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Preface

Sarah Gust conducted this study while working at the ifo Institute. The study was completed
in September 2024 and accepted as a doctoral thesis by the Department of Economics at LMU
Munich. It comprises three distinct empirical essays that apply microeconometric methods.
The study addresses three critical challenges faced by contemporary societies worldwide
through the lenses of economics of education: ensuring basic skills, understanding the effects
of natural disasters, and fostering civic engagement. The first chapter provides a general
introduction to the topics and methods used throughout the study. Chapter 2 constructs
a global database on the lack of basic skills and simulates the economic losses associated
with failing to achieve universal basic skills worldwide. Chapter 3 examines the effects of
natural disasters on student achievement and explores the underlying mechanisms, revealing
persistent negative impacts. Chapter 4 investigates the relationship between civic education
in schools and civic engagement in adulthood. The analysis shows that introducing civic
education as a subject has a positive impact on civicengagement. However, findings regarding
the impact of increased average instructional hours, are less definitive, showing negligible
effects on average.

Keywords: Skills, Student Achievement, Development Goals, Economic Growth, Nat-
ural Disasters, Education Economics, Disaster Resilience, Human Capital,
Civic Education, Political Behavior and Attitudes, Non-Market Benefits to
Education

JEL-No: 125, 015, 047, Q54, 121, 044, 126, J24, H4






"Nothing in life is to be feared, it is only to be understood. Now is the time to understand more,
so that we may fear less."
(Marie Curie)
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1 Introduction

1.1 Why Education Matters

Education plays a crucial role in fostering economic growth, social equity, and individual
well-being. The economics of education provides a lens through which to understand the
complex interplay between educational investments, human capital formation, labor market
outcomes, and economic development. In the 1950s and 1960s, Schultz, Mincer, and Becker
laid the foundation for much of the research in the modern economics of education. Becker
(1962) showed that human capital explains at least one third of the variation in labor market
earnings. Mincer (1974) pioneered the positive linear relationship between log earnings and
years of schooling plus (quadratic) years of potential labor market experience. Schultz, 1961
highlighted the importance of investing into human capital.

The term human capital faced some resistance (see Goldin and Katz, 2020 for a detailed discus-
sion). In his presidential address to the American Economic Association in 1961, Schultz em-
phasized that humans should not be equated with property and assets. Moreover, economists
had yet to establish that education directly caused economic gain. The correlation between
education and factors such as ability or parental income could lead to significant biases. Later,
Hanushek and Woessmann, 2012a provided evidence on the causal effect of better schools
on long-term economic growth.

Human capital theory is one of the most notable achievements in the field of economics
(Deming, 2023). The proportion of adults worldwide with secondary schooling increased
from 13 percent in 1950 to 51 percent in 2010 (Lee and Lee, 2016). People now dedicate more
time to education than in the past, reflecting a widespread acknowledgment of its value.
This recognition is embodied in the United Nations Sustainable Development Goals (SDGs),
particularly SDG 4, which aims to ensure inclusive and equitable quality education for all
(UNESCO, 2021).

A key issue is how to best measure human capital. Education is often measured by (years of)
schooling, but this approach is misleading as it fails to account for variations in educational
quality and actual learning (Hanushek and Kimko, 2000; Lee and Barro, 2001; Filmer et al.,
2020). One solution is to consider student achievement, which captures the cognitive skill
component of human capital. International large-scale student assessments, such as the
Programme for International Student Assessment (PISA) and the Trends in International
Mathematics and Science Study (TIMSS), provide good coverage for OECD countries, offering
valuable insights into educational quality and skills. Initiatives like PISA for Development
aim to extend this coverage, highlighting the low learning levels prevalent in low-income
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countries (Pritchett, 2013; Pritchett and Viarengo, 2023). However, no globally comparable
skill measure exists. This means that it is currently unclear how far we are from achieving the
goal of inclusive and equitable quality education for all. Chapter 2 of this dissertation, which is
joint work with Eric A. Hanushek and Ludger Woessmann, addresses this gap by constructing
a new database on the share of children not reaching basic skills. We find that two-thirds of
the world’s youth are not achieving basic skills, and that the associated lost economic output
is $700 trillion over the remaining century.

Skills, rather than schooling alone, provide a more sobering assessment of global educa-
tion. UNESCO, UNICEF, and the World Bank have jointly declared a global learning crisis
(UNESCO, UNICEF and Weltbank, 2021). This learning crisis was further amplified by the
COVID-19 pandemic. During the peak of the pandemic in April 2020, school closures affected
1.6 billion children worldwide (UNESCO, UNICEF and Weltbank, 2021). In Germany, only 7
percent of schools provided daily online instruction during the initial closures (Werner and
Woessmann, 2023). In 2022, students in Germany performed even worse on the PISA test than
they did in 2000, when their poor performance first led to what became known as the "PISA
shock". Azevedo et al. (2021) estimate that learning losses resulting from 5 months of school
shutdowns could lead to future earnings losses totaling approximately $10 trillion globally.

The pandemicis not the only factor amplifying the learning crisis. One alarming trend is the rise
in state-based conflicts (Rustad, 2024), which means that children receive less education and
suffer long-run losses (Ichino and Winter-Ebmer, 2004). Before the pandemic, natural disasters
were the most frequent reason for prolonged unplanned school closures in the US before
the pandemic (Jahan et al., 2022). The rising risk of natural disasters and extreme weather
due to climate change poses significant challenges globally. Chapter 3 of this dissertation
investigates the effects of natural disasters on student achievement. I find persistent negative
effects of natural disasters on student achievement for up to five years after a natural disaster
hits a county. Natural disasters adversely affect even younger children who were not yet in
school at the time of the disaster. The education production function can help us understand
how natural disasters affect student outcomes by illustrating the various inputs and processes
involved in education, as outlined in Chapter 3.

Generally, the education production function shifts the focus from education as an input for
outcomes like earnings to education as an outcome with various input factors (Hanushek,
2020). School inputs, such as school organization (including class sizes, facilities, and admin-
istrative spending) and teacher characteristics, are among several factors that affect learning
outcomes (Hanushek, 2020). However, there are other factors, such as families, peers, individ-
ual characteristics of the child, and external factors, that determine educational success. More
specifically, family background takes socio-demographic factors, such as parental education,
income, and family size, into account. The more family background affects educational per-
formance, the greater the inequality in opportunities. Typically, the family background is a
much stronger predictor for educational success than, for example, resource endowment of
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schools (Woessmann, 2005). Therefore, it is essential for both scholars and policymakers to
consider the ’home production’ aspects of education.

In the tradition of the education production function, recent contributions in the economics
of education study the formation of non-academic outcomes (Almlund et al., 2011; Koch et al.,
2015; Arold et al., 2022; Schoner et al., 2024). Chapter 4 of this dissertation contributes to
this literature by shedding light on how political attitudes and actions are shaped during
adolescence. Civic engagement is crucial for a functioning democracy and for strengthening
community bonds, which contributes to a more equitable and responsive society. We leverage
the distinctive German context, shaped by numerous reforms that altered the presence and
intensity of civic education, leading to substantial variations across states and school tracks.
Our analysis indicates that introducing civic education as a new subject positively impacts
civic engagement. However, increasing the average instructional hours has negligible effects
on average. Chapter 4 is joint work with Sven Resnjanskij, Larissa Zierow, Marcel Helbig, and
Norbert Sendzik.

Overall, the three chapters of this dissertation enhance our understanding of three specific
challenges in the economics of education: global universal basic skills, the effects of natu-
ral disasters on learning, and the development of civic engagement. All three challanges
are crucial for promoting inclusive economic growth, strengthening societal cohesion, and
enhancing individual well-being.

The remainder of the introduction of this dissertation is structured as follows. In section 1.2, |
describe the data compiled for this dissertation. Chapter 3 and Chapter 4 rely on a difference-
in-differences estimation which I introduce in section 1.3. Section 1.4 gives an overview of the
different dissertation chapters. Section 1.5 concludes by discussing the relevance and policy
implications of this dissertation.

1.2 Data

One key contribution of this dissertation is the development and use of new data sources.
For Chapter 2, we constructed a new, global data base on the share of children below basic
skills to address the lack of a globally comparable skill measure. In Chapter 3, | combine the
Stanford Educational Data Archive with FEMA disaster declarations in the US to study the
effect of natural disasters on student achievement. In Chapter 4, we collect a unique new data
set on the weekly hours of civic education in German secondary schools and combine it with
individual data from the German Socio-Economic Panel (SOEP) to study long-term effects of
civic education on civic engagement.
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1.2.1 Achievement of Basic Skills Around the Globe

To measure the share of students not reaching basic skill levels globally, Chapter 3 utilizes
various internationally comparable student achievement tests in math and science. Each
assessment evaluates representative samples of students, and we use the most recent data
available for each country. The core of our analysis is a new method for linking scores across
the different international tests that allows us to construct country-by-country estimates of
deficits in basic skills. To understand the differing uncertainty, we group countries into five
layers based on the reliability of the underlying achievement data.

The most reliable assessments in Layer 1 come from 90 countries that participated in a test of
the Programme for International Student Assessment (PISA). PISA measures the math, science,
and reading achievement of 15-year-old students in school in participating countries every
three years. The Trends in International Mathematics and Science Study (TIMSS) assesses
mathematics and science knowledge of students in grades 4 and 8 every four years. TIMSS
allows us to add 14 countries from lower income groups that have not participated in PISA.
We assign these countries to Layer 2.

In addition to the globally oriented achievement tests PISA and TIMSS, Layer 3 includes 20
countries from regional tests in Latin America and Sub-Saharan Africa. These include the
Tercer Estudio Regional Comparativo y Explicativo (TERCE), which evaluates students in Latin
America and the Caribbean; the Segundo Estudio Regional Comparativo y Explicativo (SERCE),
which also focuses on educational quality in Latin America and the Caribbean; the Programme
d’Analyse des Systemes Educatifs de la CONFEMEN (PASEC), which measures educational
outcomes in French-speaking West and Central Africa; and the Southern and Eastern Africa
Consortium for Monitoring Educational Quality (SACMEQ), which assesses reading and math
in Southern and Eastern Africa.

India and China did not participate in any recent international test with nationally representa-
tive samples. However, sub-national regions of both countries participated in a PISA cycle with
samples drawn to be representative for the participating regions. We combine this regionally
representative information on the PISA scale with national achievement information of the
respective regions relative to the countries’ other regions to derive achievement estimates for
India and China. Layer 4 incorporates this sub-national data from India and China.

Layer 5 imputes data for 33 countries without comparable tests using GDP, school enrollment,
and regional achievement data.

While international tests provide data on children attending school, more than a third of
the world’s children are not enrolled in secondary education, and their skills remain largely
unmeasured. PISA-D and the Programme for the International Assessment of Adult Compe-
tencies (PIAAC) provide information on the skill levels of out-of-school children relative to
their peers in school within specific countries.
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Our final dataset includes all countries with populations of at least one million or representing
at least 0.01% of world GDP, excluding North Korea, Somalia, South Sudan, Syria, Venezuela,
and Yemen due to unreliable data. This results in a sample of 159 countries, covering 98.1%
of the world population and 99.4% of global GDP.

1.2.2 Stanford Education Data Archive

Another source enhancing the ability to analyze education outcomes across space is the Stan-
ford Education Data Archive (SEDA). SEDA provides comparable school district and county-
level data on student achievement in the US from the 2008/09 to 2017/18 school years. It
addresses a critical limitation of the EDFacts data system, which typically lacks comparability
across states due to varying test designs and performance benchmarks. SEDA standardizes
these state-specific benchmarks onto a common scale using the National Assessment of
Educational Progress (NAEP). It offers data on test scores for students in grades 3 to 8, achieve-
ment gaps by gender and socio-economic status, as well as demographic and socio-economic
information. Using the county-level estimates, | can match student achievement to natural
disaster declarations for Chapter 3.

1.2.3 FEMA Disaster Declarations

For Chapter 3,1 combine the Stanford Educational Data Archive with natural disaster declara-
tions. The FEMA disaster declaration is an official statement issued by the Federal Emergency
Management Agency (FEMA) in the United States, recognizing that a disaster or emergency
situation has occurred. The OpenFEMA Dataset of the Department of Homeland Security
contains all major disaster declarations since 1964. Each disaster declaration includes the
date the disaster was declared, the area affected, the type of incident, and the assistance
program.

1.2.4 A Novel Measure of Civic Education

For Chapter 4, we digitized historical legal records from various archives in Germany and
compiled a novel database on the hours of civic education taught in all three major school
tracks, across all West German states, from grade 5 to grade 10. This database, based on coding
available legal records documenting curricular changes, captures weekly compulsory hours of
civic education in lower secondary school. This longitudinal dataset details both the intensive
(number of hours) and extensive margins (any hours at all) of civic education taught from
1976 onward. Our dataset includes approximately 400 schedules and legal regulations, which
quantify state education policy regarding instructional time allocated to various subjects,
reflecting the political priorities of different eras. These "Stundentafeln" or school hour
schedules present a comprehensive measure for assessing the quantity of civic education
provided for different birth cohorts, states, and school types with substantial variation across
these dimensions.
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1.2.5 Socio-Economic Panel

The German Socio-Economic Panel (SOEP) is a wide-ranging representative longitudinal
study of private households in Germany. It collects data on various aspects of life, including
demographics, employment, income, education, health, and subjective well-being. In Chapter
3, we derive information on civic engagement among individuals in Germany across different
states, cohorts, and school tracks from the SOEP.

1.3 Difference-in-Differences Models

If we are interested in the causal effect of an educational policy or event, the underlying
question is: what would have happened to the treated group in the absence of this event or
reform? In the real world, we cannot observe the counterfactual outcome. Thus, an important
task in economic research is to find a control group. A control group allows researchers to
compare outcomes and isolate the effect of an intervention, ensuring that observed changes
are due to the intervention and not other factors. One option is to design an experiment
or randomized control trial (RCT) and randomly assign people to the treatment and the
control group. Many important contributions in the economics of education rely on such
randomization (Banerjee et al., 2007; Chetty et al., 2011; Kinne, 2023; Resnjanskij et al., 2024,
to just name a very few). In some scenarios, this approach may be too costly, raise ethical
concerns, or be impractical because the events of interest occurred in the past.

An alternative are quasi-experiments, such as the difference-in-differences design. The basic
intuition is that we compare the difference in the outcomes before and after treatment of the
treatment and control group to each other. Instead of a perfect randomization to treatment,
the main identifying assumption is parallel trends. That is, the treatment and the control
group would have developed the same in the absence of treatment. Ashenfelter and Card,
1984 coined the term difference-in-differences for this approach. Since then, DiD approaches
have become more flexible because the events and policies economists want to study are
often more complex than the simple two-period-two-groups design.

Recent advances in the DiD literature focus on the scenario where the treatment affects
different groups at varying points in time. In such staggered designs, the estimates may be
biased if treatment effects are heterogeneous across groups and over time (De Chaisemartin
and d’Haultfoeuille, 2020; Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021; Sun and
Abraham, 2021; Wooldridge, 2021; Athey and Imbens, 2022; Borusyak et al., 2024).

In Chapter 3 of this dissertation, | analyze the effect of natural disasters on students in the
United States using county-level disasters and student outcomes. Some countries might adapt
more quickly to natural disasters than others, which would bias the results of a traditional DiD.
Sun and Abraham, 2021 propose a solution for the event-study context. Examining the event-
study estimates allows us to analyze the temporal evolution of treatment effects on students,
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providing insights into both the immediate and long-term impacts of natural disasters. The
Sun and Abraham, 2021 method follows a two step procedure: First, we estimate the average
treatment effect on the treated for each cohort separately, where cohorts are groups treated
at the same time. Second, we take the weighted average over all estimates and multiply it
by the sample share of each cohort in the period. This estimator is consistent under parallel
trends and limited anticipation.

In Chapter 4 of this dissertation, we study how civic education in school affects civic en-
gagement later in life. The treatment is the average number of hours of civic education that
increases and decreases over different cohorts, states, and secondary school tracks in Ger-
many. These treatment characteristics further complicate the estimation. Borusyak et al.,
2024, Callaway and Sant’Anna, 2021, Goodman-Bacon, 2021, and Sun and Abraham, 2021
assume that the treatment is binary and absorbing, i.e., that groups do not switch out of
treatment once treated. Some estimators allow for switching in and out of treatment but
assume a binary treatment (Wooldridge, 2021). De Chaisemartin and d’Haultfoeuille, 2024
propose a solution for non-absorbing, continuous treatments. The estimator compares the
effect of moving from a treatment dose d to d’ to groups that still experience treatment dose
d. With this estimator, we identify effects from differences in adult outcomes between cohorts
within the same school track in states that experienced alterations in civic education hours,
relative to cohorts in the same school track in unaffected states.

1.4 Chapter Overview

This section provides an overview of the three essays that comprise this dissertation, each of
which can be read independently. Education is a key development goal, offering a wide range
of individual and societal benefits. In Chapter 2, we assess the number of children worldwide
who still lack access to high-quality education and fail to reach basic skill levels. Chapter 3
demonstrates that natural disasters pose a significant threat to student learning outcomes.
Chapter 4 goes beyond student achievement to explore whether civic education can foster
civic engagement.

