L )
%ﬂ\% Utrecht University School of Economics

A Cost-Benefit Analysis of
Universal Preschool Education

Evidence from a Spanish Reform

Thomas van Huizen
Lisa Dumhs
Janneke Plantenga

m Discussion Paper Series nr: 16-11



Tjalling C. Koopmans Research Institute
Utrecht University School of Economics
Utrecht University

Kriekenpitplein 21-22

3584 EC Utrecht

The Netherlands

telephone +31 30 253 9800

fax +31 30 253 7373
website www.uu.nl/use/research

The Tjalling C. Koopmans Institute is the research institute
and research school of Utrecht University School of Economics.
It was founded in 2003, and named after Professor Tjalling C.
Koopmans, Dutch-born Nobel Prize laureate in economics of
1975.

In the discussion papers series the Koopmans Institute
publishes results of ongoing research for early dissemination
of research results, and to enhance discussion with colleagues.

Please send any comments and suggestions on the Koopmans
institute, or this series to J.M.vanDort@uu.nl

How to reach the authors
Please direct all correspondence to the first author.

Thomas van Huizen

Lisa Dumhs

Janneke Plantenga

Utrecht University

Utrecht University School of Economics
Kriekenpitplein 21-22

3584 TC Utrecht

The Netherlands.

E-mail: T.M.vanHuizen@uu.nl

This paper can be downloaded at: http://
www.uu.nl/rebo/economie/discussionpapers



http://www.uu.nl/en/organisation/utrecht-university-school-of-economics-use/research
mailto:J.M.vanDort@uu.nl
mailto:T.M.vanHuizen@uu.nl
http://www.uu.nl/faculty/leg/NL/organisatie/departementen/departementeconomie/onderzoek/publicaties/Pages/Discussionpapers2011.aspx

Utrecht University School of Economics
Tjalling C. Koopmans Research Institute
Discussion Paper Series 16-11

A Cost-Benefit Analysis of Universal
Preschool Education:
Evidence from a Spanish Reform

Thomas van Huizen
Lisa Dumhs
Janneke Plantenga

Utrecht School of Economics
Utrecht University

October 2016

Abstract

This study provides a cost-benefit analysis of expanding access to universal
preschool education. We focus on a Spanish reform that lowered the age of eligibility
for publicly provided universal preschool from age 4 to age 3. We extrapolate the
benefits in terms of maternal employment and child development using ‘natural
experiment’ evidence on the causal effects of this reform. In our base line estimation
the benefit-cost ratio is around 4, indicating sizeable net societal benefits of the
preschool investment. Our results show that the child development effects are the
major determinant of the cost-benefit ratio; the employment gains for parents
appear to play a minor role. Sensitivity tests show that, although the size of the
societal gains is rather uncertain, in most scenarios the expansion of preschool
generates positive societal returns. Furthermore, as sufficient high quality levels of
preschool are required to generate significant improvements in (non-)cognitive skills
of children and thereby long-run benefits for society, our cost-benefit analysis
provides support for investing in high-quality preschool.
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1. INTRODUCTION

Today, the majority of children in developed countries participate in Early Childhood Education and
Care (ECEC) before entering primary school. In 2014, on average across EU countries over 80 percent
of children between age 3 and the mandatory schooling age were enrolled in ECEC (Eurostat, 2016),
while in the US around 65 percent of the 3- to 5-year-olds attended a preprimary program (NCES,
2015). As these arrangements are generally to a large extent publicly funded, public spending on
ECEC has increased substantially during the past decades to 0,8 percent of GDP on average across
OECD countries (OECD, 2014). There are two main (efficiency) arguments that justify these public
investments in ECEC. First, investments in ECEC may increase parental employment: available and
affordable childcare services allow parents to return to work after a period of leave and are therefore
frequently considered as important determinants of high (female) employment rates (Jaumotte, 2003;
Attanasio et al., 2008). Second, investments in ECEC may improve child development: various
scholars claim that (high-quality) ECEC improves school readiness, increases children’s performance
in school and improves well-being and labor market outcomes during adulthood (Gormley et al., 2005;
Barnett, 2011; Reynolds and Ou, 2011; Duncan and Magnuson, 2013; Elango et al., 2015). However,
there is little evidence on whether public investments in ECEC are in fact cost effective: do the (long-
run) societal benefits outweigh the costs of ECEC?

This study aims to evaluate the cost-effectiveness of such programs and is the first to provide a
comprehensive, causal evidence based cost-benefit analysis of expanding universal access to
preschool. Existing cost-benefit analyses are based on relatively small-scale randomized controlled
trials (RCTs) of targeted interventions in the US (e.g. Barnett and Masse, 2007; Heckman et al. 2010;
Reynolds et al., 2002; 2011; Temple and Reynolds, 2007). The cost-benefit analyses based on RCTs of
targeted interventions generally provide support for expanding ECEC for disadvantaged children.
However, these results have limited applicability to universal ECEC (for the general population)
because targeted interventions concern different programs (content-wise) for a specific part of the
population. Universal ECEC cannot be evaluated by RCTs and estimating the causal impact of
childcare policies on maternal employment and child development is challenging due to endogeneity
issues.* In order to deal with this issue, scholars have exploited natural experiments, generally based
on national policy reforms, to estimate the causal effects of childcare and preschool on maternal
employment and child development. Since the natural experiment studies allow for a stronger claim of

causality, we base our analysis on the evidence provided by these studies.

! Selection into ECEC arrangements is voluntary: parents and children do not randomly select into ECEC
arrangements and therefore it is likely that there are (unobservable) differences between users and non-users.
These (unobserved) differences may be related to the employment probability of mothers and to child
development.



In our cost-benefit analysis of expanding access to ECEC, we focus on the LOGSE reform.
This reform, implemented in Spain in the early 1990s, lowered the age of universal eligibility for
publicly subsidized preschool from age 4 to age 3. The Spanish reform provides an interesting case for
cost-benefit analysis of universal ECEC for several reasons. First, it represents one of the few cases
where evidence from a natural experiment is available on the effects on both maternal employment
and child development: Nollenberger and Rodriguez -Planas (2015) and Felfe et al. (2015) examined
the effects of LOGSE on the employment rate of mothers and the cognitive development of children,
respectively. Hence, this case allows us to take into account the societal benefits in both domains.
Second, the estimated effects are consistent with the overall findings in the recent natural experiment
literature. Our cost-benefit analysis represents therefore a rather general case.? Third, Felfe et al.
(2015) provide evidence on effects on cognitive achievement in the long run (at age 15). Many studies
report child development effects measured in early childhood, but these effects potentially fade out
during primary school (e.g. Barnett, 2011; Duncan and Magnuson, 2013). Compared to short-term
gains, long-term gains can be more reliably extrapolated to increases in lifetime earnings.

