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Abstract

Background Research finds center-based child care typically benefits children of low
socio-economic status (SES) but few studies have examined if it also reduces inequalities
in developmental disadvantage.

Objective I test if the length of time in center-based care between ages one and three years
associates with child development scores at age three years, focusing on the impact for
groups of children in the lower tercile of child development scores and in the lower SES
tercile.

Method Using data from 1,606 children collected in a nationally representative Chilean
survey, I apply a value-added approach to measure gains in child development scores
between age one and three years that are associated with length of time in center-based
child care.

Results Disadvantages at age one year were associated with lower child development
scores at age three years. No benefits of additional time in center-based care were found for
the non-disadvantaged group, but positive associations were found between more time in
center-based care and child development outcomes for children with the SES disadvantage
only. Center-based care was not associated with child development trajectories of children
with lower child development scores at age one year, no matter their SES status.
Conclusions There is evidence that Chilean center-based child care reduces SES inequality
in child development scores between ages one and three years, but only if children already
were not low-scorers at age one year.
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Introduction

Research suggests that even very young children are on trajectories that result in inequal-
ity later in life (Doyle et al., 2009; Gertler et al., 2014). Low socio-economic status (SES)
is one disadvantage that is associated with less satisfactory early child development out-
comes. By age two years, statistically significant differences in 1Q had emerged between
British children of high and low-SES families, defined by a composite variable of parental
education and occupation (Von Stumm & Plomin, 2015). In the US, significant dispari-
ties in vocabulary and language processing efficiency were already evident at 18 months
between infants from higher- and lower-SES families. By 24 months, there was a six-month
development gap between SES groups (also defined by a composite variable of parental
education and occupation) in processing skills critical to language (Fernald et al., 2013). A
cross-country study of children from India, Indonesia, Peru and Senegal found that differ-
ences in child-development scores emerged by age nine months for children in the highest
and lowest SES quintiles (defined by maternal educational and a wealth index) ranging
between a quarter and a half of a standard deviation (Fernald et al., 2012).

Latin America is a region plagued with wealth inequality, which translates into child
development disparities. Examining samples of young children from five Latin American
countries, Schady et al. find differences in language skills between the highest and lowest
wealth quintiles emerged by age three years (2015). In Ecuador and Colombia, the SES
gradient in child development test scores widens with age among preschool children (Pax-
son & Schady, 2007; Rubio-Codina et al., 2015). Data from Chile, where the current study
is focused, also has significant wealth gaps in child development. Even though there are
no differences in anthropometrics by SES as birth, differences in height-for-age z-scores
emerge by 30 months suggesting that disadvantaged children have a weaker base of physi-
cal development supporting cognitive development (Behrman et al., 2017). Additionally,
disparities in cognitive and socio-emotional skills emerge during the preschool years,
although these decrease as children enter elementary school. Maternal education was the
mediator that explained the SES gap in socio-emotional skills, but it explained less than
half the wealth gap in cognition (Abuthele et al., 2020). These findings indicate that con-
sidering how early childhood interventions support low-SES children specifically is impor-
tant for equity in Chile and the region.

An initial low level of child development is another disadvantage that has long term
implications. Development is a cumulative process and subsequent development builds on
the achievements of prior development (Cunha & Heckman, 2007; Todd & Wolpin, 2003).
IQ at age two years is correlated with IQ at later ages, although the correlation weakens as
the children age (Von Stumm & Plomin, 2015). Using six longitudinal data sets, Duncan
et al. confirm that cognitive measures prior to primary school (ages 5-6) predicted later
academic performance (2007). Similarly, most children who start elementary school sig-
nificantly behind their peers never close the readiness gap (Lee & Burkam, 2002), and a
lack of school readiness predicts many long-term negative outcomes (Zigler, 2006). Thus,
children with initially low levels of child development—as found to be associated with low
SES—may have difficulty catching up to their peers.

Children with both types of disadvantages—lower SES and lower child-development
scores—remain with compounded disadvantages later in life. For example, literature on
children with developmental disabilities suggests that those in low-SES situations have
fewer resources for addressing these issues and thus may have worse adult outcomes than
children with developmental disabilities in higher SES contexts (Evans et al., 2013). In
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Chile, parents’ education level was positively associated with children’s socio-emotional
skills (as measured by the Bayley Scales of Infant Development) at 12 and 30 months of
age. The cumulative nature of this association is revealed by the finding that 12-month
skills predicted 30-month socioemotional skills, though parental education was no longer
a predictor once 12-month skills were included (Farkas et al., 2017); early disadvantage
can persist and worsen. On the flip side, research has shown that cognitive ability can pro-
tect against SES disadvantages: scholastic achievement of youth ages 11 to 18 years old
compensated for depressed mood associated with adverse childhood experiences (Gerard
& Buehler, 2004). It is plausible that developmental ability could protect against SES dis-
advantage earlier in childhood.

Theory suggests that center-based childcare may be able to attenuate these disadvan-
tages. The poverty literature has revealed the importance of the economic situation in shap-
ing children’s developmental outcomes, suggesting the pertinence of an ecological model
of child development (Bronfenbrenner & Morris, 1998). Children’s processes are modeled
to unfold in interaction and reaction to various environmental and contextual factors, from
the mother’s care to the broader societal contexts. This environmental focus also suggests
that childcare also forms a significant part of the child’s lived experiences, thus can also
influence their developmental process. Center-based child care can attenuate the impacts of
poverty if it provides stimulation and secure attachment that may be less available among
impoverished households due to higher levels of stress.

The studies on the cumulative nature of development suggest the relevance of the socio-
cultural and psycho-social development models, as both of them generally consider child
development to be sequential processes (Erikson, 1950; Vygotskii, 1978). With respect to
the sociocultural theory, a child care center may offer more appropriate challenges for the
child within their zones of proximal development; the home may be more challenging for
children to navigate with its organization oriented primarily to adults. Psycho-social devel-
opment theory suggests that young children included in this study (ages 1-3 years) must
develop autonomy before moving on to the subsequent stage (initiative, characterized by
play); separation from parents is part of this process and center-based care may provide
that safely.

