle-income children. It is worth noting, however, that
even for the low-income children, the 95% confidence inter-
val was quite wide, including values ranging from 28% to
149% of a standard deviation; given similarly large confi-
dence intervals for the middle- and high-income groups, the
estimates for the three income groups were not statistically
distinguishable from one another.

DID Models

In Table 3, we summarize results from our DID models.
While these estimates did not significantly differ from zero
for children in middle- and high-income communities (i.e.,
children in cohort by municipality clusters that were, on aver-
age, middle and high income), increasing ECEC availability
significantly predicted improved language for children in
low-income communities. Regarding effect size, it is critical
to note that the coefficients in these models represent the esti-
mated changes in language scores (in percentages of a stan-
dard deviation) given a change of 0% to 100% “availability”
(i.e., no children within a cluster versus all children in a clus-
ter attending ECEC). Thus, given a one standard deviation

change in our ECEC availability indicator (i.e., a 15.4 per-
centage point increase), we would expect a 5.39% standard
deviation increase in the average language scores of children
within clusters. It is also important to note that confidence
intervals for the three income groups overlapped, indicating
they were not statistically distinguishable from one another.

Within-Municipality Regression Estimates of Language
Gap Changes

As a final analytical step, we estimated ordinary least
squares regression models examining whether municipali-
ties that evidenced narrowing gaps in ECEC use between
higher and lower income children (from 2002 to 2006) also
evidenced narrowing gaps in language scores (see Table 4).
We estimated unadjusted models and, in turn, models that
controlled for (a) within-municipality mean levels of the
covariates in Table 1 and (b) changes across cohorts in the
covariates. In total, 58.29% of municipalities demonstrated
narrowing gaps between the proportions of lower versus
higher income children who were in ECEC at 18 months,
and these narrowing gaps in ECEC use were positively pre-
dictive of narrowing gaps in language scores. In the two
models adjusting for covariate levels or changes, every 10



TABLE 4

Municipality-Level Association Between Changes in Early
Childhood Education and Care—Use Gap and Changes in
Language Skill Gap Between Lower and Higher Income
Households

Change in Child
Language Gap

Change in Early Childhood _
Education and Care-Use Gap b (SE)
Unadjusted OLS estimates 14" (.06)
OLS adjusted for average 1677 (.07)

within-municipality

covariate levels
OLS adjusted for within- 167 (.06)

municipality covariate rates
of change

Note. OLS = ordinary least squares.
“p<.05.""p<.01.

percentage point narrowing of the gap in ECEC use between
lower and higher income households was associated with a
1.56 percentage point narrowing in the language skill gap.

Sensitivity and Robustness Checks

In addition to our primary models reported here, we con-
ducted a number of analyses to examine the sensitivity of
our results to respecification and, more generally, to exam-
ine the robustness of our main findings. In Appendix F in the
online supplemental material, we provide a brief overview
of results from these sensitivity and robustness checks.

Discussion

To date, most evidence from the United States on ECEC
at scale comes from targeted programs for disadvantaged
preschool children (3- to 5-year-olds); international evi-
dence on universal scale-up beginning at younger ages pro-
vides a useful addition to the cumulative knowledge. In the
present study, we investigated the consequences of Norway’s
national scale-up of universal ECEC, beginning at age 1, for
children’s early language skills. In doing so, we gave special
attention to differential consequences for children from
low-, middle-, and high-income families. In a population-
based sample, we found that scale-up of Norway’s universal
ECEC led to improvements in children’s early language
skills, with low-income children’s evidencing this most
robustly. Our results were, by and large, consistent with the
hypothesis that attending large-scale public ECEC is improv-
ing low-income children’s language skills in Norway and
thereby may be narrowing early achievement gaps between
low- and high-income children. More specifically, our
results provided three complementary pieces of evidence on
the effects of universal ECEC scale-up in Norway.
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First, in TSLS regression models, we found that attending
ECEC at 18 months was predictive of better language skills
at age 3, primarily for low-income children. On average,
low-income children attending ECEC were estimated to
have language skills approximately 90% of a standard devia-
tion higher than low-income children not in ECEC. A word
of caution is required when interpreting the size of this
effect, however, given that our 95% confidence interval for
low-income children ranged from 29% to 149% of a stan-
dard deviation. Despite this wide range, the estimates
reached statistical significance, and even the lower bound of
nearly one third of a standard deviation would be of consid-
erable practical importance given the long-term risks associ-
ated with limited early language skills (Durham et al., 2007).