The LOGSE reform is not only an interesting case because of the available ‘natural
experiment’ evidence, but is also highly relevant from a policy perspective: it concerns a recent
reform® that extended eligibility of universal ECEC. Such reforms have been implemented recently or
are currently discussed in various European countries (e.g. UK, Poland). Furthermore, although the
program can be considered as high-quality (though not necessarily as a best practice), the program is
not exceptionally expensive and represents a feasible policy option for most European countries. Our
cost-benefit analysis therefore aims to contribute to understanding of the dilemmas and challenges of
expanding high-quality ECEC in Europe. In addition, we believe that in the era of evidence-based
policy it is imperative to examine not only whether ECEC reforms generate benefits in terms of child
development and maternal employment, but also to assess whether the potential benefits outweigh the
costs.

The remainder of the study is structured as follows. Section 2 provides a short overview of the
LOGSE reform and its effects on maternal employment and child development; section 3 describes the
methodology to calculate the costs and extrapolate the benefits of the universal preschool expansion.

Section 4 presents the main results from the cost-benefit analysis; the final section concludes.

2 Nollenberger and Rodriguez-Planas (2015) report positive effects on maternal employment and the size of the
estimated effect is around the average effect size found in recent studies. Moreover, based on the existing
literature, positive effects on child development (driven by lower SES children) may be expected as it concerns a
relatively high-quality preschool program: this is consistent with the findings of Felfe et al. (2015).

® For instance, Havnes and Mogstad (2011a; 2011b) provide evidence about the effects of a 1970s reform.



2. INVESTING IN UNIVERSAL ECEC: THE
SPANISH CASE

2.1 THE LOGSE REFORM

In 1990 Spain implemented a major educational reform: the Ley Organica de Ordenacion General del
Sistema Educativo (LOGSE). This reform had an impact on the organization of the entire education
system, ranging from preschool to high school. For this study we are mainly concerned with the
impact of the LOGSE reform on preschool arrangements (see for more details Felfe et al., 2015;
Nollenberger and Rodriguez —Planas, 2015).

Before the LOGSE reform children of 4 and 5 years of age were covered by free universal
public preschool education.* The reform increased the eligibility of preschool services to 3-year-olds,
leading to a dramatic increase in public preschool enrollment rates (from 8.5% in 1990 to 42.9% in
1997 and to 67.1% in 2002°). Preschools were generally integrated within primary schools and had the
same hours as compulsory schools. The preschool program was based on a full-day schedule, implying
9 am to 5 pm on workdays (except for a total of 14 weeks of school vacation per year). Furthermore,
the reform not only increased the availability of preschool services for the 3-year-olds, but also had an
impact on the quality of the service by regulating educational content, group size and the educational
requirements of the staff. For example, under the new system preschool teachers of 3-year-olds were
required to have a college degree in pedagogy and the maximum class size was set at 20 for 3-year-
olds (and 25 for 4- and 5-year-olds).

When the reform took place, female labor market participation in Spain was low: 34% of all
women were active on the labor market, considerably below the EU average of 46%. Unemployment
rates were high (20%) and average unemployment duration was about two years. The use of childcare
and preschool for 3-year-olds was limited because of a lack of supply and a mismatch between supply
and demand. Possibilities to adjust working hours were rare: part-time employment was virtually non-
existent in Spain and there were limited possibilities to vary start/end times of work for family reasons
(Mills et al. 2014). In effect, only approximately 10 percent of the youngest age group (0-4) made use
of child care facilities. In short, the Spanish case concerned a reform of a public ECEC system with
low (initial) coverage rates against a background of a slack labor market, limited possibilities for

family-work reconciliation and low levels of female labor force participation.

* Public preschool education is free except for a small fee as contribution for meals
® Coverage of 3-year-olds in (public or private) ECEC reached 93 percent in 2002.



2.2 ESTIMATED EFFECTS OF THE REFORM

To identify the causal effects of LOGSE on maternal employment and child development,
Nollenberger and Rodriguez-Planas (2015) and Felfe et al. (2015) exploit variation in the speed of
implementation between regions using a difference-in-differences (DiD) approach. Such a DiD has
been applied in various other studies on this topic (Bauernschuster and Schlotter 2015; Havnes and
Mogstad, 2011a; 2011b) and allows for a stronger claim of causality (see Angrist and Pischke (2008)
for a methodological discussion of DiD). In the Spanish case, the variation in the speed of expansion
varied substantially between regions: in high-intensity regions the public preschool coverage rate
increased from less than 10 percent to 44 percent during the three years after the introduction of the
reform, whereas in that same period the coverage rate rose from 7,4 to 15,3 percent in low-intensity
regions (Felfe et al., 2015; p.400-401). Interestingly, the enrollment of 3-year-olds in private childcare
followed the same trend in high-intensity and low-intensity regions (both experienced a slight increase
in the 1987-2002 period), indicating that the increase in public enrollment did not crowd out private
preschool. Moreover, Felfe et al. (2015) argue that the additional public childcare places substituted
mainly for parental care rather than informal childcare as most children of working mothers were
enrolled in formal (public and private) care in the pre-reform period.

In their analysis of the impact of the reform on female labor force participation, Nollenberger
and Rodriguez-Planas (2015) estimated that offering public childcare increased maternal employment
by 9.6%. This implies that for ten additional children aged 3 in ECEC, approximately two mothers
took up employment. This employment-to-enrollment ratio of nearly 0.2 is in between the relatively
low (e.g. Havnes and Mogstad, 2011a) and high (Bauernschuster and Schlotter, 2015) estimates found
in the literature. However, given that public childcare mainly substituted for maternal care, this effect
is rather modest. The authors attribute this relatively small employment effect to the Spanish labor
market conditions during this time period in general and to the family unfriendly working conditions
in particular.

Using the 2000-2009 waves of the Programme for International Student Assessment (PISA),
Felfe et al. (2015) estimated the effects on child development. In their preferred specification, they
estimated that the reform increased students reading scores at age 15 by around 0,154 standard
deviations, but had no effect on children’s math achievement. This is in line with the expectations
because “activities undertaken in public child care stimulate children’s social and emotional
competencies and thus their language and reading skills but not necessarily their math skills” (Felfe et
al 2015: 411). In addition, the results also indicate a decline of 2.4 percentage points in the grade
retention rate during primary education. Compared to the pre-reform situation, this implies a decrease
in the incidence of retention of almost 50%.