Both theories correspond to the concept that more time in care will result in better child
development outcomes. However, the ecological model, being environmentally focused,
is more directly linked in that regard. The conceptualization of development as a sequen-
tial process suggests that appropriate developmental challenges must be available for more
time to translate into development. So it is possible that development stagnates if the child
care center either does not have challenges at the child’s level or the child exhausts and
masters all available challenges.

Literature is scant regarding if children with low child development scores benefit from
center-based childcare, irrespective of SES. On the other hand, much research has shown
that center-based care provides cognitive benefits and, less strongly, socio-emotional ben-
efits for children from low-SES households (Anderson et al., 2003; Belsky et al., 2007;
Berlinski et al., 2008; Camilli et al., 2010; Havnes & Mogstad, 2011; Vandell et al., 2016),
including in Chile (Centro de Estudios MINEDUC, 2013; Cortézar, 2015; Narea et al.,
2020a, b; Reveco & Mella, 1999). A smaller body of literature confirms these findings
for children less than age 3 years (reviewed by Sylva et al., 2015; also Nores et al., 2019).
However, most of the studies of children under age three years are evaluations of mainly
small-scale, specific center-based care programs. Exceptions are studies that use national
level data from Chile (Narea et al., 2020a, b), Germany (Kuehnle & Oberfichtner, 2020)
and the United Kingdom (C6té et al., 2013; Del Boca et al., 2018; Hansen & Hawkes,
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2009) to show that center-based care can support cognition of very young children, particu-
larly low-SES children.

Among observational studies, dosage analyses may better control for selection bias:
instead of contrasting outcomes of children in center-based care to outcomes of children
not in center-based care, these studies contrasted the outcomes of children in care for dif-
ferent lengths of time, more accurately modeling the exposure mechanism by which center-
based care may be effective. However, there are few of studies of this type. Notably, Belsky
et al. (2007) found that vocabulary scores varied as a function of age of entry to care. Dos-
age effects were non-linear among low-income children: scores were higher if (low-SES)
children entered child care before three months of age or after nine months of age and
lower if they entered between three and nine months. No association between age at entry
and vocabulary was found among children who were not poor. Zambrana et al. also found
an increase in vocabulary with Norwegian children’s increased time in care in high-quality
care settings (2016). Children of mothers with lower levels of schooling in Quebec scored
as well as children of mothers with higher levels of schooling on cognitive tests at age six
and seven years only if the children of less-schooled mothers had more time in center-based
child care between ages five months and four years (Geoffroy et al., 2010). On the other
hand, studies from the US and Switzerland provide additional evidence has indicated that
a higher time in center-based child care early in life can hinder child development as high
time spent in care results in worse externalizing behavior (Averdijk et al., 2011; McCartney
et al., 2010). Dosage analyses from Latin America, though limited, have findings generally
consistent with the conclusion that center-based care supports child development in low-
SES contexts, although, again, these studies focus on a specific programs (Behrman et al.,
2004; Bernal & Fernandez, 2013; Noboa-Hidalgo & Urzda, 2012).

The Chilean Context

Chile comes in second to Costa Rica as the country with the highest income inequality
among OECD nations. Unfortunately, this income inequality extends to inequality in child
development outcomes as well. Children in low-income settings have few child develop-
ment aids in the household, such as books, music, and toys designed to stimulate children;
subsequently, those without such resources in the home score lower on child development
tests (Behrman et al., 2010). A previous survey estimates 34% of children age three have
some sort of developmental delay (Aguilera et al., 2006); language tends to be the area of
delay that is the most common (Atalah et al., 2014). Interestingly, there is not a clear asso-
ciation between center-based care attendance and SES (Behrman et al., 2010).

Assessing the effectiveness of center-based care may be even more pertinent for Chile
than the US and Europe, as an increasing number of Chilean mothers are entering the labor
force. Chile is a high-income country, is a member of the OECD, and has similar rates
of participation in center-based care for children less than age three years (around 30%)
as countries in the European Union and the US (Janta, 2014; Ministerio de Desarrollo
Social, 2019). Unlike these countries, however, Chile’s female to male labor force partici-
pation ratio is relatively low at 68 (e.g. 82 in the US and Spain, 84 in France and Australia)
(The World Bank, 2017) and around 45% of Chilean children under age three years have
employed mothers (Ministerio de Desarrollo Social, 2019) in contrast to around 60% of
children in the European Union and the US (OECD - Social Policy Division, 2016; United
States Department of Labor, 2016). However, between 2005 and 2015 the female labor
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force participation rate increased ten percentage points in Chile (The World Bank, 2017); if
this upward trend increases, many more young children may be enrolled center-based care.

Chile recently experienced a rapid expansion of early childhood programs for children
less than four years of age to serve working mothers. The largest change occurred in 2013,
when Chile expanded the supply of child care vouchers for low-income families from chil-
dren as young as four years to children as young as two years. (See Reyes & Urzua, 2012
for more detail on the expansion.) This paper does not directly evaluate the expansion, but
does speak to how center-based care has supported early childhood development among
those who are enrolled in child care. Quality was not initially guaranteed. A governmental
quality analysis from 2012 indicates 35% of public child care institutions evaluated were
of low or insufficient quality (Zafe Contreras (Ed.), 2013). The evaluations included cur-
riculum, treatment of children, hygiene and feeding, infrastructure and safety, financial
viability, and management. Perhaps because of these low-scoring establishments, a 2015
law (Ley N°20.832) required day care and preschools to comply with minimum standards
for trained personnel, physical space and sanitary requirements, and curriculum. However,
this analysis uses data prior, so quality varies greatly for the children in this sample, though
parents’ perception of their children’s center-based care establishments is very high, with
little variation.

