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Abstract

This study examines the impact of public spending on Early Childhood Education and

Care (ECEC) on age 15 achievement using PISA 2012 data. In order to estimate the

causal e�ect of ECEC spending on student test scores, we use `shocks' that occurred

during World War 2 (WW2) as a natural experiment. Our identi�cation strategy ex-

ploits between-country variation in the e�ect of World War 2 (WW2) on female labor

force participation. The war had a direct e�ect on governments' involvement in child-

care as the home front required more women to enter the labor market: these changes

in female labor force participation during WW2 appear to have generated persistent

di�erences in ECEC coverage and spending. Our results show that higher ECEC

spending signi�cantly improves student achievement in reading but not in mathemat-

ics. Moreover, the positive e�ects are concentrated within boys and within students

who are likely to have participated in ECEC (i.e. students with higher educated and

employed mothers).
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1 Introduction

It is now widely recognized that investing in Early Childhood Education and Care (ECEC)

has the potential to improve children's cognitive and non-cognitive development and may

have positive long-term e�ects in terms of better school performance and labor market

outcomes and lower crime rates (Elango et al., 2015; Duncan and Magnuson, 2013; Mel-

huish et al., 2008). However, whether investments in ECEC pay o� in the long-run is

still controversial. First, although the evidence on some small-scale experiments targeted

towards disadvantages groups (e.g. Perry Preschool) show promising results (e.g. Heckman

et al., 2010), evidence on programs for the general population is more mixed (Elango et al.,

2015; van Huizen and Plantenga, 2015). Second, even if there are positive e�ects in the

short-run, e�ects may fade out in the long-run (Barnett, 2011; Puma et al., 2012).

The aim of this paper is to test whether public ECEC investments a�ect longer term

cognitive development, using cross-country variation in spending. Although in OECD

countries a considerable and growing number of children participate in ECEC1, signi�cant

variation between developed countries - even within the European Union - remains. Cross-

country di�erences in coverage rates is especially striking for the younger children: over

50 percent of children aged 0 to 2 are enrolled in ECEC in the Denmark, Norway and

the Netherlands, whereas the enrolment rate of this age group is less than 20 percent in

Austria, Greece and most Eastern European countries (OECD, 2015a). Related to that,

public spending on ECEC varies signi�cantly from one country to another, with some

countries spending more than 1 percent of GDP on ECEC (with about 2 percent, Denmark

is the biggest ECEC spender) and others about half a percent or less (e.g. Austria, Poland)

(OECD, 2015b).

Given the variation and the fact that several countries have substantial room to in-

crease spending on ECEC, we examine whether it pays, in terms of longer term human

capital outcomes to increase spending on ECEC. To evaluate the e�ect of ECEC spend-

ing, we use data from the 2012 Programme for International Student Assessment (PISA)

data, which tests the skills and knowledge of 15 year old students. The PISA study pre-

sented by the OECD shows a high degree of cross-country variation in test scores of pupils

across OECD and partner countries. Research has shown PISA and other international

test scores like PIAAC to be strongly linked to important later life earnings, which gives

policymakers a strong incentive to focus on education reforms that are shown to raise test

scores (Hanushek, 2011; Hanushek et al., 2015). Given that some studies show promising

1About one third of children aged 0-2 and over 80 percent of children aged 3-5 participate in ECEC

(OECD, 2015).
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results on the impact of participation in ECEC programs, expending public investments

in ECEC is one of the reforms that has the potential to raise PISA scores.

The fundamental problem in a cross-country analysis of the impact of any institutional

variable on test scores is endogeneity. There are a number of unobservable di�erences

between countries that may explain both achievement test scores and the level of ECEC

investments, such as di�erences in culture and educational systems. One prominent so-

lution is to make use of historical variables that are presumably exogenous from current

test scores to instrument an institutional feature of a country (Hanushek and Woessmann,

2010; West and Woessmann, 2010). For example, West and Woessmann (2010) use cross-

country variation in year 1900 shares of Catholics to predict contemporary shares of private

schools (and therefore the degree of competition). Here we take into account the endo-

geneity problem by exploiting variation in the change in female employment rates during

World War 2 (WW2) across OECD countries. Government involvement in ECEC dates

back to the start of the rise in female employment during WW2 (Kamerman, 2007) and

therefore the war may have a�ected the institutional path of ECEC development. Since it

is implausible that the change in participation rate during the war directly a�ects the cog-

nitive test scores of students born in 1996, we use these historical di�erences as a natural

experiment to estimate the causal e�ect of contemporary ECEC spending on achievement.