Second, in DID models, we found that the increasing
availability of ECEC in Norway led to improvements in the
average language skills within low-income municipalities.
The size of these improvements were, however, consider-
ably smaller than those estimated for the effects of ECEC
use on individual children’s language scores—a 15 percent-
age point increase in the availability of ECEC predicted
slightly more than a 5% of standard deviation increase in the
average language scores within low-income municipalities.
One reason for this seemingly small effect was likely the fact
that not all children in low-income municipalities were,
themselves, living in low-income families; based on our
TSLS models, we would expect less robust effects of ECEC
on the language skills of children in middle- and high-
income families compared with those children in low-
income families. Moreover, our initial DID models did not
address for whom ECEC availability was increasing most
rapidly (e.g., was availability increasing at similar or faster
rates for low- vs. high-income children as a function of cost
structures?).

Third, therefore, we estimated regression models focused
on the question of for whom ECEC attendance increased
within municipalities. More specifically, we compared
municipalities according to disparities in ECEC attendance
between low- versus high-income children and the implica-
tions of changes over time in these disparities for language
outcomes. Municipalities in which use of ECEC increased
more rapidly over time for low-income children than for
high-income children also evidenced the greatest narrowing
of language skill gaps between these groups of children. In
2006, in the population-based sample we examined, there
remained an ECEC-use disparity of approximately 20 per-
centage points between low- and high-income children (see
Figure 1); our regression model estimates indicated that
closing this gap would narrow income gaps in early lan-
guage skills by a little more than 3 percentage points. While
these effects are modest in absolute terms, they should be
evaluated with attention to the fact that strong early language
skills are excellent predictors of long-term achievement and
well-being outcomes (e.g., Durham et al., 2007; Farkas &
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Beron, 2004). Thus, rather small changes in early language
due to universal ECEC scale-up might still prove to have
considerable implications for these children’s life chances
and for hopes of reducing social disparities in Norway.
Optimism about the potential benefits of Norway’s ECEC
program is justified by the fact that our findings are consis-
tent with other Norwegian studies. There is evidence that the
scale-up of ECEC for preschoolers in Norway in the late
1970s improved life chances into early adulthood (Havnes &
Mogstad, 2011); in addition, a recent study from Norway’s
capital, Oslo, showed that children who, due to a lottery,
entered ECEC on average 6 months earlier than their coun-
terparts (i.e., about 15 months of age rather than 19 months)
scored 12% of a standard deviation higher on math and read-
ing tests at age 6 (Drange & Havnes, 2015). Yet it is critical
to recognize that any hope of reducing social disparity via
ECEC relies on strong rates of participation in public ECEC
among disadvantaged families. While participation among
low-income children grew rapidly during the time period we
studied, only a little more than half of the municipalities in
Norway actually narrowed rates of ECEC use between low-
and high-income families. With national rates of ECEC use
for 1- to 2-year-olds now near 80%, disparities may be
decreasing but remain a concern as Norway has recently
increased its ECEC policy focus on participation rates
among socially disadvantaged families (OECD, 2015).