The effects presented by Felfe et al. (2015) are reported as intention-to-treat (ITT) effects,

comparing all (not just those enrolled in preschool) children in low-intensity regions with children in



high-intensity regions. Following the DiD literature (e.g. Baker et al., 2008; Havnes and Mogstad,
2011b), we calculate the treatment-on-the-treatment (TOT) effect by dividing the ITT with the relative
increase in public preschool coverage (25,8 percent). Accordingly, the TOT with respect to PISA
reading scores is (0,154/0,258=) 0,597; the TOT with respect to grade retention is (-0,024/0,258=) -
0,093.

Table 1 provides an overview of the estimated effects on maternal employment and on child
development (including the 90 percent confidence interval). For our cost-benefit analysis, these TOT
effects are the central parameters as they indicate the effects of reform per child in preschool on post-
reform cohorts of students in high-intensity regions. In the next section we discuss how we use these

TOT effects to extrapolate the benefits for parents, children and taxpayers.

Table 1: Summary of the main DiD results

Beneficiary Domain Effect size Lower bound Upper bound
(90% CI) (90% ClI)
Mother Employment 0,181 0,011 0,350
(0,029) (0,004) (0,0537)
Child PISA reading score | 0,5969 0,1697 1,0241
(0,1540) (0,0438) (0,2642)
PISA math score NS - -
Grade retention 0,0932 0,0101 0.1759
Primary school (0,0240) (0,0026) (0,0454)
Grade retention NS - -
Secondary school

Note: Effect sizes are presented as TOT (ITT between parentheses): the effect per additional 3-year old child in
public preschool. The employment effect is expressed in additional mothers in employment per additional child
in preschool. The effects on PISA reading scores are expressed in percentage change in standard deviations of
the achievement scores.

Source: Felfe et al. (2015); Nollenberger and Rodriguez-Planas (2015); own calculations

3. METHODOLOGY

3.1 GENERAL APPROACH

In our cost-benefit analysis, we distinguish between three groups of beneficiaries of the Spanish ECEC
reform: parents (mothers), children, and taxpayers (the general public). We estimate how the causal
effects (summarized in Table 1) translate into higher lifetime earnings of parents and children. Parents

have gained from the LOGSE preschool expansion as it allowed mothers to stay employed after



childbirth and thereby positively affected their earnings. Moreover, as mothers will be able to stay
active or return to work sooner, the reform had a positive effect on human capital and thereby maternal
earnings in the longer run. Children have benefited from the preschool reform due to improved skill
levels (and reduced grade retention), which will translate into higher expected lifetime earnings.
Finally, taxpayers gain as the gross lifetime earnings of mothers and children increase. Since
additional taxes on earnings are “‘derived’ benefits’, taxes only affect the distribution and not the size
of the total level of benefits to society. In addition to increased earnings taxes, taxpayers also benefit
from the reduction in primary school grade retention, as this will decrease public expenditure on
education.

In our cost-benefit analysis, the main challenge is to quantify these benefits for parents,
children and taxpayers into (monetary) present value terms. Existing cost-benefit analyses are based
on randomized controlled trials (RCTs) of targeted ECEC interventions (e.g. Heckman et al. 2010).
These RCTs provide TOT estimates of the effects of the program, which are used to extrapolate the
benefits of the ECEC program. We follow this approach and use the TOT effects (rescaled from the
ITT effects; see Table 1) in our cost-benefit analysis, using 1997 as base year. Hence, we compare the
costs of one additional 3-year old in preschool with the average benefits gained by encouraging the
labor supply of mothers plus the average benefits gained by improving the cognitive skills of a three-
year-old. This strategy allows us to estimate the benefit-cost ratio of the investment and the results
provide insights in whether the ECEC investment pays off: how many euros (in present value terms)
does the society receive back for each euro invested in ECEC? Moreover, the analysis indicates the
main benefits, the main beneficiaries and the sensitivity of the results to specific parameters.

We quantify the TOT effects using a base earnings scenario for parents and children. The base
scenario is derived from average annual wages as provided by the Eurostat Structure of Earnings
Survey (Eurostat, 2002; 2006; 2010; 2014). This data is provided every four years from 2002 until
2014 and contains gender- and age-specific® average annual earnings. Missing data are imputed either
by assuming smooth wage growth between known data points, or by using the average annual real
wage growth for total average earnings as derived from the OECD average annual wages dataset
(OECD, 2016a). To estimate age-specific annual wages, we use a linear transformation of the average
wage per age-group, taking the average to be reached exactly in the midpoint of the age category. To
estimate the base scenario for mothers, we use age-specific female wages, corrected for age-specific
female employment rates to take into account that not all women are employed. We derive the base
scenario for children in the same way, except that we use average total (male plus female) annual

earnings and employment rates. Moreover, assuming that the relevant cohort has the potential to be

® Average annual earnings are provided in 10-year age groups.



active on the labor market between age 16 and 707, the relevant years are 2010 (when the cohort is 16)
until 2064 (when the cohort is 70). We correct for future wage growth using a 0.8% growth rate per
year in real wages.® Again we use age-specific employment rates, and use the EU projections on future
employment rates (European Commission, 2015) to take into account expected changes in the
employment rate®.

As discussed above, all the benefits for children and some of the benefits for parents
materialize in the future (from the perspective of the investment year). The benefits are expressed in
real terms, using 1997 as the base year. Following previous CBAs of targeted ECEC interventions
(Heckman et al., 2010; Nores et al., 2005; Reynolds et al., 2002; 2011) as well as studies on the returns
to investments in education (Hanushek and Woessmann, 2011; 2012), we calculate the present value of
these future streams of benefits using a 3 percent discount rate. In section 4.2 we assess to what extent
the main results are sensitive to the specific discount rate.

In the next sections we provide our calculations of the costs of universal preschool (3.2) and

discuss our strategy to extrapolate the benefits for the three groups of beneficiaries (3.3-3.5).

3.2 COSTS OF PRESCHOOL EDUCATION

The benefits of the Spanish reform are expressed as additional benefits per child: we will compare
these with the additional costs per child. In cost-benefit analyses of RCTs, costs per child can
relatively easily be calculated as the total program costs divided by the number of participants.
Estimating the additional costs per child of large scale (hationwide) expansions is generally more
difficult. A problem is that the additional costs per child due to the reform are not necessarily equal to
the average (post-reform) costs per child. However, we can demonstrate (see Appendix A) that, in the
case of the Spanish ECEC expansion, we can approximate the reform costs per child by the costs per
child in the post-reform period.

In the Spanish case, data on the cost per child of public preschool education in Spain in the
relevant time-period is not available in international or Spanish public datasets. Based on data from
the Spanish Ministry of Education on expenditure on preschool and primary and on total enrollment,
Nollenberger and Rodriguez-Planas (2015) and Felfe et al. (2015) estimate that in 1997 annual

expenditure per child was €2405. However, as not all expenditures are included (e.g. infrastructure

" Note that the average wages of the youngest and oldest groups hardly influence the cumulative lifetime
earnings as the employment rates of these groups are low.