Our empirical results show that changes in female employment rates during WW2

strongly predict country level ECEC spending during the years relevant for the PISA 2012,

even after a number of other country level controls are included such as contemporary

and pre-WW2 female employment rates. Our instrumental variable estimates indicate

that public spending on ECEC has a signi�cant positive e�ect on reading scores but no

signi�cant e�ects on mathematics scores. These positive e�ects on reading achievement are

sizeable, suggesting that countries can boost student reading achievement considerably by

expanding ECEC investments. Our �ndings also suggest that these e�ects are concentrated

within boys and within students from families with higher socio-economic status. Finally,

ECEC seems the a�ect scores mainly at the higher end of the distribution: our results do

not indicate that higher spending on ECEC decreases the share of low achievers in reading

and mathematics.

The �ndings have implications for two strands of the education literature. Due to

endogeneity concerns, most recent studies rely on either relatively small scale randomized

controlled trials (Heckman et al., 2010) or natural experiments based on country speci�c

reforms (e.g. Felfe et al., 2012; Havnes and Mogstad, 2011, 2015) to identify the e�ects of

ECEC on child development. To our knowledge, this is the �rst paper that attempts to

estimate a causal e�ect of ECEC investment and later life test scores using cross-country

2



variation. Furthermore, this study examines the e�ect of country level spending on ECEC:

this provides a di�erent perspective on the impact of ECEC policies than most other studies

which focus on the impact of attending ECEC. Our study also adds to the literature on the

cross-country analyses of PISA scores that have previously analyzed institutional factors

about primary and secondary schools such as competition, school autonomy and population

density (Hanushek and Woessmann, 2010; West and Woessmann, 2010; Hanushek et al.,

2013; Lounkaew, 2013).

The rest of the paper is structed as follows. Section 2 introduces the theoretical frame-

work. Section 3 discusses the history of childcare across OECD countries and the signi�-

cance of WW2 in jumpstarting government involvement in ECEC. Section 4 presents the

empirical methodology. Section 5 provides descriptive on the data used. Section 6 shows

the results. Section 7 concludes.

2 WW2 and the development of ECEC

In order to estimate the causal e�ect of public ECEC spending on PISA test scores, we

exploit the fact that the World War 2 a�ected female participation rates and that this

shock generated persistent di�erences in the ECEC infrastructure across countries. Below

we discuss the mechanisms that link historical 'shocks' in female labor force participation

to present day investments in ECEC.

ECEC services date back to the 19th century but the large scale government involve-

ment in childcare is largely a product of the 20th century. Kamerman (2007) reviews

the historical development of ECEC services and concludes that European countries had

ECEC beginning in 19th century to respond to the needs of neglected children and as a

tool to enrich the development of children of middle class families. With the start of World

War 2, the reason for the demand changed to responding to the need for non-parental care

as female labor force participation increased. Parallel with the trend of rising female labor

force participation during the second part of the 20th century, the use of ECEC services

rose most markedly between 1960 and 1995 in Europe. In 2002 the Barcelona targets were

set for 2010, which include benchmarks for childcare coverage: Member States should strive

to provide ECEC services to at least 33 percent of children aged 0 to 2 and 90 percent

of children aged between 3 and the mandatory schooling age. However, in 2010 only 10

Member States met the target for the younger age group and 11 Member States met the

target for the older age group (Mills et al., 2014). Although one may expect that setting a

general target may lead to harmonization of social policies, the fact that a large number of

Member States score below the target rate indicate that large di�erences remain between
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countries in coverage rates and therefore also in spending levels on ECEC (coverage rates

are highly correlated to public spending on ECEC; see next section). These di�erences

appear to be especially pronounced for young children as many countries already have

high rates of coverage for children aged older than 3.

The World War 2 had a direct e�ect on governments' involvement in childcare as the

home front required more women to enter the labor market. The relationship between

the need for female employment and war has previously been used to instrument female

labor force participation to study female employment and child development in the United

States (Herbst, 2016). The Lahnam act of 1940 provides a prime example of public in-

volvement due to World War 2, whereby the federal government provided funding for

childcare programmes to allow for increasing female employment. The United States is

not the only country to have public involvement in childcare provision due to the increased

demand for female employment generated by the war. The United Kingdom passed the

Family Allowances Act in 1945, which provided cash payments to mothers for each child in

their care, marking the �rst time in which government money was paid directly to women

rather than men. On a smaller scale, Canadian women in wartime industries could bene�t

from subsidized childcare through the Dominion-Provincial Wartime Agreement that was

in force between 1942 and 1946. Even in countries that were less directly involved in the

war, government involvement in childcare provision coincides with the war. In Sweden,

public childcare provision was �rst introduced in 1944 and the providers became known as

daycare centers rather than creches (Gurnarsson et al. 1999).

The degree that female labor force participation increased during WW2 varies from

one country to another. In fact, female participation did not rise in all countries. The

willingness of governments to provide childcare appears to have generated persistent dif-

ferences in ECEC coverage and spending. The persistence of the di�erences from a shock

that occurred over half a century ago is in line with the hypothesis of path dependence

in welfare state policies (Hacker, 2004). Fundamental shifts in social policies are unlikely

and the initial di�erence in starting positions due to di�erences in responses to WW2 can

partially explain the di�erences in ECEC coverage and spending across OECD countries.