Chapter 2 provides new approaches for estimating the lack of basic skills that allow map-
ping achievement across countries of the world onto a common (PISA) scale. We define
basic skills as the skills needed to participate effectively in modern economies. We base
our measure on students reaching at least Level 1 on the PISA scale, the minimum profi-
ciency standard. Half of the world’s population lives in countries that fully participate in some
psychometrically-validated testing, such as PISA or TIMSS. This coverage extends to 85 percent
of the global population when including countries with regional test participation. We impute
skill estimates for countries without test information based on observed test performance in
comparable countries. While international tests provide data on children attending school,
more than a third of the world’s children are not enrolled in secondary education, and their
skills remain largely unmeasured. We use information on the skill levels of out-of-school
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children relative to their peers in school within specific countries. Our comprehensive dataset
includes the share of children (not) reaching basic skill levels for 159 countries that cover
over 98 percent of the world population and over 99 percent of world GDP. The main findings
reveal profound global challenges in achieving universal basic skills. A significant majority of
the world’s youth, over two-thirds, do not acquire basic skills. This deficiency is widespread
across 101 countries, where more than half of children fail to reach basic proficiency, with
rates exceeding 90 percent in 36 countries. Even in high-income nations, a quarter of children
lack fundamental skills. Despite attending secondary school, 63 percent of global youth do
not achieve basic skills. Our growth projections suggest that the present value of lost world
economic output due to missing the goal of global universal basic skills amounts to over $700
trillion over the remaining century, or 12% of discounted GDP.

In Chapter 3 of this dissertation, | investigate the effects of natural disasters on student achieve-
ment and explore the underlying mechanisms. Specifically, focusing on student achievement
allows for a nuanced examination of the cognitive skill component of human capital, cap-
turing variations in skills, family inputs, school resources, and institutional characteristics.
Estimating a staggered two-way fixed effects model, | find persistent negative effects of natural
disasters on student achievement for up to five years after a natural disaster hits a county.
Natural disasters adversely affect even younger children who were not yet in school at the
time of the disaster. School closures cannot explain these long-run effects. Possible expla-
nations include a reduction in the health stock of children, which impedes cognitive and
social-emotional development, potential shifts in student composition, a reduction in school
quality, and lower parental investments in education. Counties with above-average per-pupil
expenditure recover more quickly from natural disasters. Exploring different treatment inten-
sities shows that not only very large disasters drive the results. Although point estimates are
consistently higher for large disasters, below-average disasters have a significant negative
effect on student achievement.

In the midst of a rising support for populist parties in several European countries (Noury and
Roland, 2020) and a resurgence of racism and antisemitism (Huneke, 2024), civic education
at school is often highlighted as a potential remedy (Manning and Edwards, 2014b; Hamm
et al., 2023). In Chapter 4, we investigate the relationship between civic education in schools
and civic engagement in adult life, drawing from a comprehensive dataset spanning over
four decades. Employing the new continuous difference-in-differences methodology devel-
oped by De Chaisemartin and d’Haultfoeuille (2024), we identify effects on adult outcomes
by comparing state-school-track groups that experienced changes in civic education hours
between cohorts with those that did not, starting from the same baseline. Our analysis shows
that introducing civic education as a subject (at the extensive margin) has a positive impact
on civic engagement. However, findings regarding the intensive margin, namely the impact
of increased average instructional hours, are less definitive, showing negligible effects on
average. Our heterogeneity analysis underscores that individuals from lower socio-economic
backgrounds tend to derive greater benefits from civic education at the extensive margin.
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1.5 General Discussion and Conclusion

This dissertation examines three critical challenges faced by contemporary societies striving
to achieve inclusive economic growth, social equity, and individual well-being. Through the
perspective of the economics of education, these challenges are:

1. Providing Universal Basic Skills: Ensuring that all individuals have access to funda-
mental educational resources and skills is essential for fostering economic opportunities
and social equity.

2. Climate Change and Natural Disasters: Climate change and natural disasters pose
significant threats to economic stability and societal well-being.

3. Enhancing Civic Engagement: Civic engagement is crucial for a functioning democracy
and for strengthening community bonds, which contributes to a more equitable and
responsive society.

Chapter 2 suggests that the world is severely lacking in its ability to achieve the objective of
universal quality education, and this leaves many in the world short of the basic skills needed
to participate in modern economies. Approximately two-thirds of youth globally lack basic
skills, with the highest deficits in Sub-Saharan Africa (94%), South Asia (89%), MENA (68%),
and Latin America (65%). Even in North America and Europe, about a quarter of youths fall
short of basic skill levels.

The developing world faces challenges in both school access and quality. Over one-third (36%)
of secondary-school-aged youth globally do not attend school, and among those enrolled, 63%
fail to acquire basic skills. This suggests that merely attending low-quality schools does not
address the problem of inadequate skills. While developed countries have largely addressed
attainment issues, they still struggle with quality, leaving some students behind.

The vast education deficits in the global South are made even more important by changes in
the global economy: with integrated economies, people are no longer just competing with
workers in adjoining cities or states, as most products can be produced anywhere in the
world. Moreover, the lack of skills of the potential labor force has immense consequences for
global economic development. According to our projections based on historical patterns of
long-run growth, the world would gain $732 trillion in added GDP over the remaining century
if it were to reach global universal basic skills. These results underscore the urgent need for
policymakers worldwide to prioritize and significantly enhance efforts toward ensuring quality
education for all children. Our analysis offers a global view of basic skill distribution but is
limited by uncertainty, especially in regions that lack regular participation in international
testing. Establishing a regular, internationally standardized test, similar to PISA, for these
regions would greatly enhance global development efforts. Such assessments, aligned with
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international standards and focused on basic skills, would offer policymakers valuable insights
and potentially yield greater long-term benefits than current development aid.

Chapter 3 reveals persistent negative impacts on student achievement following natural
disasters, with students experiencing setbacks for up to five years post-event. The results are
particularly concerning given the increasing frequency and severity of natural disasters due
to climate change. For the affected regions, the decrease in student achievement implies a
depletion in the human capital reservoir, resulting in long-term economic damage. In terms
of policy implication, Chapter 3 also shows that counties with higher per-pupil expenditure
demonstrate a swifter recovery compared to their lower-spending counterparts, indicating
thataugmenting per-pupil spending can enhance community resilience against human capital
erosion caused by natural disasters. Future inquiries should delve into the specific types of
educational investments pivotal in shielding against disaster-induced damage.

Chapter 4 highlights the positive impact of introducing civic education as a subject, revealing
a statistically significant positive effect on civic engagement at the extensive margin. When
considering an increase in the number of hours dedicated to civic education, we find that
the average effects are negligible. While the political debate often emphasizes the need for
stronger integration of civic education, we find that simply increasing the hours taught is
no panacea. However, our study faces certain limitations. While our dataset offers detailed
insights into the quantitative aspect of civic education provision, it does not capture the
qualitative dimensions of pedagogical content. Similar to the discussion on general educa-
tion, improving the quality of civic education could be an important leverage point, that is
outside the scope of this dissertation. Additionally, relying on survey-based data from the
German Socio-Economic Panel imposes constraints on the breadth of outcomes. For example,
administrative election participation data and data on students’ knowledge of civic education
topics could deliver further important insights on the effects and mechanisms of the reform.
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2 Global Universal Basic Skills: Current Deficits and
Implications for World Development”

2.1 Introduction

Ensuring that all of the world’s youth have at least basic skills is a prime development goal by
itself, but reaching that goal also is immensely important for inclusive and sustainable world
development. The United Nations’ Sustainable Development Goal (SDG) 4 calls for ensuring
quality education for all (e.g., UNESCO, 2021). Learning levels appear very low in some low-
income countries (e.g., Pritchett, 2013; Pritchett and Viarengo, 2023), but the limited country
coverage of international skill data makes it unclear globally how many children currently
fail to reach basic skill levels. This paper addresses the two intertwined questions underlying
the development goals: How close are we to reaching the foundational goal of basic skills for
all? And what would it mean for world development to reach global universal basic skills?
We supplement available data from international and regional student assessments with
analyses of skills in untested countries to develop world estimates of the share of children not
achieving basic skills in each country and then show the economic costs of these deficits.

While the term can take on different meanings, we conceptually define “basic skills” as the
skills needed to participate effectively in modern economies. We anchor our measure at
mastering at least the most basic level of the Programme for International Student Assess-
ment (PISA), i.e., PISA Level 1 skills." An important methodological contribution is to use
the underlying individual-level distributions to develop reliable cross-country skill measures
from the disparate available tests. Test-based measurement of skills provides comparable
estimates of skill deficits covering the half of the world’s population living in countries that
fully participate in such psychometrically-validated testing, and this expands to 85 percent
of the world population by including countries with partial test participation. Extending es-
timates to the entire world requires imputation based on the observed test performance in
comparable countries.

" This chapter is co-authored with Eric A. Hanushek and Ludger W63mann. It is based on the paper ‘Global
Universal Basic Skills: Current Deficits and Implications for World Development’ published in the Journal of
Development Economics 166 (2024): 103205. The project was supported by the Smith Richardson Foundation.
' Our focus on reaching basic skill levels is similar in spirit to the World Bank’s learning poverty (LP) metric
(Azevedo et al. 2021). There are some significant differences in the details that are related to the fact that the LP
indicator is aimed at identifying lack of basic skills at very early ages, whereas we are interested in measuring skill
deficits of people closer to labor-force participation ages. In addition, our analysis concentrates on constructing
comparable scales.

11
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We separate the estimation of world skill levels into five layers of decreasing reliability that
indicate different degrees of certainty and precision in the comparability of available test
information. Layer 1 includes countries that have participated in any wave of PISA or PISA for
Development (PISA-D) - a total of 90 countries. Layer 2 adds countries that have participated
in the Trends in International Mathematics and Science Study (TIMSS) but not in PISA - 14
additional countries. Layer 3 incorporates countries that have participated in regional tests
- TERCE and SERCE in Latin America and SACMEQ and PASEC in Sub-Saharan Africa - but
not in PISA or TIMSS, an additional 20 countries. Layer 4 adds the two countries - India and
China - that have some sub-national test information but that have not fully participated in
the international assessments.

Even though the different tests were not designed with cross-test comparisons in mind,
we show that it is possible to transform student-level achievement on all tests into a PISA-
equivalent score while introducing minimal constraints on the underlying score distributions.
Our method equates the scales of the different tests by using the student-level distributional
information found in the group of countries that participate in multiple test regimes. We
rescale the performance of countries participating only in TIMSS (Layer 2) or in one of the
regional tests (Layer 3) onto the PISA scale using the underlying distributional information
from countries that jointly participate in these and in PISA. From the resultant individual-level
database on achievement distributions, we can find the observed share of students (not)
reaching basic skill levels.

The full achievement distributions provide common support at the student level which is fun-
damental to our harmonization of scores across tests. This is particularly relevant for countries
in Sub-Saharan Africa that perform outside the observed range of average achievement on
the broad international tests. Previous transformation methods based on linear extrapolation
from country mean scores tend to overestimate these countries’ true achievement levels.

Estimating achievement of basic skills in India and China (Layer 4) which did not participate
representatively in the international tests adds an additional level of complexity. Both par-
ticipated in PISA with selected provinces or states, and we use additional within-country
achievement information to provide estimates of national achievement on the PISA scale.

For countries that never participated in any of the international tests (Layer 5), we resort to
imputations of achievement based on cross-country regressions of achievement on educa-
tional enrollment, per-capita GDP, and indicators of world regions and income groups. While
obviously not ideal, imputation provides a way to get world estimates of skill deficits.

Finally, the international tests provide data on children in school, but over a third of the
world’s children are out of secondary schools, and their skills are generally not measured.
We use information from PISA-D and from the Programme for the International Assessment
of Adult Competencies (PIAAC) to estimate the skill levels of children who are not in school
(relative to children in school in the specific country).

12
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The 126 countries with direct assessments of students (Layers 1-4) represent 85 percent of
the world population and 96 percent of world GDP. The imputations for the 33 countries in
Layer 5 allows us to provide estimates of achievement deficits in all 159 countries that have a
population of at least one million or a GDP that is at least 0.01 percent of world GDP. These 159
countries cover over 98 percent of the world population and over 99 percent of world GDP.

Our estimates show that the world has a long way to go to reach global universal basic skills.
The world distribution of basic skills can be summarized in six stylized facts:

1. At least two-thirds of the world’s youth do not obtain basic skills.

2. The share of children not reaching basic skills exceeds half in 101 countries and rises
above 90 percent in 36 of these countries.

3. Evenin high-income countries, a quarter of children lacks basic skills.

4. Skill deficits reach 94 percent in Sub-Saharan Africa and 89 percent in South Asia but
also hit 68 percent in Middle East and North Africa and 65 percent in Latin America.

5. While skill gaps are most apparent for the third of global youth not attending secondary
school, 63 percent of the world’s secondary-school students fail to reach basic skills.

6. Half of the world’s youth live in the 35 countries that fail to participate fully in interna-
tional tests (which includes India and China) and thus lack regular and reliable founda-
tional performance information.

To address the uncertainty in the underlying skill data, we perform a range of sensitivity
analyses to provide bounds on the baseline results. The analyses address the reliability of the
different layers, the imputations performed, and the skills of out-of-school children.

We use our skill measures to quantify the economic gains that the world could reap from
reaching the goal that every child achieves at least a basic skill level. Using estimates of the
association between skills and long-run growth rates from existing empirical growth models
with worker skills, we project country by country the future path of GDP with improved skills.

The discounted added world GDP amounts to $732 trillion compared to the status quo GDP
trajectory over the remaining century. This economic gain from reaching global universal
basic skills is over five times the current annual world GDP, or 11.6 percent of the discounted
future GDP over the same horizon. This amount documents the lost economic output due to
missing the goal of global universal basic skills. Importantly, the gain from lifting all students
who are currently in school to at least basic skill levels turns out to be more than twice as
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large as the gain from enrolling the children currently not attending school at current quality
levels.’

Our method for combining tests using the full student distributions extends the literature
on international skill measurement (e.g., Das and Zajonc, 2010; Hanushek and Woessmann,
2012a; Angrist et al., 2013; Altinok et al., 2014; Lim et al., 2018; Sandefur, 2018; Patel and
Sandefur, 2020; Angrist et al., 2021; Fuente and Doménech, 2024) and provides consistent
estimates for the whole world. Our global perspective on human capital and economic growth
contributes to the empirical literature on skills and growth (Barro, 1991; Mankiw et al., 1992;
Hall and Jones, 1999; Bils and Klenow, 2000; Hanushek and Kimko, 2000; Krueger and Lindahl,
2001; Hanushek and Woessmann, 2008; Ciccone and Papaioannou, 2009; Hanushek and
Woessmann, 2012a,b; Barro and Lee, 2015; Hanushek and Woessmann, 2015a, 2016; Lee and
Lee, 2020; Angrist et al., 2021). The projection model follows previous applications for OECD
countries (Hanushek and Woessmann, 2011, 2015b, 2020a) and US states (Hanushek et al.,
2017a,b).

In what follows, we describe the data (section 2.2), the scaling method (section 2.3), and the
results on basic skills (section 2.4) and on economic projections (section 2.5).

2.2 Data: Five Layers of Information from Student Achievement
Tests

To measure the share of students not reaching basic skill levels in each country, we draw
on various student achievement tests that have been designed to provide internationally
comparable achievement information in math and science.® Each assessment tests repre-
sentative samples of students in the participating countries, and we use the most recent
assessment available for each country.” The different tests use different sets of questions and

% To be clear, the measures of basic skills and of educational outcomes are not a measure of school quality,
because they reflect a wide range of educational inputs including families, poverty, nutrition, and more general
societal institutions which may also work through factors such as delayed enrollment or grade repetition.

* Achievement in math and science may be more readily compared across countries than in reading because of
language differences (Hanushek and Woessmann, 2012a). Nonetheless, at both the individual and country level,
math, science, and reading scores are highly correlated. For example, in PISA 2018 the country-level correlation
of reading achievement is 0.834 with math achievement and 0.884 with science achievement. Furthermore,
adding the Progress in International Reading Literacy Study (PIRLS), which tests reading in fourth grade, would
not expand the number of included countries. Thus, we rely on just math and science scores.

* We do not include assessments where tests are specifically adapted by participating countries or where
participating populations are not drawn to be representative, such as many countries in the Early Grade Reading
Assessment (EGRA) (included in Angrist et al., 2021). EGRA is useful for providing information to participating
school systems, but it is not designed to provide nationally representative information that is comparable across
countries (Dubeck and Gove, 2015)
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have different target populations. We assume that each of them measures the underlying
distribution of math and science skills in the participating countries.’

Our analytic sample includes all countries in the world that have a population of at least
one million and all countries that represent at least 0.01 percent of world GDP but excluding
North Korea, Somalia, South Sudan, Syria, Venezuela, and Yemen that lack reliable GDP and
population data. This leaves us with an analysis sample of 159 countries that covers 98.1
percent of the world population and 99.4 percent of world GDP.

The information from the different tests are transformed onto a common international scale
with varying degrees of certainty and precision. To understand the differing uncertainty, we
group countries into five layers based on the reliability of underlying achievement data.

Layer 1: Countries participating in PISA. The most reliable assessments come from coun-
tries that have participated in a test of the Programme for International Student Assessment
(PISA). Set up by the Organisation for Economic Co-operation and Development (OECD) in
2000, PISA measures the math, science, and reading achievement of 15-year-old students in
school in participating countries every three years (OECD, 2019). This layer where achieve-
ment is directly measured on the PISA scale includes 90 countries, covering 37 percent of the
world population and 66 percent of world GDP (Table 2.1). Unfortunately, no low-income
country has ever participated in PISA.

There are three subsets of countries in Layer 1. First, the largest group of countries is those
participating in the most recent international PISA cycle, 2018.° Representative achievement
data from this cycle are available for 75 countries - 47 high-income countries, 24 upper-middle-
income countries, and 4 lower-middle-income countries. The countries participating in PISA
2018 cover one third of the world population and nearly two thirds of world GDP.

Second, an additional eight countries, including another four lower-middle-income countries,
participated in a previous PISA cycle but not in 2018: five in 2015, one in 2012, and two in 2009.
As the different PISA cycles measure achievement on a psychometrically linked scale, their
achievement scores are directly comparable with the most recent PISA cycle.

