
D
ra

ftWhat is the Added Value of Preschool?
Long-Term Impacts and Interactions with an

Infant Health Intervention

Maya Rossin-Slater
(UC Santa Barbara, NBER, IZA)

Miriam Wüst
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Early Childhood Interventions

• Lasting impacts of early life circumstances (Almond & Currie, 2011, 2017;

Kuh & Ben-Shlomo, 2004; Barker, 1990)

• Majority of parents in the developed world participate in the
labor force when their children are young

• Targeted preschool programs for low-income children are
promising and popular among policymakers

• Obama’s “Plan for Early Education”: federal funding to extend
public preschool access to all 4-year-olds at or below 200% of
poverty line

• State-level universal pre-K programs not universal in practice
→ budget constraints require targeting to limit enrollment

• Broad scope for impacting early life environment
• High quality care (fewer accidents/injuries), nutrition, doctor

referrals, immunizations, early learning
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Optimal Investment Strategies?

• Disadvantaged children exposed to multiple programs in early
life due to similar eligibility criteria (Currie & Rossin-Slater, 2015)

• “Dynamic complementarities”? (Cunha & Heckman, 2007; Heckman & Masterov,

2007; Cunha et al., 2010)

• Or, could some interventions substitute/compensate for
others?

• Preschool: largest effects for least advantaged children (Havnes &

Mogstad, 2011, 2015; Bitler et al., 2014; Cascio, 2015)

• Program treatment effects under-estimated in the presence of
close substitutes (Kline & Walters, 2016; Robling et al., 2016; Olds, 2016)

• Understanding interaction effects across programs is
instrumental for policymakers with limited resources
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This Paper

1. Use administrative population-level data (≈ 1 million
individuals) to study long-term impacts of a large high quality
preschool program for poor children in early 20th century
Denmark on outcomes through age 65

• Novel outcomes: survival past ages 55-65

2. Provide the first estimates of the intergenerational impacts
of preschool

3. Examine the “added value” of preschool for a population
that received an earlier health intervention in infancy

• Nurse home visiting (NHV) program for new mothers and
children
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Preview of Results

• Lasting benefits of access to preschool at age 3:
• Educational attainment increases: 0.07 year increase in yrs of

schooling; 2 percent increase in likelihood of having more than
compulsory schooling

• Mean age 30-60 income increases by 1.6 percent

• Survival beyond age 65 increases by 0.6 percent

• The effects persist to the education of the next generation

• Interactions between preschool and NHV are negative. Access
to NHV at birth reduces the positive impact of preschool on:

• Years of schooling (1st generation): by 88 percent
• Survival past age 65 (1st generation): by 80 percent

• Suggestive evidence that impact on income of 1st gen and

education of 2nd gen also reduced
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Existing Evidence on Preschools

• Scandinavian studies: more recent universal programs for
children from all SES groups (Havnes & Mogstad, 2011, 2015; Bingley et al., 2015;

Datta Gupta & Simonsen, 2016)

• Biggest effects for least advantaged children
• Current Scandinavian policy landscape for working parents and

children → limited relevance for the U.S. setting
• Early 20th century Denmark (pre-1960) may be more

comparable
• Universal paid maternity leave in 1960; universal health insurance in 1973

• U.S. targeted programs: positive medium-run effects on
outcomes at ages 15-40 (Currie & Thomas, 1995; Garces et al., 2002; Ludwig & Miller,

2007; Carneiro & Ginja, 2012; Anderson, 2008; Heckman et al., 2010; Masse & Barnett, 2002; Campbell et

al., 2014)

• Small sample sizes, self-reported outcomes in survey data:
• Head Start (max N=3,500)
• Perry Preschool (N=123)
• Abecedarian Project (N=122)
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Program Interactions?