Contributions & Research Questions

The primary contribution of this study is to determine if center-based child care influences
inequality along two dimensions (poverty and child development) instead of one dimension
(typically poverty). This innovation considers both theoretical frameworks of environmen-
tal disadvantage and the disadvantage of being earlier in the developmental process, should
child development be sequential in nature. The literature has little emphasis on how center-
based care may help children who are not low SES but still score poorly in child develop-
ment. This may be because those with low SES and low child development scores are over-
lapping groups. However, there still remains heterogeneity: school-readiness gaps between
low-SES and higher-SES children do not perfectly align with the SES measures (Waldfogel
& Washbrook, 2011). Exploring the effects of center-based care on children who are not
SES-disadvantaged but with low child development scores can provide insight into mecha-
nisms. For example, if center-based care helps children of low development scores, as in
the case of Head Start, it is likely that a compensatory educational model is at work (Bitler
et al., 2014). (In a compensatory model, education supports those at the bottom of the dis-
tribution, in contrast to the model of skill-begets-skill, which benefits those at top of the
distribution.) On the other hand, in the case where center-based care only improves scores
of low-SES children, this improvement could stem from an environmental, rather than edu-
cational, aspect of center-based care (Berry et al., 2016).

A secondary contribution is to examine the impact of center-based care on children one
to three years of age using a dosage approach; these children are typically underrepresented
in most center-based care studies and, as a result, we know little about the effects of center-
based care for this particular age-group. Child care may not have the same impact on
younger children as older children who are experiencing different stages of development.

My analysis complements the Noboa-Hidalgo and Urzua Chilean study on low-SES
children in public preschool (2012). They find children in care for seven months do better
than children in care for five and six months, suggesting as much as a 0.25 standard devia-
tion increase in feeling expression for an additional month in center-based care. The range
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included in the current study is much larger, 0 to 34 months. This is also a broader time
span analyzed than the additional four months of universal preschool some German three-
year-olds received resulting from a legislative timing change (Kuehnle & Oberfichtner,
2020). Examining a longer exposure period can reveal if these findings based on a short
duration are consistent for a broader range of time enrolled.

The current study also has some similarities to other studies using the ELPI data set.
Narea, Arriagada and Allel examine the impact of center-based care on young children
(Narea et al., 2020a, b). Their study confirms that low-SES children benefit from care,
but does not explore the impact on children who have lower child development scores at
baseline. Additionally, their study examines the bivariate variable “in care between 24
and 36 months”, and does not examine length of time in care. A similar study contrasts
the impact of different types of non-maternal care (center-based, grandparent, other rela-
tive, and non-relative) between ages 6-12 months on a variety of developmental outcomes
at ages 24-48 months and also finds center based care to be beneficial although not for
low-income children (Narea et al., 2020a, b). The current study further contributes to this
examination of inequality in child development outcomes resulting from center-based care
for low-SES children by considering length of time in care between ages one and three
years, allowing for a broader window than the six- to twelve-month focal period of Narea
et al.’s study (2020a, b). Additionally, the approach of the current study allows for a study
of change in development, while Narea et al.’s design on the attendance of children at the
youngest ages does not allow for this type of analysis.

The data provide a number of analytical advantages. The majority of studies on this
younger age-group use data from small or medium-sized trials which are not representa-
tive of the full population, exceptions being those mentioned from Chile, Germany, and the
UK. In contrast, the sample in the current study is quite large—over 1500 children. Addi-
tionally, I include children from the general population, not just low-SES children, which
allows for insight regarding the growth of inequality in child development and how center-
based care may address this. I employ a dosage analysis, which removes some concerns for
selection bias into care, as discussed in the literature review. Furthermore, the longitudinal
data and a very rich set of controls (including parental sociodemographic characteristics,
mother quantitative and language abilities, the learning environment at home, other meas-
ures of parental investments and baseline outcomes) help alleviate endogeneity concerns.

Given the multiple theories suggesting different types of disadvantage may result in
lower levels of child development, I first hypothesize that disadvantages at age one year
(low SES, low child development scores, and both) are associated with inequalities in child
development outcomes at age three years, with even lower scores for children experiencing
both disadvantages. Given the mechanism of more time in a safe environment with more
opportunities to practice skills in a setting designed to be at the child’s skill level, I test a
second hypothesis that a longer duration in center-based child care in early childhood can
help reduce inequalities in child development outcomes by age three years. I compared
more advantaged children to three groups of children who had risk factors at age one year
for lower-scoring child development at age three years: children from low-SES families
(but not with low child development scores), children with low child development scores
at age one year (but not from low-SES families), and children both from low-SES families
and with low child development scores. In addition to hypothesizing that a longer number
of months in care will reduce inequality, I also hypothesize that a longer daytime exposure
to center-based child care would reduce inequality. To test this third hypothesis, I divide
the sample between children who attended half days and those who attended full days to
explore if a longer number of hours at the center may have been more beneficial for some
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groups. In particular, if longer hours allow for more stimulation, more hours each day in
center-based care could benefit children with lower child development scores. Finally, to
consider the fourth hypothesis that children are in different developmental stages at differ-
ent ages and thus would experience the effects of childcare differently, I contrasted these
results for children who entered prior to age two years and for children who entered after
age two years to test for differential influences by age at start.!

Materials and Methods
Design and Procedure

The data used for this study come from the Encuesta Longitudinal de Primera Infancia
(ELPI—Chilean Early Childhood Longitudinal Survey). The 2010 survey is a nationally
representative database of 15,175 children born between 1st January 2006 and 31st August
2009. The mother of the household was chosen to respond to the questionnaire; if the
mother did not live with her child, an alternate household member responded in her place
(less than 2% of cases). Children were evaluated with developmental tests on a separate
visit by a psychologist. The mothers and children were re-surveyed and re-evaluated in
2012, with a 15% attrition rate. These data are de-identified and publicly available, so IRB
approval was not required for this secondary data analysis. There are no conflicts of interest
to declare.

Participants

I focus this study on children three years (36—47 months) in 2012, who were approximately
age one year when surveyed in 2010 (8-23 months). I restrict the sample to children who
received center-based child care at some point between the 2010 and 2012 survey rounds.
Children could have enrolled earlier than the 2010 round, but since this study takes a
value-added approach, I only consider months in center-based care between the two survey
rounds.