> Throughout this analysis, we assume that the different testing regimes produce unbiased measures of country-

level skills. While various measurement errors can influence individual scores, we assume that these are averaged
out in the large country-level samples. Some questions have been raised about systematic country-level dif-
ferences arising from test-taking effort as opposed to underlying skills (e.g., Gneezy et al., 2019; Zamarro et al.,
2019; Hanushek et al., 2022), but the evidence is not consistent across other studies (Baumert and Demmrich,
2001). Itis also unclear to what extent effort differences are part of skill differences. We do not believe that these
effects have a major influence on the level and pattern of skill deficits as we define them, but we are unable to
analyze any possible biases directly.

® The Covid-19 pandemic postponed the 2021 PISA cycle to 2022; data will be released at the end of 2023.

15



2 Chapter 2: Global Universal Basic Skills

Third, another seven countries participated in PISA for Development (PISA-D). The PISA-D
initiative was launched by the OECD together with partner organizations to develop the PISA
data-collection instruments for participation by interested low- and middle-income countries
(OECD, 2018a,b). Seven countries administered the PISA-D assessment in 2017 - Cambodia,
Ecuador, Guatemala, Honduras, Paraguay, Senegal, and Zambia.

Layer 2: Countries participating in TIMSS. A second important source of internationally
comparable achievement information is the Trends in International Mathematics and Sci-
ence Study (TIMSS). Emerging from prior occasional international testing, the International
Association for the Evaluation of Educational Achievement (IEA) established TIMSS in 1995
and implemented it on a four-year cycle through 2019. TIMSS tests the math and science
achievement of students in fourth and eighth grade (Mullis et al., 2020). TIMSS allows us to
add a number of countries from lower income groups that have not participated in PISA. We
assume that PISA and TIMSS are consistently measuring the same skills so that we can merge
countries with just TIMSS scores into the overall skill distribution of Layer 1 countries. We
add seven countries that participated in the most recent TIMSS eighth-grade assessment in
2019 plus another six countries that participated in a prior eighth-grade assessment (two
eachin 2015, 2011, and 2007). While we generally use the eighth-grade results, we rely on
fourth-grade results for one country, Pakistan, which participated only in the fourth-grade
assessment in TIMSS 2019. Together, the TIMSS assessments add fourteen countries to our
analysis, including ten middle-income countries, representing seven percent of the world
population (Table 2.1).

Layer 3: Countries participating in regional tests - TERCE, SERCE, SACMEQ, and PASEC.
In addition to the globally oriented achievement tests PISA and TIMSS, there are a series of
regional achievement tests in Latin America and Sub-Saharan Africa. In Latin America, the
Laboratorio Latinoamericano de Evaluacion de la Calidad de la Educacién (LLECE) conducts
regional tests of student achievement in math and reading in grades three and six. While most
of the participants of the LLECE tests also participated in either PISA or TIMSS, we use the
sixth-grade math test to obtain information on student achievement in Nicaragua in 2013
from the Tercer Estudio Regional Comparativo y Explicativo (TERCE) and in Cuba in 2006 from
the Segundo Estudio Regional Comparativo Explicativo (SERCE).

Two regional tests provide achievement information for many Sub-Saharan African countries
that did not participate in the global tests. The Southern and Eastern Africa Consortium
for Monitoring Educational Quality (SACMEQ) provides a testing cycle of math and reading
achievement of sixth-grade students in multiple countries in Southern and Eastern Africa
(Bietenbeck et al., 2018). We draw on the results of the most recent wave with released micro
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data, the SACMEQ Il test conducted between 2006 and 2011, to extend our analysis by nine
countries that did not participate in PISA or TIMSS.’

The Conférence des ministres de ’Education des Etats et gouvernements de la Francophonie
(CONFEMEN) has established a testing cycle of math and reading achievement of sixth-grade
students in francophone Sub-Saharan Africa, the Programme d’analyse des systemes éducatifs
de la CONFEMEN (PASEC). The PASEC 2014 cycle provides us with achievement information
for nine francophone countries in Sub-Saharan Africa that did not participate in PISA or TIMSS.

Together, the regional tests in Latin America and Sub-Saharan Africa provide us with achieve-
ment information for an additional twenty countries (beyond PISA and TIMSS), eight of which
are in the low-income group and ten in the lower-middle-income group. These countries
represent five percent of the world population.

Layer 4: Countries with sub-national regions participating in PISA. The two countries
with the largest populations in the world, India and China (together accounting for 36 percent
of the world population), did not participate in any recent international test with nationally
representative samples.® However, sub-national regions of both countries participated in a
PISA cycle with samples drawn to be representative for the participating regions. In 2010, the
two Indian states Tamil Nadu and Himachal Pradesh took the test of the PISA 2009 cycle, and
Shanghai participated in PISA 2012.° We combine this regionally representative information
on the PISA scale with national achievement information of the respective regions relative
to the countries’ other regions to derive achievement estimates for India and China (see
section 2.3.3).

Layer 5: Countries not participating in comparable international achievement tests.
Layers 1-4 provide achievement information for 126 of the 159 countries in our analysis
sample, corresponding to 84.8 percent of the world population and 95.7 percent of world GDP.
The remaining 33 countries (covering 13.3 percent of the world population and 3.6 percent
of world GDP) did not participate in any internationally comparable achievement test. In
our analysis, we impute achievement in these countries based on data on per-capita GDP,
secondary-school enrollment, and achievement data from countries in the same world region
and income group.

! Unfortunately, the micro data of the more recent SACMEQ IV test (2012-2014) have not been made available at
the time of our analysis.

¥ In1971, India participated in the first international science study of the IEA (Comber and Keeves, 1973).

° We rely on the 2012 testing in Shanghai because of the availability of other data that permit estimating scores
for the entire country. Four additional of the most developed Chinese cities and provinces - Beijing, Guangdong,
Jiangsu, and Zhejiang - participated in varying combinations in PISA 2015 and/or 2018.
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2.3 Methods: Depicting Skills on a Common Global Scale

We begin by defining basic skill levels (section 2.3.1). We then describe our core method for
transforming the various international test distributions onto the PISA scale (section 2.3.2).
India and China require special approaches described in section 2.3.3. Section 2.3.4 describes
the imputation of achievement in countries without international test participation, and
section 2.3.5 develops the estimation of skill levels of children not attending secondary school.

2.3.1 Defining Basic Skills

The modern world economy is internationally competitive with strong production linkages
across country borders. Workers are not just competing with others in their own country for
employment and wages but also with workers in other countries. The location of production
and participation in it depends importantly on the skill levels of a nation’s people and the
way that a country’s development builds upon the aggregate skills of its populations.

There is no currently accepted standard for the minimal skills required to be internationally
competitive in a modern information-intensive economy. Consistent with our focus on long-
run economic growth, we think of development as minimally requiring individuals to have
the skills that would allow them to be successful in economies that look like those of today’s
high-income countries. We adopt the pragmatic definition that basic skills correspond to the
PISA Leével 1 skills (fully attained), the lowest of the six performance levels defined on the PISA
scale.!

The OECD, 2019 describes the conceptual differences in what students should know at different
proficiency levels for math as follows:

“At Level 1, students can answer questions involving familiar contexts where all
relevant information is present and the questions are clearly defined. They are
able to identify information and carry out routine procedures according to direct
instructions in explicit situations. They can perform actions that are almost always
obvious and follow immediately from the given stimuli.”

“At Level 2, students can interpret and recognize situations in contexts that require
no more than direct inference. They can extract relevant information from a single
source and make use of a single representational mode. Students at this level can
employ basic algorithms, formulae, procedures or conventions to solve problems
involving whole numbers. They are capable of making literal interpretations of
results.”

1% The same standard is used by Filmer et al., 2006 to develop Millennium Learning Goals.
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The border line between Levels 1 and 2 is 420 points on the PISA math scale and 410 points on
the PISA science scale where the OECD mean is 500 with a standard deviation of 100 (OECD,
2019).

This definition of basic skill levels may be thought of as a modern definition of functional liter-
acy. Without the necessary skills to compete and thrive in the modern world economy, many
people are unable to contribute to and participate in development gains. Literacy was once
defined in terms of the ability to read simple words. But in today’s interconnected societies, it
is far more. It is the capacity to understand, use, and reflect critically on written information,
to reason mathematically and use mathematical concepts, procedures, and tools to explain
and predict situations, and to think scientifically and draw evidence-based conclusions. For
development, citizens around the world will need the basic skills that industrial employers
seek and that the formal labor market rewards. While some developing countries may to-
day appear to have economies unprepared to employ even basic skills fully, past analyses
(described in section 2.5.1) suggest that even subsistence agriculture can benefit from basic
education and that the natural evolution of economies involves expansion of technologies
that employ the available skills.

2.3.2 Transforming the Other Achievement Tests onto the PISA Scale (Layers 2 and
3)

The core of our analysis is a new method for linking scores across the different international
tests that allows us to construct country-by-country estimates of deficits in basic skills. The
scales that the different test regimes use to document achievement are not directly compa-
rable to one another, even if their arbitrary choice of a common mean and variance makes
them appear to be consistent with each other. **

Our transformation builds on the fact that there is a subset of countries - which we call linking
countries - that take the PISA test along with TIMSS or one of the different regional tests.
We interpret the distribution of scores from representative samples for the two distinct test
regimes within each linking country as being two different samples of performance from a
common underlying skill distribution. If the student-level scores follow a normal distribu-
tion, the mean and standard deviation from the student-level data provide the conversion
parameters needed to equate each of the tests to the PISA scale.”?

Consider first the TIMSS conversion to the PISA scale (Layer 2). If scores are normally dis-
tributed and we know the true mean and standard deviation of scores for TIMSS and PISA,
i.e., N(urrnvss, orivss) and N(pprga, oprsa), we can convert any individual TIMSS score,

" For example, both TIMSS and PISA were scaled at their introduction to have a mean of 500 and a standard
deviation of 100. However, these statistics were established by calculations across very different sets of countries,
making them inherently incomparable.

12 Normality is a general feature of the item response theory (IRT) that is used to scale achievement on the
different underlying tests.
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t;, into the corresponding PISA score, p;, by:

_ (ti - NTIMSS)

o + 2.1
Triaes  OPIsa T Kpisa (2.1)

That is, we first standardize achievement on TIMSS to have mean zero and standard deviation
one and then assign it the standard deviation and mean of the PISA scale.

We can estimate the necessary conversion parameters from the pooled TIMSS and pooled PISA
score distributions for the set of common countries, C'. From the pooled individual data for the
common countries, we estimate the means and standard deviations for the two distributions:
ie., N(m%MSS, S%MSS) and N(mgISA, sﬁim). This then allows us to express achievement
of students in countries that participated in TIMSS but not in PISA on the common PISA scale:

c
_(ti=mrmss) © c
pi = e Sprsa + Mprsa (2.2)
STIMSS

There are 32 countries that participated both in the TIMSS 2019 eighth-grade test and PISA
2018, and these allow us to perform the re-scaling procedure from Equation 2.2 (See
Appendix Table A2.1 for a list of the linking countries). The correlation of average achievement
scores across the two tests is 0.908 in math and 0.895 in science, providing confidence in the
underlying assumption that the two tests refer to a common underlying skill distribution."

Focusing on the scores in the set of countries jointly taking TIMSS and PISA assessments is
important to ensure that our parameters come from the same normal distribution. Individual
countries can (and do) have different means and standard deviations, so we would not want
to calculate the necessary sample parameters for TIMSS and for PISA from different sets of
countries.

Figure 2.1 summarizes the elements of the transformation procedure for the case of TIMSS.
Panel A shows the distribution of student-level achievement on the TIMSS test for three groups
of countries: all TIMSS participants, the group of countries participatingin both TIMSS and PISA
(linking countries), and the group of countries whose TIMSS score we would like to transform
onto the PISA scale (to-be-rescaled countries). The distribution in the linking countries is
quite similar to the TIMSS countries overall, whereas the distribution in the to-be-rescaled

3 Hanushek and Woessmann, 2015b used this approach to combine the PISA 2012 and TIMSS 2011 tests. It has
not been extended to any of the Layer 3 and 4 countries or used for a global analysis yet.

' Because the different TIMSS cycles are expressed on the same psychometrically linked scale, we can also use
the same re-scaling parameters to transform performance from the prior TIMSS eighth-grade assessments onto
the PISA scale. We use the 44 countries that participated both in the TIMSS 2019 fourth-grade test and in PISA
2018 to transform the score of Pakistan on the TIMSS 2019 fourth-grade test.

Y The high correlation at the country level, as previously noted by Loveless, 2017, occurs despite the fact that
TIMSS and PISA are based on different conceptual underpinnings with TIMSS being curricular based and PISA
being more applied to real-world problems.
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countries is shifted to the left (reflecting the addition of lower-income countries that comes
from TIMSS). Quite obviously, all three distributions have a normal shape.16

Panel B shows performance of students on PISA for the linking countries along with the
rescaled distribution of scores for the countries included in TIMSS but not in PISA. The large
number of linking countries, the underlying normal distributions, and the substantial overlap
of the group distributions provide confidence in the reliability of the transformation.

We repeat the same procedure with the Latin American regional tests (Layer 3) using the set
of common countries C'in each case to transform the regional tests onto the PISA scale. Ten
countries participated both in TERCE and PISA 2018 and six countries in SERCE and PISA 2018.
The large number of linking countries and the underlying normal distributions yield similarly
reliable transformations even though the overall performance levels of the linking countries
are significantly below those of the entire set of PISA countries (see Appendix Figures A2.1
and A2.2). Importantly, despite the large mean differences for the Latin American countries,
there is substantial support in the overall PISA distribution of individual scores.'’

Greater uncertainty arises, however, when thereis a small number of linking countries that take
both PISA and the regional tests. For SACMEQ and PASEC, there is only a single country that
provides overlap between each of the respective regional tests and PISA: Zambia participated
in SACMEQ Il and PISA-D and Senegal participated in PASEC 2014 and PISA-D.** In each case,
we use the linking country’s mean achievement and its standard deviation in Equation 2.2 to
transform the achievement on the SACMEQ and PASEC tests onto the PISA scale. However,
estimation errors in the conversion parameters introduce additional uncertainty when there
is only one linking country. Further, attributes of individual countries and the sampling of
students may yield test distributions that diverge from normality, introducing other possible
complications in the conversion of scores. Nonetheless, by going to the individual student
test distributions (with their broad range of observed scores), we are best able to extrapolate
to the range of national differences in performance.

16 with the large student samples of the combined linking countries, standard tests for normality are uninforma-
tive.

' Hanushek and Woessmann, 2012b have combined the Latin American regional tests prior to TERCE with
global tests, but their transformation was not based on individual-level data and distributions, but rather on
country-level standard deviations and stronger assumptions on cross-country distributions.

18 Conceptually, it would also be possible to project across multiple tests such as regional tests to TIMSS scale
and then TIMSS to PISA scale if some countries participated both in the regional test and in TIMSS. In practice,
however, this is only the case for one country, South Africa, which participated in SACMEQ and in TIMSS 2019,
and the fact that it participated with ninth-grade students in the eighth-grade TIMSS test further complicates
linkage. Still, if we use South Africa’s TIMSS achievement to link the SACMEQ test to the PISA scale, results are
very similar to the baseline linkage through Zambia’s PISA-D achievement: the difference in the share of students
in Sub-Saharan Africa estimated to fall below basic skills is less than one percentage point, suggesting highly
robust estimates with the alternative linkage.
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Figure 2.2 provides a summary of the transformation procedure for the case of PASEC." Panel
A shows the distributions of all PASEC participants, the linking country (Senegal), and the
to-be-rescaled countries on the original PASEC test. Senegal performs somewhat higher than
the other PASEC countries, but there is obviously ample common support across the different
student test populations. Panel B shows the respective rescaled distributions on the PISA
scale along with the PISA performance of Senegal. Given the relatively low achievement of the
linking country on PISA, the rescaled achievement of the other PASEC countries falls far to the
left on the PISA scale. Still, using the student-level micro data, ample common support allows
for a valid transformation because achievement overlaps for substantial shares of students.

Our approach is externally validated by an alternative approach that uses joint test items
for psychometric linkage. The UNESCO Institute for Statistics, 2022 uses joint test items
to establish a concordance (“Rosetta Stone”) between PASEC and TIMSS.” In three PASEC
countries, students took both the PASEC assessment and a subset of less challenging item
blocks from the TIMSS fourth-grade math test. The Rosetta Stone crosswalk allows a direct
transformation of PASEC scores onto the TIMSS scale. To this we can compare a crosswalk
from PASEC to TIMSS using our approach: we first transform PASEC to the PISA scale using
Senegal as the linking country and then transform these scores to the TIMSS scale using the
set of common countries in PISA and fourth-grade TIMSS. When plotting the results of the two
methods against each other for the ten PASEC countries, the countries fall virtually on the
45-degree line (see Appendix Figure A2.4). This result strongly supports the validity of our
linkage method even for the case of a single linking country.

We use the micro databases from all underlying rescaled tests to calculate the share of students
not reaching basic skills - i.e., scoring below 420 (410) points on the PISA math (science) scale
- in each country. From the full individual-level distribution of skills for tested students within
each country, we can directly estimate the portion of the population that lacks basic math
and science skills while incorporating any country-specific skewness arising from, say, special
attention to the bottom of the distribution through intense compensatory programs or to the
top of the distribution through limited promotion opportunities.21

¥ Appendix Figure A2.3 shows the respective distributions for SACMEQ.

2 See Appendix A2.1 for another important study that uses the psychometric “Rosetta Stone” approach, Patel
and Sandefur, 2020. SACMEQ and TIMSS also use a set of common test items, but analysis in Sandefur, 2018
suggests that psychometric linkage in this case may be unreliable. A second alternative transformation that
could work for the TIMSS-PISA re-scaling would be to regress the TIMSS mean score of linking countries on
the PISA mean score, providing aggregate estimates of the linking parameters. This clearly fails for a single
linking country and is dubious for very small samples of linking countries. Importantly, it requires significant
out-of-sample prediction.