Clearly, the rise or decline in female labour force participation during WW2 will not

have only a�ected childcare policy in a country. In order to isolate its e�ect on childcare

policy, we will include several country level control variables. First, we control for pre-WW2

female participation, which might be both correlated with a country's development level

and the change in participation during WW2. Second, the WW2 shock in participation

may a�ect test scores through an e�ect on present-day female labor force participation.

Because a potential alternative pathway runs through contemporary female labor force
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participation, we control for female labor force participation using both individual (i.e.

the mother's employment status) and country level (i.e. the labor force participation rate)

variables. Finally, as the war has caused millions of casualties, damaged cities, destroyed

infrastructure and disrupted economic activities, it is likely that the war had a direct

impact on economic development. We therefore control for current GDP per capita as well

as spending on education. It appears that neither of these macro variables is correlated

with the change in female labor force participation during WW2. These �ndings support

the assumption that the changes in female labor force participation during WW2 are not

related to economic development or spending on primary and secondary education.

3 Data and methodology

In order to estimate the e�ect of ECEC spending on later educational outcomes, we esti-

mate the following model with 2SLS:

ECECj = α0 + α1LFPWW2j + α2LFPpreWW2j +X ′
isjλ+ S′

sjρ+ Z ′
jγ + eisj (1)

PISAisj = β0 + β1ECECj + β2LFPpreWW2j +X ′
isjλ+ S′

sjρ+ Z ′
jγ + eisj (2)

where equation (1) represents the �rst-stage, estimating the public spending on child-

care and preschool ECECj in country j. LFPWW2j is based on the change in female

employment rates around WW2 (see below for a more extensive discussion). The regres-

sions control for a large number of student level Xisj and school level Ssj characteristics:

gender, age, school starting age, siblings (dummy), type of household, the employment sta-

tus and educational level of the parents, an index for the occupational status of the parents,

immigration status of the student, whether the student speaks a language at home other

than the test language, an indicator for the number of books present in the household,

the population density of the school location, whether the school is public or privately

operated, the student teacher ratio and the PISA index for school quality. In addition to

the individual and school controls, we include pre-WW2 di�erences in employment rates

(LFPpreWW2j) and several other country level variables (Zj) as controls (see below). In

all our regressions we use student sample weights and for clustering of observations at the

country level.

Our primary data is the 2012 wave of the Programme for International Student Assess-

ment (PISA). PISA provides information on students' reading, mathematics achievements

at age 15, their socioeconomic characteristics and the characteristics of the school they

are attending. The 2012 wave of PISA includes achievement scores of students from 65

countries. Our analysis focuses on the developed world (Europe, US, Canada, Australia,
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New Zealand and Japan). As for some countries data on ECEC spending and/or data

for our instrument is unavailable, in total we include 22 countries (17 European) in the

analyses. Students are provided a fraction of all available questions in achievement tests.

As in other large scale assessment surveys, plausible values are calculated by the OECD

based on the responses to the particular questions that a student is givenRutkowski et al.

(2010). For reading and math scores of individuals, we use the mean of the �ve plausible

values that are provided in the PISA dataset.

We capture variation in public spending on childcare and preschool (ECECj) using

data from OECD Statistics. As a part of the social expenditures data, OECD Statistics

provides information on per capita public spending on early childhood education and care

(in US dollars, 2005 prices). We match students in PISA to the public spending on ECEC

in their country when they were two years old. In practice, this means that most of the

PISA 2012 (birth cohort 1996) sample is matched to public spending on ECEC in 1998.

However, a smaller percentage is younger and is therefore matched to the 1999 spending.

We tested to what extent our results are robust to di�erent measures of ECECj : for

instance, spending levels at age 3, average spending during age 1-3 or public spending per

0-4 year old child instead of per capita could be used (see next section).

Theoretically, we could capture between country di�erences in ECEC policies using

child care coverage rates instead of spending. However, data on coverage rates (provided

by the OECD Family Database) is available for most countries from 2004-2005 onwards;

for the period relevant for PISA 2012 (i.e. around 1998), coverage data is available for

just 7 countries. As we follow a cross-country instrumental variable approach, this would

not allow for su�cient cross-country variation. Although our ECEC spending measure is

likely to capture cross-country di�erences in coverage rates as well as other dimensions (e.g.

quality of the services, e�ciency of spending), we can test how ECEC spending is related

to coverage given that since 2005 the data on both spending and coverage is available for

a large number of countries. It appears that public spending is signi�cantly correlated to

coverage. Figure 1 presents the relation between ECEC spending and coverage rates for age

0-2 children (left) and age 3-5 children (right), using data for 2011. The relation between

spending and coverage is especially strong for the younger age group (depending on the

speci�c year, the correlation is 0,75-0,8, p<0.0001). The correlation with the coverage rate

of older (3-5) children is signi�cant but somewhat weaker (around 0,45-0,5). A potential

explanation is that there is simply less between-county variation in childcare coverage for

the older group (most countries have a coverage rate above 80 percent).

