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Abstract

We study the impact of preschool targeted at children from low-income families over the life

cycle and across generations, and examine its interaction with an infant health intervention.

Using Danish administrative data with variation in the timing of program implementation

over 1933-1960, we find lasting benefits of access to preschool on adult educational attainment,

earnings, and survival beyond age 65. We also show that children of women exposed to preschool

obtain more education by age 25. However, exposure to a nurse home visiting program in

infancy reduces the added value of preschool, implying that the programs serve as partial

substitutes.
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A large body of research demonstrates that individuals’ early life circumstances influence their long-

term well-being (Almond, Currie and Duque, 2017; Almond and Currie, 2011; Barker, 1990). This

evidence, combined with the fact that most parents in developed countries work in the labor market

when their children are young, highlights the potential value of investment in public preschool

programs, especially for low-income children with limited alternative care options. While a robust

literature examines the impacts of American preschool programs targeting poor children on their

outcomes during childhood and into mid-adulthood,1 we know less about effects on human capital

and health in other settings, further in the life cycle or in the next generation. Moreover, existing

evaluations of public preschools do not account for possible interactions with other early childhood

programs. As programs for poor families often have overlapping eligibility criteria—meaning that

low-income children are likely to be exposed to multiple interventions in early life—evidence on

interactions would not only inform discussions about public spending and program design, but

also shed light on predictions of theoretical models of human capital formation that posit dynamic

complementarities between multiple investments at different stages of childhood and across different

parameters of the child production function (Cunha and Heckman, 2007; Heckman and Masterov,

2007; Heckman and Mosso, 2014).

This paper attempts to fill these gaps by using large-scale population-level data to study the

rollout of the first Danish public preschool program for poor children. In addition to allowing

us to measure the health and human capital outcomes of exposed cohorts through age 65 and

the outcomes of their children through age 25, the Danish historical setting provides a unique

opportunity to examine the added value of preschool for a population that received an earlier

health intervention in infancy. Preschool access was expanded over the same time period as a

nurse home visiting (NHV) program for new mothers and infants. Existing research shows that

NHV had short- and long-term health benefits (Wüst, 2012; Hjort, Sø lvsten and Wüst, 2017; Wüst

et al., 2018), with similar evidence from comparable programs in Norway and Sweden (Bhalotra,
1For research on U.S.-based preschool programs for poor children, including Head Start, Perry Preschool, and

the Carolina Abecedarian Project, see: Currie and Thomas (1995); Garces, Thomas and Currie (2002); Masse and
Barnett (2002); Schweinhart et al. (2005); Belfield et al. (2006); Ludwig and Miller (2007); Anderson (2008); Deming
(2009); Heckman et al. (2010b,a); Bitler, Hoynes and Domina (2014); Carneiro and Ginja (2014); Campbell et al.
(2014); García et al. (2016); De Haan and Leuven (forthcoming); Garcia, Heckman and Ziff (2018); Thompson (2017);
Bailey, Sun and Timpe (2018); Heckman and Karapakula (2019b). Outside the United States, there is some evidence
on the medium-term effects of access to more recently expanded universal preschools in Norway and Denmark,
which enroll children from all socio-economic backgrounds (Havnes and Mogstad, 2011, 2015; Datta Gupta and
Simonsen, 2016). In addition, Herbst (2017) finds long-term impacts of universal child care in the U.S. The fact that
the benefits of universal programs are often largest for disadvantaged children (Cascio, 2015) raises the question of
whether programs explicitly targeting poor children could have even larger returns in these settings.
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Karlsson and Nilsson, 2017; Bütikofer, Løken and Salvanes, 2019). Important to our analysis is

the fact that some municipalities implemented the NHV program before the preschool program,

while others implemented the preschool program before the NHV program, and the two rollouts

were independent of each other. As such, we have found a rare situation where “lightning strikes

twice” in observational data (Almond and Mazumder, 2013), making us well-positioned to identify

interactions across two early childhood programs, and examine whether they serve as complements

or substitutes to one another.

The Danish preschool program that we study primarily served poor children ages 3 through

7, and entailed a significant improvement in their care environment through its health and early

education components. Although individual municipalities operated their own preschools, they were

required to go through a formal approval process to receive funding from the national government.

To receive approval, preschools needed to predominantly enroll children from poor households, have

regulated service hours, and, importantly, meet requirements for qualified management, adequate

facilities, sanitation, and child nutrition. Additionally, the government incentivized cooperation

between preschools and local health care providers to offer health check-ups to the children. As

children of poor working mothers during this time period would have otherwise been watched by

older siblings, relatives, or neighbors, public preschools provided a substantially higher quality and

more standardized level of care.2

Our analysis combines historical program data and individual-level administrative data on

the population of Danish individuals born in 1930-1957 and their children. We exploit policy

variation in the expansion of government-approved and regulated preschools across 138 Danish

municipalities that established such a preschool by 1960 (and that account for approximately 53

percent of the Danish population born during this time period), and estimate difference-in-difference

models. We take multiple steps to address the central threat to identification in our setting:

endogeneity in the rollout of approved preschools. Specifically, compared to rural municipalities,

urban areas implemented the program earlier and are more likely to be among the “always-

implementers” in our sample (i.e., municipalities that had a preschool by 1933, the first year of

potential preschool enrollment for the oldest cohort in our data). Since urban and rural areas differ
2Other than the preschool program, there was limited public support for working parents, especially when

compared to the Scandinavian policy landscape in more recent decades. The period that we study is prior to
the large-scale expansion of the Danish social safety net in the 1960s and 70s. For instance, Denmark introduced
universal paid maternity leave of 14 weeks in 1960 (DICE Database, 2015) and universal health insurance in 1973
(Vallgårda, Krasnik and Vrangbæk, 2001).
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on a range of observable characteristics, it is not surprising that geographical, political, and social

factors measured in the early 1920s correlate with the timing of preschool approval. Thus, our

preferred specification includes municipality time-varying controls and county-specific linear trends

(in addition to standard cohort and municipality fixed effects). Moreover, we assess the robustness

of our main findings to: (i) using an event-study model that only includes municipalities that change

treatment status during our sample period and omits the always-implementers, and (ii) only using

data from urban municipalities that display more arbitrary variation in treatment timing.

We find that access to a government-approved preschool by age 3 improves long-term human

capital outcomes and longevity. We document a 0.024 standard deviation (SD) increase in a

summary human capital index, driven by a 0.1 year rise in the average number of years of schooling,

a 1.7 percentage point increase in the likelihood of obtaining more than a compulsory education,

and a 1.7 percent higher average wage income over the ages of 30 to 60. We also show that access to

preschool at age 3 raises the likelihood of survival beyond age 65 by 0.7 percentage points. Scaled

by the approximate rate of preschool enrollment of around 10 percent, our estimates translate into

substantial benefits for treated individuals, which are comparable to estimates of effects of preschool

programs targeting low-income children in the U.S., including Head Start, Perry Preschool, and

the Carolina Abecedarian Project (see, e.g., Garces, Thomas and Currie, 2002; Heckman et al.,

2010b; García et al., 2016; Thompson, 2017; Bailey, Sun and Timpe, 2018; Garcia, Heckman and

Ziff, 2018; Heckman and Karapakula, 2019b).

We also find an intergenerational impact of preschool—children of women with access to a

government-approved preschool by age 3 are 0.9 percentage points more likely to have completed

more than a compulsory education by age 25. This result contributes to a vast literature on

intergenerational correlations in measures of socio-economic status including education and income

in both the U.S. and Europe (e.g.: Solon, 1992; Bauer and Riphahn, 2007; Hertz et al., 2007; Lee

and Solon, 2009; Black, Devereux and Salvanes, 2009; Black and Devereux, 2011; Chetty et al.,

2014). The existing literature suggests that the correlation between parents’ and children’s years

of schooling in Denmark for this time period is around 0.3 (Hertz et al., 2007), which is remarkably

similar to the 0.28 intergenerational transmission coefficient we obtain by dividing our second

generation coefficient for years of schooling by the respective first generation coefficient.3 Our quasi-
3If we divide the coefficients for the probability of having more than compulsory education, we obtain an

intergenerational transmission coefficient of 0.53. However, it is difficult to compare this coefficient to other estimates
because intergenerational correlations in education are typically estimated using years of schooling as the outcome.
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experimental estimate of the intergenerational transmission coefficient relates to two concurrent

studies that also examine the impacts of interventions in one generation on the adult outcomes of the

next generation.4 Barr and Gibbs (2017) analyze Head Start, the major public preschool program

in the United States, using variation in program rollout and an analysis sample of approximately

1,700 individuals from the National Longitudinal Survey of Youth (NLSY). They show that children

of mothers who were exposed to the Head Start program have higher educational attainment and

lower incidence of risky behaviors than children of non-exposed mothers. Heckman and Karapakula

(2019a) explore the intergenerational effects of the experimental Perry Preschool program using

data on 80 children of 112 experiment participants. They find that children of treated participants

have fewer school suspensions, higher education and employment levels, and lower crime rates than

children of control subjects. Our estimate of the intergenerational effect of preschool, which is based

on a much larger administrative data set in a setting outside the United States, complements this

evidence.

Finally, we find a negative interaction effect between access to preschool and NHV: For the

human capital index, access to NHV reduces the positive impact of preschool by 74 percent.