21 As we are interested in the full distribution of scores, we use all of the plausible values of latent achievement
provided in each test. The international assessments provide a series of plausible values for the score of each
student to account for the fact that they use matrix testing procedures where each student takes just a subset of
the overall assessment item pool.
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Avariety of alternative approaches for estimation across test regimes has been suggested (e.g.,
Angrist et al., 2013; Altinok et al., 2014; Patel and Sandefur, 2020; Angrist et al., 2021). These
approaches face similar problems to those faced here, but their focus is very different. While
entirely concerned with aggregate student outcomes, none uses the core information about
the underlying individual skill distribution of students. These approaches to harmonizing the
test data necessarily require extrapolating scores far from the observed means in the PISA and
TIMSS tests. Appendix A2.1 provides an overview of these alternatives and compares them to
our test linking analysis.

2.3.3 Achievement in India and China (Layer 4) on a Global Scale

The two most-populace countries in the world - India and China - have not participated in
any of the recent international tests on a national basis, even though sub-national territories
within each have participated in PISA. The challenge is going from the regional data to the
nation and in so doing developing estimates of national basic skill deficits. Our approach
is to combine the sub-national PISA performance information with broader within-country
performance information to derive estimates of national achievement distributions expressed
on the PISA scale.

Two Indian states (Tamil Nadu and Himachal Pradesh) participated in PISA in 2009. These
states on average scored 347.9, ranking them 72 out of 74 countries and regions. In order to
adjust these results to reflect the nation, we rely on available independent testing in 2009
for 18 states (out of the 28 states and 8 union territories) including Tamil Nadu and one
union territory: Educational Initiatives, 2012 developed common tests in math and language
(given in 13 different languages) for grades 4, 6, and 8 and administered these assessments
to over 100,000 public-school students in both urban and rural settings. On average, Tamil
Nadu students scored 0.019 standard deviations above the national math mean (expressed in
standard deviations of the Tamil Nadu student population). We use this adjustment factor
to shift the observed PISA distribution for Tamil Nadu to obtain an estimate of the national
distribution.

Based on a re-centered distribution of Tamil Nadu scores, we estimate that 85.1 percent of
Indian students fall below basic skill levels. While there is some variation in potential estimates
from alternative sources, this very large estimated skill deficit proves to be entirely consistent
with other ways to judge test performance in India.”?

2 Estimating the achievement of two other Indian states - Rajasthan and Orissa - on the international TIMSS
scale, Das and Zajonc, 2010 similarly find very low achievement levels. In the Annual Status of Education Report
2018 (ASER, 2019), which assesses students only in rural areas, only 44 percent of the students in the national
sample in Standard VIII (14- to 16-year-olds) can perform the most basic task of doing division (i.e., solving a
three-digit by one-digit numerical division problem correctly). An additional possible source of information is
the Indian Human Development Survey (IHDS) that assesses the math achievement of 8- to 11-year-olds for the
first and second child in each household, but it only provides an ordinal variable.
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Deriving estimates of skill deficits for China relies on the linking methods of Layers 2 and 3
except linkage comes from the province of Shanghai which has participated in PISA 2012.%
The China Education Panel Study (CEPS) is a nationally representative survey of seventh
and ninth graders in the academic year 2013-2014. The available student-level data contain
results from a standardized cognitive ability test that measures students’ abilities in language,
graphics, calculation, and logic.24 Importantly, in addition to the nationally representative
sample, the CEPS also contains a random sample of students in Shanghai. Focusing on ninth
grade where students are approximately 15 years old, the sample encompasses 5,574 students
in the nationally representative sample and 587 students in Shanghai. While the cognitive
ability test is not the same as the PISA achievement test, under the assumption of similar
regional distributions of ability and achievement it provides a way to directly estimate skills
across the country. The ability to link the CEPS with PISA provides the means to translate
country-wide scores to the PISA scale using our prior transformation method and permits
direct estimation of the share of students in China who do not achieve the basic skill level.
Only 3.3 percent of Shanghai students fall below the basic skill level in PISA. Results of our
linkage analysis suggest that 13.9 percent of the Chinese national student population perform
below the basic skill threshold.

2.3.4 Imputation of Achievement in Countries without Test Participation (Layer 5)

The largest data problems come from the 33 countries that never participated in international
achievement tests. We impute achievement deficits based on available data on their edu-
cational participation (net enrollment) and economic development (GDP per capita) along
with the basic skill information for other countries in the same world region and same income
group. Imputations introduce unavoidable uncertainty in the estimates of both skills and
their impact on growth which we address with sensitivity analyses.25

Our imputation comes from estimating the relationship between the proportion of the stu-
dents below basic skills in country j (p’) for all of the Layer 1-3 countries:

pj =y + oclE]]-V + asGDP; +v; + 1 + €5 (2.3)

%> There is no clear way to compare the results of the four additional wealthy provinces that subsequently also
participated in PISA to the rest of China. A number of commentators have concluded that these provinces are
not representative of China as a whole (see, for example, Loveless, 2014; Schneider, 2019, and Gruijters, 2020).
** The CEPS also contains scores of mid-term exams in Chinese and math collected from transcripts, but these
are not standardized or comparable across schools but designed by each school itself.

» Using imputed achievement based upon GDP would create obvious circularity in subsequent analyses of the
level of GDP, but our economic analysis focuses on growth rates that are not directly affected by such circularity.
Our economic projections are based on a growth model that has controlled for the level of GDP.
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where E]N is net enrollment in secondary school, GDP; is gross domestic product per capita,

v and p are indicators for world regions and income groups, respectively, and ¢ is an error
26

term.

However, net enrollment rates in secondary school are missing for 39 of the Layer 1-3 countries.
Therefore, we first impute net enrollment rates based on the more widely available gross
enrollment rates, EJ»G, per-capita GDP, and the region and income-group fixed effects. As

27 . . . .
gross enrollment rates can be greater than 100 percent,” we estimate a nonlinear imputation
model:

E) = B+ BiES + BoI[ES > 1]+ BI[ES > 1] % E + B,GDP; +v; + pj +¢;  (2.4)

where I[EJG > 1] is an indicator for a gross enrollment greater than 1. This estimation
allows for a relationship between net and gross enrollment that is kinked at 100 percent gross
enrollment. With an R’ of 0.955, this prediction model provides a very good fit to the data
on net and gross enrollment rates.”® (Appendix Table A2.2 shows the different imputation

regressions).

Based on the estimates from Equation 2.4, we substitute the imputed net enrollment rate E]N
into the estimation of Equation 2.3. Again, the model fits the data quite well (R2 = 0.860),
providing credence to the imputation procedure. We can then impute math values of pj for
the Layer 5 countries that have not participated in any of the international assessments using
the estimated parameters from Equation 2.4. Missing science values of pj are then imputed
by a linear regression of science on math pj (R2 = 0.949).2930

*® The regional groupings follow World Bank classifications, except that we subdivide the Europe and Central
Asia region (where Kazakhstan, the Kyrgyz Republic, the Russian Federation, Tajikistan, Turkmenistan, and
Uzbekistan form the Central Asia region and the remaining countries in the World Bank’s Europe and Central
Asia region form the Europe region).

*" In contrast to net enrollment rates, gross enrollment rates can exceed 100 percent because of early enrollment
or grade repetition so that the school population exceeds the number of children in the grade-appropriate age
span.

?% Data for net and gross enrollment in secondary school come from the World Bank’s World Development
Indicators (WDI) and refer to the most recent data point in the period 2015-2019 available for each country.
Missing values of the imputation variables on the right-hand side of this regression are imputed by multiple
imputation.

%% As SACMEQ and PASEC do not test science achievement, the latter imputation also applies for estimating pj
for science in the SACMEQ and PASEC countries.

* The imputation regressions are based on the full sample of countries in Layers 1-3. An alternative is to restrict
the sample to only low- and middle-income countries which may be more similar to the Layer 5 countries, with
the downside that the sample size for the estimation of the imputation parameters is cut into half (50 instead of
100 countries for the math imputation). Results based on imputations that do not use high-income countries
turn out to be very similar, with the share of youths below basic skills in Layer 5 countries estimated to be slightly
higher than in our baseline model (92.6% instead of 90.3%). This increases the world estimate from 67.2% to
67.9%, indicating that our baseline estimate may slightly underestimate the true extent of skill deficits.
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2.3.5 Skill Levels of Children Who Are not in School

The PISA proficiency levels that we use to define mastery of basic skills are set for 15-year-olds,
i.e., at the secondary school level. Our analysis of net enrollment rates in secondary school
indicates wide variation across countries but that 36 percent of youths globally on average
are no longer enrolled in secondary school. Understanding the skill levels of children who
drop out of school before the secondary level is not straightforward. Most prior analyses stop
at simply counting the numbers of children with low school attainment and do not attempt
to go further in assessing their skill levels. Two data sources do nonetheless provide some,
albeit imperfect, information about the achievement of out-of-school youth compared to
in-school youth.

The PISA for Development assessment includes a unique out-of-school component that tests
the achievement of representative samples of 15-year-old children who are no longerin school
(OECD, 2020b,c). Because of the low tested achievement levels of the out-of-school children,
their achievement is not reported by specific PISA scores but only by categories of proficiency
level.>" In the five countries that participated in the out-of-school assessment (Guatemala,
Honduras, Panama, Paraguay, and Senegal), the median achievement of the out-of-school
children is 295 PISA points, or over two standard deviations below the OECD mean. This
corresponds to the 33" percentile of the achievement distribution of the youths currently
in school in these five countries. With the very low student achievement in these countries,
this equates to the 9™ percentile of PISA achievement in non-OECD countries. Thus, there is
considerable uncertainty when generalizing from these results to other countries.

A second data source provides information on more developed countries (which also have
noticeable numbers of youth out of school). The OECD’s Survey of Adult Skills, the Programme
for the International Assessment of Adult Competencies (PIAAC), contains achievement data
for adults in 33 (mostly developed) countries (OECD, 2016). PIAAC samples a representative
cross-section of adults, assesses their schooling levels, and gives them a battery of achieve-
ment tests. We pool the data across countries and restrict the sample to the age group of 16- to
24-year-olds in order to focus on the current conditions. When we compare the achievement
of those who have dropped out of upper secondary school to the achievement of those who
did not drop out, we find that dropouts on average across the PIAAC countries achieve at the
14" percentile of the achievement distribution of those completing school.

Although there remains considerable uncertainty, these two sets of calculations give a rough
range of the relative achievement of out-of-school youths compared to in-school youths.
The data are insufficient, however, to consider country-specific variations in relative skills
of dropouts. We therefore follow the assumption in Hanushek and Woessmann, 2015b that
youths outside school perform on average at the 25" percentile of those currently in school

*! The PISA-D test battery includes a greater proportion of items at the low end of the regular PISA test, but
it does not include a sufficient number of more fundamental concepts and items that would provide a more
complete picture of the distribution of skills for the very bottom category.

26



2 Chapter 2: Global Universal Basic Skills

in their respective country.32 Errors in this assumption are not too important for the more
developed countries, where the dropout rates are relatively small. For developing countries
with larger dropout rates, such errors might be significant when estimating mean achievement.
But they are less important in our context of understanding the population that lacks basic
skills. The low scores of the in-school population in most of these countries suggests that any
reasonable estimate of the skills of dropouts will imply that nearly all of the dropouts do not
fully attain Level 1 on PISA and thereby lack basic skills.

2.4 Achievement of Basic Skills around the Globe

Our results indicate that the world is far away from ensuring that all children reach at least
basic skill levels. In this section, we report our main results on the share of children in the world
who fail to reach basic skill levels (section 2.4.1), as well as sensitivity analyses (section 2.4.2).

2.4.1 Main Results

Results suggest that 63.1 percent of the world’s in-school children do not reach basic skill
levels along with very large differences by country income groups (column 1 of Table 2.2).
While the share of students below basic skills is 23.9 percent in high-income countries, it
increases to 38.3 percent in upper-middle-income countries, 81.3 percent in lower-middle-
income countries, and 90.5 in low-income countries.®

The share of students not reaching basic skill levels is highest in Sub-Saharan Africa (89.3
percent) and South Asia (85.0 percent). Yet it also reaches 63.9 percent in the Middle East and
North Africa (MENA) region and 61.2 percent in Latin America. In contrast, it is 40.0 percent in
Central Asia, 25.9 percentin Europe,34 31.1 percent East Asia and Pacific, and 22.2 percent in
North America.

While not surprising, the variations across countries underscore the uneven development
challenges. In 30 countries, the share of unprepared youth exceeds 90 percent, and in 45
countries it exceeds 80 percent (see Appendix Figure A2.5 and column 2 of Appendix Table A2.4
for country results). In 93 countries, the share of students not reaching basic skill levels is
estimated to be more than half. On the other hand, the share is below 20 percent in 25
countries. Just 5.5 percent of students score below the basic skill level in Macao (China), and
this share is below 10 percent in two additional countries (Estonia and Singapore).35

%2 In our analysis, we assume that the distribution of the achievement of out-of-school youths, centered on the
25" percentile, is normal with a standard deviation equivalent to the in-school youths in the respective country.
¥ When aggregating countries into country groups and world estimates, we weight them by their share in the
number of children aged 0-14 years (WDI data for 2019).

** The share is 22.5 percent in the subgroup of 27 European Union countries.

% While not the focus of our analysis, it is useful to consider the more common assessment of aggregate
performance levels of countries. Our scale transformations allow us to express country mean performance on
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These results refer only to those children who are currently in school. Importantly, 35.5
percent of children of secondary-school age are no longer enrolled in school globally (column
2 of Table 2.2). This large out-of-school population is well-known and has rightfully been
the subject of a wide variety of previous policy initiatives. The school attendance pattern
also shows a strong income-group gradient (from 6.9 percent in high-income countries to
69.3 percent in low-income countries). In our baseline estimates, we assume that out-of-
school children have a normal distribution with a mean at the 25" percentile of the in-school
distribution in the respective country (column 2 of Appendix Table A2.3).

When we include skill deficits of the out-of-school population, we find that two thirds of the
world’s youth (67.1 percent) are short of reaching basic skill levels (column 3 of Table 2.2). The
share is as high as 95.6 percent in the group of low-income countries, but even in high-income
countries it reaches one quarter. Across world regions, the share ranges from 23.9 percent in
North America and 28.4 percent in Europe (24.3 percent in the European Union subgroup) to
89.2 percent in South Asia and 94.1 percent in Sub-Saharan Africa.

The large international variation becomes very apparent in Figure 3 which puts the country
shares of children who do not reach basic skill levels on a world map. In many countries in
Sub-Saharan Africa, the share is estimated to be close to 100 percent. There are 36 countries
in which more than 90 percent of children do not reach basic skills (see column 6 of Appendix
Table A2.4 for details). In 101 countries, the share is estimated to be more than half of children.
Two countries have shares below 10 percent, and 19 countries have shares below 20 percent.

2.4.2 Sensitivity Analyses

Our baseline estimates do not directly consider the uncertainty in the identification of low skills.
The different sources imply varying confidence in the country-by-country estimates of those
below basic skills. The rigorous, scientifically validated, and readily-linked testing regimes
for PISA and TIMSS imply high confidence in the estimates for Layers 1 and 2. Unfortunately,
these tests have limited penetration into developing countries, including none for low-income
countries. The regional tests in Latin America and Africa have rigorous testing regimes and
add more developing countries including low-income countries. But this gain is potentially
offset by the earlier grade of testing, different timing, and more fragile linking to the Layer 1
testing, implying more uncertainty for Layer 3. The largest uncertainty of the world estimates
comes, however, from Layers 4 and 5.

the PISA scale. Overall, the estimated achievement of the global student population is 381.7 PISA points, or more
than one standard deviation below the OECD mean (column 1 of Appendix Table A2.3). Again, there is a clear
gradient across income groups, with low-income countries achieving two standard deviations below the OECD
mean. The highest-achieving country is Singapore at 560 points on the PISA scale in math and science on average.
In 23 countries, average achievement exceeds 500 PISA points. In another 29 countries, it is estimated to fall
below 300 points (details are shown in Appendix Figure A2.6 and provided in column 3 of Appendix Table A2.4).
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One simple sensitivity check is to restrict the entire analysis just to those countries with skill
information from the upper layers. Thus, column 2 of Table 2.3 restricts the analysis to only
the 104 countries in Layers 1 and 2, and column 3 to only the 124 countries in Layers 1, 2, and
3. Note that these analyses are no longer representative of the world as a whole, but only
for the countries that participated with nationally representative samples in the respective
international tests. Given the selectivity of test participation, this likely leads to a substantial
underestimation of the deficit of basic skills at a global scale.

Perhaps surprisingly, just considering PISA and TIMSS participants - i.e., dropping most of the
poorly achieving countries in the world - stillimplies that the share of children achieving below
the basic skill level is 56.6 percent (column 2). Adding Layer 3 countries (but still dropping all
Layer 4 and 5 countries) increases this share to 62.6 percent (column 3), which is not far below
our global estimate. That is, the result that a majority of children worldwide does not reach
basic skills is not an artefact of uncertainty in Layers 4 and 5. Importantly, when comparing
across the first three columns of Table 2.3, the estimates within each of the world regions -
where columns 2 and 3 are based on much fewer observations in the poorer regions but are
now based on higher-quality data - in fact remain in the same range. (The only exceptions are
the estimated proportions of children without basic skills in the upper-middle-income group
and the East Asia & Pacific region that in fact go up because China, which is estimated to have
a relatively low share of unprepared students, is no longer considered). This again suggests
that the larger estimate of skill deficits at the global level comes from a proper consideration
of the status of all children across the different world regions, rather than from uncertainty of
the lower-layer estimates.

We highlight uncertainty in India and China (Layer 4) simply because of their size and the fact
that they only have partial test information. The available subregional information coupled
with other information about the relative positions of the subregions in the country provides
solid data for full-country estimates. Still, we probe sensitivity to alternative bounds, but
especially for China the available data that allows for bounding is unfortunately quite limited.