2182 of the 3326 children 36-47 months of age in the 2012 survey had attended center-
based care between the 2010 and 2012 survey rounds. I restrict the sample to the population
of children who have participated in center-based care because I find plausible evidence of
selection-bias into enrollment. Though I considered including the non-attending children
in order to improve the precision of the model, the attending and non-attending children
had at least moderately significant differences between regression coefficients associating
the control variables and the child development scores for three of the tests (TADI socio-
emotional p-value =0.006, TADI cognitive p-value=0.11, TVIP p-value=0.168). Instead
of including all three-year-olds, as a robustness check I include a specification with inverse
probability weights combined with sample weights to modify the estimates in order to
generate nationally representative estimates. In contrast to the children age three who had
not been in center-based care between 2010 and 2012, children who received center-based

! Age at enrollment and length of time are confounded in child-care studies since a longer time in care
implies an earlier enrollment. Since not all children are surveyed at the exact same age, considering age at
start was more meaningful for policy than length of time in care.
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care lived in households with more income and wealth, lived with mothers who are more
schooled and score higher on the math and verbal skills test, and had higher baseline child
development scores in addition to lower scores on the toys and activities indices.

I excluded some observations that were missing essential information for the analysis.
193 of the children were tested well after they were surveyed about child care, so they are
missing information on child care during this gap. Seven children were missing informa-
tion on duration of their child-care attendance. In addition, some children had not been
evaluated in the child development tests that I used as outcome variables or baseline con-
trols (N=214).

162 children had a gap in child care, meaning that their months in care were not contin-
uous. I dropped these observations because they do not align with the standard trajectories
that would provide insight for policy. However, I do include them in a robustness check.

The final sample size was 1606 children, 81% of the three-year-old children for whom I
could confirm had attended child care continuously between 2010 and 2012.

Measures

Time in center-based child care This variable was defined as number of months in center-
based care between 2010 and 2012. Information on center-based care was collected via
retrospective histories. The caregiver was surveyed regarding multiple periods of the
child’s life, up to the current age (0—3 months, 3—6 months, 6-12 months, 12—-18 months,
18-24 months, 2-3 years, 3—4 years). For each of these periods, the caregiver responded
if the child had been enrolled in center-based child care and for how many months and
weeks. Thus, the number of months in care could be partial. I only used the period between
the 2010 and 2012 survey waves as the variable of interest; participation in center-based
care prior to the 2010 survey round was used as a control variable. The children typically
spent at most 10 months per year in center-based child care, probably due to Chile’s gener-
ous vacations.

Child development measures All children were tested by child development psycholo-
gists in a home visit after the survey data collection. I chose the 2012 outcomes in the
broad child development arenas in which the ELPI provides tests: cognition, language, and
socio-emotional. These three areas are all included in the Test of Infant Learning & Devel-
opment (TADI), a Chilean assessment administered directly to children ages three months
to six years (Pardo et al., 2012). (Though the TADI also includes a test of motor skills, the
outcomes in this arena do not correlate as well with age so I do not use this outcome.) The
TADI begins with easy tasks for the age level. Progressively harder ones are given, which
allows for the child to be evaluated over the range to their maximum achievement level,
stopping when the failure criteria are met. Though developed in Chile, the items were eval-
uated by an expert jury in development psychology and infant evaluation. High standards
for internal consistency were maintained (with the Cronbach alpha 0.9 in all dimensions).
The TADI was tested for cultural validity in rural and indigenous regions and items that
indicated cultural bias were eliminated (Pardo et al., 2012). The psychometric study was
done by testing children of low-, medium-, and high-educated mothers in different age
groups with 23-40 children in each cell; developmental and SES gradients were confirmed
in each child development realm.

The test that is best aligned with the cognitive domain on the TADI is the Battelle
Developmental Inventory 2nd Edition, Screening Test (Battelle) (Newborg et al., 1996).
The test was developed based upon the theory that children achieve specific developmental
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milestones in sequence and that reaching milestones generally depends on mastering pre-
ceding milestones. Items cover five domains: Adaptive, Personal/Social, Communication,
Motor, and Cognitive. The screening version is not powered to identify subscales; the 100
questions most correlated with the total score from the 400 question non-screening version
were chosen to comprise the screening test. The cognitive and language domains are most
related to diagnostic findings (Glascoe & Byrne, 1993), and, using the ELPI data on three-
year-olds, the Battelle screening tests correlates slightly higher with the TADI cognitive
(r=0.62) than the TADI language (r=0.59). Thus, I categorized the Battelle as a cognitive
test.

The Peabody Picture Vocabulary Test (PPVT) assesses language development and has
been translated to Spanish and has been validated in Mexico and Puerto Rico (Dunn &
Dunn, 1997). The adaptors of the test used item analyses to determine which words to
include on the Spanish PPVT; items may differ from those on the English version. The
PPVT has been widely used throughout Latin America, and appears to be effective in
detecting the impact of various interventions on language development (Crookston et al.,
2011). Some target words were adapted to the Chilean context, i.e., a more commonly used
word was substituted for the target word if the original was not well known in Chile.

Measuring socio-emotional well-being, the Child Behavioral Checklist (CBCL) is a
well-validated, reliable, parent-completed checklist consisting of 99 items assessing a
range of problem behaviors (Achenbach & Rescorla, 2000). The checklist has two major
scales: Externalizing and Internalizing behaviors. The Externalizing scale is comprised of
two subscales (Aggressive Behavior and Attention Problems), while the Internalizing scale
includes four subscales (Emotionally Reactive, Anxious/Depressed, Somatic Symptoms
and Withdrawn). I used the overall composite score and reverse code so that a higher score
is more positive, as with the other tests.

For each test, I used the entire set of children tested (not just those who had been
enrolled in child care) to standardize scores non-parametrically by dividing the sample into
two-month age windows. Each grouping of children have their test scores standardized to
a mean of 0 and a standard deviation of 1, as has been done before (Fernald et al., 2011).
Scores were capped at 4 standard deviations; at most 9 observations of any one test were
capped. A higher score is indicative of a more positive outcome.