We also find negative (but statistically insignificant) interaction coefficients when we consider

survival beyond age 65 and the education of the next generation as outcomes. The NHV program

provided parents of infants with education about nutrition, parent-child interactions, and the

overall home environment, and facilitated referrals to health care professionals. Thus, the preschool

environment—which incorporated some similar health-related elements but at slightly older ages—

constituted a less significant treatment for cohorts already exposed to NHV. Our conjecture that the

health component of preschool is an important mechanism for its long-term and intergenerational

effects on cohorts without prior exposure to NHV is consistent with other studies on targeted

preschools in the U.S. (Currie and Thomas, 1995; Ludwig and Miller, 2007; Carneiro and Ginja,

2014; Campbell et al., 2014; Bailey, Sun and Timpe, 2018), which posit that health screenings,

referrals, and nutritious meals are key components driving the effects of preschool on child and

In our data, the raw correlation between the likelihood of a mother completing more than a compulsory education
and her child completing more than a compulsory education is 0.2, and the estimate falls to 0.17 when we include
year of birth indicators for mothers and children to account for cohort effects. It is possible that we underestimate
the correlation between maternal and child educational attainment as some of the child cohorts in our sample are
too young to have completed their schooling.

4In related work, East et al. (2017) show that early childhood access to Medicaid—the main public health insurance
program for low-income families in the U.S.—has positive impacts on the birth outcomes of the next generation.
When it comes to adverse in utero shocks, Black et al. (2019) use Norwegian data to show that children of individuals
who were exposed to radiation in utero have lower IQ scores.
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adult well-being.

Recent influential theoretical models propose dynamic complementarities between investments

at different stages of childhood and across different parameters of the child production function

(Cunha and Heckman, 2007; Heckman and Masterov, 2007; Heckman and Mosso, 2014). In contrast,

our results demonstrate the presence of substitutability in health-related public investments in early

childhood. While there is some support for the dynamic complementarities hypothesis from research

documenting that the effects of preschool interventions are larger for those with higher measures of

initial endowments (Aizer and Cunha, 2012; Heckman, Pinto and Savelyev, 2013), other differences

between children with lower and higher initial skills may complicate this interpretation. In our study,

we do not observe the full set of investments in children, making us unable to assess the relative

importance of parental investment responses to public policies (as in, e.g., Greaves et al., 2019).

However, we contribute new causal empirical evidence on the interaction between public investments

by overlaying two sources of plausibly exogenous variation. Our approach is similar to a few other

recent studies that examine different types of investments. Two studies find complementarities

in educational investments during school ages in the U.S. (Johnson and Jackson, Forthcoming;

Gilraine, 2017), while several other papers find either zero or sizeable negative interaction effects

between a variety of childhood investments in other settings including Bangladesh, Mexico, and

Romania (Gunnsteinsson et al., 2014; Adhvaryu et al., 2018; Malamud, Pop-Eleches and Urquiola,

2016).

1 The Danish Preschool Expansion

We study the introduction and expansion of publicly-funded and centrally regulated preschools for

poor Danish children between 1933 and 1960. Unfortunately, we do not have detailed information

on each municipality’s implementation process or on individual preschools’ characteristics (e.g.,

the physical facilities or teacher credentials). However, we rely on the best available historical

sources to argue that the introduction of government-regulated preschools, in combination with a

nationwide focus on teacher quality and pedagogy, represented a substantial improvement in the

quality of care provided to poor young children during this time period. Additionally, while Danish

society undoubtedly changed in a variety of ways during the almost 30-year period that we study,

the main features of preschools and the underlying early education principles were remarkably
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stable. After 1960, Denmark (along with other Scandinavian countries such as Norway) shifted

its policy agenda to expanding universal access to preschools for children from all backgrounds.

But universal preschools played a limited role during the earlier period that we analyze, and we

therefore believe that our results are most comparable to those from studies of preschool programs

targeting disadvantaged children.

In what follows, we first discuss the government’s role in ensuring quality standards across

preschools, and then discuss two central components of the preschool environment: health and

early education.

Government involvement in preschools The earliest Danish preschools in the 19th century

(“asylums”) were privately operated by philanthropic organizations (e.g., churches) and completely

unregulated. As labor markets and family structures changed at the turn of the century, Danish

political parties began to nearly unanimously support regulations and funding mechanisms that

became the basis of the public preschool expansion (Kristensen and Bayer, 2015). In 1919, the

Danish parliament enacted its first law on “preventative child services,” with a goal of providing

financial support for targeted preschools that enrolled poor preschool-aged children of working

mothers.

Under the law, new and existing preschools could apply for government subsidies to cover

ongoing expenses (e.g., staff wages or rent) or to establish, improve, or expand their facilities

(Skjernbæk, various years).5 To be eligible for a subsidy, a preschool had to obtain approval from

the national government by meeting a series of requirements. Approved preschools had to: (1)

provide adequate sanitation at the facility, (2) charge parents fees that could cover food and milk

provided to children (very poor parents could apply for an exemption), (3) have a qualified preschool

center director, staff, and a board of members with expertise on children, (4) be open at least four

hours each working day, and (5) predominantly enroll children from poor families.6 Preschools
5The subsidy amounts and structure varied over time. They initially covered 30 percent for expenses related to

daily operations, and were around 50 percent for expenses related to the establishment or improvement/expansion
of existing institutions. They were increased over the 1940s and 50s. Additionally, from the 1940s onward, municipal
governments became involved in financing: If a municipality ran a preschool or subsidized a private preschool for at
least 30 percent of its daily expenses, the subsidy from the national government was increased to 40 percent. Since
these subsidy reforms were implemented at the national level, we do not exploit them in our analysis, which relies
on the municipality-level variation.

6From 1949 onward, preschools that did not predominantly serve poor families could receive smaller subsidies from
the national and municipal governments (for a total of around 35 percent of all costs) (Skjernbæk, various years;
Kristensen and Bayer, 2015). However, with a limited number of preschools and long wait lists, non-poor children
rarely enrolled prior to the 1960s. A preschool could either be run by a municipality government (which employed
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could also apply to the national government for reimbursement of check-ups and vaccinations by

local health care providers.7

Child health at preschool The above discussion makes clear that early Danish public preschools

incorporated a significant health-related treatment for disadvantaged children. The idea that

preschools influence child health (in addition to offering early education) is not unique to historical

Denmark. In fact, studies show that a substantial part of the benefit of Head Start—the largest

public preschool program for low-income children in the U.S.—can be attributed to its nutritional

and medical services (Currie and Thomas, 1995; Ludwig and Miller, 2007; Carneiro and Ginja,

2014; Bailey, Sun and Timpe, 2018). Similarly, the much smaller scale intensive Abecedarian

Project intervention featured nutritional and health care components, and has been shown to have

positive effects on metabolic and cardiovascular health measures for adults in their 30s (Campbell

et al., 2014). In our setting, poor children’s health was likely impacted through access to regular

nutritious meals, improved sanitary conditions, and the monitoring of children’s health by preschool

staff and local health care providers.

Early education The introduction of central government regulations and public financing of

preschools was accompanied by a broader early education movement in Denmark. This movement

was mainly inspired by the pedagogical principles of Friedrich Fröbel and Maria Montessori, and had

a significant impact on preschool quality through its focus on preschool teachers’ training: Over the

period we study, Danish teachers who had previously trained abroad initiated several educational

programs for preschool staff (Kristensen and Bayer, 2015, p.167). The educational program of the

Fröbel institute in Copenhagen began in 1904, while Montessori-inspired teacher training programs

were introduced in the mid-1920s. By 1945, Denmark had at least five educational programs for

preschool teachers, which were typically two years in duration. In the years 1935-1950, those

staff with expertise on children) or by a private organization with a board of members with expertise on children
(e.g., a pediatrician, a teacher, etc.). In the early years of the preschool expansion, the majority of preschools were
run by private non-profit organizations, while municipal preschools became more common throughout the expansion
period (Pedersen, Petersen and Christiansen, 2011b). Preschools were allowed to be closed for up to four weeks
during the summer and a total of two weeks around holidays such as Christmas or Easter. Preschool approval was
always granted to a specific center head and for a specified number of slots at the center.

7In the 1930-1960 period, vaccines against the following diseases were available to all children through the national
vaccination program: smallpox (mandatory since 1931), diphteria (1943), tuberculosis (1946), tetanus (1949), and
polio (1955). The vaccination program was expanded by the Danish National Board of Health and the Serum
Institute. See http://www.ssi.dk/Vaccination/Boernevaccination/Sygdomsforekomst\%20foer\%20og\%20efter\
%20vaccination.aspx for more information.
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institutions trained a total of 1,566 preschool teachers (Kristensen and Bayer, 2015). By 1953, 72

percent of preschool staff were trained (Kristensen and Bayer, 2015, p. 277). Trained preschool

teachers also formed unions, which lobbied for adequate educational programs and higher wages for

preschool staff.8

In sum, government-funded and regulated preschools from the 1920s onward provided poor

Danish children ages 3 through 7 with higher quality of care and early education, nutrition, and

health services than they would have otherwise received. At the time, poor mothers, who had to

work outside the home, would typically leave small children alone at home, under the supervision

of older siblings, or in the care of other relatives or neighbors (Pedersen, Petersen and Christiansen,

2011a, p728).9 As we show below, there was substantial variation across Danish municipalities in

the timing of the first government approval of a preschool. We exploit this variation in our main

analysis and discuss the identifying assumptions in detail in Sections 3 and 4.