• Need “lightning to strike twice”: find two sources of
quasi-exogenous variation, affecting the same cohorts (Almond &

Mazumder, 2013)

• Abortion reform × school quality in Romania (Malamud, Pop-Eleches &

Urquiola, 2015)

• Tornado in utero × randomized vitamin A supplementation at
birth in Bangladesh (Gunnsteinsson et al., 2014)

• Rainfall × Progresa cash transfers in Mexico (Adhvaryu et al., 2015)

• Head Start × school finance reform (Jackson and Johnson, 2017)

• No Child Left Behind in different years (Gilraine, 2017)

• We examine an interaction between two (currently existing)
policies affecting the health and well-being of low-income
children in early life
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Background: Preschools in Denmark

• Early preschools in the 19th century: run by philanthropic
organizations, no quality regulation

• 1919 onward: laws regulating government approval and
subsidies (≈ 30-50% of expenses)

• Requirements: Adequate facilities, a board and qualified center
head with expertise on children, open at least 4 hours per
working day, provide children with food

• Monitoring of hygienic conditions
• Health check-ups and referrals to doctors/dentists

(government reimburses)
• Regulations on educational requirements and wages for

preschool staff; limits on child-to-teacher ratio
• Bigger subsidies if specifically target poor children

• “Treatment” → higher quality of care, nutrition, health
services, and early education for poor children aged 3-6
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Background: What Was the Alternative to Preschool?
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Background: Hygiene in Preschool
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Background: Nutrition in Preschool
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Map of Danish Municipalities with a
Government-Approved Preschool by 1960
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Municipality Characteristics in 1929-1930

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

Avg. Population 2650.0 13629.5 1383.9
Pct Female 48.76 51.47 48.43
Pct Social Demo 25.55 46.72 23.05
Pct Radical Lib 14.47 8.453 15.18
Pct Agrarian Lib 47.29 21.09 50.39
Pct Conservatives 9.761 18.90 8.680
Pct Industrial 17.39 35.27 15.28
Pct Urban 19.99 80.90 12.78
Pct Agricultural 57.08 17.62 61.75
Rural Muni 0.938 0.521 0.986
Pct Paying Income Tax 23.72 28.48 23.16
Log Taxable Income 6.585 8.276 6.385
Pct Paying Property Tax 5.806 5.254 5.871

Num. Munis 1,354 140 1,214

• We focus on the 140 ever-implementing municipalities, which account for 53% of the Danish population
born in these years.
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Percent of Municipalities with an Approved Preschool by
Year, Sample of Ever-Implementers
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Background: Nurse Home Visiting Program in Denmark

• In the early 1930s, Danish National Board of Health (DNBH)
developed NHV program to address high infant mortality rate

• Mostly due to preventable causes (e.g., infectious diseases due to
poor treatment of cow’s milk)

• Goal: promote breastfeeding and a safe home environment

• Program was universal; not targeted

• Approved and trained nurses assigned to visit newborns and
their mothers 10× in the first year of life

• Nurses taught mothers about the basics of infant care; monitored

infant development; referred ill infants to doctors for treatment

• Implementation at the municipality level—municipalities had
to find suitable nurses and get approval from the DNBH
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Background: Nurse Home Visiting Program in Denmark

• Prior research shows that NHV improved health outcomes in
short- and long-run

• Reduced infant mortality by 5-8 lives per 1000 births, driven by
mortality from diarrhea-related causes (Wüst, 2012)

• Fewer hospitalizations, higher age-specific survival rates at
ages 50-64 (Hjort, Sølvsten, & Wüst, 2016)

• We find similar evidence on long-term health outcomes in our
sample of 140 municipalities
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Variation in Preschool and NHV Availability by Year of
Birth, Sample of Ever-Implementers
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Data

• Data on preschools
• Information on all approved Danish preschools for children aged 3-6 that

existed over the 1921-1960 period from nine books published during this
time period

• Exact address, year of establishment, year of approval

• We match each preschool to its municipality using data from the

“DigDag” project (Digital Atlas of the Danish Historical and

Administrative Geography)

• Data on NHV
• Date of NHV program approval from the DNBH for all implementing

municipalities from the Danish National Archives
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Data

• Individual-level administrative data on outcomes of the
first generation, 1980-2010

• All individuals who were born between 1930 and 1957, who have a valid
Danish parish of birth, and who survived until 1980