As required in a value-added model, I controlled for child development at baseline. In
2010, the children were tested with the full Battelle Developmental Inventory 2nd Edi-
tion (not the screening edition as in 2012), so there were a sufficient number of questions
administered such that subscales were provided in the data (Newborg et al., 1996). I used
the 2010 age-standardized scores from the Battelle inventory in the three subareas most
closely related to the outcome variables: cognitive, language, and personal-social (closest
to socio-emotional). Prior to ELPI, the Battelle Inventory had been used in Chile for three
large evaluation projects: the governmental integrated child development program Chile
Crece Contigo (Chile grows with you), a governmental preschool evaluation program, and
the UNICEF sponsored program Juguemos con nuestros hijos (We play with our children).
The administration of the test was done in accordance with the Spanish version, Inventario
de Desarrollo Battelle (De la Cruz & Gonzalez, 1998). Previous research from Chile’s
Centro de Estudios de Desarrollo y Estimulaciéon Psicosocial (Center for Development
and Pscyho-Social Stimulation Studies—CEDEP) reports good psychometric properties of
the test for a Chilean sample of almost 1500 children (Cronbach’s alpha between 0.71 and
0.94) (Seguel et al., 2012).

Disadvantage 1 divided the sample along two distinct axes of disadvantage. I used
participation in a government conditional cash transfer Subsidio Unicio Familiar
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(SUF—Unique Family Subsidy) as indication of SES disadvantage. Eligibility for this sub-
sidy is based on “an instrument that aims at assessing the household income generating
capacity and its vulnerability to shocks” (Amior et al., 2012). It includes income measures,
education measures, and household needs based on size and composition. To enroll, social
workers visited applying families and filled out a form assessing income, assets, and social
inclusion, from which eligibility was calculated. The formula is not available to prevent
households from gaming the system. All who reached the threshold of the proxy means
tests received the transfer although parents with formal employment were not eligible. The
families received the subsidy for three years, after which they could re-apply. The program
is considered to have relatively good take-up and coverage because social workers facilitate
the enrollment process (Amior et al., 2012). In the analytical sample 32% of children live
in families receiving SUF. I used SUF as the determinant of SES disadvantage because
of its policy relevance: should additional policy emerge around center-based care specifi-
cally targeting low-SES children, the children can be easily accessed through administra-
tive infrastructure.

I established the child developmental disadvantage using baseline (2010) Battelle total
score (age-standardized). To parallel the magnitude of disadvantage established by SUF
as well as that previously documented in the literature (Aguilera et al., 2006), I consid-
ered children in the lowest tercile to be vulnerable in the child development realm. The
typical BDI cut-offs for developmental delays are not used due to concerns with cultural
biases. The technique of contrasting the sample by quantiles is frequently used in studies
for assessing wealth gradients in child development (Fernald et al., 2011, 2012; Paxson &
Schady, 2007; Rubio-Codina et al., 2015). In a robustness check I consider children in the
lowest sixth of the distribution to be developmentally disadvantaged.

Additional covariates 1 controlled for child sex. The outcome variables are age standard-
ized, so I did not control for child age. (When including age and age squared in the main
regressions, their coefficients were insignificant.)

I controlled for additional factors that influence child stimulation. The survey inquires
if the children were in the center a full day or a half day. 47% of children always attended
full days and 49% always attended half days. I use a dummy variable for full day or half
day as a control variable. Only 71 children had a mixed history of full day and half day
child care. I assign the full-day dummy variable a value of 1 for the 46 children who had
attended the center for a full day for more or equal months than they attended for a half
day. I also include having been in center-based child care before 2010 as a control variable.
I additionally control for the log of the number of months between 2010 and 2012 that the
child has been in grandparent or informal care (neighbor or other relative) since these care
types have been shown to influence child development in Chile (Narea et al., 2020a, b).
These alternative care-types could occur simultaneously in the same developmental period
as center-based care. Other variables in the child stimulation category come from the 2010
HOME scores (Home Observation of the Environment). A factor analysis of the questions
resulted in two factors, one that represents a toy index, and another that represents stimulat-
ing parental activity. (See Supplementary Table A1 for questions and factor loadings.)

I controlled for mothers’ verbal and math ability and education as measured by stand-
ardized scores from the Wechsler Adult Intelligence Scales (WAIS). I defined mothers’
education as a categorical variable with the base level as tertiary (completed technical
school or university), and the other two categories being completed secondary and less
than completed secondary.

I included variables for number of siblings, and dummy variables for if a grandparent
and father were present in the household. I controlled for log monthly household income
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and generated two asset indices (appliances and electronics) using principal-component
analysis separately for each category of assets. (See Supplementary Table Al for compo-
nents & factor loadings.) I included an urban—rural dummy, and I also controlled for the
month the 2012 survey was administered, since there is a negative association between
scores and being tested later in the year. This time trend may be due to difficulty in follow-
ing-up, perhaps due to the child having moved or family situation that makes it difficult to
schedule the interview, which may result in stress and thus lower scores.

A few observations had missing values of the control variables for which I imputed the
mean or modal value (N =14 for the toy index, N=3 for maternal education, and N=2 for
household income).

Statistical Analyses

To determine if the disadvantages identified in the 2010 survey round corresponded to
lower 2012 child development scores, I compared the 2012 child development scores of
children within different categories of disadvantages (child-development disadvantage,
SES disadvantage, both disadvantages) to scores of children without disadvantages.

I then estimated the association between months in child care between 2010 and 2012
and child development measures by applying ordinary least squares regression in a value-
added framework.? This approach, while not causal, takes into account a good portion of
the unobserved differences between groups by controlling for the baseline child develop-
ment scores in addition to the rich data about the child’s family and environment available
in the ELPI data. I estimate

Yoo, =2 + ;T +a, Vg0 +a3T % Vo0 + 2, Ya0,0 +a5C +asXpg 0+ (1)
Y, is the jth outcome variable (cognition, language, or socio-emotional on the TADI; or
Battelle, PPVT or CBCL) in 2012. T is log months in child care between 2010 and 2012. I
controlled for 2010 Battelle child development scores (Y,;4)- V is a vector of disadvantage
classifications, with the omitted category being no disadvantage. C is child care charac-
teristics: the full-day dummy and if the child had been in child care prior to 2010 survey
collection. X,;, are child, mother, and household characteristics. The error term is repre-
sented by e and I use robust (Huber-White) standard errors.