& This is the average real wage growth in the period 1990-2015 in the OECD average annual wages dataset
(OECD, 2016a).

° In European Commission (2015: p.322) country specific projections for employment rates (age 20-64) in five-
year intervals are provided. We assume that the employment rate increases linearly from 2015 (our last data
point) until 2020, from 2020 to 2025, etc. Next, for the years 2016-2064 we calculate a correction factor by
dividing the projected average employment rate by the actual average employment rate (age 20-64) in 2015. We
use this correction factor to calculate the age-specific employment profiles.



costs), this is likely to be an underestimation of the actual costs. Furthermore, about one out of three
children are enrolled in private (pre)schools, which are partially publicly funded. Public spending per
child (based on all children) is therefore lower than the public spending per child in a public school.

Given these issues, we base our estimate of the costs per child on the 2007 estimates of the
annual public expenditure per student provided by Rogero-Garcia and Andrés-Candelas (2014). We
use the OECD CPI to account for inflation and estimate the 1997 costs per child. We calculate the
costs per child in preschool as the costs for preschool and primary education associated with teaching
activities plus the average additional costs per child.’® Accordingly, the total costs per child in
preschool is €3544 (€4762 in 2007 prices). Interestingly, based on an alternative source (European
Commission et al., 2014: p.82) providing information on the direct public expenditure per child in
public preschool (ISCED 0) in 2010, we obtain a rather similar estimate of the costs per child (€3614;
€5130 in 2010 prices).

Finally, we should take into account an important caveat when using this estimate of the costs
for one additional 3-year old child in preschool. Theoretically, the expansion of public preschool may
have crowded out private preschool and childcare arrangements (see, for example, Blanden et al.
(2016) for an analysis of the UK case). However, Nollenberger and Rodriguez-Planas (2015) and Felfe
et al. (2015; p. 410) show that the reform did not significantly affected private preschool coverage of
3-year-olds. This is crucial for our cost-benefit analysis because if the expansion of public preschool
would have crowded out private preschool, the additional societal costs would be lower. In fact, in
case of a perfect substitution, the reform would simply redistribute costs from parents to taxpayers
rather than increase overall societal costs. In the case of the LOGSE reform, however, the additional

costs (and benefits) arise because a larger number of children is enrolled in preschool.

3.3 EXTRAPOLATION OF BENEFITS FOR PARENTS

We distinguish between two types of (related) benefits for parents: 1) A short-term employment effect:
higher earnings due to positive employment effects; 2) A long-term wage effect: higher earnings due to
higher human capital levels (as mothers will be able to return to work sooner). The central parameter
to estimate the first effect is 0,181 (i.e. indicating the additional mothers in employment per additional
3-year old in preschool). The second effect is an indirect effect and depends crucially on the size of the
first effect, since this effect is only relevant for the group of mothers who are encouraged to (re-)enter

the labor market as a result of the ECEC expansion.

19 Unfortunately, we cannot distinguish between expenditure on preschool and expenditure on primary school.
The average additional costs per student is based on all students in public schools (including secondary schools)
and consist of, for example, social security contributions and supplement services. However, we do not include
spending on ‘scholarships and grants for textbooks and material’, as this is unlikely to be relevant for preschool
children.
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Short-term employment effect

The Spanish reform encouraged the employment of mothers, generating a short-term employment
effect: on average maternal employment increases by nearly 0,2 for every additional child in ECEC
(Table 1). Estimating the monetary benefits of this short-term employment effect is rather
straightforward: to calculate the benefits per child, we multiply this employment effect parameter with

the base earnings of women aged 32" (for the base year 1997).

Long-term wage gains

A second, indirect effect of the ECEC expansion is that it decreases the length (and frequency) of
mothers’ career interruptions, and thereby positively affects their human capital stock and basically
reduces the motherhood penalty. It may not be surprising that larger motherhood penalties are found in
countries that provide relatively limited support to working mothers (Gash, 2009). Given that there is
no direct evidence available on how ECEC policies reduce the motherhood penalty, we base our
estimate of the longer run wage effect of ECEC on three streams of literature, focusing on; 1) career
interruptions; 2) parental leave; and 3) returns to experience (after childbirth).

First, evidence shows that career interruptions are harmful to wages (e.g. Mincer and Ofek
1982; Kunze 2002, Felfe 2012). Spivey (2005) provides evidence (based on NLSY) that career
interruptions®? decrease wages of women up to nine years after re-entering employment. These effects
are substantial but decline over time: whereas wages are 7.6 percent (p<0.01) lower in the first year
after re-entry, this negative effect is substantially smaller and in some cases insignificant in the five to
nine years following the interruption (with a 2.8 percent (p<0.05) loss nine years after the
interruption).®* Mincer and Ofek (1982) also document that wage levels restore rather quickly upon re-
entry.

Second, because the expansion of childcare facilities reduced the mother’s time away from
work, the long-term earnings effects may be similar to the effect of a reduction in the duration of
maternity or parental leave. Most of the literature examined the effects of parental leave extensions
rather than reductions and shows relatively small negative effects on wages that fade out within
several years (e.g. Schonberg and Ludsteck, 2014). These negative wage effects of extending parental

leave duration may be considered as a lower bound of exiting the labor market, as parental leave

1 The average age of mothers of a 3-year-old child is 32 (Nollenberger and Rodriguez-Planas, 2015).

12 These concern career interruptions of at least a full calendar year. Maternity leave is therefore not considered
as a career interruption.

3 Using German data, Felfe (2012) shows that wages of women are reduced by 4 percent by a career
interruption. However, the persistence of this effect is not modeled explicitly (and women above age mid-40s are
excluded). Similarly, Kunze (2002) shows that a period of non-work reduces German women’s wages around
5% in the first years after re-entering employment, but the effect size declines over time and is not significant 6
years after the career break (parental leave effects are larger and more persistent, but are likely to capture a
motherhood effect).

11



generally involves job protection during the leave period. The positive wage effects of providing
ECEC services may therefore be higher than the wage effects (in absolute terms) of changes in
parental leave.

Third, a period out of employment negatively affects labor market experience. A large body of
literature estimates the returns to experience using Mincer earnings equations. Consistent with the
findings on the motherhood penalty and career breaks, a general result is that there are diminishing
returns of experience. Interestingly, Ejrnaes and Kunze (2013) show that women’s returns to
experience before and after childbirth are different. After childbirth, the rate of return is around 0,025
per year; before childbirth the returns are larger but diminishing. However, as women aged above
mid-40s are excluded, it is not clear whether this negative effect diminishes in the long run.