• Main analysis sample on individuals born in 140 munics: N=879,647

• Outcomes: educational attainment, log average age 30-60 income,

survival past ages 55-65 (conditional on survival to 50)

• Individual-level administrative data on outcomes of the
second generation, 1980-2010

• We observe the fertility of all women born in 1935+ in our sample
• Link all mothers to their oldest children

• Outcome: educational attainment by age 25

• Data on municipality-level controls
• Only available in certain years; we interpolate between years
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Empirical Methods: Long-Run and Intergenerational
Effects of Preschool

• Use municipality×year variation in preschool approvals to create diff-in-diff and
event-study designs

• Collapse data into birth-municipality×birth-year cells (after conditioning on

gender/month of birth FE) and weight by cell size

Yymc = α0 +α1PreschoolAge3ym +λm + γy +δ
′Xym +νc× y+ εymc

for each cohort born in year y, municipality m, and county c

• PreschoolAge3ym: = 1 for cohorts w/ at least one approved preschool at age 3,
= 0 otherwise

• λm: municipality of birth fixed effects

• γy: year of birth fixed effects

• Xym: municipality time-varying characteristics

• νc× y: county-specific linear time trends

• SEs clustered on municipality level
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Correlation Between Municipality Characteristics and
Timing of Preschool Approval

A. With County-Specific Linear Trends
(1) (2) (3) (4) (5) (6) (7) (8)

Log Pop Pct Fem Pct Urb Pct Ind Pct Ag Pct Inc Tax Log Tax Inc Pct Prop Tax

Any Approved 0.0155 0.135 1.351** -0.366 -1.404*** 0.402 -0.0366 -0.243**
Preschool [0.0244] [0.150] [0.664] [0.642] [0.390] [0.464] [0.0394] [0.0998]

Mean, dept. var. 10.96 52.36 96.96 46.26 5.537 36.99 11.29 5.224
Observations (cells) 3918 3918 3918 3918 3918 3918 3918 3918

B. With Rural/Urban Municipality Trends
(1) (2) (3) (4) (5) (6) (7) (8)

Log Pop Pct Fem Pct Urb Pct Ind Pct Ag Pct Inc Tax Log Tax Inc Pct Prop Tax

Any Approved 0.0611 -0.312 0.725 0.424 -0.621* -0.0818 -0.0858 -0.417*
Preschool [0.0524] [0.258] [0.532] [0.698] [0.354] [0.720] [0.0565] [0.236]

Mean, dept. var. 10.96 52.36 96.96 46.26 5.537 36.99 11.29 5.224
Observations (cells) 3918 3918 3918 3918 3918 3918 3918 3918

• Significant correlations reduced once control for urban / rural
trends
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Correlation between Share of Cohort “Not Missing” and
Access to Preschool; Urban Municipalities

(1) (2) (3) (4)
(Urb.) (Urb.) (Urb.) (Urb.)

Any Approved Preschool at
Age 3

-0.064 -0.015 0.112 0.167
(0.160) (0.093) (0.085) (0.106)

Mean of dep. var. 0.921 0.921 0.921 0.921
No. of obs. 1548 1548 1548 1548

Cohort FE Yes Yes Yes Yes
Municipality FE Yes Yes Yes Yes
Muni Controls (ipolated) No Yes Yes Yes
Linear County Trends No No Yes No
County × Year FE No No No Yes

Notes: Each column reports the results from a separate regression. The
units of analysis are municipality×birth-year cells. The outcome is the
ratio of observations in our outcome data to the number of 1-year sur-
vivors (i.e., # of live births - # infant deaths) in each municipality×year
cell. Sample is limited to the 86 urban municipalities that have data
on births and infant deaths and had an approved preschool by 1960.
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Empirical Methods: Interaction Between Preschool and
NHV

• Overlay municipality×year variation in preschool access at age
3 with municipality×year variation in NHV access at birth

Yymc = β0 +β1PreschoolAge3ym +β2NHVym

+β3PreschoolAge3ym×NHVym +λm + γy +δ
′Xym +νc× y+ εymc

• NHVym: = 1 for cohorts that had an NHV program at birth, = 0 otherwise
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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 0.00862
Preschool at Age 3 [0.0433]