In addition to the coverage data provided by the OECD Family Database, we can also

examine the relation between ECEC spending and participation in preschool as measured
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Figure 1: ECEC spending and coverage rates

by PISA 2012: an item asks students whether they attended pre-primary education (answer

categories: not at all; one year or less; for more than one year). As a rather limited number

of children did not participate at all in preschool, most variation is due to di�erences in

attending di�erences for more or less than one year. Figure 2 shows that the relation

between ECEC spending and the country share of students who attended more than one

year of preschool is rather weak. This is consistent with �gure 1B: variation in ECEC

spending is only weakly related to ECEC participation of children one or two years before

they start primary education.

Figure 2: Preschool (PISA) attendance rates and ECEC spending

The question now rises how ECEC spending is related to PISA test scores. Interestingly,

Figure 3 shows that there is no clear relationship between ECEC spending in 1998 and
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average reading scores of countries in PISA 2012 (the �gure for math scores is similar).

The countries with the highest level of public investments in ECEC do not necessarily

have higher scores. In fact, Sweden and Denmark which have the highest ECEC spending

values appear to perform well below the cross-country average in PISA. However, this may

be the result of other factors not taken into account. For example, the school starting age

in Sweden and Denmark is 7, which is rather late compared to other countries.2 One can

expect that other (unobservable) di�erences between countries exists. This stresses the

relevance of our cross-country instrumental variable approach.

Figure 3: PISA reading scores and ECEC spending

Our estimation strategy exploits the 'shock' in female labor force participation due to

WW2 to predict between-country variation in ECEC spending. We use historical data

from the International Historical Statistics (IHS) (Mitchell, 2007a,b,c) to construct our

instrument. IHS contains data on the number of economically active women by industry

as well as data on population by age groups. To calculate the labor force participation

rate, we aggregate the numbers of economically active women for all industries and divide

this by the total population aged 15 and older. Olivetti (2013) applies the same strategy

and provides the data for several countries and relevant years: the labor force participation

rates we calculated are generally consistent with those reported by Olivetti. To calculate

the `shock' in female participation rates we used the di�erence in female participation rates

before 1940 and after 1945. In general, we use data before the start of the war, i.e. before

1940. An exception is Portugal, where we used the 1940 data as there appears to be an

unexplained jump in the data before 1940 (as a neutral country, we expect this not to

2In Denmark the school starting age was reduced to 6 in 2008. However, this has not a�ected the PISA

2012 cohort.
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matter signi�cantly). Since the data is not available for every year around the time of the

war, the time gap between the �rst data point before and the �rst data point after the war

varies from one country to another. To correct for this, we divide the di�erence in female

participation rates by the total time di�erence in years. Finally, note that we excluded

several countries as our instrument is not available or reliable for those: Poland experienced

major territorial (and population) shifts during the war, Czechoslovakia currently consists

of two separate countries and some present-day countries did not exist before WW2 (e.g.

several Eastern Member States).

Figure 4: WW2 shocks and 1998 ECEC spending

As our identi�cation strategy exploits cross-country variation, it is crucial that our in-

strument does not directly a�ects the 2012 PISA achievement scores and that the change

in participation rates during WW2 is exogenous conditional on our controls. It is im-

portant to take into account that our instrument may potentially a�ect the PISA results

through alternative pathways. We therefore control for GDP per capita (2012), pre-WW2

female participation rate, female participation rate at age 2 (1998; i.e. the year our ECEC

spending data is from) and cumulative expenditure on primary and secondary education

up to age 15.3 Conditional on these controls, our instrument signi�cantly predicts between

variation in ECEC spending: see Figure 4. In fact, the F-test statistic of the �rst-stage

of our IV model is around 21, indicating that the female labor force participation shock

during WW2 is a strong instrument for ECEC spending.
3Data on cumulative expenditure on primary and secondary education up to age 15 is from OECD.

We use 2009 data as 2012 data is not available for all countries included in our regressions. However,

cumulative expenditure is highly stable over time.
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4 Results

4.1 Main �ndings

Table 1 reports the estimation results on the relation between ECEC spending and PISA

test scores. Column 1 and 2 present the OLS results, which provide a useful benchmark.