For India, we can take the actual estimates of the two states that participated in PISA - Tamil
Nadu and Himachal Pradesh - as bounds on the skill deficit in India. This bounds the Indian
estimates of those lacking basic skills between 88.6 and 90.1 percent (see Appendix Table A2.5,
columns 2 and 3). As such, they have limited impact on the global average, moving it from
67.2 percent at the lower bound to 67.5 percent at the upper bound.

Bounding for China is more problematic because of the substantial economic differences
between the eastern provinces (that participated in PISA) and the more rural central and
western provinces (that did not).>® Our baseline approach is to use the distributional linking
approach from Layers 2 and 3 to go from Shanghai results to the whole country using the

national CEPS data. But the basic-skill threshold is at the far left of the Shanghai distribution,

% The rural population of China is still 65 percent of the total population, and even larger in terms of school-age
population; see (in Chinese) National Bureau of Statistics of the People’s Republic of China, 2010, 2015, 2016.
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which introduces some uncertainty, and prior evidence suggests that learning deficits may be
much higher in rural areas.’” We consider two alternative bounds that use the achievement
of rural students in two other Southeast Asian countries - high-achieving Vietnam and low-
achieving Cambodia - for Chinese students who live in rural areas (while using our baseline
China estimate only for urban students).* The bounding estimates suggest a share of children
in China below basic skills of 19.0 percent based on rural Vietnam (close to our baseline esti-
mate of 18.0 percent)39 and of 68.9 percent based on rural Cambodia (see Appendix Table A2.5,
columns 4 and 5). This bounding is wide and thus not very informative, and given the size of
China, the alternatives would bound the global estimate of skill deficits between 67.6 percent
and 74.1 percent.

Finally, while the sensitivity analyses so far are based on the observed achievement of students,
the consideration of out-of-school children introduces additional uncertainty in our analysis.
The baseline analysis assumes that out-of-school children on average perform at the 25"
percentile of the distribution of in-school children in their country. To see how sensitive the
estimates are to alternative assumptions, we perform calculations that assume that out-of-
school children instead perform at the 15" and 35™ percentiles, respectively, of the in-school
distribution (columns 4 and 5 of Table 2.3). It turns out that the world estimates of the share of
children falling below basic skill levels are not very sensitive to these alternative assumptions,
ranging from 65.9 percent to 68.5 percent.

2.5 The Economic Gains from Global Universal Basic Skills

The overall motivation for this analysis is understanding how global development could be
altered by improved schooling policies that aided those currently without internationally
competitive skills. There is little doubt that increasing the quantity and quality of education in

37 Afew previous studies have provided data for rural students that indicate sizable discrepancies between urban
and rural areas. For example, Wang et al., 2018 use two waves (2010 and 2014) of the China Family Panel Survey to
consider math and Chinese-language tests across a national sample. They conclude that rural 10-to-15-year-olds
are at least two years behind the urban students (roughly equivalent to one half to two-thirds of a standard
deviation). For younger children, Emmers et al., 2021 find dramatically increased risk of cognitive, language, and
social-emotional delays for rural children, and Zhao et al., 2019 find that a third of rural children have 1Q scores
one standard deviation or more below the international mean. Gao et al., 2021 compares reading achievement of
fourth-grade students in three Western provinces to other countries of the world and places the three provinces
last among 44 countries participating in the international PIRLS test.

3% We derive estimates of rural performance by considering only students going to school located in communities
with less than 15,000 people, as reported by school principals in the PISA background questionnaire. This yields
a share of rural students achieving below the basic skill level of 15.6 percent in Vietnam and of 95.8 percent in
Cambodia. Note, however, that this relatively high in-school performance in Vietham comes from a very selected
sample, as almost half of the secondary-school-age children are not in school.

% In an alternative conversion analysis based on the China Family Panel Studies (CFPS), we obtain an even lower
estimate, but the conversion there is highly unreliable because the CFPS test has very little support at the level
of the basic-skill threshold (see Appendix A2.2).
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a country would improve the economic outcomes for the affected youth. But our motivation
is more the impact on the aggregate economic outcomes of countries - which we see as
the engine for addressing the broad development goals identified in the SDGs. Here we
provide direct estimates of the country-by-country economic gains that accrue from moving
to universal basic skills. For policy purposes, these benefit estimates would have to be set
against the cost of any policy achieving the goal, but that unfortunately is currently subject to
considerable uncertainty. We describe the underlying framework (section 2.5.1), the policy
reform scenarios (section 2.5.2), and the simulation model (section 2.5.3), followed by baseline
results (section 2.5.4) and sensitivity analyses (section 2.5.5).

2.5.1 Skills and Growth

The projections build on prior work of how the skills of the population relate to economic
growth (Hanushek and Woessmann, 2015a). A key element of the projections is that neither
educational improvement nor economic growth occurs instantaneously. We take pains to
include the time path of improvement, recognizing that school reform takes time and that
transforming a country’s entire labor force takes even longer.

We project the economic gains that individual countries and the world could reap if they
focused on the improvement of basic skills. The projections rely on the empirical growth
models estimated in Hanushek and Woessmann, 2012a that were developed in the spirit
of endogenous growth models.”® The “knowledge capital” of nations emphasized there
is measured by international tests of student achievement in math and science expressed
on the same PISA scale that we use above. Furthermore, that study documents a series of
econometric analyses that are consistent with an interpretation of the estimated growth
coefficients as a causal effect of skills on growth. The estimates suggest that a one standard
deviation increase in test scores (i.e., 100 score points on the PISA scale) is associated with an
increase in the average annual growth rate in real GDP per capita by 0.0198 in the long run.¥

Growth projections are, of course, subject to considerable uncertainty, particularly at the
low end of current skills. The estimates of long-run growth implicitly assume that modern
industry develops within each country over time as the skills of the population improve. This
assumption matches what has been seen in the past, with the East Asian experiences in South
Korea, urban China, and other places being prime examples. But the development impact

0 Alternative estimates based on an augmented neoclassical growth model have been provided in Hanushek
and Woessmann, 2011, 2015b and show roughly one-fifth lower long-run economic impact.

* In the empirical growth model, we also experimented with specifications that consider the ends of the skill
distribution (e.g., population shares reaching basic and very high skill levels), but these growth models yield
relatively imprecise estimates because the ends of the distribution are thin in many countries and because there
is not enough variation across countries in the specific shape of the distribution (Hanushek and Woessmann,
2015a). Thus, most of the observed variation in the low- and high-performing shares is joint rather than separate.
While the point estimates provide similar results, we revert to the growth model estimated in mean achievement
which provides more precise estimates.
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of skill improvement can actually be seen at earlier points when better education improved
the performance of small farmers in low-income countries. The seminal paper by Welch,
1970 on the value of education for decision-making under uncertainty tested the underlying
economic hypotheses using data on U.S. farmers. The importance of cognitive skills for
agricultural efficiency in low-income countries is found in several analyses of Asian agricultural
development in the early periods of economic development (Jamison and Lau, 1982; Jamison
and Moock, 1984). It is developed and tested rigorously in Foster and Rosenzweig, 1996.

There is also concern that recent changes in modern economies, often categorized by a move
toward artificial intelligence, might change the historic skills-growth relationship. While occu-
pational patterns have changed significantly in the U.S. (Autor, 2019), there is no evidence of
a decline in skilled employment(Acemoglu et al., 2022). A portion of this literature discusses
the disappearance of routine tasks (e.g., Autor et al., 2003). The focus on the task content
of different occupations should not be confused with our definition of basic skills that in-
cluded the ability to “carry out routine procedures.” The basic skills identified in the Level 1
performance in PISA are required in a broad set of occupations and are the building block for
more advanced skills, making it unlikely that their returns will fall dramatically with current
technological developments.*

2.5.2 Three Reform Scenarios

The policy scenarios that we consider have dual objectives. They lift the skills of those currently
left behind, thus dealing directly with more income-equalizing objectives, while they add to
the country’s knowledge capital, thus dealing with overall economic development objectives.
The reform scenarios are assumed to follow a linear improvement path taking R years to be
completely accomplished (R = 15 in the baseline model). This implies that the education
levels of each of the first R cohorts of students following the initiation of reform will have
different (and improving) skill levels. To describe the three alternative scenarios, it is useful to
look at the achievement level (A, ) of each new cohort during the reform period:

A =(1-0)A°+0.A° forr=1,2,..R (2.5)

where Af and Aivs are the achievement of youth in school and not in school, respectively,
and 6. is the proportion of youth not in secondary school.

Scenario I: Current students achieve at least basic skills. In Scenario |, all children who
are currently in school reach at least basic skills. That is, all students (p,) who currently
perform below PISA Level 1 are lifted to the Level 1 threshold. By contrast, the achievement
of those students who are already above the threshold does not change; neither does the

*2 Basic skills are regularly shown to be the foundation for further human capital development (e.g., Hoyos et al.,
2021). Moreover, it is often suggested that improving human capital is particularly important for developing
countries in the face of rapid technological change (e.g., World Bank, 2019).
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achievement of out-of-school children change. This is conceptually a school reform that
implements a minimum quality standard in all schools.”

To calculate how much this scenario would change countries’ average achievement, we use
the achievement micro data. Replacing the achievement of each student who scores below
the Level 1 threshold by achievement at Level 1 (denoted A*), we can calculate each country’s
average student achievement after this reform. In this case, the path of achievement for the
in-school population is given by:

-

A7 = (1= po)Ag + (A" = A)) 5o

(2.6)
where Ag is the average achievement of students initially above Level 1 and A§ is the average
achievement of those initially below Level 1.** Over the course of the reform period, R, the
skills of all in-school youth are brought to the minimal skill level (A™), but thereis no changein
the skills of the out-of-school population. The aggregate skills of each cohort are thus just the
weighted sum indicated in Equation 2.5 with the in-school component given by Equation 2.6.

Scenario lI: Full participation at current quality. Scenario Il focuses on the achievement
of those children who are currently out of school. The average achievement of out-of-school
childrenis lifted to the average achievement of in-school children in the respective country.
That is, by the end of the reform period, the country achieves full school participation at
current quality levels, leaving all students who are already enrolled unaffected:

A= (1-0.)45 + 0.4, where 6, = 6,(1 - %) (2.7)

In a sense, Scenario Il applies the opposite approach from Scenario |, extending access to
schools without changing their quality. In our setting, this scenario amounts to lifting the
average achievement of out-of-school children from the 25" percentile to the mean of the
respective country distribution.

Scenario llI: All children achieve at least basic skills. Scenario lll is a combination of the
previous two scenarios where all children achieve at least basic skills. That is, there is full
participation in secondary school with every student attaining at least the basic skill level.
The achievement of each new cohort of entrants over the reform period is given by the sum
of two components. The first component is the Scenario | improvement, which is weighted
by the share of in-school children. The second component is the difference between Level

* These estimates are best thought of as a lower bound on improvements from any actual school reform. It
is difficult to consider such a precisely targeted reform that does not also lift the achievement of additional
students above the basic skills threshold.

* When A§ < A", the first term substitutes the average achievement of those initially above A*.
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1 achievement (A™) and the average achievement of those out-of-school children who fall
below Level 1. Note that the improvement for out-of-school youths here is different from
Scenario I, as they improve to the basic-skill level rather than to the mean level of current
students in the country. These reform scenarios anticipate improvements in the new cohorts
up to the end of the reform period. After that, future cohorts would continue with the final
level of skills, Ap.

2.5.3 The Simulation Model

The skills of each cohort are of course not the same as the skills of the workforce in the
country. The workforce begins with people educated from before the reform period. They will
ultimately be replaced by more skilled people through retirement of the existing workers, but
that replacement continues past the period of school reform. Thus, for example, if working
life is assumed to be 40 years, each cohort of new, higher-achieving students is only a fraction
of the total labor force, i.e., 2.5 percent each yea r®

We calculate the skills of the wgkforce each year by replacing the oldest workers with the
skills of each new cohort (i.e., A,) weighted as 1/, where IV is the length of work life. In
calculating the knowledge capital of the reforming country, we consider four separate phases:

1. Schoolreform (7 = 1,..., R): During the reform period R, workers with the initial skill
level in the economy are being replaced by progressively more skilled workers.

2. Main replacement (1 = R+ 1,..., W): Workers of the original skill level will be replaced
by the new higher-skilled workers for the next (W — R) years.

3. Quality consolidation (r = W + 1,...,W + R): For the next R years, some of the
variable quality workers educated during the reform period are replaced by the higher-
skill workers.

4. Completely higher skilled (1 = W + R + 1,...): The workforce is constant at higher
skills.

To estimate the economic effects of this upskilling of the labor force, we use the estimated
impact of aggregate skills, or knowledge capital, on growth rates () found in Hanushek and
Woessmann, 2012a. We assume that GDP without the reform grows at a constant rate of

no reform

potential GDP, i.e., g, = p. For each year of the simulations, we calculate the growth of
GDP with the reform as: o
g = p + YA, (2.8)

* Thisisa simplification that permits consistent estimates across countries, but the reality in each country will
depend both on the labor force and retirement institutions as well as on the population pyramid.
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GDP without and with the reform then evolves as:
GDPTA =(1+ gTA_l)GDPTA_1 where A € (reform, no reform) (2.9)

The total value V' of the reform is given by the sum of the discounted values of the annual
differences between the GDP with reform and the GDP without reform:

S
V=Y (GDP™ = GDPI ™y w (14 d) T (2.10)

T=1

where S'is the end of the simulation period and d is the discount rate.

Importantly, these simulations assume that all countries can develop simultaneously. They
also assume that the economies of developing countries will evolve with the improvement of
schools so that they effectively use the higher quality labor force.

The parameters for the baseline version of our simulation model are given in Table 2.4. In the
simulations, we consider future returns over an 80-year period (.S), roughly until the end of
the century. In developed countries, this time horizon is roughly equivalent to the expected
lifetime of a child born at the beginning of the reform. The discount rate in the baseline model
is3 percent.46 The status quo growth rate of 1.5 percent reflects movement of the global
production frontier as seen in the long-run growth rates for the OECD.* The starting value
of GDP for each country is taken from the World Development Indicators (WDI) of the World
Bank for 2019 (purchasing power parity (PPP), current prices).

2.5.4 Baseline Results

The results of our simulation model suggest that reaching the development goal of global
universal basic skills would lead to very large economic gains. Further, the largest gains come
from addressing school quality issues. The net present value of reform Scenario I, where all
current students achieve at least basic skills, amounts to $364 trillion of added world GDP
over the remainder of the century (Table 2.5). This is equivalent to 2.7 times current annual
world GDP, or 5.8 percent of the discounted future GDP stream over the same period. At the
end of the projection period in 2100, world GDP would be 23.8 percent higher than without
the reform.

The value of Scenario Il - full school participation at current quality levels - is about half the
value of Scenario I. It amounts to $175 trillion, or 2.8 percent of discounted future GDP. This

*® This is a standard value of the social discount rate used in long-term projections (e.g., Borsch-Supan, 2000).
Deriving a practical value of the social discount rate in cost-benefit analysis of intergenerational projects from an
optimal growth model, Moore et al., 2004 suggest a discount rate of 3.5 (2.5) percent for the first (next) 50 years.
* This rate would correspond to the steady-state growth rate in many macroeconomic models. Clearly the short-
run growth of many emerging countries, as seen in India and China, is much higher, reflecting the combination
of steady-state growth and catch-up growth that comes from moving toward the frontier.
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is the case even though over one-third of the world’s youth are not completing secondary
school.

The big gain comes from the combination of the two, where both in-school and out-of-school
children are lifted at least to basic skill levels. Fully achieving global universal basic skills in
Scenario lll would raise future world GDP by $732 trillion - over 5.4 times current annual GDP,
or 11.6 percent of discounted future GDP. By the end of the century, global GDP would be 56.0
percent higher than under status quo trajectories.48

Table 2.6 breaks these estimates down by world regions (see Appendix Table A2.6 for results by
country). On average, over two-thirds of the youth in low-income countries do not complete
secondary schooling. As a result, in low-income countries the value of Scenario Il is nearly
as large as the value of Scenario |, although even there, quality improvements of schools for
current students reap higher value than expansion at current quality levels. The importance
of improved school quality is nonetheless overwhelming as Scenario Ill - which puts the
out-of-school children into schools that provide basic skills - has a present value that is 35
times current GDP for these low-income countries.

Interestingly, the largest economic gains (in absolute terms) come from the lower-middle-
income country group, partly because of its size. Over half of the improved world GDP from
universal basic skills accrues to the 41 lower-middle-income countries. Across the world
regions, the largest absolute gains accrue in South Asia and Sub-Saharan Africa.

2.5.5 Sensitivity Analyses

To provide a sense of the sensitivity of the simulation results, we can bound the various
parameters of the underlying simulation model.” Bounding the reform duration between 10
and 20 years, the working life between 35 and 45 years, and the growth coefficient between
plus and minus one standard error all leave the projected value of Scenario Il between $640
and $850 trillion (see Appendix Table A2.7 for details). Because of the time-delayed impact
of reform on growth, the one parameter that makes the biggest difference for the results is
the discount rate: With a higher discount rate of 4 percent, the reform value is $417 trillion,
whereas it is $1,323 trillion with a lower discount rate of 2 percent.

The discussion in section 2.3 highlighted some of the uncertainty in the estimates of skill
deficits. Thereis particular uncertainty about the achievement of those children not attending
school, who are assumed to achieve at the 25" percentile of the respective country distribution

48 If, in countries whose current mean student achievement is above the basic-skill threshold, out-of-school
youths are assumed to improve to the mean of the country’s in-school students (as in Scenario Il) rather than to
the basic-skill level, the increase in future world GDP grows to $771 trillion, or 572 percent of current annual GDP
(thisis the Scenario Il reported in Hanushek and Woessmann, 2015b).

9 Appendix A2.3 provides additional details on the various sensitivity analyses.
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of in-school students. If we alternatively assume performance at the 35" or 15™ percentile,
the reform value is $657 or $838 trillion, respectively (see Appendix Table A2.8).