Our conclusion from these three strands of literature is that career interruptions decrease
wages and that this effect diminishes with time since re-entry. We take the results of Spivey (2005) as
our frame of reference in our extrapolation of the longer term wage gains of mothers due to ECEC
expansions. The reasons to use this study are threefold: Spivey explicitly models the dynamics of
wage losses after a career interruption; the results are consistent with the idea of large but diminishing
negative effects; and the estimates are within the range of most other studies. As not all the
coefficients of the career interruption penalty are significant 5-9 years after the interruption, we use the
average effect of these five years for the parameters to calculate the effect on post-entry wages.'* To
calculate these effects, we multiply the number of additional mothers in employment (0,18 per child in
preschool) with the change in the base wages for the relevant ages (33-41, years 1998-2006) and
account for future career interruptions by correcting for the relevant age and gender specific

employment rates.

3.4 EXTRAPOLATION OF BENEFITS FOR CHILDREN

In our cost-benefit analysis, we estimate how the gains in PISA reading achievement and the reduction
in grade retention probability increase lifetime earnings of children. We focus on three effects: 1) A
wage effect: by improving the skill level of participating children, their human capital stock increases
and so will their future productivity level and wage rate; 2) An employment effect: higher skill levels
not only have an effect on wages of employed individuals but also positively affect employment
probabilities and thereby increase future earnings. 3) A grade retention effect: ECEC reduced the
retention rate, which (ceteris paribus) decreases the age of entry into the labor market and thereby
increases the participant’s expected lifetime earnings (due to a longer potential duration in

employment).

“ Insignificant effects are considered 0. Wage differences (in percentage) between treatment and control in the
nine years after re-entering the labor market are 7.6; 4.6; 2.9; 2.0; and 1.6 for the last five years.

12



Wage effect

Felfe et al. (2014) document that the Spanish ECEC expansion significantly increased age 15 PISA
reading scores, but had no effect on their numeracy skills. How to convert these test score benefits
measured in adolescence into monetary benefits over the entire life course is one of the crucial steps in
our cost-benefit analysis. The central assumption is that higher test scores reflect a higher level of
accumulated cognitive skills and that the gains in skill level will result in higher wages and lifetime
earnings (directly or indirectly through higher educational attainment). A number of studies provide
support for this assumption.

Early studies (mainly based on US data) report a relation between cognitive skill tests and
earnings of around 12 percent. For instance, Lazaer (2003) finds that a one standard deviation (SD)
higher test score of 8" grade students (around age 13) predicts a 12 percent higher earnings at age 25.
Mulligan (1999) finds that individuals with a 1 SD higher test score have 11 percent higher wages
(while controlling for years of schooling). Using two US datasets, Murnane et al. (2000) test the
predictive value of math scores (measured in the senior year of high school) for earnings of workers in
their late 20s and early 30s and decompose the total effect of skills on wages into a direct effect of
ability and an indirect effect of years of schooling. They found that the effect of skills on wages was
higher for males than females (10-15 percent versus 9-12 percent) and that the effect was mainly direct
for males and mostly indirect for females.*

Due to data availability, the focus has been on predicting wages rather early in the career.
However, several recent studies show that the returns to skills increase over the lifecycle: the results
based on early career wages may substantially underestimate the relevance of skills for lifetime
earnings.™ Lin et al. (2016) show for the US that the AFQT score (a composite cognitive test score)
measured between age 16 and 23 predicts total earnings and hourly wages several decades later, with
stronger effects for older individuals. In line with previous studies (reporting an increase in earnings of
around 12 percent per SD increase in the skill measure), Lin et al. (2016) show that a SD increase in
skills increases wages by 13 percent by age 28. However, returns to skills per SD increase to 16 and 18
percent by age 38 and 48, respectively.!” The effects appear to be somewnhat stronger when cognitive
skills are measured at an early age (16-18). Interestingly, the estimate for the UK is close to this US

estimate: a SD higher cognitive test score (at age 11) is associated with a 19.4 percent higher hourly

1> Bertschy et al. (2009) also concluded that the main channel through which PISA scores lead to better labor
market outcomes was via better training and educational attainment. PISA scores are also found to be a good
predictor of timely graduation and final exam results (Fischbach et al., 2013).

16 Lifetime earnings is rather weakly correlated with earnings at the start of the career, but strongly with prime-
age earnings (Bohlmark and Lindquist, 2006; Haider and Solon, 2006). This is an important issue in cost-benefit
analysis as (changes in) lifetime earnings determine the benefits.

7 The relation with annual labor income is a lot stronger, varying from 17 percent at age 28 to 26 percent at age
48. This can be explained by an effect of skills on the employment rate and on working hours.
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wages (at age 42) (Carneiro et al., 2007: p.36). Given this evidence on longitudinal data we consider
12 percent as a lower bound for the US.

As we aim to convert the gains in PISA reading score by Spanish children into increased
lifetime earnings, we should take into account that the US results are based on general or composite
skill measures. It is plausible that more general cognitive skill measures are better predictors of
earnings than a score in a single cognitive domain (i.e. literacy in our case). Moreover, returns to skills
are different from one country to another: institutional factors, the country’s wage structure (i.e. the
extent to which wages are compressed) and labor market conditions determine returns to skills. As
returns to skills tend to be relatively high in the US (e.g. Hanushek and Zhang, 2009, Hanushek et al.,
2015), we consider the US estimates as an upper bound for Spain. To correct for the difference in
returns to skills between the US and Spain as well as the empirical finding that LOGSE affected
reading but not math skills, we use the comparative evidence provided by Hanushek et al. (2015).
Using cross-sectional (PIAAC) data for 23 countries, including Spain and the US, Hanushek et al.
(2015) estimate the relations between wages and numeracy as well as literacy skills.*® These results
show that returns to skills in Spain are about 80 percent of the returns in the US.™ In addition, we
derived the relative share of returns to literacy skills by using the estimation results decomposing the
overall returns to skills in returns to numeracy (13.7 percent) and literacy (10.5 percent). This suggests
that around 43.4 percent of the total returns can be attributed to literacy skills. Combining these
estimates, we use the conservative US parameter for a general skill measure (0.12) to derive the
returns to literacy skills parameter for Spain (0.042 = 0.12*0.8*0.434). We use this single parameter
for all ages since returns to skills do not appear to increase significantly with age in Spain (Hanushek
et al., 2015: p.112). Since US longitudinal evidence indicates that 12 percent per SD is probably an
underestimation of the effect, as an alternative we could use 16 percent per SD, which is the average
return for the various ages (Lin et al., 2016). This would imply a 5.5 rather than a 4.2 percent increase
in wages per SD increase in literacy skills. In our sensitivity analysis, we demonstrate how the results

depend on the specific value used to estimate returns to skills.