These results indicate that the level of public spending is negatively, rather than positively

associated with student achievement in both the reading and mathematics domain. The

results for the mathematics score are statistically signi�cant (p<0.1). Although the OLS

results may seem surprising, it should be stressed that these associations should be inter-

preted with caution as the level of ECEC spending is endogeneous. It is likely that the

level of public ECEC spending is related to other, unobserved factors that may have an

e�ect of student achievement, which leads to biased estimates.

The estimation results on the e�ects of ECEC based on our preferred IV speci�cation

are presented in column 3-5. Column 3 reports the results of the �rst stage (equation (1))

and shows that our instrument, the shock in female labour force participation during WW2,

signi�cantly predicts cross-country variation in ECEC spending. Moreover, the pre-WW2

level of female participation as well as current GDP per capita (2012) are signi�cantly

related to ECEC spending. Contemporary female participation rates (1998) do not seem

to be signi�cantly associated to ECEC spending, though it is likely that the other macro

controls are related to the 1998 female participation rate and therefore capture this e�ect.

The results also show that European countries have on average signi�cantly higher public

spending levels than non-European countries.

The results of the second stage of our IV model (equation (2)) are reported in column

4 and 5. These results are substantially di�erent from our OLS results: the coe�cients are

positive in both the reading and the mathematics domain and signi�cant (p<0.10) for the

reading. The e�ect appears to be sizeable. To illustrate this, if a country with one of the

lowest level of ECEC spending (Greece: 28) would move to the level of the country that

spends the most per capita on ECEC (Denmark: 556), reading test scores would increase

by around 32 points. This is a sizeable e�ect: for instance, one of the most important

determinants of PISA achievement scores is age, which increases reading scores by around

17 per year. Hence, moving from the lowest to the highest level of ECEC spending would

increase PISA reading scores to a similar degree as an increase in age by nearly two years.

Clearly, such an increase in public spending is an extreme and highly unlikely scenario.

Most countries spend below 160 per capita: an increase of 50 to 100 seems more probable:

this would increase language test scores by 3 to 6 points, which corresponds to about 1/6

to 1/3 of the age e�ect.
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Table 1: Main results

(1) (2) (3) (4) (5)

OLS OLS IV IV IV

Reading Math 1st stage Reading Math

ECEC spending p/cap -0.00270 -0.0584* 0.0608* 0.0276

(0.0180) (0.0318) (0.0339) (0.0615)

WW2∆Female LFP 22,480***

-4,913

Observations 133,749 133,749 133,749 133,749 133,749

R-squared 0.253 0.255 0.671 0.251 0.251

Nr of countries 22 22 22 22 22

Notes Clustered (at country level) standard errors in parentheses. See Appendix Table A1 for

the list of included controls.

***p<0.01, **p<0.05, *p<0.1

The results for the controls are in line with other studies. Gender is signi�cantly

associated with test scores: girls perform better in the reading test but worse in the

mathematics test, whereby the positive e�ect outweighs the negative e�ect. The size of

this gender e�ect is considerable (between 17 and 24 points). As expected, the school

starting age is negatively associated with PISA scores. Students with siblings and from

single-parent households (compared to the situation where both parents are present) seem

to perform worse. The educational level and occupational status of the parents also seem

to matter. Interestingly, the immigrants do not seem to have lower scores than natives

once we control for the language spoken at home (which is highly correlated to migrant

status of course). Reading but not mathematics scores are signi�cantly lower when the

student speaks another language at home. Consistent with previous literature (e.g. West

and Woessmann, 2010), a measure for the number of books at home signi�cantly predict

student test scores. Furthermore, students from schools located in more densely populated

areas and with higher quality levels obtain higher PISA scores. Concerning the macro

controls, the pre-WW2 level of female labour force participation is positively related to

student test scores. GDP per capita does not a�ect PISA scores. However, note that

our regressions only include developed countries. Our results on GDP are consistent with

existing evidence, indicating that the level of economic development does not matter once

it is above a particular threshold value (OECD, 2012).
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4.2 Heterogeneous e�ects

We examined to what extent e�ects are concentrated within speci�c subgroups of the

population. First, we estimated the e�ects separately for boys and girls: see Table 2.

It appears that the main positive e�ect of ECEC seems to be concentrated within boys;

test scores of girls do not seem to be a�ected by variation in ECEC spending. Next, to

test distributional e�ects we tested whether ECEC a�ected the chances of being a low or

high achiever. We use the PISA cut-o� points and follow the standard de�nition of 'low

achiever' (below level 2) and 'high achiever' (one of the 2 highest levels). Table 3 presents

the IV results predicting the probability of being a low or high achiever. In the model

predicting whether the student is a low achiever, the coe�cients are negative in both the

reading and mathematics domain (indicating positive e�ects). However, the coe�cients of

the model predicting the likelihood of being a high achiever are positive and signi�cant

for both genders. Again, the e�ect of ECEC spending is only signi�cant in the reading

domain.