I am interested in coefficients a;, which will indicate if there is an overall association
between of length of time in center-based care and tests of child development, and a;,
which indicates if the associations differ by disadvantage type. The main source of bias
and thus concern that conclusions are non-causal is likely to be omitted-variable bias if the
time at which the children entered child care is correlated with non-observables. However,
because I only study children who have ever been in child care, I believe this bias to be
smaller than the omitted-variable bias in studies that compare children in center-based care

2 The lagged dependent variable model is a variant of a change model. Equation (1) is equivalent to.

j
Yoorz

which is equivalent to the following if a4 =1:

—a Y010 =89 +a;T +ayVg10 + 33T # Vg9 + a5C + agX50 0 + €,

AY =a; +a;T 4+2a,Vyg0+ 33T % Vo0 +a5C + agXy00 + €

However, allowing a, to vary based on the child development realm allows the relationships to be more
flexible, so I find the value-added, lagged dependent variable model preferable to the change model.
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to children not in center-based care, as discussed in the section on sample size and restric-
tions. Additionally, the children who had gaps in care were not included in the analysis, so
care is relatively continuous since time of enrollment; the sample should not be biased by
circumstances related to exit from child care. The bias introduced by differential time spent
in child care is controlled for by a dummy variable for full-time (in contrast to part-time)
enrollment and is also considered in a heterogeneity analysis.

I contrast children who participated in half-day care with children who participated in
full-day care, as described earlier in the section on “additional covariates.” The circum-
stances of families who are able to provide home or relative care for their children for half
the day are different than those who enroll their children in full day care. It is of note that
the average time spent in care for those in full day is 6 months longer than those in half day,
suggesting those in full day care enter earlier, perhaps due to fewer options in home care.
In a second heterogeneity analysis, I contrast children who entered very early (prior to age
2 years) with those who entered when older (age 2 or later); these children’s families also
may have faced different circumstances around how long parents or relatives could care for
the child at home.

I compared models that were linear, log, and quadratic in months in center-based care.
They differed little in model fit, so I presented the log specification, which suggests addi-
tional months in center-based care have diminishing marginal returns, as has been found
elsewhere in the literature on Chilean center-based cares (Noboa-Hidalgo & Urzda, 2012).

Because the models fail multiple hypothesis testing both using Bonferroni corrections
and the Westfall and Young step-down resampling method that applies a family-wise error
rate, I include estimates of an index of the outcome variables, generated by exploratory
factor analysis which indicated a single factor. This variable summarizes all outcomes, thus
associations found with this variable I consider to be the most robust. This index is not
intended to be a substitute for the main findings, but rather confirmation that the findings
are not spurious. An alternate composite score, created by averaging the six standardized
test scores, yielded very similar results to the factored composite score, confirming the
robustness of the construction of the composite score. The correlation coefficients of the
composite score variable with the individual tests confirm their similarities (r is around 0.8
with the TADI tests and Battelle, with PPVT r=0.69, with CBCL r=0.33). Because the
CBCL has the least weight in the index and the CBCL test is least correlated with the other
outcomes (perhaps because it is parent-response rather than psychologist administered) the
reader may wish to consider the CBCL as a unique outcome in addition to the composite
index.

Additional robustness checks include a specification with observations of children
whose center-based care attendance was not continuous, a specification that applies inverse
probability and survey weights, and a specification that uses a more restrictive cut-off for
child development vulnerability. All analyses were done using Stata 14.

Results
Descriptives
Among the analytical sample, 21% and 20% have the child-development disadvantage

(only) and the SES disadvantage (only) respectively, and 11% of children have both dis-
advantages, which is expected if the disadvantages were independent. This is unexpected,
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however, due to the large literature suggesting that SES predicts low child development
scores.

Summary statistics (Table 1) confirmed that children with the SES disadvantage (recipi-
ents of the SUF social welfare transfer) have lower values for the income, appliances,
and electronics variables. Their mothers score worse on mathematic and verbal skills
tests and have lower levels of education. Recipients of SUF are less likely to live with
fathers and more likely to live with grandparents. Children with both developmental and
SES disadvantages generally have more disadvantage in these specific SES variables than
children with only the SES disadvantage. Children with only the developmental disadvan-
tage are more likely to be male and do fewer activities with parents than children without
disadvantages.

The distribution of months in center-based child care is similar across the disadvan-
taged populations (Fig. 1). 34 months is the maximum number of months in child care
between rounds; the time between surveys was approximately two years and a child may
have been tested early in 2010 and late in 2012. The average number of months in care
was 11.7. In the regressions the coefficient on the time-in-care variable can be interpreted
as the change associated with a 100% change in time in care. Since the average time in
care was around one year, I can roughly conclude that the size of the change in outcome
variables is what is estimated to result from an increase from one year to two years in care.
Similar to the results for selection into the sample, children with longer time in care lived
in households higher in SES, but the differences between the upper tercile and lower tercile
of time in care are generally not as great as when contrasting children in-sample to children
out-of-sample.

Hypothesis 1 Result: Disadvantages at Age One Year Predict Inequalities
in Child Development Outcomes at Age Three Years I found that disadvantages in
2010 correspond to lower scores in 2012 child development tests (Fig. 2, Supplementary
Table A2). Children with any disadvantage perform 0.165-0.497 of a standard deviation
worse than children without disadvantages; most differences are statistically significant
(Supplementary Table A2). Though the mean scores for the distinct disadvantage groups
are not statistically different, scores of children with only the SES disadvantage are on
average 0.04 standard deviations higher than scores of children with only the child-devel-
opment disadvantage. Children with both disadvantages score even worse than children
with a single disadvantage; differences in mean scores from those with both disadvantages
average 0.04 standard deviations (child-development disadvantage) and 0.07 standard devi-
ations (SES disadvantage). The disadvantages, however, are not additive, in that the size of
the disadvantage from both disadvantages is substantially less than the sum of the sizes of
the disadvantage from each separately. Because the confidence intervals of the mean scores
among the disadvantaged groups overlap for all domains (Fig. 2), I cannot reject that hav-
ing both disadvantages is any worse than having one disadvantage.