2 Data and Sample

Wemerge data from several sources. First, we use information on the geographical and administrative

structure of Denmark over 1920-1955. Second, we collect data on the establishment and government

approval of preschools and the implementation of the Nurse Home Visiting program. Third, we

compile a unique set of historical municipality control variables. Fourth, we use administrative

individual-level data on the adult outcomes of cohorts born in 1930-1957 and their children.

Data on Denmark’s historical administrative structure We use data on several historical

Danish administrative entities, including parishes and municipalities, from the “Digital Atlas of the

Danish Historical and Administrative Geography (DigDag)”.10 As births in Denmark are registered

at the parish level, we use these data together with information on individuals’ parishes of birth in

our long-run outcomes data to merge individuals to their municipalities of birth (and thus to assign

individuals’ treatment status).
8Unfortunately, we have no time series data on the share of trained staff. A formal state regulation of preschool

education programs was introduced in 1953. The largest union was established in 1932 (“Dansk Børnehaveråd”).
9According to available estimates, the Danish female labor force participation rate was between 30 and 40 percent

during the first half of the 20th century, (Olivetti, 2013).
10For more information, please see: www.digdag.dk. In the period that we study, Denmark consisted of over

1,300 municipalities that were heterogeneous in their size, population density, and composition. Each municipality
contained one or more parishes. The vast majority of rural municipalities only had one parish each. The 86 urban
municipalities—also known as “Købstæder,” or market towns—consisted of multiple parishes.
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Data on preschools We have collected data on all approved Danish preschools that existed over

the 1921-1960 period from nine books published in 1921, 1924, 1927, 1936, 1942, 1946, 1950, 1956

and 1960 (Skjernbæk, various years).11 These data contain information on the preschool’s first

registered exact address (i.e., we can assign preschools to municipalities), the year of establishment

and the year of government approval, and the number of children registered in each of the given

nine years. As noted above, in our main analysis, we use variation in the timing of approval of

preschools.12

Out of the 1,354 Danish municipalities that existed between 1930 and 1960, 138 had at least one

approved preschool by 1960. Figure 1a depicts these municipalities in a map of Denmark (using

its 1950 administrative structure). As we show in Table 1, the municipalities without approved

preschools are mostly very small and rural; the 138 municipalities with at least one approved

preschool had ten times higher average population counts in 1930 than the other municipalities.

Individuals born in municipalities with at least one approved preschool account for 53 percent of

the population we observe in our administrative individual-level data (described below). Table

1 also shows that there are substantial differences between the municipalities with and without

approved preschools by 1960 in terms of politics, average income, and industrialization. Therefore,

we limit all of our analysis to the more homogeneous sample of 138 municipalities that ever had a

government-approved preschool by 1960. These municipalities are still fairly small entities, with a

median population of 4,606 in 1930.

Figure 1b shows the evolution of preschool approvals in these 138 municipalities. We begin the

graph in 1933 as our oldest cohorts are born in 1930 and we measure preschool exposure at age 3.

In 1933, only about 20 percent of municipalities in our sample had at least one approved preschool,

whereas by 1960, all of them did. Most municipalities only ever have one approved preschool—the

median number of preschools per municipality is one, while the 75th percentile is two. Only 18

municipalities in our data ever had more than five approved preschools. Thus, most of our analysis

uses variation in the initial preschool approval (changing from zero to one approved preschool).
11The majority of preschools served children starting at age 3 and through the year when they turned 7 (i.e., the

school starting age). A minority of preschools in our data also accepted younger children.
12By studying the impacts of preschool approval rather than establishment, we can estimate the impacts of access

to a regulated, high quality preschool (and not just any preschool). In practice, however, the years of establishment
and approval are the same for many preschools. Our results are similar if we use the year of establishment to assign
treatment (see brief discussion in Section 4). Additionally, we use the original address of the preschool even though
some preschools move. Usually, preschools only moved within the same municipality, e.g., to get more space. The
records for the total number of slots per preschool are unfortunately incomplete; we only have data on the number
of enrolled children in each preschool in each of the nine years of publications.
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Data on the Nurse Home Visiting program In 1937, the Danish parliament passed a bill

that regulated the content and funding of a Nurse Home Visiting program serving all families

with newborns. The Danish National Board of Health (DNBH) had developed the program

to address the relatively high infant mortality rate of around 6.5 percent at the time (DNBH,

various years). As a considerable share of infant mortality was due to preventable causes—

among them, infectious diseases caused by the improper treatment of cows’ milk—the DNBH

designed the program to promote breastfeeding and a safe home environment. While the DNBH

centrally initiated the program and the Danish government co-funded 50 percent of its expenses,

implementation was under municipal discretion. Variation in the timing of program implementation

across municipalities largely stemmed from the lengthy accreditation process at the DNBH and

differences in the preferences of local general practitioners, who in some places promoted the

initiation of NHV but in other places opposed it (Buus, 2001). Once established, NHV assigned

visits of trained nurses to all newborns and their mothers approximately ten times in the first year

of life. Nurses provided information on infant care, monitored infants’ development, and referred

ill infants to doctors for treatment. Appendix B provides additional institutional details about the

program, a discussion of the previous research, and a replication of the main results from Hjort,

Sø lvsten and Wüst (2017) on the long-term health impacts of NHV using our preschool analysis

sample.

We use information on the date of NHV program approval from the DNBH in the period 1937-

1949 from records stored in the Danish National Archives (for further details see Hjort, Sø lvsten

and Wüst, 2017). Approval was only granted to municipalities with sufficient coverage, i.e., if the

number of nurses matched the estimated demand (number of infants). Thus, we create an indicator

for an approved program being in place. For the 28 municipalities in our sample that did not

implement an NHV program by 1949, we assign a (less precise) treatment date using Skjernbæk

(various years), which contain lists of NHV-treated municipalities. We assign either (i) the year of

the previous publication to municipalities that are listed as treated in a given publication or (ii) a

“never treated” status for municipalities that are not featured on these lists. We test the robustness

of our main results to dropping cohorts and municipalities with less precise NHV data.

Data on municipality-level demographics, live births, and infant deaths The data on

municipality-level characteristics for the time period that we study is quite limited. The Statistical
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Commune Data Archive (Danish Data Archive, n.d.) contains voting records from national and

local elections and data from the quinquennial censuses. From these data we use information on

the share of voters for different parties, municipality population size, and demographic information

including the share of females, the shares of workers in the industrial and agricultural sectors, the

shares of the population paying income and property taxes, the share of the population in urban

areas, and mean taxable income. Since these variables exist only for a subset of our sample years

(election and census years), we interpolate these data for our analysis.13

Additionally, we use data on the annual number of live births and infant deaths that are only

available for urban municipalities in years 1933-1950 (DNBH, 1933-1950) in supplemental analyses

on program coverage and potential endogenous mortality. In the urban municipalities in our ever-

implementing sample, the median number of live births per year over 1933-1950 was 146.

Individual-level administrative data We use administrative population register data for the

years 1980-2012 for cohorts born in 1930-1957. As outcomes, we consider several measures of

human capital (around age 50) and health (survival past different ages, hospital admissions, and

diagnoses). Moreover, we can link first-generation women from the 1935-1957 cohorts to their

children (Pedersen et al., 2006). When analyzing intergenerational outcomes, we focus on these

women’s oldest children, whom we can observe in the register data at age 25 (child cohorts born in

1955-1987). We focus on several measures of the children’s education attainment by age 25.14

Sample construction and selection As noted above, we limit our sample to individuals born

in Denmark between 1930 and 1957. In addition, to be in our analysis, individuals must meet

two criteria: First, the individual must have a valid code for her parish of birth that allows us to

assign treatment status. Around 90 percent of Danish-born individuals in our outcome data have

a valid parish of birth.15 Second, the individual must be observed in our post-1980 outcome data.
13For the election data, we impute the share of voters in years between elections using the data from the most

recent previous election. For the census data, we use a linear interpolation. Where necessary, we constrain our linear
interpolation to values in the 0-100 range.

14We have also estimated regressions using a sample of all children (observed at age 25 in our data period) of these
mothers and not only the firstborns. Our results are similar and available in Appendix Table A6. We discuss these
results briefly in Section 4.

15We omit individuals with errors in the parish of birth registration (such as those who are registered using
post-1970 municipality information), individuals who were registered by religious minorities such as Catholics, and
individuals with undocumented parish codes. Also, we omit individuals who were born in hospitals and therefore
cannot be merged to their municipalities of birth. Hospital births for these cohorts were still rare—only 5.5 percent
of our sample—as home births were the norm in Denmark up until the 1960s.
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Appendix C explores the possibility of selective mortality. We use data on live births and infant

deaths to calculate the share of “missing individuals” across cohorts and test for correlation with

preschool approval timing. We conclude that selective mortality prior to the age of observation in

our data is unlikely to drive our results.

Our analysis sample of Danish-born individuals with valid parish codes consists of 1, 640, 214

observations. When we limit to individuals born in the municipalities with an approved preschool

by 1960, we are left with 880, 708 observations.