Table 2: IV Results by Gender

Boys Girls

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

Reading Math Reading Math

ECEC spending p/c 0.0772* 0.0227 0.0434 0.0322

(0.0411) (0.0626) (0.0280) (0.0604)

Observations 65,695 65,695 68,054 68,054

R-squared 0.220 0.241 0.253 0.252

Nr of countries 22 22 22 22

Notes Clustered (at country level) standard errors in parentheses. See

Appendix Table A1 for the list of included controls.

***p<0.01, **p<0.05, *p<0.1

We examined to what extent the e�ects are concentrated within speci�c socio-economic

subgroups. Table 4 reports the IV results by level of education of the mother (similar results

are obtained when alternative SES indicators are used, such as the parents' occupational

status index). The estimation results show that the gains are concentrated within higher

SES groups. These �ndings seem to be inconsistent with the 'leveling the playing �eld'

hypothesis (e.g. Havnes and Mogstad, 2015). However, it should be noted that we do

not estimate the e�ect of ECEC attendance on PISA outcomes. A higher level of public

12



spending is associated with higher coverage rates - especially for younger children - and is

likely to be related with the quality of the service provided. If lower educated mothers are

unlikely to use these services, because they are on parental leave or drop out of the labor

market when their children are young, it is unlikely that a large share of children from lower

educated mothers are a�ected by higher levels of ECEC spending. A potential explain for

our �ndings is that mainly higher educated, dual earner families use these services and

that therefore the bene�ts in terms of access and quality accrue to this group. In our

sample, around 54 percent of low educated mothers versus 83 percent of high educated

mothers are employed (that is, 15 years after the PISA student was born). It could be

that children from lower educated parents are basically hardly exposed to ECEC services

and are therefore not signi�cantly a�ected.

Table 3: IV Results: low and high achievers

Low achiever High achiever

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

Reading Math Reading Math

All ECEC spending p/c -5.84e-05 -0.000174 0.000221** 1.56e-05

(7.17e-05) (0.000165) (8.68e-05) (0.000167)

Boys ECEC spending p/c -0.000113 -0.000112 0.000194** 1.34e-05

(0.000108) (0.000157) (8.09e-05) (0.000181)

Girls ECEC spending p/c 2.87e-06 -0.000231 0.000246*** 1.36e-05

(4.50e-05) (0.000175) (9.35e-05) (0.000153)

Notes Clustered (at country level) standard errors in parentheses. See Appendix Table A1 for the

list of included controls.

***p<0.01, **p<0.05, *p<0.1

Although evidence suggests that for higher SES groups there may be limited gains

(or potential losses) in terms of child development from attending ECEC (Elango et al.,

2015; Van Huizen and Plantenga, 2015), the marginal e�ect of increased spending may be

positive if higher spending translates into higher quality levels. Theoretically, even if the

e�ect of attendance for the higher SES group is negative, the marginal e�ect of ECEC

spending could be positive if attendance rates are only slightly increased but quality levels

are su�ciently improved. Furthermore, the impact of ECEC on the di�erent subgroups

may be di�erent today, as female participation rates increased substantially since the end

of the 1990's (the relevant ECEC period for PISA 2012). It is therefore not implausible
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that today lower SES groups are positively a�ected by increased ECEC spending.

Table 4: IV Results: E�ects by mother's education level

Education level mother: Low Medium High

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

Reading Math Reading Math Reading Math

All ECEC spending p/c -0.00940 -0.0456 0.0112 -0.0131 0.119** 0.0817

(0.0230) (0.0494) (0.0354) (0.0547) (0.0473) (0.0741)

Observations 23,149 23,149 49,47 49,47 61,13 61,13

Boys ECEC spending p/c 0.0270 -0.0186 0.00586 -0.0461 0.140*** 0.0869

(0.0365) (0.0613) (0.0394) (0.0556) (0.0539) (0.0738)

Observations 10,959 10,959 24,397 24,397 30,339 30,339

Girls ECEC spending p/c -0.0401 -0.0610 0.0154 0.0163 0.0980** 0.0784

(0.0303) (0.0464) (0.0317) (0.0547) (0.0417) (0.0759)

Observations 12,19 12,19 25,073 25,073 30,791 30,791

Notes Clustered (at country level) standard errors in parentheses. See Appendix Table A1 for the list of

included controls.