Extending the Cumulative Knowledge About ECEC at
Scale: Relevance in the United States and Internationally

Beyond Norway, our findings of improved early language
skills for low-income children during ECEC scale-up are
consistent with those demonstrated in randomized trials of
infant and toddler ECEC (Duncan & Sojourner, 2013) and
nonexperimental studies of high-quality infant and toddler
care, including those studies that have demonstrated larger
effects of high-quality care for children in low-income fami-
lies (Geoffroy et al., 2007; McCartney et al., 2007). Our
findings are also consistent with evaluations of universal
preschool programs at scale in the United States for which
positive achievement gains have been most pronounced
among low-income children but also evident among middle-
income children (Gormley et al., 2005; Gormley et al.,
2008). Our findings extend these existing lines of work
because we have examined such effects within a large-scale,
national implementation of quality-regulated ECEC, begin-
ning at age 1, when brain maturation, language learning, and
cognitive development are rapid.

Compared with effect sizes from previous studies, our
estimated effects were smaller, however. Some studies, in
fact, report considerably larger effect sizes. One case in
point are the projections based on analyses of low birth
weight children in the United States (Duncan & Sojourner,
2013); at age 3, estimated population gaps in IQ would be

Norway'’s National Scale-Up

closed by 87% assuming a 2-year universal ECEC program.
Somewhat smaller effect sizes were reported in Duncan and
Magnuson’s (2013) meta-analysis of preschool interventions
(i.e., 21% of a standard deviation), particularly for studies
dating after 1980 (i.e., 16% of a standard deviation). Also
relevant are effect sizes for nonexperimental studies of
infant and toddler care, ranging from 9% to 16% of a stan-
dard deviation for school readiness scores for each addi-
tional year children attend center care in the NICHD Study
of Early Child Care and Youth Development, for example
(NICHD, 2000).

Given that Norway’s ECEC program lasts until school
entry (the year children turn 6), it is possible that our esti-
mates at age 3 are smaller than they would be at school entry.
However, when comparing our estimated effects of early
ECEC in Norway to preschool interventions in the United
States, the supportive sociopolitical context of Norway must
be considered (Dearing & Zachrisson, 2017). Beyond paid
parental leave, Norway offers free health care (including
well-being clinics for parents and children) and a more fam-
ily-friendly labor market than does the United States (e.g., 5
weeks paid holiday). In addition, there are lower levels of
material deprivation associated with child poverty in Norway
compared with the United States (UNICEF Innocenti
Research Center, 2012). It is reasonable to assume that the
counterfactual condition to regulated ECEC for low-income
children (e.g., being cared for by parents or unqualified child
minders), is to a lesser extent than in the United States, asso-
ciated with disadvantaged developmental contexts. Thus,
the baseline for children’s language development may well
be higher; indeed, in the population-based data analyzed in
the present study, language score differences between low-
and high-income children are only about 15% of a standard
deviation, on average. In Canada, a national context some-
what more comparable to Norway than is the United States,
evidence on ECEC appears mixed: ECEC attendance for
disadvantaged children prior to age 4 predicted 36% to 87%
of a standard deviation higher scores on school achievement
in Canada (Geoftroy et al., 2007; Geoffroy et al., 2010), but
this finding is in stark contrast to evaluations finding null (or
negative) effects on behavior of ECEC policies in Quebec
(Baker et al., 2008; Kottelenberg & Lehrer, 2014).

Our results should also be interpreted in light of the
national curriculum (“Framework™ plan). While structural
quality appears high, this curriculum provides very general
guidelines for pedagogical practice, which likely varies con-
siderably across centers. Relatively speaking in international
comparisons, Norwegian ECEC teachers may often empha-
size free play, minimize staff-child interactions, and avoid
formalized direct instructions (OECD, 2015), potentially
leading to low instructional quality. Considering the empha-
sis given to high-quality curriculum as a core “active ingre-
dient” in ECEC promoting cognitive development (Duncan
& Magnusen, 2013), it is reasonable to expect that a more
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academically focused and structured curriculum could lead
to larger effect sizes for language development than we
detected.