3 Empirical Methods

Our analysis exploits municipality×year variation in preschool approvals (and the NHV rollout)

in a difference-in-difference design. To ease the computational burden and to estimate models

at the level of variation, we take a two-step approach. First, we regress our outcome measures

on all available pre-determined individual-level control variables (i.e., gender and month of birth

indicators) as well as municipality×birth-year fixed effects. The municipality×birth-year fixed

effects from this regression yield the conditional mean outcomes in each municipality×birth-year

cohort, after controlling for the micro-covariates. Then, we collapse our data into 3, 862 municipality×birth-

year-cells and use the conditional means as dependent variables in our regressions, which we weight

by cell size.16

Our preferred model takes the following form:

Yymc = α0 + α11[PreschoolAge3]ym + λm + γy + δ′Xym + ηc × y + εymc (1)

for cohorts born in year y, municipality m, and county c.17 Yymc is an outcome of interest

(conditional on the micro-covariates described above). 1[PreschoolAge3]ym is an indicator equal

to one for cohorts that had at least one approved preschool in their municipality of birth at age

3, and zero otherwise. This analysis therefore assumes that the municipality of birth is also the
16Donald and Lang (2007) show the asymptotic equivalence between this two-step group-means estimator and the

micro-data counterpart. In Section 4 we show that our results are very similar when we estimate individual-level
regressions instead. These types of two-step estimators have been used in many other papers (Shapiro, 2006; Angrist
and Lavy, 2009; Albouy, 2009; Notowidigdo, 2011; Currie et al., 2015; Isen, Rossin-Slater and Walker, 2017).

17Counties are the next-largest geographical entities after municipalities. In the period that we study, there are
23 counties and the capital Copenhagen. Each county contains between two and eight of the municipalities in our
sample.
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municipality of residence during early childhood. Unfortunately, we do not have data to measure

mobility between birth and age 3 for the time period that we study. λm are municipality fixed effects

that account for time-invariant differences across municipalities, while γy are birth year fixed effects

that control for aggregate cohort trends. Xym is the vector of municipality time-varying controls

described above, while ηc × y are county-specific linear trends. εymc is the error term, and we use

robust standard errors clustered by municipality. The key coefficient of interest, α1, identifies the

effect of having a government-approved preschool in one’s municipality of birth at age 3 on the

outcome of interest.

To study interactions, we exploit municipality variation in preschool and NHV availability by

birth year (recall, we measure access to preschool at age 3 and access to NHV in the birth year).

As Appendix Figure A1 shows, for cohorts born in 1930, about 80 percent of municipalities did

not have an approved preschool and NHV was not yet established. As the preschool and NHV

programs expanded, the percentage of municipalities with both programs increased from zero for

cohorts born in 1936 to 86 percent for cohorts born in 1957 in our sample. But, until 1948, between

20 and 50 percent of municipalities only had preschool and no NHV. In the late 1940s, nearly 10

percent of municipalities only had NHV and no approved preschool. Moreover, as we depict in

Appendix Figure A2, there is substantial variation in the difference in the number of years between

preschool approval and NHV implementation.

Importantly, Table 2 shows that the two program rollouts are independent of one another. In

column (1), we estimate a version of equation (1), using an indicator for having the NHV program

at birth as the dependent variable. In column (2), we instead regress an indicator for having

access to an approved preschool at age 3 on an indicator for having access to the NHV program at

birth. In both specifications, we find little evidence for any statistically significant (or economically

meaningful) relationship between the two programs. Moreover, Wüst (2012) and Hjort, Sø lvsten

and Wüst (2017) provide evidence that the timing of the NHV program rollout is exogenous with

respect to the outcomes in their analysis.

In sum, during our analysis time frame, there is quasi-random variation in program exposure:

Some cohorts were exposed to neither preschool nor NHV, other cohorts were exposed to either only

preschool or only NHV, while still others were exposed to both programs. We use this variation to

estimate the following model:

14



Yymc = β0 + β11[PreschoolAge3]ym + β21[NHV ]ym + β31[PreschoolAge3]ym × 1[NHV ]ym

+λm + γy + δ′Xym + ηc × y + εymc (2)

Here, 1[NHV ]ym is an indicator equal to one for cohorts that had the NHV program in their

municipality in their year of birth and zero otherwise. All of the other variables and coefficients

are the same as in equation (1). β1 measures the impact of access to preschool at age 3 for cohorts

without NHV, while β2 measures the impact of access to NHV at birth for cohorts without preschool

at age 3. β3 identifies the interaction effect between the two programs.

Identifying assumptions To identify the effects of access to preschool, we must rely on the

assumption that the timing of preschool approvals is uncorrelated with unobserved time-varying

municipality characteristics that also predict our long-run and intergenerational outcomes. The

main threat to identification in our setting arises from the differences in economic development

and political preferences between urban and rural municipalities. As already shown in Table 1,

urban municipalities are heavily over-represented among those that establish an approved preschool

by 1960. Even within the sample of ever-implementing municipalities that are included in our

analysis, the urban/rural divide remains important. While all of our specifications include cohort

and municipality fixed effects that account for aggregate trends in outcomes across cohorts and

time-invariant municipality characteristics such as geography, we may still be concerned about

omitted time-varying factors that correlate with preschool approval and long-term outcomes.18

To motivate our main specifications and robustness tests, we examine how pre-existing municipality

characteristics predict the timing of preschool approval in urban and rural municipalities in Table

3. We estimate cross-sectional regressions where each observation is a municipality and include all
18The period that we study calls for a discussion of the role of World War II and its possible influence on our

sources of variation. We would face a problem if the effect of the war varied across municipalities in a systematic
way that correlated with the preschool and NHV expansions. Historical accounts make clear that Denmark—unlike
many other European countries—was not very severely impacted by the German occupation between 1940 and 1945
(Pedersen, 2009; Poulsen, 2002). While coffee, tobacco and some other goods were rationed, there was nevertheless a
stable supply of food for all Danish citizens (e.g., milk and bread were not rationed, see Poulsen, 2002). According to
Pedersen (2009), “among all occupied countries, Denmark was the country with the smallest decrease in the standard
of living and the country where everyday life was least impacted.” (authors’ translation, p. 404 in Pedersen, 2009).
As such, we believe that World War II is not a confounding factor for our analysis. Moreover, we find no evidence
of disruptions in the spread of preschools or NHV during the war years.
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available municipality characteristics measured in 1920-21. As outcomes, we consider an indicator

for always having an approved preschool in the 1933-1960 period, an indicator for being an “early

implementer” (approval before 1940), and the approval year of the first preschool among municipalities

that approve during our sample period (1933-1960). As the table illustrates, the observed characteristics

play some role in explaining the variation in the timing of the treatment initiation, especially in rural

areas. While we cannot reject the null hypothesis that pre-characteristics are jointly insignificant

in the urban areas at the 5% level, the individual point estimates are consistent with (expected)

correlations between urbanicity and the expansion of the preschool program.

The results in Table 3 lead us to address the potential endogeneity in treatment in the following

three ways: First, as mentioned above, we control for interpolated municipality characteristics and

county-specific linear trends in our preferred specifications.19 Second, as Table 3 suggests that the

variation in preschool approval appears to be more arbitrary in urban than rural areas, we test

the robustness of our results to only using urban municipalities. Third, we present results from

event-study models. In addition to examining potential pre-trends in outcomes, these models rely

only on variation within municipalities that change treatment during our sample time frame (i.e.,

they approve a preschool between 1934 and 1960), and thus provide evidence for our results being

robust to the omission of very early adopting municipalities.

Unfortunately, we cannot link individuals who are exposed to preschool to their parents; i.e., we

cannot examine whether access to preschool or NHV impacted the fertility patterns of the mothers

of treated cohorts. To address the concern that the timing of preschool approval may be correlated

with fertility decisions, we have used the available data on all births in urban municipalities in

the years 1933-1950. As Appendix Table A1 shows, we find no statistically significant correlation

between the timing of preschool approval and the number of births in the subsequent three years.

Finally, given that we do not observe family links for preschool-exposed cohorts and their parents,

we cannot estimate maternal or family fixed effects models.
19We have also estimated models with separate linear trends across urban and rural areas. We present those results

in Appendix Table A7. We do not include municipality-specific linear trends because then we would only be able
to identify effects that are deviations from these trends. We lack sufficient variation to do so because our treatment
variable is linear in exposure (i.e., cohorts who are age 3 have one more year of exposure than cohorts who are age
4 at the time of preschool approval). Thus, we instead opt for including municipality time-varying characteristics
(which are themselves linearly interpolated) and linear trends at the next largest level of geography (county).
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4 Results

4.1 Effects of Preschool on the First and Second Generation

We start by presenting results on the long-run effects of access to public preschool for poor children,

as well as the intergenerational impacts on the children of mothers with preschool exposure. In the

first generation, we focus on multiple measures of human capital and health as outcomes. While

prior research has also examined the impacts of preschool on engagement in criminal activity, we

lack data to study this other important domain of wellbeing.20

With respect to human capital of the first generation, we consider three main outcomes: years of

schooling at age 50 (which adds up schooling across various educational programs), an indicator for

having more than nine years of compulsory schooling at age 50, and the natural log of average wage

income (in 2012 terms) for all ages observable between 30 and 60 in our data. To reduce concerns

about multiple hypothesis testing, we also construct a human capital index: We standardize each

of these three human capital measures by subtracting the control group mean and dividing by the

control group standard deviation. Then we take an equally weighted average as in Kling, Liebman

and Katz (2007), Deming (2009), and Hoynes, Schanzenbach and Almond (2016) (among others).