***p<0.01, **p<0.05, *p<0.1

Although it is likely that ECEC infrastructure a�ects the participation rate of mothers

(also when the child is 15 years old) and may therefore be endogenous, results from regres-

sions estimated separately by mother's employment status provide an interesting placebo

test. Given that labour force participation is highly correlated over the life cycle, we can

expect that mothers who hold a paid job at the time of the PISA assessment of their

children are more likely to have used ECEC services than non-employed mothers. Table

5 presents the estimation results for students with a non-employed mother (column 1-2)

and employed mother (column 3-4). The results indicate that the achievement gains are

concentrated within the group that is more likely to have been exposed to ECEC. In fact,

for the sample of students with a working mother the ECEC e�ect on reading scores is

more precisely estimated than in the complete sample (Table 1) and the positive e�ect

is signi�cant for both genders. In none of the speci�cations using the sample of students

with a non-employed mother we �nd a signi�cant ECEC e�ect. As educational level (of

mothers) is highly correlated to labor force participation, this provides an additional ex-

planation for the �nding that mainly higher SES groups have bene�ted from investments

in ECEC: higher educated mothers are more likely to participate in the labor market and
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are therefore more likely to use ECEC services.

Table 5: IV Results by mother's employment status

Mother non-employed Mother employed

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

Reading Math Reading Math

All ECEC spending p/c 0.0465 0.0540 0.0600** 0.0180

(0.0517) (0.109) (0.0287) (0.0494)

Observations 32,818 32,818 100,931 100,931

Boys ECEC spending p/c 0.0564 0.0494 0.0765** 0.0119

(0.0564) (0.105) (0.0349) (0.0507)

Observations 15,968 15,968 49,727 49,727

Girls ECEC spending p/c 0.0347 0.0566 0.0434* 0.0249

(0.0476) (0.109) (0.0235) (0.0487)

Observations 16,85 16,85 51,204 51,204

Notes Clustered (at country level) standard errors in parentheses. See Appendix Table

A1 for the list of included controls.

***p<0.01, **p<0.05, *p<0.1

Finally, in addition to individual level heterogenous e�ects, it could be that the ECEC

e�ects di�er from one country to another. Given that there is likely to be substantial het-

erogeneity between the countries in our sample, we estimated the IV model for a subsample

with only European countries: see Table 6. In addition, as Hungary is the only Eastern

European country in our sample, we run the regression without Hungary (column 3-4).

The results for Europe are generally consistent with the results obtained using all available

countries. However, the coe�cients of the e�ects of ECEC spending are somewhat smaller

but are more precisely estimated: in the Europe only sample, the e�ect of ECEC spending

on reading scores is highly signi�cant (p<0.01). Interestingly, within the European sample

the positive e�ect on reading achievement is signi�cant for both genders.
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Table 6: IV Results for Europe

Europe Europe (w/o Hungary)

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

Reading Math Reading Math

All ECEC spending p/c 0.0467*** 0.00255 0.0486*** 0.00409

(0.0129) (0.0260) (0.0142) (0.0255)

Observations 101,402 101,402 97,837 97,837

Boys ECEC spending p/c 0.0528*** -0.0119 0.0538*** -0.00988

(0.0155) (0.0282) (0.0166) (0.0278)

Observations 49,726 49,726 48,033 48,033

Girls ECEC spending p/c 0.0389*** 0.0159 0.0419*** 0.0170

(0.0123) (0.0248) (0.0137) (0.0242)

Observations 51,676 51,676 49,804 49,804

F-test (Instrument) 37.6 37.6 37.9 37.9

Nr of countries 17 17 16 16

Notes Clustered (at country level) standard errors in parentheses. See Appendix Table A1

for the list of included controls.

***p<0.01, **p<0.05, *p<0.1



5 Conclusions

Investments in Early Childhood Education and Care have the potential not only to increase

female labour force participation but also to improve child development, school outcomes

and relevant later life (adolescent and adult) outcomes. Given that the early years mat-

ter critically for child development, such investments may have relatively high returns.

However, despite some promising results, the gains in terms of improved human capital

outcomes are still uncertain: not all studies �nd positive e�ects and in some cases positive

e�ects fade out in the longer run.

This study examines the causal e�ects of public spending on ECEC on long term (age

15) cognitive skills, using sing PISA 2012 data. We rely on cross-country variation, using

data from 22 develop countries. To address endogeneity concerns, we exploit the shock in

female labour force participation during World War 2 as a natural experiment. The war

had a direct e�ect on governments' involvement in childcare as the home front required

more women to enter the labour market. The historical di�erences in 'shocks' in female

labour force participation during WW2 appear to have generated persistent di�erences

between countries in ECEC spending. Our results show that ECEC spending signi�cantly

improves student achievement in reading but not in mathematics. The size of the e�ect on

reading scores is substantial: if a country with low levels of ECEC spending would increase

investments to the average level, reading scores would increase by around 6,5 points, which

is still about the same as an e�ect of an increase in age of 4-5 months. The �ndings

also show that the positive e�ects are concentrated within boys and within students from

families who are likely to have used ECEC services.
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Appendix

Table A1: Main results

(1) (2) (3) (4) (5)

OLS OLS IV IV IV

Reading Math 1st stage Reading Math

ECEC spending p/cap -0.00270 -0.0584* 0.0608* 0.0276

(0.0180) (0.0318) (0.0339) (0.0615)