Employment effect
Higher skill levels may not only increase wages for those in employment, they may also positively

affect employment rates. Estimates on the relation between skill levels and employment rates are

181t is likely that we would substantially overestimate the return to literacy skills if we would use the coefficient
for Spain on the relation between literacy skills (time t) and wages (time t) directly. According to the US results
reported by Hanushek (2015: p.125), a 1 SD increase in numeracy (literacy) skills increases wages by 28 (27)
percent. The fact that this is substantially higher than the 12 to 18 percent found in longitudinal studies suggests
that the relation between adult wages and skills measured in childhood/ adolescence is substantially weaker than
the relation between time t wages and skills measured at time t.

9 In models including either numeracy or literacy skills, the coefficient of numeracy (literacy) skills is 0.279
(0.271) for the US and 0.228 (0.220) for Spain (Hanushek et al., 2015: p.125).

14



scarce, however. Providing longitudinal evidence for the UK, Carneiro et al. (2007) report that
individuals with a 1 SD higher (age 11) cognitive test score are 3.6 percent more likely to be employed
at age 42.%° The cognitive skills measure is a composite test score (including maths, reading, copying,
and general ability) which is significantly related to age 42 literacy and math scores (with a regression
coefficient of around 0.6). Since we are primarily interested in how PISA (age 15) reading skills are
related to employment probabilities in adulthood and the evidence on this relation is scarce, we use the
more conservative estimate provided by Carneiro et al. (2007). Because the estimate is based on a
composite score, we multiply the effect size (0.036) with 0.5 (=0.018) to derive our central parameter

for the effect of a 1 SD increase in PISA reading scores on employment rates.

Grade retention effect

Felfe et al. (2014) demonstrate that the Spanish preschool expansion for 3-year-olds reduced grade
retention in primary school, probably because ECEC participation increases school readiness of young
children. This result implies that, ceteris paribus, affected children are able to graduate and enter the
labor market at a younger age. We estimate the benefits for children of reduced grade retention by
multiplying the wage at age 21 (the average age of finishing education in Spain in 2009 (OECD,
2011)) with this age group’s employment rate of individuals not in education. We use the employment
rate of individuals not in education instead of the (lower) overall employment rate as we aim to
calculate the benefits of completing education (i.e. not being in education anymore) earlier versus

later.

3.5 EXTRAPOLATION OF BENEFITS FOR TAXPAYERS

Taxpayers gain as the lifetime earnings of mothers and children increase. We use tax rates on gross
labor income provided by the OECD (2016b) to calculate the benefits for taxpayers. We do not
consider social security contributions as benefits for taxpayers, as these are related to entitlements
(unemployment benefits, pensions) of parents and children. In addition to increased taxes, which are
derived benefits that affect the distribution of benefits but not the size of the total societal benefits,
taxpayers also benefit from the reduction in primary school grade retention. In the Spanish educational
system children spend 6 years in primary school (age 6-12) if they do not retain a grade. This implies
that the children aged 3 in 1997 who are not retained due to the reform finished primary school in

2005 instead of 2006. To calculate the grade retention benefits for taxpayers, we multiply the

% Using cross-sectional data, Hanushek et al. (2015) reports substantially stronger associations between skills
and employment; in Spain, a one SD increase in (numeracy) skills is associated with a 14 percent higher
employment probability (10 percent in the UK). However, the longitudinal evidence predicting adult wages with
skills measured in childhood/adolescence is more relevant for our study.
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discounted costs per child in preschool and primary school per child®! by the estimated TOT effect of

not retaining a grade.

3.6 LIMITATIONS

In our cost-benefit analysis, we focus on the benefits in terms of lifetime earnings of parents and
children and we thereby exclude several benefits that may be relevant. First, there may be other
benefits for parents. For instance, providing childcare services frees up parental time that may be used
for other purposes than paid employment: leisure, education, informal labor (household production),
community services, etc. This free-time benefit has been included in cost-benefit analyses (e.g.
Reynolds et al. 2002), using the minimum wage to compute the monetary value of the time benefit.
While we do not include the value of time for mothers that did not enter employment explicitly in our
CBA, we would like to note that presumably such non-monetary benefits exist for parents.
Furthermore, by analyzing the benefits for one specific cohort, we may underestimate the longer run
benefits. For instance, in the post-reform period (future) mothers may anticipate that they do not have
to leave the labor market as childcare services are available: this increases incentives to invest in
human capital. Similarly, increasing childcare availability may, in the long run, change or redefine the
cultural background that determines female labor supply decisions.

Second, we do not include all benefits for children that are potentially relevant. For instance,
unlike some studies on targeted interventions (e.g. Heckman 2010; Reynolds et al. 2011; Barnett and
Masse 2007), we do not include the benefits of reduced crime rates, improved health and increased
income of future generations (i.e. the children’s children). As the LOGSE reform affected the general
population rather than disadvantaged children, the gains in terms of crime reductions and health

improvements may be rather limited in this case.

4. RESULTS

4.1 BASE RESULTS

The main results are presented in Table 2. The net benefits of the ECEC investments for society in

present value are substantial: about €12.000 per 3-year old child in preschool, implying a benefit-cost

L \We use here our estimate of the costs per child in preschool and primary education: see section 3.2 for a more
extensive discussion. €4633 for the 7" year of primary school in 2006 (€4762 in 2007 prices) implies a
discounted value of €3551.
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ratio of over 4. In other words, for every euro invested in ECEC, society gets back more than 4 euro.

While this indicates that universal ECEC expansions may generate significant benefits for society, it

should be noted that the benefit-cost ratio is substantially lower than benefit-cost ratios found in cost-

benefit analysis of targeted interventions. For example, the benefit-cost ratios of the Perry Preschool

program and the preschool program of the Child-Parent Centers are around 11 (Heckman et al., 2010;

Reynolds et al., 2011). This difference in benefit-cost ratio seems to make sense, however, given the

evidence that children from lower socio-economic status families mostly benefit from ECEC (Elango
et al., 2015; Melhuish et al., 2015; Van Huizen and Plantenga, 2015).