As the control group, we use all municipality×birth-cohort cells without an approved preschool by

age 3 in the sample of 138 ever-implementing municipalities. With respect to health outcomes in the

first generation, our main results focus on survival beyond age 65. When studying survival, we left-

censor the data such that all individuals in our analysis sample enter the risk period that we consider

at age 50 (recall, our outcomes data start in 1980, which means that our oldest cohorts must have

survived to age 50 to be observed in the data). In supplementary analyses, we have also examined

several measures of hospital care utilization, as well as diagnoses for cardiovascular disease, heart

disease, diabetes, and cancer. Lastly, we examine fertility decisions of first generation women born

in 1935-1957 for whom we have complete fertility data. This analysis sheds light on an additional

dimension of adult wellbeing and is instrumental for interpretation of the intergenerational results.

For the second generation, we study educational attainment by age 25 for children who are

observed at this age in our data. The relatively young age of the second generation makes the

analysis of health care utilization and survival underpowered, as hospital encounters, diagnoses, and
20We do not have access to Danish administrative conviction records data. Moreover, the available convictions data

do not cover our preschool-exposed cohorts during young adult ages, when the vast majority of criminal convictions
occur.
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deaths are rare.21 We observe completed years of schooling, an indicator for more than compulsory

education, and an indicator for graduating gymnasium (an academic high school that students

can attend after nine years of compulsory education). Given that the average age at graduation

from university is in the late 20s in Denmark, we lack power to examine this last margin of the

educational distribution.

We start by graphically examining the impact of preschool exposure on our main outcomes in the

first and second generation using event-study models. Figure 2 presents the event-study graphs for

our main first and second generation outcomes; event-study graphs for additional first and second

generation outcomes are presented in Appendix Figures A3 and A4. Importantly, the event-study

models only use data from municipalities that implement the preschool program between 1934 and

1960, i.e., they exclude the “always-implementers”. We estimate regressions that include indicators

for the cohorts’ ages in the year of preschool approval in their municipality of birth between -2 and

11, grouped into two-year bins to increase precision.22

Figures 2a and 2b suggest that, relative to cohorts aged 6 to 7 at the time of preschool approval,

those who were aged 3 years or less have a higher human capital index and an increased likelihood of

survival past age 65. Cohorts aged 4 to 5 in the year of preschool approval do not appear to benefit

significantly from access to preschool, although in principle they were eligible to attend for a part

of their preschool years. The coefficients on exposure at ages 8 to 9 and 10 to 11 are all statistically

insignificant, suggesting that there are no pre-existing trends in the outcomes of cohorts who were

too old to attend preschool when it first became approved in their municipality. In Figures 2c and

2d we present the event-study estimates for years of schooling in the first and second generation,

respectively. We do not detect any significant pre-trends in the educational attainment of either the

first or second generation, and both graphs present suggestive evidence of an increase in education

for exposed children and the children of exposed mothers (albeit not all coefficients are individually

statistically significant).

Table 4 presents our main results for the long-term impacts of access to a government-approved

preschool on the human capital index, its individual components, and survival past age 65 for

the first generation. We show results from two specifications: Column (1) includes cohort and
21We have analyzed second generation hospitalization, diagnoses, and survival outcomes, finding no statistically

significant effects.
22Results from event-study models based on a more balanced sample of municipalities (with data for at least 8

years pre- and post- preschool approval) are very similar to the graphs presented here. In addition, event-study
models using indicators for single ages of exposure are also similar but less precisely estimated.
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municipality fixed effects as well as controls for municipality time-varying characteristics, while in

column (2) we also add a linear time trend interacted with county indicators.

Consistent with the graphical evidence, Table 4 shows that access to a high quality preschool

improves children’s long-term well-being. As we move from column (1) to column (2) the exact

coefficient magnitudes change, but the effects remain positive and statistically significant. In our

preferred specification in column (2), we find that, relative to the comparison cohorts, individuals

who had an approved preschool in their municipality of birth by age 3 have a 0.024 SD higher

human capital index, and are 0.7 percentage points (0.8 percent at the control mean) more likely

to survive beyond age 65. Table 4 also presents separate results for the three components of the

human capital index, finding statistically significant impacts on all measures. Preschool-exposed

cohorts have 0.1 more years of schooling (0.9 percent at the control mean), are 1.7 percentage points

(3 percent) more likely to have completed more than compulsory education, and have 1.7 percent

higher income than their counterparts without access to preschool at age 3.23

As noted above, we have also examined additional health outcomes for the first generation. In

Appendix Table A4, we show that preschool exposure has no significant impacts on the likelihood of

receiving any of the diagnoses we consider. While our estimates suggest significant reductions in the

number of nights spent at the hospital between ages 55 and 64, this finding appears to be sensitive

to the exact age range considered. Consistent with earlier research, we find that NHV reduces the

likelihood of being diagnosed with cardiovascular disease and heart disease (see Appendix Table B4

and the discussion in Section 4.4 below.)

Having shown that preschool access has persistent positive effects on adult well-being throughout

the life cycle, we next study whether these benefits transmit to the next generation. We first

examine whether preschool exposure affects the fertility behavior of the (first generation) women

in our analysis sample. We analyze the following outcomes: an indicator for remaining childless,

total number of children, maternal age at first birth, and an indicator for the children’s father’s
23Appendix Table A2 explores the effects of preschool on alternative measures of adult income: average age 30-60

wage income in levels, log of the present discounted value of age 30-60 wage income (following Chetty et al., 2011),
log average age 30-60 total income, log average age 49-51 wage income (i.e., around age 50, when all of our cohorts
are observed), and an indicator for any positive wage income at ages 49-51. We find positive coefficients on exposure
to preschool for all of these outcomes, which are significant at least at the 10% level in 7 out of the 10 models.
We have also explored differences in the effects on our main first generation outcomes by gender. The estimated
coefficients for wage income are higher for men, while the estimated coefficients for survival beyond age 65 are higher
for women. However, the gender differences are not statistically significant and we therefore do not focus on them
here. Finally, in Appendix Table A3, we show that our main estimates are identical when we use the underlying
micro-data to estimate our regressions rather than the two-step approach described in Section 3.
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information being missing. Appendix Table A5 shows—for the sample of women born in 1935-1957

for whom we have complete fertility data—that women with access to preschool are slightly older

at their first birth (which is potentially driven by the increase in education that we find for the

first generation). There are no significant impacts on the likelihood of remaining childless, the

total number of children, or the likelihood of the father being missing from the children’s birth

certificates. These results suggest that any selection into fertility—and hence into our sample of

second generation outcomes—is likely to be small.

Table 5 presents results for the educational outcomes of the firstborn children of women born in

1935-1957. As with the analysis of first generation outcomes, we collapse our data into cells defined

by themothers’ municipalities and years of birth (after estimating auxiliary regressions of the second

generation outcomes on maternal month of birth indicators). We find that a mother’s access to

preschool at age 3 increases the likelihood that her child obtains more than a compulsory education

by 0.9 percentage points (1.2 percent). While the estimates for the other second generation

educational outcomes are also positive, they are not statistically significant in our preferred model

in column (2).24

In sum, our results suggest that access to high quality public preschool for poor children has

lasting impacts on the health and human capital of exposed cohorts, as well as the educational

outcomes of their children.

4.2 Robustness

To probe the sensitivity of our estimates, Appendix Tables A7 and A8 present results based on

alternative specifications and sample restrictions, respectively. In columns (1) through (3) of

Appendix Table A7, we address concerns about the correlation between the timing of preschool

approval and local area urbanicity by including a variety of control variables. We include: (1)

separate linear trends for urban and rural areas; (2) an interaction between an indicator for cohorts

born in 1946 or later and an indicator for a rural municipality to control for the impact of a 1958
24Results from analyses including all children (rather than just firstborns) of the first generation mothers are

similar to those reported in Table 5 and presented in Appendix Table A6. When we use the full sample of children—
which, by construction, is on average younger than the sample of only the oldest children—we also find a significant
effect of maternal preschool exposure on the likelihood that a child completes academic high school. We prefer our
(more conservative) intergenerational estimates for firstborn children that circumvent any remaining concerns about
endogenous fertility decisions with respect to number of children and birth spacing, and are based on a sample that
has had time to progress further in their educational careers. We do not find heterogeneity of our second generation
impacts by gender of the child in our firstborn sample.
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schooling reform, which increased access to academic-track high schools for rural students (Arendt,

2008); and (3) rural municipality × decade fixed effects. In column (4), we replace the baseline

indicator treatment variable with a variable for the fraction of years a cohort was exposed to an

approved preschool between the ages of 3 and 6. Across all of the first and second generation

main outcomes, the treatment effect estimates from these alternative specifications are similar and

statistically significant at the 5% level or lower.

Columns (1) and (2) of Appendix Table A8 restrict our sample to only the urban or rural

municipalities, respectively. In column (3), we estimate our baseline equation (1) using only the

sample of municipalities that approve a preschool during our sample period, i.e., the sample that

is identical to the one used in event-study models discussed above. Finally, in column (4), we only

include municipalities that ever implement an NHV program. In general, our results remain similar

to those from the baseline model. We see significant effects in both the urban and rural samples for

both of our main first generation outcomes. While the estimate for the effect of preschool approval

on the human capital index is smaller and not significant at conventional levels (p−value of 0.13) in

the sample that excludes always-implementers, in supplementary analyses we find significant and

similarly sized effects for two of its three individual components (the two educational measures).