When controlling for child development scores at age one year and additional covari-
ates, the mean scores at age three are 0.2—-0.4 standard deviations lower for the children
with a child-development disadvantage than for children without disadvantages. This
increase in inequality, however, is only statistically significant for the PPVT (Table A3,
Disadvantage Indicators). For children with SES disadvantages, the differences are
larger, ranging from —0.3 to —0.7 of a standard deviation, with most of the coefficients
(measures of increase in inequality) being significant at 1%. The increase in inequality
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Months in Center-Based Care
Distribution by Disadvantage
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Fig. 1 Months in center-based care—distribution by disadvantage

for those with both disadvantages (in contrast to those with no disadvantages) falls in
the middle of magnitudes of the differences of those with a single disadvantage. This
may be because those with an SES disadvantage but not a child-development disadvan-
tage have “farther to fall,” since their scores were initially higher.

Hypothesis 2 Result: Center-Based Child Care Reduces but Does not Close
The Inequality Gap for Children with the Ses Disadvantage; No Significant
Impact on the Inequality Gap for Children With Child-Development Disadvan-
tages Among the population with no disadvantages, length of time in center-based child
care (adjusted on a log scale) is not associated with child development outcomes, even
when controlling for a variety of covariates (Fig. 3 & Supplementary Table A3). However,
among children with only the SES disadvantage there are some gains in child development
scores: a 100% increase in length of care (representing an increase from one to two years
on average) is associated with a 0.16 increase (p <0.05) in the cognitive TADI score, a
0.11 increase (p<0.1) in the socio-emotional TADI score, and a 0.11 increase (p<0.1)
in language scores on the TADI and the PPVT. Although the coefficients on the language
scores are only marginally significant, the similar magnitudes indicate the robustness of
this finding. Furthermore, an 100% increase in center-based child care was associated with
an increase of 0.14 (p <0.05) in the composite child development outcome. These positive
gains from more time in care, however, are smaller than half the gap in scores between the
non-vulnerable children and the SES vulnerable children.

For the children with the child-development disadvantages only, there were fewer
(though still positive) associions found. A doubling of time in center-based care was
associated with a 0.14 reduction in socio-emotional score on the CBCL (p<0.1) and
a smaller reduction on the cognitive TADI (not statistically significant). The other test
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Mean Standardized Scores, 2012
By 2010 Vulnerability Type
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Fig.2 Mean standardized scores, 2012, by 2010 vulnerability type

scores also increased, but, with the exception of the PPVT scores, magnitudes were
much lower and these increases were not statistically significant.

For children with both disadvantages, most changes in child development scores
attributed to center-based child care were small and statistically insignificant. The TADI
language and socio-emotional tests had coefficient estimates with increases of similar
magnitudes as those associated with center participation among the population with
the child-development disadvantage. These coefficients, however, were not statistically
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Improvement in Standardized Scores
By 2010 Vulnerability Type:
Coefficient on Natural Log of Months in Center-Based Care
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Fig.3 Improvement in standardized scores by 2010 vulnerability type: Coefficient on natural log of months
in center-based care

significant, which may have been due to the smaller sample size of children with both
disadvantages.

Results are much weaker when including children who had non-continuous time in
care, suggesting consistency in the environment is important (Figure Al). Results were
robust to IPW and survey weights (Figure A2). When using a more stringent cut-off of
the lowest 6 of the distribution in contrast to the lowest 3™ of the distribution to define
child development vulnerability, the results suggested center-based childcare supports
equity, since those with both vulnerabilities under this definition benefitted most (Figure
A3).
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Improvement in Standardized Scores
By Day Length & 2010 Vulnerability Type:
Coefficient on Natural Log of Months in Center-Based Care
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Fig.4 Improvement in standardized scores by day length & 2010 vulnerability type: Coefficient on natural
log of months in center-based care

Improvement in Standardized Scores
by Age at Enrollment & 2010 Vulnerability Type:
Coefficient on Natural Log of Months in Center-Based Care
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Fig.5 Improvement in standardized scores by age at enrollment & 2010 vulnerability type: Coefficient on
natural log of months in center-based care

Hypothesis 3 Result: The Full Day Does not Provide Additional Reduction
in Inequality I find SES disadvantaged children enrolled in half-day center-based care
improve in the composite child development score, which is driven by gains in the cog-
nitive and, to a lesser extent, in the language realm (Fig. 4 & Supplementary Table A4).
A longer period in full-day center-based care is associated with higher outcomes for all
groups, but these associations are not statistically significant.
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Hypothesis 4 Result: Among Children Who Enrolled Prior to Age 2 Years, More
Time in Center-Based Care Does Not Reduce Inequality I examined the associa-
tions for children who enrolled in center-based child care at age one or earlier and those
who enrolled at age two or later (Fig. 5 & Supplementary Table A4). The sample size of
the children enrolling at age one year was only 619 children, so statistical power was lower.
However, looking at overall patterns, again, the magnitudes of the association between
center-based child care and outcomes for children with no disadvantage were small for the
children who enrolled at age one year. Associations between length of time in center-based
child care and developmental scores among those with the child-development disadvan-
tages tended negative while those among those with both disadvantages tended positive.
Results were mixed for those with SES disadvantages, although the (statistically insignifi-
cant) coefficient was positive for the composite score. Results for children who entered
center-based care at age two years or later echoed the main results; the increase in the com-
posite score was particularly similar for the SES disadvantaged.

Discussion

Gains in child development associated with more time in center-based care are strongest
for children with the SES disadvantage only, with the most robust increase in the language
realm. Among this low-SES but not low child development scoring group, results suggest
an increase to two years of center-based child care between ages one and three years from
of an average of one year may increase child development scores around 0.15 of a stand-
ard deviation, controlling for previous child development scores. For those with already
low child development scores at age one year, center-based care generally does not asso-
ciate with child development scores. This suggests that, in Chile, in contrast to a notable
United States study (Bitler et al., 2014), center-based care is better at preventing declines in
scores rather than helping those in the lower portion of the distribution improve. However,
the US evaluation was of a specific program, while the current study includes any type of
center-based care. This finding suggests that quality improvements in Chilean center-based
care should be aimed toward reducing inequality; efforts to scale up interventions that have
proven successful with children in the lower portion of the child development distribution
will be the most valuable.