We can bound the uncertainty in the skill estimates of current students by assuming that
their achievement increase is 10 percent lower or higher, respectively, than in our baseline
model. With these bounds, estimated reform values range from $681 to $785 trillion. To jointly
consider uncertainty in the estimates of in-school and out-of-school children (as well as in the
enrollment measures), a similar £10 percent bound on the achievement gain for all children
provides a range of economic gains from $636 to $836 trillion.

Inherently, however, the uncertainty is not evenly distributed but increases across the five
layers of decreasing reliability of test information. We therefore allow the breadth of the
bounds of the estimates to increase with the layers, assuming 5 percent of the baseline
achievement increase for Layer 1, +10 percent for Layer 2, +15 percent for Layer 3, +20 percent
for Layer 4, and +25 percent for Layer 5. With these bounds, the estimates of the world reform
value range from $604 to $884 trillion. However, this analysis assumes systematic errors for
all countries at the lower and upper side, respectively, at the same time. In the more likely
case where errors are random within each layer, in expectation the reform value would be
equivalent to our baseline estimate, as country errors on either side cancel out in the world
estimate.

Overall, the sensitivity analyses (except for the obvious relevance of the choice of discount
rates in long-term projections) indicate that the economic gains from achieving universal
basic skills may only be 10 percent of discounted world GDP, instead of the 12 percent in our
baseline.

2.6 Conclusions

All member states of the United Nations endorsed the Sustainable Development Goals in
2015. An essential element of these 17 goals was the call to ensure inclusive and equitable
quality education for all. Because of the fundamental importance of education for economic
development and, by implication, for meeting the other 16 SDGs, education is actually the
cornerstone to the entire effort.”® Yet our results suggest that the world is incredibly short of
meeting the goal of universal quality education, and this leaves many in the world short of
the basic skills needed to participate in modern economies.

The PISA and TIMSS tests provide a starting point for identifying the world distribution of
skills, but only few of the poor countries in the world choose to participate in these tests. If
we expand coverage to a global scale, including the addition of regional test information, it
becomes evident that a majority of children in the world does not reach basic skill levels.

*% Education can also improve sustainability by enhanced adaptive capacity to climate change, changed envi-
ronmental behavior, and facilitated adoption of clean technologies (Lutz et al., 2014).
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The disparities in skills are profound. According to our estimates, at least two-thirds of the
world’s youth have skill levels below the basic competitive level. The largest shares of children
who do not reach basic skills are in Sub-Saharan Africa (94 percent), South Asia (89 percent),
the MENA region (68 percent), and Latin America (65 percent). But even in North America and
Europe, about a quarter of youths do not reach basic skill levels. The skewed international
distribution is quite evident at the country level: as many as 36 countries have more than
90 percent of their children not reaching basic skills, standing in sharp contrast to the 19
countries that have shares below 20 percent.51

The developing world faces the dual problem of access to and quality of schools.> Over one
third (36 percent) of the global youth of secondary-school age do not attend school. Still, even
among enrolled students, 63 percent of the world’s students do not reach basic skills. These
findings suggest that attendance at low-quality schools will not solve the problem of missing
basic skills. Solving the school quality problem, of course, is not simple. The more developed
countries have generally resolved school attainment issues, but they have not completely
solved the quality challenges as significant shares of their students are still left behind.

The vast education deficits in the global South are made even more important by changes
in the global economy: with integrated economies, people are no longer just competing
with workers in adjoining cities or states, as most products can be produced anyplace in the
world. A larger question is the potentially limited value of increased skills in economies that
are dominated by subsistence agriculture, limited manufacturing production, and generally
undeveloped markets. But the history of development in East and South Asia offers an
indication of the development path associated with increasing skills. First, past research
has shown that farming, even at a low level, can benefit as more educated farmers make
better crop and planting decisions. Second, on a broader scale, economies have transformed
through production in manufacturing with increasing value-added sectors and through the
movement toward more information-based activities. Thus, while not certain, it seems natural
to conclude that industry develops in ways that match the available skills of the potential
labor force.

This means that the large shares of the world’s children that do not reach basic skill levels have
immense consequences for global economic development. According to our projections based
on historical patterns of long-run growth, the world would gain $732 trillion in added GDP
over the remaining century if it were to reach global universal basic skills. This is equivalent to

*! These estimates likely underestimate concerns about the future because of differential population growth.
According to UN population projections, Sub-Saharan Africa is expected to account for more than half of the
world’s population growth until 2050. By that time, the share of the world’s children (aged below 18) who live in
Sub-Saharan Africa will have grown from 23.7 percent to 35.5 percent (United Nations, 2022).

> Obviously, the educational outcomes observed around the world are not solely the result of school quality.
While school quality undoubtedly contributes to the existing deficits, many other family and societal factors also
contribute (e.g., Woessmann, 2016b). We emphasize school quality because changing it is the most direct way in
which public policy can reduce the learning deficits.
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over five times current annual world GDP and to 12 percent of discounted future GDP over the
remainder of the century. Perhaps more relevantly, the total Official Development Assistance
- most of which does not go toward skill development - was just $161 billion in 2020.

Our analysis provides a global picture of the distribution of basic skills around the world, but
it comes with uncertainty, particularly for the large part of the world that does not regularly
participate in international testing. The neediest countries in the world do not routinely
participate in either national or international tests. As a result, they have no information about
the current level of skill development (as seen from the vantage point of the international
economy). Nor do they have information about whether their schools are improving or not as
measured in terms of international skill levels. Echoing the conclusions by the World Bank,
2018, it would be a great service to world development if there were a regular, internationally
standardized test of representative samples of students in all countries of the global South.
Just like what PISA has done for richer countries, such a globally comparative test would
provide policy makers with much better information to focus their energies and to devise
suitable policies. Ideally, the test would be both linked to the PISA scale and geared towards
measuring basic levels, so that the tested content is relevant in countries that struggle to
reach international levels.” Developing and funding assessment instruments benchmarked
to international educational standards are likely to have much more long-run payoff than
much of the current development aid.

Finally, the previous picture considers just the pre-pandemic world. The pandemic has signifi-
cantly changed the educational outcomes of the current cohorts of students. Their losses as
a result of school closures and reluctance to return to the classroom will not disappear by
restoring schools to their January 2020 performance (Hanushek and Woessmann, 2020b).

Even worse, there is mounting evidence that the learning losses from the pandemic have
been disproportionately severe for poor children - both those in developed economies and
those more generally in developing economies. Not only were schools generally closed for
longer periods in developing economies but options to replace traditional in-person classes
were also more limited. The need to recover from the setbacks of the pandemic places extra
demands on the reform mandates described here.

>3 When implemented with adaptive testing methods, the questionnaire items can be chosen to be relevant and
meaningful for each participating child. Thus, a test can realistically cover a wide range of performance levels.
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Figures and Tables

Figure 2.1 : Conversion of TIMSS achievement onto the PISA scale
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Figure 2.2 : Conversion of PASEC achievement onto the PISA scale
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2 Chapter 2: Global Universal Basic Skills

Table 2.4 : Parameters of the simulation model

Parameter Definition Baseline value

R Reform period (years) 15

w Length of work life 40

S Simulation period (years) 80

d Discount rate 0.03

p Status quo growth rate 0.015

~y Growth coefficient 0.0198

A Math basic skills (Level 1) 420
Science basic skills (Level 1) 410

Note: Growth coefficient: Additional annual growth for a one standard deviation increase in test scores. See section 2.5.3 for details.
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2 Chapter 2: Global Universal Basic Skills
Appendix

Appendix A2.1 Comparison to other Data Linkages

Ours is not the only attempt to combine information from different international student
achievement tests. In particular, two important recent contributions to this literature - Angrist
et al.,, 2021 and Patel and Sandefur, 2020 - use alternative methods to link some of the
same underlying tests. Importantly, the focus of our study is somewhat different from these
studies, as our main goal is to estimate the share of children who do not reach basic skills in
each country and in the world rather than to estimate countries’ mean student achievement.
Nevertheless, because we also estimate country mean scores, it is revealing to describe how
our method relates to these two papers and to indicate in which dimensions results differ or
are similar.

For pairs of international tests that have more than one country participating in both tests,
Angrist et al., 2021 use aggregate country data rather than the underlying micro data. They
estimate a regression of country mean scores in TIMSS or PIRLS on the countries’ mean score
in any other test. They then predict achievement of the remaining countries in the other test
to the TIMSS/PIRLS scale using the estimated regression parameters. For pairs of tests that
have only one overlapping country, they use a method they call linear linking that uses the
within-country mean and standard deviation in a way that appears to differ from ours.

Panel A of Figure A2.7 plots our mean country scores against the scores from Angrist et al., 2021,
using the latest secondary-school math and science scores from their dataset (which stops in
2017). Two features stand out. First, for the countries in our Layers 1 (PISA) and 2 (TIMSS), the
two methods yield broadly similar patterns. This suggests that in cases where there are many
overlapping countries and projections that broadly fall within the mean levels observed in
the set of countries participating in both tests, their linear prediction yields similar results
to our method. Second, for most countries in Layer 3 (the regional tests), the Angrist et al.,
2021 method tends to overestimate countries’ mean achievement compared to our method,
particularly on the included African test (SACMEQ). The difference is substantial: For example,
in five of the nine African countries, the difference between the two methods exceeds 50 PISA
points, or the equivalent of more than one and a half years of learning according to standard
estimates.” This suggests that methods that do not draw on the full student distributions
which provide common support across tests in the student-level micro data can lead to quite

' The countries are Kenya (difference 88.2 PISA points, compared to a standard deviation of 100), Namibia (79.8),
Eswatini (67.7), Lesotho (56.2), and Uganda (52.4). For the calculation, we express achievement estimated by
the Angrist et al., 2021 method (which is expressed on the TIMSS fourth-grade scale) on the PISA scale using
conversion Equation 2.2.
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different results in particular when projecting outside the range of observed country mean
2
scores.

In their analysis, Angrist et al., 2021 use additional test information derived from several
years (2000-2017), primary as well as secondary school, and reading in addition to math and
science.’ Panel B of Figure A2.7 plots our score against their headline figure that uses this
broader set of information. The overall pattern is very similar, with strong overlap for Layer 1
and 2 countries but substantial difference for Layer 3 countries. In particular, compared to
our method, achievement tends to be particularly overestimated for the PASEC countries,
most of which fall outside the common support of observed country mean achievement on
the PISA and TIMSS tests.*

A second important recent paper, Patel and Sandefur, 2020, uses psychometric linkage to
transform achievement on the regional PASEC and TERCE tests onto the international TIMSS
and PIRLS scales in primary school.” A sample of students in the Indian state of Bihar is
given a subset of publicly available questionnaire items from each of the four international
tests in order to create a “Rosetta Stone” that allows direct linkage of scores across the tests.
Conceptually, this approach is highly appealing. In practice, however, implementing the
method runs into severe limitations. In particular, for most of the linkages the number of
available linking items is very limited. For example, there are only four multiple-choice linking
items for TERCE and twelve for PASEC math, whereas a rule of thumb suggests requiring at
least 30 items for reasonable linkage (Patel and Sandefur, 2020). In addition, the choice of the
sample of Bihar test-takers may reduce informational content for the linkage. Bihar is among
the lowest-achieving states on the Indian ASER test, and India itself tends to perform relatively
poorly on the international scale (see section 2.3.3). This implies that very low shares of
students in the linkage study get any of the test items correct, which hampers international
linkage.

Interestingly, the pattern comparing results based on our method to the Patel and Sande-
fur, 2020 method provides a very similar pattern to the previous comparison (see Panel C of
Figure A2.7): While the overall pattern is broadly consistent for PISA and TIMSS participants,
the Patel and Sandefur, 2020 method tends to vastly overestimate the achievement of PASEC

2 Differences also reflect that we can draw on the more recently available PISA-D data which provide country
linkage for participants on the African regional tests directly on the PISA scale.

* Where no data are available from PISA, TIMSS, PIRLS, or regional tests, Angrist et al., 2021 additionally include
scores from the Early Grade Reading Assessment (EGRA), a short oral test of basic literacy. We do not use the
EGRA data because many participating countries adapt questionnaire items to local conditions and do not
draw representative samples. While EGRA provides useful information to participating school systems, it is not
designed to be internationally comparable (Dubeck and Gove, 2015) and thus has major shortcomings when the
aim is to provide cross-country skill comparisons.

¢ Angrist et al., 2021 include only the PASEC reading scores in their final analysis “since PASEC is the least reliable
linking function, in particular for math scores” (their Supplementary information, p. 20).

> Another study using psychometric methods to link international test data on reading in primary school is
Steinmann et al., 2014.

49



2 Chapter 2: Global Universal Basic Skills

participants (by the equivalent of 51-89 PISA points once transformed to the PISA math scale).
Again, the figure indicates that achievement in these countries falls below the common sup-
port of the international tests on our method. While conceptually appealing, the psychometric
“Rosetta Stone” approach to linkage may have to await implementation on a broader scale,
including both expanded test-specific questions and a more internationally representative
group of test-takers.

Overall, the patterns indicate that the various methods produce rather stable results in the
range of country mean achievement observed in the broad international tests, whereas
differences are particularly salient for countries achieving outside that range, where missing
common support at the country mean level makes use of the micro student distributions
particularly valuable. Importantly, the least reliable estimates come from the countries most
central to many of the development discussions.

Appendix A2.2 Alternative Transformation for China

A potential alternative approach to obtain estimates of skill deficits for China exploits the fact
that four of the highest income cities and provinces of China - Beijing, Shanghai, Jiangsu, and
Zhejiang (often labeled BSJZ) - have participated in PISA2018. We can re-weight the observed
PISA score distribution of the combined four provinces using data from the 2014 wave of the
China Family Panel Studies (CFPS). The CFPS contains nationally representative data for 25
of the 31 provincial-level administrative divisions in China. The child questionnaire includes
children aged 10 to 15 and assesses their cognitive ability in math by a crude ability test that
is not psychometrically scaled. Each child can score between 0 and 24, although there is little
variation in scores near the bottom of the distribution. The score corresponds to the question
number of the most difficult problem that the student answered correctly.

To estimate the national PISA score distribution, we can re-weight the BSJZ distribution
according to the national distribution of CFPS scores. From the percentile distribution of CFPS
scores in BSJZ, we calculate the corresponding PISA scores for each point of the CFPS test
distribution, i.e., PISASSJZ fork =1,2,...,24. We then find the corresponding proportion
of students nationally that score at each point of the CFPS distribution (wfhma where ) w =

1).

We can also use the re-weighted CFPS distribution to estimate national mean achievement:

‘ 24
PISA "™ =y W x PTSA." (A1)

k=1

This re-weighting yields an estimate of the national average PISA score of 553.1, down from
591.4 for the four tested provinces. As discussed in section 2.4.2, these estimates are quite
inconsistent with other studies on student learning in rural China.
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Correspondingly, the estimation implies that just 3.2 percent of the Chinese national student
population perform below the basic skill threshold. However, the conversion is highly unreli-
able at the relevant basic-skill threshold because only few students in the BSJZ provinces fall
below the PISA basic skill level (2.2 percent) and because the CFPS test has very little support
at this level. We therefore prefer the alternative conversion in section 2.3.3 based on the China
Education Panel Study (CEPS) and the performance of Shanghai students in PISA 2012.

Appendix A2.3 Further Sensitivity Analyses of Economic Gains

Sensitivity analyses of the economic results for achieving universal basic skills (Scenario Ill)
with respect to alternative parameter choices of the simulation model are shown in Appendix
Table A2.7. While there are obvious interactions among the parameter choices, we isolate the
independent effects through a series of individual parameter modifications.

Faster reform implementation or shorter work lives imply a quicker transformation of a coun-
try’s knowledge capital. In contrast to the 15-year reform period in our baseline model, a
slower 20-year reform leads to $654 trillion additional GDP, whereas a faster 10-year reform
leads to a total gain of $819 trillion (columns 1-2). There is a $661 trillion improvement with a
45-year working life but a $812 trillion improvement with a 35-year working life, which allows
for faster churning (columns 3-4).

The specific growth payoff for higher achievement () has an obvious direct impact on the
results. To account for the imprecision of the empirical estimation of the growth coefficient,
we perform projections with growth coefficients that are lower or higher, respectively, by one
standard error of the coefficient estimate (Hanushek and Woessmann, 2012a). The projected
value of the reform ranges from $640 to $848 trillion between these two estimates (columns
5-6).

Because of the time-delayed impact of reform on growth, the economic gains start low and
increase across the simulation period. As a result, the one parameter that makes the biggest
difference for the results of the long-term projections is the rate at which future gains are
discounted. With a higher discount rate of 4 percent, the reform value is $417 trillion, whereas
itis $1,323 trillion with a lower discount rate of 2 percent (columns 7-8).

The discussion in section 2.3 highlighted some of the uncertainty in the estimates of skill
deficits. We can provide some indication of the impact this uncertainty has on our estimates
of the economic gains following school improvements (see Appendix Table A2.8). There is
particular uncertainty about the performance level of those children not attending school.
Our baseline model assumes that they achieve at the 25th percentile of the respective country
distribution of in-school students. If we alternatively assume performance at the 35th or 15th
percentile, the reform value is $657 or $838 trillion, respectively (columns 1-2).
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The skills of children currently in school are also measured with uncertainty. To see how
sensitive the simulation results are to measurement error in the skill estimates of current
students, we provide bounds that assume that students’ achievement increase is 10 percent
lower or higher, respectively, than in our baseline model. With these bounds, estimated reform
values range from $681 to $785 trillion (columns 3-4). To jointly consider uncertainty in the
estimates of in-school and out-of-school children (as well as in the enrollment measures), we
provide a similar £10 percent bound on the achievement gain for all children. Estimates of
the economic value range from $636 to $836 trillion for these bounds (columns 5-6).