We have additionally checked whether our results are sensitive to defining treatment based on

the year of first preschool establishment rather than the first government approval. In principle,

municipalities where the first approval happened after the year of initial preschool establishment

could be used to distinguish the effects of access to any preschool from a change in preschool quality

resulting from government approval. In practice, however, only 62 municipalities have an approval

year that is later than the initial establishment year, and we do not have enough power to detect

separate impacts of the two treatments.

As another indirect test of the identifying assumption, we examine whether predicted outcomes

based on all available municipality characteristics are correlated with the timing of preschool

approval. We regress each of our eight main outcomes in the first and second generation (which are

already conditional on gender and month of birth fixed effects in the first generation)—the human

capital index, its three individual components, survival beyond age 65, and the three educational

attainment measures in the second generation—on all of the municipality characteristics, and then

test whether the predicted variables are correlated with the timing of preschool approval, controlling

for municipality and cohort fixed effects, as well as county linear trends. Appendix Tables A9 and
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A10 present the results, none of which is significant at the 5% level.

Finally, we ask the question: How likely is it that we would find an impact of preschool approval

if, instead of using actual preschool approval years for our 138 municipalities, we used randomly

assigned approval years? We perform permutation tests in which we randomly assign each of the

municipalities a preschool approval year between 1921 and 1960, and then estimate model (1) using

the placebo treatment indicator. Appendix Figure A5 shows the cumulative density functions

(CDFs) generated by 1,000 draws, with the locations of the true coefficients depicted using vertical

lines. For all of our main outcomes in the first and second generation, the true coefficients fall

above the 95th percentile of the distribution, suggesting that our results would be very unlikely

under random assignment of preschool approval years.

4.3 Magnitudes and Discussion

To assess the magnitudes of our estimates, we begin by comparing our first generation results to

the existing literature on the effects of preschool on educational attainment. Havnes and Mogstad

(2011) find that preschool access resulting from the 1970s universal preschool expansion in Norway

led to a 0.06 year increase in average years of schooling. Our estimated 0.1 year increase in years

of schooling is bigger, consistent with the Norwegian preschools’ effects being largest for the least

advantaged children (Havnes and Mogstad, 2011, 2015).

As in Havnes and Mogstad (2011), our estimates represent intent-to-treat (ITT) impacts, since

we do not observe whether individuals in our outcome data actually attended preschool. However,

given that we study a targeted rather than universal program, our treatment-on-the-treated (TOT)

effects are substantially different.

To calculate approximate TOT effects for our setting, we must first estimate a preschool

enrollment rate, which we can only do for the urban municipalities in our sample. We use data

on the number of children enrolled in each preschool from the nine book publications, interpolate

to get estimates of enrollment in every year, and then aggregate to the municipality×year level.

Next, we use data on the number of survivors past age one in each urban municipality and calculate

the share of children aged 3 to 6 who were enrolled in preschool in every year between 1939 and

1950. We begin in 1939 since that is the first year when we can observe all living 6-year-olds (our

earliest data on births are from 1933). Moreover, we do not have municipality-level data on births

past 1950. We then estimate “first stage” regressions on this limited sample, regressing the share

22



of children enrolled on an indicator for at least one approved preschool in a municipality×year cell,

controlling for municipality and year fixed effects. Appendix Table A11 presents the results. When

we consider all urban municipalities in column (1), we find that moving from zero to at least one

approved preschool leads to about a 6 percentage point increase in the share of children enrolled

in preschool. In column (2), we drop 9 municipalities that had at least one preschool established

before 1939 that was not yet approved; the first stage estimate becomes a 10 percentage point

increase in the share of children enrolled. This higher estimate is arguably more applicable to the

other municipalities that are included in our main analysis (but excluded from these “first stage”

regressions), which are more rural and less likely to have had a previously established preschool.

In column (3), we focus on the “switcher” municipalities that move from zero to one approved

preschool over the 1939-1950 time period—the first stage estimate here is an 8 percentage point

increase, but is no longer statistically significant due to the substantially reduced sample size. Our

results are in line with aggregate statistics published by Denmark’s population commission in 1936

(The population commission, 1936), which reported that 1936 enrollment rates for Danish urban

municipalities with preschools (excluding Copenhagen) ranged between 3 and 35 percent of all

children in eligible cohorts (with an unweighted average of 10 percent).

The above analysis suggests that one can divide our estimates by around 0.1 to get approximate

TOT effect sizes. Although the resulting TOT magnitudes may seem large when compared with

the more recent Scandinavian studies on universal programs, it is likely that the disadvantaged

children targeted by the preschools in our analysis may have had the most to gain from early

education and improved nutrition and health care. In fact, our TOT effects are actually within

the range of estimates produced by the literature on participation in targeted preschool programs

in the U.S. For example, Garces, Thomas and Currie (2002) find that Head Start participation

increases the likelihood of high school completion by 20 percentage points among whites. Our 1.7

percentage point increase in the likelihood of having more than compulsory education translates

into an approximate TOT effect of 17 percentage points, which is quite comparable. Deming (2009)

estimates that Head Start participants have 0.23 SD higher summary index of young adult outcomes

than their non-participant siblings; our 0.024 SD increase in the human capital index becomes a

TOT effect of 0.24 SD, which is remarkably similar. The effects of participation in small targeted

preschool programs are even larger (especially for females): Heckman et al. (2010b)’s evaluation of

the Perry Preschool program suggests that the highest grade completed is increased by almost 1
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year, while the likelihood of high school graduation is nearly 50 percentage points higher for the

treatment group than the control group; García et al. (2016)’s study of the Abecedarian program

shows that average years of schooling increases by 1.8 to 2.1 years, while the high school graduation

rate goes up by 13 to 25 percentage points. Our estimated TOT magnitudes of a 1 year increase

in schooling and a 17 percentage point increase in more than compulsory education overlap with

these estimates.

With regard to second generation outcomes, we can compare to the estimates from Barr and

Gibbs (2017)’s study of the intergenerational effects of access to Head Start. They report a 13

percentage point increase in the likelihood of high school graduation and a 17 percentage point

increase in the likelihood of having some college education within their “high-impact” estimation

sample. Scaled by the approximate first stage estimate of 0.1 discussed above, our resulting TOT

magnitude is a 10 percentage point increase in the likelihood of having more than a compulsory

education, which is quite similar.

We can also use our estimates of the effects of preschool on educational attainment in the

first and second generation to approximate an intergenerational transmission coefficient. Note

that since not all first generation women have children, we have re-estimated our first generation

models using only the mothers that we use to create our second generation sample. In our preferred

specification, we find that access to preschool at age 3 increases years of schooling by 0.098 years and

increases the probability of having completed more than compulsory schooling by 1.7 percentage

points. Dividing the second generation coefficients by these yields transmission coefficients of 0.28

( 0.027
0.098 ) for years of schooling and 0.53 ( 0.009

0.017 ) for the probability of having more than compulsory

education. Interestingly, the transmission coefficient for years of schooling based on our quasi-

experimental research design is similar to the existing estimate of the intergenerational correlation

between parental and child schooling in Denmark for this time period, which is around 0.3 (Hertz

et al., 2007).

Finally, while a lack of more comprehensive data precludes us from doing a formal cost-benefit

calculation, even under very conservative assumptions, the estimated benefits of Danish preschool

for poor children likely outweigh the costs of the program. According to a historical report, the

total cost of a preschool slot in 1949-50—which includes spending by the national government,

municipalities, philanthropic organizations, and parents—ranged between $1,661 and $2,291 (in

2012$) for preschools outside and within Copenhagen, respectively (Børnesagens tidende, 1952).
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A preschool slot was more expensive in Copenhagen due to several factors such as longer opening

hours and smaller size. Thus, the per-slot cost of attending preschool for the full four years ranged

from $6,644 to $9,164, implying a total cost of preschool between $525,993,720 and $725,497,660 for

the cohorts attending preschool around 1950.25 This cost is substantially lower when compared to

other targeted programs such as the two-year U.S. Perry Preschool program, which has an estimated

per-child cost of $20,225 (in 2012$) (Heckman et al., 2010a).

4.4 Interaction Effects Between Preschool and NHV

We next proceed to analyze whether access to the NHV program in infancy enhances or diminishes

the positive long-term and intergenerational returns to preschool. As described in Section 3, these

analyses leverage variation across municipalities and time in access to both preschool and NHV.

Table 6 presents results from estimating equation (2) for our two main outcomes of interest

in the first generation. In these specifications, the main effects of preschool and NHV point to

substantial improvements in the human capital index and the likelihood of survival for cohorts who

were only exposed to either program (but not both). Note that the main effect estimates in Table

6 should not be directly compared to the main effects of either preschool or NHV in regressions

without interactions (in Appendix Tables B3 and B4), as the main effects in Table 6 are conditional

on the other program not being present.

Notably, the interaction coefficients in Table 6 are consistently opposite-signed. For cohorts who

had NHV at birth, the positive impact of access to preschool at age 3 on the human capital index

is reduced by a statistically significant 74 percent. The increase in the likelihood of survival past

age 65 also appears to be lowered, although the interaction coefficient is not statistically significant.