NHV at Birth 0.00578
[0.0292]

Mean, dept. var. 0.733 0.909
Observations (cells) 3918 3918
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Results I: Effect of Access to Preschool on Years of
Schooling, By Age of Exposure
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Results I: Effect of Access to Preschool at Age 3 on
Education, Income, and Survival

Outcome (1) (2) (3) (4)
(All) (All) (All) (All)

Yrs. School
0.281*** 0.127** 0.073** 0.092**
(0.087) (0.052) (0.034) (0.042)

Mean of dep. var. 12.075 12.075 12.075 12.075
No. of obs. 3918 3918 3918 3918

More than Compulsory Educ.
0.037*** 0.018*** 0.013*** 0.014**
(0.011) (0.006) (0.004) (0.006)

Mean of dep. var. 0.701 0.701 0.701 0.701
No. of obs. 3918 3918 3918 3918

Log Avg Age 30-60 Wage Inc
0.060*** 0.035*** 0.016* 0.018**
(0.019) (0.012) (0.009) (0.009)

Mean of dep. var. 12.230 12.230 12.230 12.230
No. of obs. 3918 3918 3918 3918

Survival beyond Age 65
0.005** 0.005*** 0.005** 0.005*
(0.002) (0.002) (0.002) (0.002)

Mean of dep. var. 0.903 0.903 0.903 0.903
No. of obs. 3918 3918 3918 3918

Cohort FE Yes Yes Yes Yes
Municipality FE Yes Yes Yes Yes
Muni Controls (ipolated) No Yes Yes Yes
Linear County Trends No No Yes No
County × Year FE No No No Yes
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Results I: Effect of Access to Preschool at Age 3 on Log
Total Income by Age of Follow-Up
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Results I: Effect of Access to Preschool at Age 3 on
Survival by Age of Follow-Up
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Effect of Access to Preschool at Age 3 on the Education of
the Next Generation

Outcome (1) (2) (3) (4)
(All) (All) (All) (All)

Child’s Years of Schooling
0.056** 0.036 0.031 0.027
(0.025) (0.022) (0.022) (0.024)

Mean of dep. var. 12.338 12.338 12.338 12.338
No. of obs. 3197 3197 3197 3197

Child Has More than
Compulsory Ed.

0.022*** 0.016*** 0.012** 0.010*
(0.006) (0.005) (0.005) (0.005)

Mean of dep. var. 0.775 0.775 0.775 0.775
No. of obs. 3197 3197 3197 3197

Child Has Completed
Gymnasium

0.023*** 0.017*** 0.007 0.005
(0.007) (0.006) (0.005) (0.006)

Mean of dep. var. 0.253 0.253 0.253 0.253
No. of obs. 3197 3197 3197 3197

Cohort FE Yes Yes Yes Yes
Municipality FE Yes Yes Yes Yes
Muni Controls (ipolated) No Yes Yes Yes
Linear County Trends No No Yes No
County × Year FE No No No Yes

Impact on fertility outcomes
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Results III: Interaction Effect between Access to NHV at
Birth and Access to Preschool at Age 3 on Education,

Income, and Survival

(1) (2) (3) (4)
Yrs. School More than Comp Log Wage Inc Survival beyond age 65

Any Approved 0.0892∗∗ 0.0155∗∗∗ 0.0180∗ 0.00639∗∗

Preschool at Age 3 [0.0392] [0.00528] [0.0104] [0.00251]

NHV at Birth 0.104∗∗ 0.0128∗∗ 0.0109 0.00649∗∗

[0.0418] [0.00552] [0.0155] [0.00263]

Preschool x NHV -0.0808∗∗ -0.0108∗∗ -0.0108 -0.00504∗

[0.0405] [0.00526] [0.0160] [0.00262]

Mean, dept. var. 12.07 0.701 12.23 0.903
Observations (cells) 3918 3918 3918 3918

Notes: All regressions control for municipality and year-of-birth fixed effects, municipality controls, and
county-specific linear time trends.
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Interpreting Interaction Effects