Table 2: Costs and benefits of universal ECEC

For children For parents For taxpayers For society
Measured effects -
Maternal employment effect -
Earnings mothers 2.450,96 2.450,96
Taxes on earnings 418,21 418,21
Grade retention (costs prim. school) 330,30 330,30
Projected effects -
Earnings mother -
Reduced wage penalty 336,68 336,68
Taxes on earnings 57,45 57,45
Grade retention
Earnings child 331,65 331,65
Taxes on earnings 56,59 56,59
Improved skill effect -
Earnings child (wage) 6.701,16 6.701,16
Earnings child (employment) 2.943,92 2.943,92
Taxes on earnings 1.645,76 1.645,76
Total benefits 9.976,73 2.787,64 2.508,31 15.272,69
Total costs 3.544,45 3.544,45
Net present value 9.976,73 2.787,64| - 1.036,14 11.728,23
Benefit-cost ratio 0,71 4,31

Note: Costs and benefits are presented in 1997 euros; present values are calculated using a discount rate of 3

percent.

To illustrate the total economic benefits of extending preschool eligibility to 3-year-olds, we

aggregate the societal costs and benefits of one entire cohort. In the academic year 1997-1998,

154.063 3-year old children were enrolled in public preschool. The total estimated costs of ECEC for

these children are €546 million, but according to our baseline results this investment generated a €2,35
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billion societal benefit in (1997) present value terms (i.e. €1,81 billion net benefits). The net benefits
of the investment account for 0,35 percent of GDP.

In addition to the size of the total benefits, the analysis provides insights in the distribution of
the benefits. It is clear that children are the main beneficiaries of the ECEC expansion (see Figure 1).
The result that children mainly benefit from ECEC is because they are able to profit from improved
cognitive skill levels during their entire working life. This is illustrated in Figure B1 (Appendix B),
which shows the estimated effects attending ECEC due to the reform, assuming that the individual is
employed from age 21 to age 65 (in our analysis individuals are potentially active between age 16 and
70, using age-specific employment rates as weights). These benefits accumulate over the entire life
cycle and translate into substantial lifetime earnings gains.

To indicate the relative importance of the benefits for children and parents, we calculated the
benefit-cost ratio in case there would be either no significant child development gain or no significant
increase in maternal employment. If there would be no significant benefits for children the benefit-cost
ratio drops below 1 (to 0,92), implying that the ECEC investment results in a societal loss. In this case,
costs should drop by almost 80 percent to an implausible value of €760 per child to obtain the same
benefit-cost ratio as in our base result. On the other hand, if there would be no significant gains in
terms of maternal employment, the benefit-cost ratio declines to 3,4 (and costs should decrease to
around €2800 to maintain the original benefit-cost ratio) and there would still be substantial net

societal benefits.

Figure 1: Distribution of benefits

Share in total benefits

17%

18%

i For children & For parents (mothers) For taxpayers

Finally, it should be noted that the distribution (but not the size) of the benefits depends
crucially on the tax rate. In our base results, taxpayers receive 71 cents back for every euro invested in
universal ECEC, implying a negative impact on the government budget balance. However, this result

is highly sensitive to the estimated tax rate and whether or not social security contributions are
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included. For example, taxpayers receive more than 1 euro back for every euro invested when using
the tax rate estimated by Nollenberger and Rodriguez-Planas (2015).

4.2 SENSITIVITY ANALYSIS

We examined the sensitivity of our main results using a series of tests. First, as our cost-benefit
analysis is based on the estimated causal effects on maternal employment and child development, we
vary the effect sizes using the lower and upper bound of the 90 percent confidence intervals (see Table
1). We calculate the benefit-cost ratios under six alternative scenarios:

- Low 1: Lower bound maternal employment effect; base effects for child development;

- Low 2: Lower bound child development effect; base effects maternal employment;

- Low 3: Lower bound maternal employment and child development effect;

- High 1: Upper bound maternal employment effect; base effects for child development;

- High 2: Upper bound child development effect; base effects maternal employment;

- High 3: Upper bound maternal employment and child development effect.

- Figure 2: Different scenarios
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The benefit-cost ratios of these six different scenarios (plus the baseline) using discount rates within
the range 0-7% (as in e.g. Reynolds et al., 2002) are presented in Figure 2. The figure indicates three
striking results. First, the benefit-cost ratio is above 1 in all scenarios, except for ‘Low 3’ assuming a
discount rate of 3 (when the ratio is just below 1) or higher. Hence, under most scenarios the analysis
indicates that the ECEC investment generated positive net benefits to society. Second, it is clear that
the discount rate matters to a large degree. This is consistent with our main result that the child
development benefit is the major determinant of the benefit-cost ratio: this benefit materializes in the
longer run and so its present value is directly affected by the discount rate. Third, in line with our base
results, the benefit-cost ratio appears to be highly sensitive to the benefits for children but rather
insensitive to variation in the estimated maternal employment effect. This finding is especially
remarkable because the child development effect is more precisely estimated than the maternal
employment effect. The confidence interval around the maternal employment effect is therefore rather
large: from almost no (economically significant) effect to a substantial effect. In fact, the higher bound
used in our sensitivity analysis (0,35) is close to the main result of Bauernschuster and Schlotter
(2015) for Germany (0,37), an estimate that is in the upper range of the estimates found in the quasi-
experimental literature. In other words, the scenarios (Low 1 and High 1) cover basically the entire
literature on causal effects of universal ECEC on maternal employment.

As children are the main beneficiaries of the ECEC investment, it is plausible that the specific
value of the returns to skills parameter is crucial for the net present value of the investment. We
therefore examine whether our results are robust to using different parameter values. Figure 3 presents
the benefit-cost ratios for different returns to skills parameters. As discussed in 3.4, instead of the 4,2
percent return that we use in our baseline calculations, a 5,5 percent return is also plausible. The
benefit-cost ratio increases to around 5 if this value is used. Furthermore, even in the extreme case that

returns to literacy skills are 2 percent, the benefit-cost ratio is still above 3.

Figure 3: Benefit-cost ratios and returns to literacy skills

6
5
2
s 4
)
[%2])
g 3
=
o)
s 2
%]
=)
1
O T T T T 1
2 3 base [4,2] 5 6
Returns to literacy skills (%)

20



4.3 HETEROGENEOUS CHILD DEVELOPMENT EFFECTS

Our main analysis uses estimated child development effects that are based on the pooled sample of
children to extrapolate the benefits for children. Existing literature indicates that children from lower
socio-economic status (SES) parents benefit most (or only) from ECEC (Elango et al., 2015; Melhuish
et al.,, 2015; Van Huizen and Plantenga, 2015). Consistent with the existing literature, Felfe et al.
(2014) show the effect on PISA reading scores is significant in the sample of children whose both
parents do not have a secondary school degree and not significant in the sample of children from
families in which at least one parent has a secondary school degree. Accounting for these
heterogeneous effects is important in our analysis, as on the one hand larger benefits can be expected
due to the larger effect size for this specific group (ITT of 0,168 instead of 0,154), but on the other
hand benefits will be smaller as the gains are calculated over a much smaller number of children (the
low SES group represents about ¥ of the total sample).