Inherently, however, the uncertainty is not evenly distributed across the varying layers of our
analysis of deficiencies in basic skills. While the Layer 1 estimates are quite certain, uncertainty
about the achievement gaps increases across the other layers - being clearly the highest for
the Layer 5 countries. Layer 4 also is a concern emanating from the size of India and China,
implying that modest errors in the achievement estimates can have large impacts on the
overall economic projections. In a final sensitivity analysis, we therefore allow the breadth of
the lower and upper bounds of the estimates to increase with the layers, assuming 5 percent
ofthe baseline achievementincreasein Layer 1 countries (where we are relatively certain about
the PISA performance), +10 percent for Layer 2 countries (TIMSS participants), +15 percent for
Layer 3 countries (participants in regional tests), +20 percent for Layer 4 countries (India and
China), and +25 percent for Layer 5 countries (where non-participation in international tests
implies high uncertainty of our imputations). With these bounds increasing with layers, the
estimates of the world reform value range from $604 to $884 trillion (columns 7-8). Because
the level of reliability tends to follow income levels (and participation in international tests),
the range is substantially wider for low- than for high-income countries. Even with a steeper
increase of uncertainty by layer - assuming +5 percent for Layer 1, £10 percent for Layer 2,
+20 percent for Layer 3, +30 percent for Layer 4, and +40 percent for Layer 5 - the range of the
global estimate is $560 to $956 trillion (not shown).

Note that these bounding analyses assume systematic errors for all countries at the lower
and upper side, respectively, at the same time. In the more likely case where errors are
random within each layer, in expectation the reform value would be equivalent to our baseline
estimate, as country errors on either side cancel out in the world estimate.

Interestingly, for the fully imputed achievement in Layer 5, there is little uncertainty about
the proportion lacking basic skills, as it is almost complete. The uncertainty comes from
determining their current overall skill levels and thus the gains that would come from bringing
everybody up to Level 1 performance. The limited size of the Layer 5 economies means that
uncertainty there has relatively little impact on the aggregate world estimates, even though it
yields substantially uncertain results for the individual countries.

Overall, the sensitivity analyses (except for the obvious relevance of the choice of discount
rates in long-term projections) indicate that the economic gains from achieving universal
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basic skills may only be 10 percent of discounted world GDP, instead of the 12 percent in our
baseline.
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Appendix A2.4 Appendix Figures and Tables

Figure A2.1: Conversion of TERCE achievement onto the PISA scale

0087 __ all TERCE countries
. 3 N
— - linking countries 7N
— — to-be-rescaled countries

004

003
>
z
53
o

002

001

0

0 200 400 600 800 1000
TERCE score

(a) Achievement on TERCE scale

Notes: Gaussian kernel densities, bandwidth 10.

008 — all PISA countries
/ \\ — - linking country
—— rescaled countries

004

Density

002

800 800 1000
PISA score

(b) TERCE achievement transformed to PISA scale

Figure A2.2 : Conversion of SERCE achievement onto the PISA scale
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Figure A2.3 : Conversion of SACMEQ achievement onto the PISA scale

1 — all SACMEQ countries
= - linking country
| v —— to-be-rescaled countries

006 /

004

Density

002

0 200 400 600 800 1000
SACMEQ score

(a) Achievement on SACMEQ scale

Notes: Gaussian kernel densities, bandwidth 10.

006 — all PISA counfries

\ = - linking country
i — — rescaled countries

004

Density

002

PISA score

(b) SACMEQ achievement transformed to PISA scale

Figure A2.4 : PASEC-TIMSS linkage: Comparison of the psychometric approach and our method

400
=
(=]
£
D
£
“» 350
=
S
(4]
=
o
[<F]
[=]
2
=
g 300
—% $TCD
o=
[a]
o
o NEH
250
250 300

o BD/
o SEN
o BFA,
o1G0
o BEN
o GMR
000G
oGV
350 400
Our method
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Figure A2.7 : Comparison to estimates based on alternative methods
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Notes: Data source: Angrist et al., 2021, Patel and Sandefur, 2020, and own calculations. See Appendix A2.1 for methodological details.
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Table A2.1: Linking countries for scale transformations

TIMSS 2019 and PISA 2018

Australia, Chile, Finland, France, Georgia, Hong Kong, Hungary, Ireland,
Israel, Italy, Japan, Jordan, Kazakhstan, Korea, Rep., Lebanon, Lithuania,
Malaysia, Morocco, New Zealand, Norway, Portugal, Qatar, Romania,
Russian Federation, Saudi Arabia, Singapore, Sweden, Taiwan, Turkey,
United Arab Emirates, United Kingdom, United States

TERCE and PISA 2018

Argentina, Brazil, Chile, Colombia, Costa Rica, Dominican Republic, Mexico,
Panama, Peru, Uruguay

SERCE and PISA 2018

Argentina, Colombia, Dominican Republic, Panama, Peru, Uruguay
SACMEQ and PISA-D

Zambia

PASEC and PISA-D

Senegal

Note: See section 2.3.2 for details.
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Table A2.3 : Estimates of mean achievement and achievement at the 25th percentile of the country distribu-

tions
Mean achievement Achievement at 25" percentile
(1) (2)

World 381.7 323.0
By income group

Low-income countries 289.4 238.6
Lower-middle-income countries 334.8 278.2
Upper-middle-income countries 452.6 389.7
High-income countries 488.9 423.9
By region

Sub-Saharan Africa 302.8 251.8
South Asia 323.2 263.8
Middle East & North Africa 381.5 319.2
Latin America & Caribbean 394.5 337.3
Central Asia 438.3 382.5
East Asia & Pacific 474.2 411.2
Europe 479.7 416.2
North America 492.5 425.9

Note: Col. 1: Estimated mean achievement in math and science, expressed on the PISA scale. Col. 2: Estimated achievement at the 25th
percentile of the country distribution. See section 2.3 for methodological details. Country groups follow World Bank classification.
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3 (Not) Going to School in Times of Climate Change:
Natural Disasters and Student Achievement

3.1 Introduction

Therising risk of natural disasters and extreme weather due to climate change poses significant
challenges globally. In 2021, the United States experienced a record-breaking streak, with
seven consecutive years of over ten billion-dollar disasters (Smith, 2022). Population growth
and development patterns increase the damage costs of these events (Smith, 2022). Extending
beyond immediate physical damage to broader socio-economic dimensions is crucial to
comprehend the multifaceted impacts of natural disasters and long lasting effects of climate
change. One critical aspect is the disruption caused to educational systems. Nearly half of the
school closures in the US, before the Covid-19 pandemic, were attributed to natural disasters
(Jahan et al., 2022). While school closures are perhaps the most visible manifestation of
how natural disasters affect learning, it represents only one facet of a complex phenomenon.
Natural disasters can affect child health (Currie and Rossin-Slater, 2013), school quality, and
infrastructure damage, as well as induce family income instability (Deuchert and Felfe, 2015)
and housing displacement with unequal effects for different socio-economic groups (Nguyen
and Minh Pham, 2018).

This paper investigates the effects of natural disasters on student achievement and unravels
the underlying mechanisms. Focusing on student achievement allows for a nuanced exam-
ination of the cognitive skill component of human capital, capturing variations in any skill
inputs including ability, child health, family support, school resources, and institutional char-
acteristics (Woessmann, 2016a). | combine county level student achievement, achievement
gaps, demographic compositions, and school financial information from the Stanford Educa-
tion Data Archive (SEDA) (Reardon et al., 2019) with disaster declarations from the Federal
Emergency Management Agency (FEMA).

The variation of natural disasters across US counties and school years serves as the foundation
for my analysis in a two-way fixed effects framework. First, | study how the effect of natural
disasters dynamically evolves over the school years following the event, using the event study
approach by Sun and Abraham, 2021. Second, | estimate static two-way fixed effects models
with several treatment specifications to study different intensity channels such as the type
of natural disaster, the frequency by which natural disasters strike different counties, and
disaster size along various dimensions such as damage, fatalities, and duration.

| find persistent negative effects of natural disasters on student achievement for up to five years
after a natural disaster hits a county. Natural disasters adversely affect even those cohorts who
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were not yet enrolled at the time of the disaster, an effect that cannot be explained by school
closures. Possible explanations include a decline in children’s health, which hinders cognitive
and social-emotional development, changes in the student composition of affected areas,
and reduced school quality due to infrastructure damage or the loss of skilled teachers. | show
suggestive evidence that financial distress in families may be a key mechanism. Specifically,
natural disasters increase the share of students receiving free or reduced lunch, which seems
to be unrelated to migration patterns. | present new evidence related to the resilience of
schools to natural disasters and show that counties with above-average per-pupil expenditure
recover more quickly from natural disasters.

Exploring different treatment intensities shows that not only very large disasters drive the
results. Although point estimates are consistently higher for large disasters, below-average
disasters have a significant negative effect on student achievement. In terms of the type of
disaster, volcanic activity and landslides have the most devastating effect. Those disasters
occur very rarely and might be harder to predict. Also hurricanes, fires, and earthquakes lead
to significantly lower student achievement. Generally, predictability does not alleviate all
damage. My results show that more frequent disasters are more harmful, indicating that a
higher frequency leaves the county little time to recover and does not allow them to adapt
sufficiently to disasters.

| contribute to the literature on the adverse effects of natural disasters during early life which
shows that in-utero and post-birth exposure to natural disasters (Currie and Rossin-Slater,
2013) or pollution (Klauber et al., 2024) negatively affect various health outcomes, cognitive
skills, and income (Karbownik and Wray, 2019). This strand of literature attributes the persis-
tent negative results to a reduction in the health stock of children. While this might explain
parts of the effects, | demonstrate that school inputs play a crucial role. The existing literature
typically focuses on one specific major disaster event such as hurricanes (Sacerdote, 2012;
Ozek, 2023) or earthquakes (Di Pietro, 2018), which are often extreme outliers as the majority
of disasters are not as severe. My paper is more closely related to Opper et al., 2023 who
focus on the static effects of differently sized disasters on human capital and migration.' By
leveraging recent advancements in the difference-in-difference methodology, | derive robust
estimates regarding how these effects evolve over time.

The remainder of the paper is organized as follows: Section 3.2 illustrates the possible mecha-
nisms and presents the existing empirical evidence. Section 3.3 describes the different data

! Opper et al., 2023, who developed their paper in parallel with this one, estimate the impact of disasters on
net migration, average test scores, high school graduation rates, and post-secondary enrollment rates using
FEMA disaster declarations and the SEDA database. Their study differs from my paper in three main ways: First,
they focus on the effects of varying disaster sizes based on property damage, while this study also considers
disaster frequency and type. Second, they present only static effects on first-difference outcomes, whereas
this study provides robust event study results. Third, this paper offers additional insights into the impacts on
student composition, adult mental health, and variations by gender, socio-economic background, and per-pupil
spending.
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sources in more detail. Section 3.4 contains the two main empirical strategies, including the
event study design and the static two-way fixed effects model. The results are presented in
Section 3.5, and Section 3.6 concludes.

3.2 Conceptual Framework and Existing Evidence

Natural disasters can affect educational outcomes through several mechanisms.” First, natural
disasters affect the shadow price of quality education, reflecting its accessibility (Nguyen and
Minh Pham, 2018). This includes infrastructure damage, temporary or permanent school
closures, as well as effects on teaching staff.

Natural disasters and extreme weather events account for the most frequent cause of pro-
longed unplanned school closures in the US prior to the Covid-19 pandemic, as depicted in
Figure 3.1 panel a). Panel b) splits those natural disaster school closures by disaster type.
Hurricanes, ice and snowfall cause most of the school closures. There is a wide range of
literature showing that instruction time correlates with student performance (Pischke, 2007;
Lavy, 2015; Aucejo and Romano, 2016; Jaume and Willén, 2019; Wedel, 2021).3 In Maryland,
students experiencing reduced instruction time due to unscheduled closures during snowfall
performed worse on high-stakes exams (Marcotte, 2007). Drawing from Massachusetts data,
Goodman, 2014 provides evidence that coordination problems in the classroom, as outlined
by Lazear, 2001, play an important role in this context. While heavy snowfall leads to coor-
dinated school closures and no effect on achievement, moderate snowfall induces student
absence and reduces math achievement by 0.05 standard deviations. The Covid-19 pandemic
has also provided further insights into the detrimental impact of school closures. Both cog-
nitive and socio-emotional development were significantly impeded, with students from
disadvantaged homes experiencing more severe setbacks (Engzell et al., 2021; Werner and
Woessmann, 2023). However, natural disasters do not necessarily increase the cost of quality
education. Sacerdote, 2012 shows that students forced to switch school after the hurricanes
Katrina and Rita experienced a sharp decline in test scores in the first year after the hurricanes.
Yet, the long-run effects are mixed, with Sacerdote (2012) identifying an improvement in test
scores among low-performing students placed in higher-quality educational settings.

Secondly, natural disasters can increase the costs of good health orimpede the access to a
healthy environment (Nguyen and Minh Pham, 2018). The evidence on wild fires is closely
related to the broader literature on pollution exposure (Wu, 2022). Currie et al., 2009 show
that a rise in pollution increases absence, possibly due to health issues, decreases cognitive
skills (Lavy, 2015), but also hinders long-run knowledge acquisition due to impaired brain
development (Block and Calderdon-Garciduefias, 2009). Currie and Rossin-Slater, 2013 find

2 Nguyen and Minh Pham, 2018 present a simple model to illustrate the different mechanisms through which
natural disasters affect children’s development, which guides the structure of this section.
® SeeBlanden et al., 2023 for a detailed review of the evidence.
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negative effects of hurricane exposure during pregnancy on children. They demonstrate
that the evidence regarding additional impacts of hurricanes during pregnancy on outcomes
such as birth weight - subsequently influencing adult height, IQ, earnings, and education
(Black et al., 2007) - is more mixed and depending on the specification. Klauber et al., 2024
observe no effect of cleaner air around birth on birth weights but show that children require
less medication for at least five years. Fuller, 2014 shows that hurricane exposure during
pregnancy in North Carolina translates into lower standardized test scores in math and reading
by the third grade, while children exposed to floodings or tornadoes also exhibit somewhat
diminished math performance. Karbownik and Wray, 2019 study the long-run effects of
hurricane exposure in utero and as an infant by using World War | draft records linked to
census data and find that white males had 5% lower income. The literature on in-utero
exposure links these effects to stress during pregnancy. To test this channel, | incorporate
data on adult mental health.

Thirdly, natural disasters can affect children’s education through household income, wages,
and increased costs of other commodities (Masozera et al., 2007; Arouri et al., 2015; Boustan
et al., 2020; Pleninger, 2022). Deuchert and Felfe, 2015 demonstrate that damages to real
estate redirect investment toward house reconstruction, potentially diverting resources away
from children’s health and education. I contribute to this channel by estimating the effects of
natural disasters on the share of students receiving free or reduced lunch, which serves as an
indicator of increased financial distress in affected households.

Certain characteristics influence the vulnerability to natural disasters (Cutter et al., 2008),
including socio-economic status, race, ethnicity, and gender, as wealth and social safety
nets can facilitate recovery. Boys often react more strongly to disruptive (family) events,
showing fluctuations in test scores and increased disciplinary issues (Bertrand and Pan, 2013,;
Autor et al., 2016, 2019). My research enhances the literature by analyzing achievement
patterns separately for boys and girls and assessing how natural disasters impact the gender
achievement gap and the socio-economic gap.

Vulnerability is closely linked to disaster resilience, which Cutter et al., 2008 classify into social,
economic, institutional, infrastructure, and community capital. Insurances play a crucial role
in mitigation: Pleninger, 2022 demonstrates that unemployment insurance effectively reduces
the impact of natural disasters on income. Moreover, insurance and revenue diversification
enhance the resilience of municipal bonds against price drops following natural disasters
(Auh et al., 2022). However, municipalities with above-average racial minority compositions
experience greater expenditure losses and a heightened debt default risk compared to average
municipalities in the decade following a hurricane (Jerch et al., 2023). In turn, this constrains
public expenditures: Deryugina, 2017 illustrates that hurricanes lead to increased unem-
ployment and disability insurance claims but a decline in educational assistance transfers. |
contribute to this literature by studying whether counties with higher pre-existing per-pupil
expenditures display enhanced resilience to natural disasters.
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The literature underscores that the mechanisms might vary depending on the type of natural
disaster. In this paper, | study the effect of different types of natural disasters. While numerous
studies concentrate exclusively on individual types of disasters, such as hurricanes (Sacerdote,
2012) or earthquakes (Di Pietro, 2018), which are often extreme outliers and relatively infre-
quent occurrences, the majority of disasters are not as severe. | analyze heterogeneity across
various dimensions of disaster size, including factors such as fatalities, costs, and duration.

3.3 Data

3.3.1 Natural Disasters

The OpenFEMA Dataset by the Federal Emergency Management Agency (FEMA) of the Depart-
ment of Homeland Security contains all major disaster declarations since 1964. A disaster
declaration made by the President of the United States and only in strongly affected areas
that struggle to deal with the consequences, which rules out any inconsequential natural
disasters. Every disaster declaration includes the date the disaster was declared, the area,
the type of incident, and which assistance program was declared. One disaster can cause
multiple disaster events across different counties. The years are adjusted to align with school
years, so the year variable matches the education data.

For large disasters, there is information on the number of deaths, the number of injured,
the number of people that got homeless, reconstruction costs, insured damage and total
damage in the international emergency events database (EM-DAT) that | merge via county and
start date. Generally, EM-DAT considers only disasters that caused more than 10 deaths, that
affected more than 100 people, or that called for international assistance or an emergency
declaration. This information refers to overall fatalities and damage for a disaster and is not
specified on a county level.