As a final note about the relevance of our findings in the
United States and internationally, it is worth considering that
while there is some evidence of negative behavioral conse-
quences of early, extensive, and continuous ECEC (e.g.,
Belsky, 2001; Huston, Bobbit, & Bentley, 2015), this does
not appear to be the case Norway (Dearing, Zachrisson, &
Nerde, 2015; Zachrisson, Dearing, Lekhal, & Toppelberg,
2013). One reason may be that paid parental leave policy
makes 1 year the most common age of entry into ECEC in
Norway, whereas many children in the United States enter
some form of nonparental care by 9 months (Halle et al.,
2009). More generally, however, the internal validity of many
studies demonstrating negative consequences of ECEC has
been called into question (Dearing & Zachrisson, 2017).

Limitations and Strengths of the Present Study

One of the more serious limitations to the present study
was the high rates of attrition in this population-based sam-
ple, with evidence that more disadvantaged and higher risk
children were less likely to be retained through age 3. As
described here, and in our supplementary materials, our
results proved robust across approaches to handling this lim-
itation (i.e., multiple imputation and listwise deletion).
While our primary approach (multiple imputation) is recom-
mended for bias reduction with high levels of attrition that is
correlated with study covariates (e.g., Graham, 2009), it is
possible that our estimates of the effects of ECEC scale-up
do not, in fact, apply to the most seriously disadvantaged or
developmentally at-risk children in Norway.

It is also important to note that in the population-based
sample, our language measure was based on maternal
reports. There is, however, excellent evidence of the validity
of parent reports of child language at age 3 via concurrent
and predictive correlations with direct assessment tools
(e.g., Feldman et al., 2005; Thal, O’Hanlon, Clemmons, &
Fralin, 1999). Even so, the two maternal report measures
employed in the population-based study are screening tools
for language problems/delay.

Finally, it is critical to note that our instrument in the TSLS
models and treatment variable in the DID models was, in
essence, a proxy indicator. Ideally, we would have exploited
public administrative data on publicly funded ECEC avail-
ability within municipalities; however, for purposes of pro-
tecting participants’ anonymity, municipalities were not
identifiable in MoBa, and therefore we could not link public
ECEC data to MoBa. However, MoBa’s being a population-
based sample boosts our confidence in our estimates of ECEC
availability. Moreover, an important strength of the present
study was our ability to employ a variety of methods aimed at
probing the causal hypothesis and determining whether the
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results of our TSLS and DID models were robust to alterna-
tive specifications.

While randomized experiments are the safest method for
ensuring internal validity, methodologists increasingly
encourage cause probing in nonexperimental work. Best
practice recommendations highlight the importance of (a)
using statistical methods and designs that help rule out omit-
ted variables bias (Duncan, Magnusson, & Ludwig, 2004;
Foster, 2010; McCartney, Bub, & Burchinal, 2006; Shadish,
Cook, & Campbell, 2002) and (b) examining robustness and
sensitivity across multiple methods that rely on somewhat
different assumptions regarding plausible alternative
hypotheses (Jo & Vinokur, 2011; Morgan & Winship, 2015;
Murnane & Willett, 2011; Shadish et al., 2002). In the pres-
ent study, we examined alternative specifications of our
instrumental variable, DID, and within-municipality regres-
sion models, as summarized in the online appendices. Our
results, by and large, proved robust across this array of alter-
native methods.

Conclusion

Even as preschool programs at scale become increasingly
common in the United States and elsewhere, debate should
continue about the relative costs and benefits of universal
versus targeted ECEC policies (e.g., do targeted public pro-
grams produce similar (or larger) gains among socially dis-
advantaged children than do universal programs?). Yet our
findings in Norway juxtaposed with the few universal pre-
school program evaluations in the United States should help
push that debate away from targeted approaches that exclude
middle-class and higher income children. Furthermore,
whereas most policy discussions in the United States are
centered on preschool children, we believe these findings
should provoke more conversation about the value of ECEC
at scale for the younger children. Although our findings are
limited to shorter term outcomes, with fade-out a legitimate
concern (Bailey, Duncan, Odgers, & Yu, 2017), the present
study increases evidence that nations can implement publi-
cally subsidized and regulated ECEC programs for very
young children at scale with a potential benefit of narrowing
achievement gaps.
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