We recalculate the benefits of the ECEC expansion using the relevant, larger effect size and
correcting for the lower share of children benefiting from the investment. In our calculation of the
TOT we assume that the expansion increased coverage rates equally among the different SES groups.
If the reform increased the use of ECEC services more among lower SES families than among higher
SES families, this will lead to an underestimation of the TOT effect and thereby to an underestimation
of the societal benefits (and to an overestimation if higher SES families were more affected).
Furthermore, we use the same base earnings scenario as in our main results (i.e. using average wages
and employment rates). Since lower SES groups have below average wages and employment rates, the
benefits are calculated over a smaller base wage and employment rate and so the total benefits will
actually be smaller. Hence, we should interpret these findings cautiously.

The results allowing for heterogeneous child development effects are presented in Table 3. The
table shows that if only lower SES children benefit from the ECEC expansion the societal benefits

decline by more than 50 percent . However, the benefit-cost ratio is still substantially above 1.
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Table 3: Costs and benefits: heterogeneous child development effects

For children For parents For taxpayers For society
Measured effects -
Maternal employment effect -
Earnings mothers 2.450,96 2.450,96
Taxes on earnings 418,21 418,21
Grade retention (costs prim. school) 330,30 330,30
Projected effects -
Earnings mother -
Reduced wage penalty 336,68 336,68
Taxes on earnings 57,45 57,45
Grade retention
Earnings child 331,65 331,65
Taxes on earnings 56,59 56,59
Improved skill effect -
Earnings child (wage) 1.990,50 1.990,50
Earnings child (employment) 859,43 859,43
Taxes on earnings 486,29 486,29
Total benefits 3.181,58 2.787,64 1.348,84 7.318,07
Total costs -3.544,45 -3.544,45
Net present value 3.181,58 2.787,64 -2.195,61 3.773,61
Benefit-cost ratio 0,38 2,06

Note: Costs and benefits are presented in 1997 euros; present values are calculated using a discount rate of 3

percent.

5. CONCLUSION AND DISCUSSION

This study examined the cost effectiveness of investments in universal preschool education: do these

investments pay off in the long run? Our starting point in answering this question is the Spanish

LOGSE reform. This reform reduced the age of eligibility for universal publicly provided preschool

from age 4 to age 3 and led to a strong increase in the enrollment rate of 3-year-olds in these

arrangements. Existing evidence shows that the reform had a positive impact on maternal employment

and improved child development. We extrapolate the societal benefits on the basis of these estimated

causal effects, taking into account these benefits for parents and children.
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Our base results indicate that the benefit-cost ratio is over 4. Although this ratio is lower than
those typically found for targeted ECEC interventions, the findings indicate sizeable net returns of
(expanding) universal access to ECEC for all 3-year-olds. Sensitivity tests show that under most cases
the estimated benefit-cost ratio is higher than 1, indicating a positive net present value for society.
Furthermore, our cost-benefit analysis shows that the gains for children are the major driver of the
total societal gains of universal ECEC. The maternal employment effects play a relatively small role:
one of the striking findings is that the benefit-cost ratio is not substantially affected when the maternal
employment effect is varied from the lowest to the highest estimate found in the literature.

Our analysis shows that the net present value of ECEC investments not only depends critically
on whether children (on average) benefit, but also on which children benefit (most) from ECEC.
Consistent with most previous evidence from natural experiments (Elango et al., 2015; Van Huizen
and Plantenga, 2015), only children from lower educated parents have benefitted from the Spanish
preschool expansion. The limited use of (high-quality) ECEC services by lower SES families, whose
children actually benefit most from participating in such services, is an issue that should be further
addressed by public policy. Encouraging lower SES families to use high-quality ECEC services may
be costly in the short-term but may boost the benefit-cost ratio of ECEC investments in the long-run.

The Spanish case illustrates that expansions of high-quality preschool programs for 3-year-
olds may generate substantial returns in the long run. Our cost-benefit analysis provides support for
investing in high-quality ECEC, not in extending coverage rates per se. Previous literature (Melhuish
et al., 2015; Van Huizen and Plantenga, 2015) shows that ECEC quality levels should be sufficient to
generate improvements in (non-)cognitive skills. Mediocre level ECEC arrangements are likely to
produce insignificant results or may even be harmful to child development. Since our analysis
indicates that the lion’s share of the total societal benefits of ECEC investments are the result of child

development gains, it is crucial to invest in quality in order to obtain positive net returns for society.
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Appendix A

The total relative increase in costs between low- and high intensity regions AK can be expressed as:
AK = [CN1,h —(c— Q)No,h] - [CN1,1 —(c— Q)NO,L] 1)
where c represents the costs per preschool child in the post-reform period, g the additional costs due to
post-reform quality improvements, N indicates the coverage in low-intensity (1) and high-intensity (h)
regions in the pre-reform (0) and post-reform period (1). Equation (1) can be rewritten as an

expression of the additional costs per child due to the reform:

AK q[Non—No,l

[ANp=ANL] [ANp—AN]] 2)
where AN, and AN, represent the change in coverage in the high-intensity and low-intensity regions,
respectively. Equation (2) shows that the additional costs per child due to the reform (left-hand-side)
are exactly equal to the average (post-reform) costs per child ¢ when there is no increase in costs due
to higher quality levels (g = 0) and/or if there is no difference between low-intensity and high-
intensity regions in the pre-reform coverage rates (N, — No; = 0).

As discussed above, LOGSE implied substantial improvements in preschool quality standards
and so it is likely that costs per child in preschool increased significantly during the expansion period
(g > 0); the exact increase in costs per child in public preschool is unknown unfortunately. Moreover,
pre-reform coverage of 3-year-olds was slightly higher in the high-intensity (9,9%) than in the low-
intensity (7,4%) region (No, — No,; > 0). The intuition is that the reform increased the total costs in
the high intensity-region not only because of a faster increase in the coverage rate, but also because of
a (2,5%) larger base coverage that required larger investments due to quality improvements. Hence, by
using the average post-reform cost per child we underestimate the reform costs per child. However, we
argue that this bias is negligible because of the minor pre-reform difference between the high- and
low-intensity regions. In fact, we can derive that even if the costs per 3-year old in preschool would
have increased by 40 percent during the reform, the reform costs per child would be only 1 percent

higher than the average post-reform cost per child.
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Appendix B

Figure B1: Estimated future earnings profiles of children (control versus treatment)
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Note: this figure is based on an individual who is employed during the entire life cycle (in our cost-benefit analysis we
correct for employment rates); Treatment-on-the-treated (TOT) effects are used to calculate the earnings profiles of the
treatment group.
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