Further, the interaction coefficients for the second generation outcomes are also consistently opposite-

signed from the main effects, albeit statistically insignificant (see Appendix Table A12). While there

is both geographical and time variation in the presence of the two programs that we study (recall

Appendix Figures A1 and A2), it is possible that we are underpowered when studying interaction

effects for the very long-term and intergenerational outcomes.26

25We calculate these numbers by multiplying the cost per child by the number of treated children in our time
period. The number of treated children is our analysis sample (879,647) multiplied by the approximate share of
individuals aged 3-6 who attended preschool (0.09; see the dependent variable mean in Appendix Table A11). Thus,
we arrive at: $6,644*879,647*0.09=$525,993,720 and $9,164*879,647*0.09=$725,497,660.

26As mentioned in Section 2, we have worse data on the date of NHV implementation for the 28 municipalities that
did not introduce NHV by 1949. In Appendix Table A13, we show that our results are similar if we drop post-1949
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One complication for the interpretation of the interaction results stems from the possible

selective survival of weak infants due to NHV exposure. Wüst (2012) finds that NHV increases

the likelihood of infant survival by 0.5-0.8 percent. If the surviving infants have worse health and

are less responsive to the benefits of preschool, then our negative interaction effect may be in part

driven by this change in the composition of the sample. To address this issue, before collapsing the

data, we drop individuals born in NHV-treated municipalities who are in the 1st percentile of the

human capital index distribution, and estimate the interaction model on this constrained sample.

Appendix Table A14 presents the results, which are very similar to our main findings, implying

that selective survival of NHV-exposed individuals is unlikely to explain our negative interaction

effects.

How do these estimates relate to existing models of human capital formation (Cunha and

Heckman, 2007; Heckman and Masterov, 2007; Heckman and Mosso, 2014)? In order to interpret

our results, it is important to acknowledge two facts: First, we do not have any data on parental

private investments and therefore cannot study whether they serve as complements or substitutes in

the human capital production function. Second, as with nearly all empirical research, our analysis is

set in a specific institutional context. While other research studies policy interactions in educational

investments at older ages (Johnson and Jackson, Forthcoming; Gilraine, 2017), our work sheds light

on how health-related interventions during early childhood interact with one another.

In this context, we do not find evidence of dynamic complementarities; if anything, the negative

interaction effects between preschool and NHV exposure suggest some substitutability between

public investments during the early childhood period. Put differently, we find that high quality

preschool can compensate for initial health disadvantages, as identified by a lack of exposure to

the NHV program. While we do not have data to observe the underlying mechanisms directly, one

hypothesis is that the two programs have overlapping health-related components. For instance, since

NHV educated parents on hygiene, infant nutrition, and parent-child interactions, their children

may have grown up in healthier home environments. NHV also facilitated contact between families

and local health care providers, enabling children to obtain better preventative and acute health

care. Consistent with the idea that NHV was primarily a shock to the health of exposed cohorts,

we confirm earlier results of Hjort, Sø lvsten and Wüst (2017) in our sample of municipalities with

an ever-approved preschool of long-term impacts of NHV on individuals’ health outcomes measured

cohorts born in these municipalities.
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at ages 55 to 65 (see Appendix Tables B1 and B2). As such, the public preschool program that

we study, which offered similar health-related services but at slightly older ages (see Section 1),

entailed a substantially less significant treatment for the NHV-exposed children than for their non-

NHV counterparts.

5 Conclusion

Although the existing literature has documented the importance of early childhood interventions,

questions about whether their impacts persist over the life cycle and across generations remain

open. Additionally, we know very little about the added value of a program in a population that is

exposed to more than one intervention. In this paper, we make progress on these questions with (i)

new quasi-experimental evidence on the very long-run and intergenerational effects of a high quality

targeted preschool program, and (ii) an analysis of the interaction between exposure to preschool

and an infant health intervention.

Using data on the timing of preschool approvals across Danish municipalities together with

administrative data on outcomes for nearly one million Danish people born between 1930 and 1957,

we document positive long-term effects of access to a high quality targeted preschool program.

Cohorts with access to a government-approved preschool by age 3 have a 0.024 SD higher human

capital index (driven by a 0.1 year increase in the average number of years of schooling, a 1.7

percentage point increase in the probability of completing more than compulsory education, and a

1.7 percent rise in average wage income over the ages of 30 to 60) and are 0.7 percentage points more

likely to survive past age 65. Moreover, we show significant intergenerational impacts—children

of women with preschool access are 0.9 percentage points (1.2 percent at the control group mean)

more likely to have completed more than compulsory schooling by age 25.

When we interact preschool access at age 3 with access to the NHV program in infancy, we find

that the individuals only exposed to preschool benefit more from it than individuals who were also

exposed to NHV. For people who had NHV at birth, the positive impact of preschool on the human

capital index is reduced by 74 percent. The interaction coefficients for the likelihood of survival past

age 65 as well as the second generation education outcomes are also negative, but not statistically

significant at conventional levels. Our findings imply that two multifaceted early childhood public

interventions may partially substitute for one another.
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Since both programs were implemented at the municipality level, there may be concerns about

“overlapping labor markets”. In particular, one possibility is that NHV program implementation

attracted nurses away from working at preschools, thereby leading to a reduction in preschool

effectiveness. However, this is an unlikely explanation for our interaction results because home

visiting nurses were highly specialized with additional training beyond standard nurse certification

and not in the pool of typical preschool personnel.

Our results further suggest that, in a setting with limited public resources, it may be efficient to

design programs that specifically target populations without prior exposure to other interventions.

For instance, while many over-subscribed programs for low-income children allocate slots at random

or on a “first-come, first-serve” basis, our evidence suggests that an allocation mechanism that

considers (the lack of) participation in earlier programs as potentially leading to greater program

benefits.

Lastly, our study suggests that a high quality preschool program with a health component

can compensate for low initial health in a cost-effective way. Although low-income children face

disadvantages at birth with regard to their health and parental resources, our results demonstrate

that public preschools can offset some of these initial shortcomings and potentially reduce inequalities

in outcomes over the life cycle and across generations.
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Figure 1: Map of Danish Municipalities with an Approved Preschool by 1960 and Share of
Municipalities with an Approved Preschool by Year

(a) Map of Denmark

(b) Share with Approved Preschool by Year

Notes: The map in sub-figure (a) shows the evolution of preschool approvals across Danish municipalities through
1960. Sub-figure (b) plots the share of municipalities that had an approved preschool in each year. Our analysis
sample is limited to the 138 municipalities that ever had an approved preschool by 1960.
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Figure 2: Effects of Access to Preschool by Age at Exposure: Human Capital Index, Survival
Beyond Age 65 and Years of Schooling in the First and Second Generation

(a) Human Capital Index, First Gen (b) Survival Beyond Age 65, First Gen

(c) Years of Schooling, First Gen (d) Years of Schooling, Second Gen

Notes: These figures show the coefficients and 95% confidence intervals from event-study regressions estimated on
municipality×birth-year collapsed data. The human capital index is constructed using three measures: years of
schooling, an indicator for having more than nine years of compulsory schooling, and the natural log of average wage
income over all ages observable between 30 and 60 (see text for more details). For the first generation outcomes, before
collapsing, we estimate an auxiliary regression on individual-level data, where we regress each outcome on gender
and month-of-birth indicators, as well as municipality×birth-year fixed effects. We thus obtain conditional mean
outcomes for each municipality×birth-year cohort, and use them as dependent variables. The first generation sample
is limited to the 112 municipalities that approved a preschool between 1934 and 1960 (i.e., municipalities that already
had an approved preschool by 1933 are dropped from event-study models). For the second generation outcome, we
collapse the data to the level of the mother’s municipality×birth-year. The second generation sample includes the
69 municipalities that introduced an approved preschool in the 1938-1960 period and excludes municipalities that
had an approved preschool for this entire period (because we can only study children of mothers born in 1935 and
later). All event-study regressions include indicators for the (first generation) cohorts’ years of age in the year of the
preschool approval in their municipality of birth between -2 and 11, grouped into two-year bins (with ages 6-7 as
the omitted category). The regressions also include an indicator for cohorts being born more than two years after
the preschool approval (i.e., age less than -2) and an indicator for cohorts being older than age 11 at the time of
approval. The regressions include municipality and birth year fixed effects, county-specific linear time trends, as
well as municipality time-varying controls (interpolated for years without data) for: log population, percent female,
percent urban, percent industrial, percent agricultural, percent paying income tax, log taxable income, percent
paying property tax, percent voting for the social democratic party, the radical liberal party, the agrarian liberal
party, and the conservative party, respectively. The regressions are weighted by the number of observations in each
municipality×birth-year cell. Standard errors are clustered on the municipality level.
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Table 1: Municipality Characteristics in 1929-1930

(1) (2) (3)
All Munis Ever Approved Preschool No Approved Preschool

Avg. Population 2587.0 12927.8 1379.7

Pct Social Demo 25.5 46.6 23

Pct Agrarian Lib 47.4 21 50.5

Pct Urban 20 80.9 12.8

Pct Agricultural 57.1 17.7 61.8

Pct Paying Income 23.7 28.5 23.1
Tax
Log Taxable Income 6.6 8.3 6.4

Pct Paying Property 5.8 5.3 5.9
Tax
Num. Munis 1,320 138 1,182
Notes: Column (1) reports the means of municipality characteristics for all Danish municipalities with available data.
Column (2) limits the sample to the 138 municipalities that ever had an approved preschool by 1960. Column (3)
limits the sample to the municipalities that never had an approved preschool by 1960.