• Negative interaction effects → children exposed to NHV
benefit less from later exposure to a high quality preschool

• Consistent with interpretation that these programs serve as
substitutes

• Key overlap: health component
• Preschool environment may constitute a less significant

treatment for cohorts already exposed to positive health shock
from NHV

• We discuss (and try to rule out) other explanations in the
paper
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Additional Robustness

• Similar results when we:

• Use a balanced sample of municipalities
• Control for urban/rural time trends
• Control for county×urban/rural time trends
• Use year of preschool establishment instead of approval
• Drop Copenhagen
• Drop municipalities that already had an approved preschool by

1933
• Limit the analysis to 1937+ cohorts (post-NHV years)
• Limit the sample to NHV ever-implementers
• Use the fraction of years a cohort was exposed to approved

preschool between the ages of 3 and 7 as treatment variable
• Account for selective survival due to NHV exposure
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Conclusion and Implications (1)
• Access to a high quality preschool has lasting effects on

outcomes through age 65
• 0.07 year increase in schooling (0.6 percent at sample mean)
• 1.3 percentage point increase in likelihood of having more than

compulsory education (2 percent at sample mean)
• 0.5 percentage point increase in likelihood of survival past age

65 (0.6 percent at sample mean)

• Converting to “treatment-on-the-treated” estimates: divide by
0.08 to 0.14

• Show that preschool approval increases share of children
enrolled in preschool by 0.08-0.14 in sub-sample with data on
enrollment First Stage

• Magnitudes in line with past literature on targeted programs
(e.g.: Head Start; Perry Preschool)

• Effects persist to the educational attainment of the next
generation
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Conclusion and Implications (2)

• Interaction between preschool and the NHV program is
negative

• Marginal benefit of preschool substantially reduced in a
population already exposed to an earlier health intervention

• May be efficient to design programs that specifically target
those without prior exposure to other interventions

• High quality preschool can compensate for poor initial health

• Important in light of large disparities in infant health (Currie,

2011; Oster, Chen & Williams, 2014; Aizer & Currie, 2015)

• Preschool can potentially reduce inequalities in outcomes over
the life cycle and across generations
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Additional Results
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Results II: Effect of Access to Preschool at Age 3 on the
Fertility Outcomes of Females born in 1935-1957

(1) (2) (3) (4)
No Kids Num. Kids Age at Fst. Birth Dad Ever Miss.

Any Approved -0.00519 0.000590 0.0800* -0.00302
Preschool at Age 3 [0.00354] [0.0139] [0.0454] [0.00344]

Mean, dept. var. 0.115 1.904 24.15 0.154
Observations (cells) 3207 3207 3202 3207

Note: The sample is limited to females who were born in 1935-1957 in the 140 municipalities that ever had an
approved preschool by 1960.

Back
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“First Stage”: Access to Preschool and Share of Children
Aged 3-6 Enrolled; 1939-1950; Urban Municipalities

Share Enrolled, Ages 3-6

(1) (2) (3)
1939-50, All Urb. No Non-App. Preschool 1939-1950, Switchers, Urb.

Any Approved 0.0829** 0.136** 0.107
Preschool [0.0349] [0.0581] [0.0692]

Mean, dept. var. 0.0936 0.0938 0.0874
Observations (cells) 1032 924 216

Note: The sample is limited to the 86 urban municipalities that ever had an approved preschool by 1960, observed
in years 1939-1950. Column (2) further drops municipalities that had at least one established but not approved
preschool over this time period. Column (3) only uses municipalities that approved a preschool between 1939 and
1950. The outcome is the share of children aged 3-6 who are enrolled in preschool. To calculate this variable, we
use data on the number of children enrolled in each preschool in each of the nine years of book publications,
interpolate to get estimates of enrollment in every year, and then aggregate to the municipality×year level. We
then use data on the number of survivers past age one in each of the 86 urban municipalities as the denominator
for years 1939-1950. We begin in 1939 since that is the first year when we can observe all living 6-year-olds (as our
earliest data on births are from 1933).

Back