Since these findings suggest increasing center-based care for SES vulnerable children, it
is important to examine possible impacts of longer hours of a day in care and earlier enroll-
ment. Though statistically insignificant, more months in full-day center-based care seemed
to benefit all groups equally, while more months in center-based care among those attend-
ing half-time primarily benefit low-SES children. This suggests that children with lower
development scores have more opportunities to improve with a full day in center-based
care. Moving enrollment earlier by one year would result in entry into center-based care on
average to age one year instead of age two years. Yet the findings regarding age at enroll-
ment indicate few benefits or disadvantages relating to length of time in center-based child
care among children who enrolled at age one year or earlier. Results hint at negative asso-
ciations for those with developmental disadvantage and positive ones for those with SES
disadvantage, but these are statistically insignificant. (Associations for those who entered
at age two or later mirror the main findings.) These differences may arise due to the smaller
portion of the sample that was enrolled at an earlier age or due to selection bias regarding
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when children are enrolled in child care: economically disadvantaged women may need to
enter the workforce earlier than wealthier ones.

My results complement the findings of Noboa-Hidalgo and Urzda’s study, which uses
a dosage analysis to examine the impacts of early center-based child care for low-income
children in Chile. They find center-based child care generally improves child development
scores, with their dosage analysis confirming that seven months of care is more beneficial
than five months of care. Aligned with these results, the current study confirms benefits of
more time in center-based care for low-SES children, particularly in the cognitive realm.
However, this finding does not hold for children who have both SES disadvantage and low
developmental scores. The omission of a multiple disadvantage analysis may have been
limited by Noboa-Hidalgo & Urzua’s sample size, around 500 children. Thus, the current
study complements their findings by revealing that the benefits of center-based child care
may be limited to the low-SES population.

This study also contrasted SES and child-development disadvantages. It is notable that
the intersection of the population with both SES and child-development disadvantages at
age one year was not larger given the broad literature indicating that low SES is a pre-
dictor of low child development (Walker et al., 2011; Yoshikawa et al., 2012). This find-
ing may be due partially to the nature of the government transfer SUF, which encourages
healthy child development through medical check-ups. Additionally, participation in the
SUF program corresponds to being a beneficiary of Chile Crece Contigo, Chile’s program
for strengthening child development for participants in the public health system (around
60% of the population). Chile’s early childhood support programs may already be reducing
some of the risk for lower child development at early ages.

This work contributes to research on persistence of the disadvantages. That the SES
disadvantage at age one year corresponded to lower scores at age three years indicates that
Chile has not been able to completely ameliorate the SES challenges that correspond to
lower child development. Likewise, that the children with both SES and child-development
disadvantages scored worse than only those with child-development disadvantages also
indicates need for intervention among this particularly at-risk group. These findings align
with other data from Latin America (including Chile) that indicate SES differences in child
development scores in language emerge by age three years (Schady et al., 2015).

I am currently unaware of literature at the population level in Latin America on the
persistence of child-development disadvantages beyond those that are established from
low SES. My findings suggest that having a child-development disadvantage at age one
year corresponds to worsened child development scores at age three. The magnitude of
this disadvantage is of similar magnitude as having only an SES disadvantage. Policy to
target children in the lower third of the development distribution in Chile may be impor-
tant in addition to policy targeting low-SES children. For example, the parenting program
“Nadie es perfecto” which is offered as a part of Chile Crece Contigo and has shown to
have positive impacts on child development, could expand coverage (Bedregal et al., 2013).
On the other hand, when controlling for previous child development scores, differences in
outcomes between those with the child-development disadvantage and with no disadvan-
tage are small and remain statistically insignificant. In contrast, the differences in outcomes
between low-SES children and non-disadvantaged children remain significant even when
controlling for previous child development scores. This suggests that, while low, scores are
not worsening for children with the child-development disadvantage only, unlike for the
children with the SES disadvantages. Future research will need to examine if these differ-
ences persist later in life.
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Interestingly, children with both disadvantages, once controlling for age one-year abil-
ity, do not perform as poorly as children with the SES disadvantage only. Perhaps some
of these children have been earlier identified as needing help since they are beneficiaries
of the social services sector. This finding suggests that those most at risk for the largest
decline in age-standardized scores are children with low SES but are of average levels of
child development. This conclusion could partially be an artifact of the data, however,
since these are relative scores.

This study has a number of strengths. Using a large sample of children, I examine
participation in centers during ages one to three years, younger ages than those primar-
ily explored in much of the literature on center-based care and early child development.
The retrospective data on child-care history is thorough, and includes all center-based care
types; the focus is not on a particular program. Though this study has some limitations
such as non-random assignment, the longitudinal analysis controlling for baseline child
development allows for a value-added interpretation (Todd & Wolpin, 2003). I also limited
the sample to center-based-care participants in order to limit selection bias. I am unable to
take quality into account, since parental measures of quality lacked variance (most thought
highly of their child’s care center) but data suggest that increase in services has not resulted
in overcrowding (Reyes & Urzda, 2013).

One limitation is particular to some dosage analyses. Age at enrollment, length of
time in care, and quality may all be confounded. A longer time in care occurs simultane-
ously with earlier enrollment. Additionally, child care quality may influence when moth-
ers decide to enroll their children. If the quality of care is low, mothers may wait until
children are older to enroll them. Unlike studies with child care of consistent high quality
(Zambrana et al., 2016) or studies that can control for quality through direct observation
(McCartney et al., 2010), the ELPI data does not have information on child care quality,
only perception of child care quality, which was almost uniformly high.

Future research on the prevalence and persistence of child-development disadvantages
in Chile can consider populations beyond children who attend center-based care and exam-
ine the effectiveness of alternative interventions, such as parenting programs to encourage
child stimulation. Additionally, different structures in center design can be contrasted to
determine which aspects of the centers are contributing to children’s advancements. Cur-
rent research suggests that improving teacher training in Chile can improve the quality of
preschool classroom experiences, but has not yet translated into improved child outcomes
(Yoshikawa et al., 2015). Moving forward, refining programs to better serve those who
have developmental disadvantages in addition to heightened concern for low-SES children
should help improve Chilean children’s advancement.
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