Table 2: Correlation between Access to NHV at Birth and Access to Preschool at Age 3

(1) (2)
NHV at Birth Any Approved Preschool at Age 3

Any Approved 0.007
Preschool at Age 3 [0.039]
NHV at Birth 0.004

[0.025]
Mean, dep. var. 0.738 0.914
N (cells) 3862 3862
Notes: Each column reports the results from a separate regression. The units of analysis are municipality×birth-year
cells. The sample is limited to the 138 municipalities that ever had an approved preschool by 1960. All regressions
include municipality and year-of-birth fixed effects, county-specific linear time trends, as well as municipality time-
varying controls (interpolated for years without data) for: log population, percent female, percent urban, percent
industrial, percent agricultural, percent paying income tax, log taxable income, percent paying property tax, percent
voting for the social democratic party, the radical liberal party, the agrarian liberal party, and the conservative
party, respectively. All regressions are weighted by the number of observations in each municipality×birth-year cell.
Standard errors are clustered on the municipality level.
Significance levels: * p<0.1 ** p<0.05 *** p<0.01
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Table 3: Do the 1920-1921 Municipality Characteristics Predict Preschool Approval Timing?

Urban Municipalities Rural Municipalities
(1) (2) (3) (4) (5) (6)

[Always] [Early impl.] [Impl. year] [Always] [Early impl.] [Impl. year]
Ever NHV 0.145 -0.093 2.628 -0.055 0.045 -1.639

[0.278] [0.288] [4.730] [0.102] [0.170] [2.326]
Pct Urban 0.003 0.015 -0.381∗ -0.002 0.004 -0.093∗∗∗

[0.012] [0.012] [0.209] [0.002] [0.003] [0.034]
Log Population -0.533 0.342 -14.762 -0.205 0.065 -4.845

[0.587] [0.608] [11.841] [0.214] [0.357] [5.468]
Pct Social Demo -0.003 0.004 -0.040 0.002 0.002 0.178

[0.007] [0.007] [0.132] [0.004] [0.007] [0.120]
Pct Radical Lib 0.005 0.009 -0.184 0.005 -0.002 0.059

[0.014] [0.014] [0.292] [0.005] [0.009] [0.122]
Pct Agrarian Lib -0.002 -0.011 0.137 -0.001 -0.002 0.001

[0.008] [0.008] [0.149] [0.004] [0.006] [0.090]
Pct Conservatives -0.008 -0.001 -0.071 0.004 0.003 -0.227∗

[0.010] [0.010] [0.173] [0.006] [0.010] [0.135]
Log Taxable Income 0.674 -0.303 13.561 0.262 -0.044 3.253

[0.553] [0.573] [11.517] [0.184] [0.306] [4.799]
Pct Paying Income -0.004 0.030 -0.793∗ 0.007 0.013 -0.205
Tax [0.023] [0.024] [0.451] [0.008] [0.014] [0.212]
Pct Paying -0.004 -0.005 -0.010 -0.012 0.025 -0.378
Property Tax [0.017] [0.018] [0.319] [0.011] [0.019] [0.277]
Mean, dep. var. 0.284 0.701 1940.083 0.099 0.408 1943.813
F-stat 1.900 1.613 1.523 2.050 1.920 2.963
P-value, joint F-test 0.064 0.127 0.170 0.043 0.060 0.005
Num. Munis 67 67 48 71 71 64
Notes: Each column reports estimates from a separate regression. The units of analysis are the 138 municipalities
that ever had an approved preschool by 1960. We limit the sample to urban municipalities in the first three columns,
and to rural municipalities in the last three columns. The dependent variables are: “Always” = an indicator for
the municipality having an approved preschool prior to 1933; “Early” = an indicator for the municipality approving
a preschool before 1940; “Approval Yr” = the approval year for municipalities that approve a preschool during the
1933-1960 analysis time period. The reported p-value is from an F-test of joint significance for all regressors.
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Table 4: Effects of Access to Preschool at Age 3 on Long-Term Human Capital Outcomes and
Survival Past Age 65

Outcome (1) (2)

Human Capital Index 0.039*** 0.024***
[0.010] [0.009]

N (cells) 3862 3862

Yrs. of Schooling 0.164*** 0.099***
[0.043] [0.038]

Control Mean, dep. var. 10.994 10.994
N (cells) 3862 3862

More than Compulsory Educ. 0.023*** 0.017***
[0.006] [0.005]

Control Mean, dep. var. 0.569 0.569
N (cells) 3862 3862

Log Avg Age 30-60 Wage Inc. 0.039*** 0.017*
[0.011] [0.009]

Control Mean, dep. var. 12.064 12.064
N (cells) 3862 3862

Survival beyond Age 65 0.006*** 0.007***
[0.002] [0.002]

Control Mean, dep. var. 0.875 0.875
N (cells) 3862 3862
Cohort FE Yes Yes
Municipality FE Yes Yes
Muni Controls Yes Yes
County Trends No Yes

Notes: Each cell presents the coefficient for the treatment indicator from a separate
regression. The human capital index is constructed using three measures: years of
schooling, an indicator for having more than nine years of compulsory schooling, and
the natural log of average wage income over all ages observable between 30 and 60
(see text for more details). The units of analysis are municipality×birth-year cells.
Before collapsing, we estimate an auxiliary regression on the individual-level data,
where we regress each outcome on gender and month-of-birth indicators, as well
municipality×birth-year fixed effects. We thus obtain conditional mean outcomes
for each municipality×birth-year cohort, and use them as dependent variables. The
sample is limited to the 138 municipalities that ever had an approved preschool
by 1960. When studying survival beyond age 65, the sample is limited to only
those individuals who have survived to at least age 50. Municipality time-varying
controls (interpolated for years without data) are: log population, percent female,
percent urban, percent industrial, percent agricultural, percent paying income tax, log
taxable income, percent paying property tax, percent voting for the social democratic
party, the radical liberal party, the agrarian liberal party, and the conservative party,
respectively. All regressions are weighted by the number of observations in each
municipality×birth-year cell. Standard errors are clustered on the municipality level.
Significance levels: * p<0.1 ** p<0.05 *** p<0.01
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Table 5: Effects of Access to Preschool at Age 3 on the Education of the Next Generation

Outcome (1) (2)

Child’s Years of Schooling 0.040 0.027
[0.024] [0.020]

Control Mean, dep. var. 12.219 12.219
N (cells) 3151 3151
Child Has More than
Compulsory Education

0.016*** 0.009**
[0.005] [0.005]

Control Mean, dep. var. 0.747 0.747
N (cells) 3151 3151
Child Has Completed
Gymnasium

0.019*** 0.007
[0.005] [0.005]

Control Mean, dep. var. 0.216 0.216
N (cells) 3151 3151
Cohort FE Yes Yes
Municipality FE Yes Yes
Muni Controls Yes Yes
County Trends No Yes

Notes: Each cell presents the coefficient for the treatment indicator
from a separate regression. The units of analysis are cells based
on the the mother’s municipality×birth-year. Before collapsing, we
estimate an auxiliary regression on the individual-level data, where
we regress each outcome on month-of-birth indicators for the first
generation, as well municipality×birth-year (of the first generation)
fixed effects. We thus obtain conditional mean second generation
outcomes for each maternal municipality×birth-year cohort, and
use them as dependent variables. The sample is limited to the
138 municipalities that ever had an approved preschool by 1960.
For information on control variables, see notes under Table 4. All
regressions are weighted by the number of observations in each
municipality×birth-year cell. Standard errors are clustered on the
municipality level.
Significance levels: * p<0.1 ** p<0.05 *** p<0.01
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Table 6: Interaction Effects between Access to NHV at Birth and Access to Preschool at Age 3 on
Human Capital Index and Survival Past Age 65

(1) (2)
Human Capital Index Survival beyond Age 65

Any Approved 0.028∗∗∗ 0.007∗∗∗
Preschool at Age 3 [0.010] [0.002]
NHV at Birth 0.024∗∗ 0.005∗

[0.010] [0.003]
Preschool x NHV -0.021∗∗ -0.002

[0.010] [0.003]
N (cells) 3862 3862
Notes: Each column reports the results from a separate regression. The human capital index is constructed using
three measures: years of schooling, an indicator for having more than nine years of compulsory schooling, and the
natural log of average wage income over all ages observable between 30 and 60 (see text for more details). The units
of analysis are municipality×birth-year cells. Before collapsing, we estimate an auxiliary regression on the individual-
level data, where we regress each outcome on gender and month-of-birth indicators, as well municipality×birth-year
fixed effects. We thus obtain conditional mean outcomes for each municipality×birth-year cohort, and use them as
dependent variables. The sample is limited to the 138 municipalities that ever had an approved preschool by 1960.
When studying survival beyond age 65, the sample is limited to only those individuals who have survived to at
least age 50. All regressions include municipality and year-of-birth fixed effects, and county-specific linear trends, as
well as municipality time-varying controls (interpolated for years without data). All regressions are weighted by the
number of observations in each municipality×birth-year cell. Standard errors are clustered on the municipality level.
Significance levels: * p<0.1 ** p<0.05 *** p<0.01
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