WW2∆Female LFP 22,480***

-4,913

Female 24.49*** -17.20*** 1.147* 24.37*** -17.36***

-2.052 -1.516 (0.555) -1.981 -1.509

Age (years) 16.69*** 22.30*** -10.99** 17.02*** 22.75***

-1.562 -3.108 -4.116 -1.508 -3.451

School starting age -8.509*** -7.936*** 5.307 -8.458*** -7.867***

-1.429 -1.727 -7.622 -1.370 -1.593

Siblings (Y/N) -8.350*** -7.037*** -1.314 -8.412*** -7.121***

-1.548 -1.693 -1.228 -1.503 -1.632

Single parent household -6.253*** -8.435*** 1.533 -6.481*** -8.744***

-1.205 -1.007 -1.791 -1.233 -1.123

Other household type -27.30*** -29.59*** 1.025 -27.53*** -29.91***

-2.545 -2.825 -2.517 -2.560 -2.875

Father employed -1.544 1.381 -1.408 -1.357 1.634

-2.633 -2.324 -2.137 -2.648 -2.373

Mother employed -0.699 1.763 -0.823 -0.900 1.490

-2.605 -1.817 -1.735 -2.487 -1.703

Educational level mother: medium 2.946 4.956*** 1.806 2.336 4.130**

-2.535 -1.630 -3.429 -2.357 -1.631

Educational level mother: high 4.657 5.650 6.561 3.459 4.026

-3.652 -3.721 -5.079 -3.444 -3.727

Educational level father: medium 8.174*** 6.373*** 0.447 7.988*** 6.121***

-2.356 -1.891 -2.069 -2.399 -1.956

Educational level father: high 14.93*** 17.08*** -4.454 15.13*** 17.34***

-3.778 -3.419 -2.831 -3.725 -3.394

Occupation status parents (index) 0.697*** 0.723*** 0.105* 0.691*** 0.715***

(0.0431) (0.0548) (0.0561) (0.0442) (0.0569)

Immigrant 9.342 4.644 4.451 8.577 3.607

-8.135 -8.429 -4.524 -8.260 -8.646

Table continues on next page
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(1) (2) (3) (4) (5)

OLS OLS IV IV IV

Reading Math 1st stage Reading Math

Other language spoken at home -8.633*** -6.426 0.709 -8.387*** -6.093

-2.399 -3.954 -1.951 -2.375 -4.006

Books present in household (scale 1-4) 23.31*** 23.70*** -0.843 23.47*** 23.92***

-1.225 -1.299 -1.028 -1.234 -1.322

Female LFP (pre-WWII) 83.58*** 123.0*** 352.1*** 69.19*** 103.5***

(14.14) (20.44) (105.7) (13.84) (23.11)

Female LFP (age 2) -0.312*** -0.201 -1.219 -0.255** -0.123

(0.0871) (0.170) (0.776) (0.116) (0.189)

Current GDP p/c 0.000511* 0.000632 0.00595*** 0.000232 0.000255

(0.000268) (0.000462) (0.00183) (0.000375) (0.000543)

Educational expenditure per student -0.000174 -0.000254 0.00146 -0.000276 -0.000393

(0.000195) (0.000206) (0.000929) (0.000226) (0.000261)

Country: non-Europe 10.43** 1.231 -149.0*** 16.83*** 9.910

-4.010 -5.605 (26.14) -4.673 -7.195

Location: Small town 3.053 2.109 -13.05 4.026 3.429

-3.113 -3.028 -9.829 -3.276 -3.429

Location: Town 13.81*** 11.12*** -7.725 14.64*** 12.25***

-2.561 -2.125 -8.798 -2.841 -2.658

Location: City 17.69*** 11.79** -13.66 18.85*** 13.37**

-3.376 -4.816 (10.36) -3.892 -5.615

Location: Large city 22.72*** 18.62*** -9.446 23.73*** 19.99***

-4.002 -4.665 -8.715 -4.327 -5.177

Public school -1.664 -2.558 14.54* -1.782 -2.716

-3.790 -5.196 -7.535 -3.858 -5.288

Student teacher ratio 0.401 0.393 -0.184 0.411 0.406

(0.283) (0.282) (0.240) (0.284) (0.286)

School quality (index) 5.587*** 4.118*** -0.570 5.488*** 3.983***

-1.501 (0.883) -1.254 -1.492 (0.881)

Constant 137.8*** 52.11 -78.80 143.0*** 59.11

(32.83) (48.72) (118.5) (32.05) (51.77)

Observations 133,749 133,749 133,749 133,749 133,749

R-squared 0.253 0.255 0.671 0.251 0.251

Nr of countries 22 22 22 22 22

Notes Entries represent coe�cients (clustered standard errors in parentheses).

***p<0.01, **p<0.05, *p<0.1
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