Panel a) Figure 3.2 shows the number of disaster declarations in FEMA by year. Each disaster
event is only counted once, even when it affected multiple counties. In 2011, the year with
the most disaster declarations, there were 177 events, while in 2015, there were the fewest
declarations (79).4 Since then, the number has been increasing every year. Panel b) shows dis-
asters by type: 502 fires, 414 storms, 4 earthquakes, and 2 volcanic activities. Panel c) displays
the average fatalities for those disasters for which we can merge EM-DAT data. Hurricanes
have the highest average fatalities with 45 deaths, followed by landslides with 43 fatalities
even though those were only 4 events. Fires are the most frequent type, but they have no
fatalities. Panel d) depicts the average disaster damage in thousands of dollars as recorded
in EM-DAT. In EM-DAT, adjusted damage refers to the financial losses caused by a disaster,
which are normalized to account for factors such as inflation using CPI. Hurricanes emerge as

* Smith, 2022 shows that the frequency and costs of severe natural disasters have been on the rise over the past

four decades since the 1980s, with variations observed between individual years.
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the most economically devastating disasters, with storms following closely behind, causing
approximately half the financial losses incurred by hurricanes. In contrast, landslides and
fires are characterized by minimal direct financial impact.

3.3.2 Outcome Data

Student achievement: The Stanford Education Data Archive (SEDA) offers a unique source
for school district- and county-level student achievement measured by standardized test
scores for the 2008/09 to 2017/18 school years (Fahle et al., 2021). Moreover, it contains
achievement gaps by gender and socio-economic status, demographic, and socio-economic
data. Achievement in SEDA is based on the EDFacts data system that contains test data for all
students in grades three to eight in maths and reading each year. EDFacts does not contain
individual student-level data but the number of students in each school, subgroup, subject,
grade, and year scoring at each performance level. Unfortunately, every state can design
their own test and benchmark for performance levels, such that the data are not comparable
across states. SEDA transforms these state specific benchmarks and places them onto a
common scale across states and years using the National Assessment of Educational Progress
(NAEP) and calculates achievement for different subgroups and geographical units. They
exclude cases with low participation and insufficient data. Finally, the score is standardized
by subtracting the average of the four national cohorts that were in fourth grade in 2009, 2011,
2013, and 2015 and dividing by the national grade-subject-specific standard deviation of this
reference cohort. Consequently, a county mean of 0.5 indicates that the average student
scored approximately 0.5 standard deviations higher than the average national reference
cohort in that same grade. One standard deviation on this scale is approximately three grade
levels. Estimates on this scale are comparable across the US and over time by relying on the
stability of the NAEP scale over time.”

Table 3.1 provides summary statistics extracted from the SEDA dataset for several key variables.
The final analysis will focus on the youngest children in grade three. However, | will also show
results for grades four and five.® The math grades for grades three, four, and five have mean
scores ranging from -0.016 to -0.064. The socio-economic gap in math for grade three has
a mean of -0.229. Conversely, the male-female gap appears relatively low, with a mean of
-0.023, suggesting minimal disparity between genders in math and grade three. On average,
there are 13% Black students and 70% White students. 60% of the students get a free or
reduced lunch. School size is captured through log enrollment, which has a mean value of
5.969. Furthermore, SEDA provides financial aspects of education, revealing mean values of
$11,524 for total per-pupil expenditure and $11,572 for total per-pupil revenue. | will show
results by high and low per-pupil expenditure, where high per-pupil expenditure exceeds
$11,000, which is close to the median value. Finally, Table 3.1 displays the population estimate
for 2008 that | use to weight the regressions.

> See Reardon et al., 2019 for a more detailed description on the SEDA data construction.

® Grades six to eight have substantially more missing values in SEDA.
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SEDA is a repeated aggregate cross-section. However, Reardon et al., 2019 show that it highly
correlates with longitudinal data on school and district level. The correlation is higher at the
district level (r = 0.87) than at the school level (r = 0.80), which they attribute to higher
mobility between schools than between districts. On the county level, the mobility-induced
measurement error in learning rates will be even lower.

In- and out-migration: A natural disaster might increase mobility between counties. To
study thisimpact, | add county level in- and out-migration from the Statistics of Income Division
migration data. The Statistics of Income Division uses the number of personal exemptions
claimed to approximate the number of individuals. Total values for migration to and from
other US counties and abroad are available for 2010 to 2018. | divide the total inflow and total
outflow by the population estimate from 2008. Table 3.1 contains the summary statistics.
One limitation of the data is that those who are not required to file United States Federal
income tax returns are not included. Thus, elderly and people of low socio-economic status
are underrepresented. Additionally, the data contains estimates for the aggregate adjusted
gross income of the in- and outflows.

Adult mental health: The county-level mental health data for 2010 to 2018 come from the
County Health Rankings & Roadmaps (CHR&R) (Remington et al., 2015), a program of the
University of Wisconsin Population Health Institute. The main outcome variable is the average
number of poor mental health days among adults. Table 3.1 contains the summary statistics.

3.4 Identification Strategy

3.4.1 Difference-in-Differences Event Study Design

To explore the evolution of the impact of a natural disaster over time and evaluate the valid-
ity of the parallel trend assumption, | adopt a difference-in-differences event study design.
Given the staggered occurrence of natural disasters across different time periods, various
counties may exhibit learning curves or encounter changes in external conditions, resulting
in heterogeneous treatment effects. The presence of such heterogeneous treatment effects
complicates the identification of a clean control group and conventional DiD models are
prone to generating biased estimates (De Chaisemartin and d’Haultfoeuille, 2020; Callaway
and Sant’Anna, 2021; Goodman-Bacon, 2021; Gardner, 2022; Borusyak et al., 2024). Sun and
Abraham, 2021 illustrate this contamination concerning the coefficients related to lead and lag
indicators within a dynamic specification of the two-way fixed effects model. They propose
a re-weighting procedure to address this bias. Their target parameter is the cohort average
treatment effect on the treated (CATT) for a treatment cohort e and a relative time period [:

CATT,; = E[Y; 11— Yieul|Ei = €] (3.1)
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In my setting, a treatment cohort e are counties that are treated in the same year. Panel a)
of Figure 3.3 shows the first treatment period of each county. [ are the periods to the initial
natural disaster of county 7 within the observed time frame. Y; .., is the outcome in response
to the treatment. Yif’;l is the potential outcome of county i in a world where it is untreated.
Each CATT, , is then the average treatment effect | periods from initial treatment for all
counties first treated at time e. The main identifying assumptions are parallel trends in the
baseline outcomes and no treatment effect on pre-treatment periods, and potential treatment
effect heterogeneity.

| estimate all CAT'T, ; using a linear two-way fixed effects event study model that interacts
relative period indicators with cohort indicators, excluding the last treated as control C' and
the year before treatment [ = —1:

Yii=a;+ M+ Z Z 6e7l(1{Ei =e} Di,t) + €y, (3.2)
e¢C l+-1

The county fixed effects «; remove any geographic differences between the counties that are
time-invariant, such as risk of experiencing a natural disaster, elevation, proximity to the coast
or differences in time-constant spending. The year fixed effects )\, capture any time-variant
factors across different years. 1{ E; = e} is an indicator for a county 7 belonging to treatment
cohort e, and nyt is an indicator for county i being [ years away from treatment. Alternatively,
one can also use never-treated counties as control, which | implement as a robustness check.
Se,l is the difference-in-differences estimator for C AT'T, ; that needs re-weighting. Sun and
Abraham, 2021 estimate the weights Pr(E; = e¢|E; € [-1,T — []) with total periods T by
sample shares of each cohort in the relevant period [ € g from its corresponding set g.

To derive the interaction-weighted estimator, Sun and Abraham, 2021 take the weighted
average over all estimates for CAT'T, ; multiplied by the sample share of each cohort in the
period Pr(E = e):

1
Uy = —
7 gl

> > 6 Pr(E; = e|E; € [-1,T - 1]) (3.3)

leg e

Under parallel trends, limited anticipation, and potential treatment effect heterogeneity, v, is
consistent. Unless specified otherwise, standard errors are clustered at the county level.

3.4.2 Static Two-Way Fixed Effects

Some counties experience multiple disasters, and disasters vary in intensity. To illustrate
these channels, | estimate a static two-way fixed effects model where several post treatment
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indicators are collected in a set. The baseline equation is the following;:

Yie=a;+ M+ BD;; + ey, (3.4)

where «; and ), are county and year fixed effects, respectively. First, | binarize the treatment
following Callaway et al., 2024 such that Dif = 1{D,;, > 0} is a dummy of whether a
county experienced at least one disaster in the past five years in a county and year, similar to
Deryugina, 2017 and Jerch etal., 2023.” The control group are counties that did not experience
a natural disaster in the past five years. As a robustness check, | include state times year fixed
effects to compare counties within states and account for time-varying factors specific to each
state. Standard errors are clustered at the county level and all estimations are weighted by
the county population in 2008.

The first intensification channel is the severity of a natural disaster. | estimate the equation:

. 1-5 . 1-5
Yii=a; + N+ Major;, + 6o Minor;, + €4, (3.5)

Major,-lg5 is an indicator equal to 1 if a county experienced at least one major disaster in the
past 5 years. Mz'norilg‘r’ is an indicator equal to 1 if the county experienced no major disaster
but at least one minor disaster in the past five years, similar to Jerch et al., 2023. All other
specifications are identical to Equation 3.4. 4, and 4, provide estimates of the impact of any
type of disaster that falls into either of these two categories. | use three alternative methods
to measure the severity of a disaster. In the first specification, | follow Boustan et al., 2020 and
define major natural disasters as such that caused more than 25 deaths, which corresponds
roughly to the median value of fatalities. Boustan et al., 2020 argue that the actual number
of fatalities might be determined by economic development, which is why they avoid using
the actual number of fatalities and prefer to use this simple threshold. Alternatively, one
can distinguish between major and minor disasters based on costs. | define major natural
disasters as such that cause more than one billion dollar (adjusted) total damage. Lastly, |
split disasters on whether the event lasted more than 50 business days or less.

The second intensification channel is the number of natural disasters. More frequent disasters
could be more detrimental if counties have no time to recover (Pleninger, 2022). Counties
might also enhance their level of protection through increased exposure to disaster events.

Let the number of natural disasters be the dose d that a county experienced in the past five
years. To study if more disasters cause more harm or whether counties are adapting, | estimate
the following model:

" The dummy includes the past five years to capture longer term effects of the treatment.
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J
Yii=a;+ M\ + Z 1{Di1,;5 =d;}v; + €y, (3.6)

J=1

where {D,}I_5 = d;} is a series of dummy variables equal to 1 if county 7 in year ¢ experienced a
dose of d; natural disasters in the past five years, with untreated units as the omitted category.
The spatial distribution of the number of natural disasters is shown in panel b) of Figure 3.3.
This treatment specification follows the multi-valued discrete setting in Callaway et al., 2024
and the OLS coefficients ¥ = (7, ..., 7;) are estimators of the average level treatment effect
over treatment dosages. However, comparison between different dosages requires stronger
assumptions than standard parallel trends. Under strong parallel trends, the path of outcomes
for lower-dose units must reflect the path of higher dose units had they received the lower-
dose. In absence of this condition, the comparison across dose groups can still be interpreted
as a causal response. However, it is contaminated by the selection bias (Callaway et al., 2024).

3.5 Results

3.5.1 Event Study Results

To assess how student achievement evolves over time, | estimate the event study design from
Equation 3.2, following Sun and Abraham, 2021.

Figure 3.4 shows that there is a negative effect of natural disasters on student achievement
from the year a county is hit by a natural disaster (year = 0) until up to five years later. Compar-
ing different student cohorts over time, math achievement in grade three is about 0.025 of a
standard deviation lower one year after the natural disaster. Since one standard deviation is
approximately three grade levels, students fall around 0.075 grade levels behind due to the
natural disaster. The effect is very persistent, such that students in grade three in counties
that experienced a natural disaster five years earlier are still 0.03 standard deviations behind.
The results look similar for grades four and five, although the effects are somewhat smaller
for grade four and again smaller for grade five. For grade five, only the effect one year after
the disaster is statistically significant.

The analysis primarily focuses on grade three, as grades six to eight are not as extensively
covered in the SEDA data. Despite these limitations, the results for grades six to eight are
presented in Figure A3.1, which also indicate negative effects in the higher grades. However,
these effects are not always significantly different from zero. Grade eight shows a positive
point estimate in the year of the disaster, but it is close to zero and not statistically significant,
making it difficult to draw any firm conclusions.
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The coefficients in the years before the natural disaster in Figure 3.4 are all not significantly
different from zero, reassuring that the parallel trends assumption holds. One issue discussed
in the recent difference-in-differences literature is that pre-trend tests can be under-powered,
such that one cannot reject the absence of pre-trends, nor can one reject the potential exis-
tence of pre-trends that would cause significant bias (Bilinski and Hatfield, 2018; Freyalden-
hoven et al., 2019; Kahn-Lang and Lang, 2020; Roth, 2022).8 Roth, 2022 finds that linear
violations of parallel trends, which pre-trend tests detect only 50 percent of the time, can
cause biases equal to or greater than the estimated treatment effect. Table A3.2 suggests
that the pre-trend test from the baseline event study would detect a small linear trend of
magnitude 0.006 with 50 percent power and a linear trend of 0.010 (0.009 for grade four and
five) with 80 percent power. However, the low likelihood ratio of the observed coefficients
under the linear trend of 0.010 relative to parallel trends favors parallel trends. For the small
linear trend of 0.006 under 50 percent power, the likelihood ratio is still low for grade five
but closer to one for grade three and four. I illustrate this linear trend as the red solid line in
Figure A3.2. Itis likely that a linear violation did not cause the estimated effect if it cannot fully
explain the pattern in the event study. For grade three and five, the linear trend falls outside
the confidence intervals. The linear trend would cause a bias of at most 0.013 for grade three
in the year after the natural disaster, which is considerably smaller than the estimate. For
grade four, the results are less robust and the bias would be larger or similar to the estimated
treatment effect for the later post-treatment years if such a linear trend existed. | will conduct
further robustness checks following Borusyak et al., 2024 and assess the sensitivity of the
results in a number of ways.

Another issue highlighted by Roth, 2022 is that samples failing to detect a linear trend in the
population means can suffer from selection bias. This bias often increases the bias arising
from violations of parallel trends. To illustrate this, | assume that the true population means
follow the red, solid line in Figure A3.2. The dotted blue line shows the expected coefficients
on average, conditional on not finding a significant pre-trend. However, in this analysis, the
blue dotted line is very close to the red, solid line, which suggests that the selection bias does
not exacerbate the bias in my baseline event study.

Additionally, | estimate event study results following the imputation method by Borusyak et al.,
2024 and the two-stage difference-in-differences method by Gardner, 2022. The imputation
method proposed by Borusyak et al., 2024 separates pre-trend testing from the estimation
of treatment effects, removing the correlation between treatment effects and pre-trend es-
timators.” This approach avoids the bias introduced by pre-testing, as highlighted by Roth,
2022. Figure A3.3 shows that the pre-trend coefficients, with the exception in grade three and
five, are statistically insignificant. The F-test cannot reject the hypothesis that coefficients are

® Pre-trend tests reverse the roles of a type | and a type Il error. A 95 percent confidence interval sets the
probability of finding a violation when parallel trends actually hold to 5 percent, but the probability of failing to
detect a pre-trend can be much higher (Bilinski and Hatfield, 2018).

’ Borusyak et al., 2024 run the pre-trend test with a dynamic TWFE specification on the set of untreated obser-
vations only.
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jointly equal to zero with a p-value of 0.184 for grade three and 0.706 for grade four, lending
further support to the parallel trends assumption. Only for grade five, the F-test weakly rejects
the hypothesis that coefficients are jointly equal to zero with a p-value of 0.025. The impu-
tation method and the two-stage difference-in-differences method in Figure A3.4 generally
confirm the negative effects on student achievement from grades three to five. However,
both methods produce larger standard errors. Interestingly, they produce a positive point
estimate for grade three, four years after the disaster event. As with Sun and Abraham, 2021,
the period-four estimate is not significantly different from zero.

In the standard setting of Sun and Abraham, 2021 in Figure 3.4, the last treated cohort serves
as the control group. As a sensitivity analysis, one can augment the control group by using
counties that were never treated as a control. Figure A3.5 illustrates that this specification
yields virtually identical results. Sun and Abraham, 2021 provide a method particularly for
the event study setting, making it an especially appropriate baseline model for this study.
Additionally, | estimate event study results following the imputation method by Borusyak
et al., 2024 and the two-stage differences-in-differences method by Gardner, 2022. Figure A3.3
shows that these methods generally confirm the negative effects on student achievement from
grades three to five. However, both methods produce larger standard errors. Interestingly,
they produce a positive point estimate for grade three, four years after the disaster event. As
with Sun and Abraham, 2021, the period-four estimate is not significantly different from zero.

The main specification with Sun and Abraham, 2021 focuses on a single grade level, comparing
different cohorts over time. Alternatively, we can pool all grade levels and add cohort fixed
effects to account for variations across cohorts. Panel a) of Figure A3.6 shows the pooled math
score of all grade levels. Panel b) adds cohort fixed effects to the pooled math scores. Both plots
appear nearly identical. The results in Figure A3.6 confirm a significant negative effect in the
year of the natural disaster and the year after. In the following years, the point estimates show
negative values, gradually approaching zero each year and becoming statistically insignificant.
By the fifth year after the natural disaster, the point estimate slightly exceeds zero, but without
significant deviation from it.

In summary, student achievement experiences a significant negative decline when a disaster
strikes a county, particularly evident in the year of the natural disaster and one year after.
These adverse effects persist for up to five years following the natural disaster. Notably, the
impact is most pronounced and enduring among grade three students compared to those
in grades four and five. This implies that disasters detrimentally affect cohorts, even those
not yet enrolled in school at the time of the event. For example, a student showing lower
math performance in third grade five years after the disaster would have been of preschool
age at the time of the disaster, still three years away from starting elementary school. The
negative effects may stem from a potential decline in preschool quality and supply. Part of this
impact could also be linked to a reduction in children’s health stock, consistent with findings
by Fuller, 2014, who reports negative impacts on grade three achievement for children whose
parents were exposed to hurricanes during pregnancy. Other possible mechanisms include
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financial difficulties, a decline in infrastructure and school quality, especially if high-quality
teachers relocate from the affected areas or if teachers and parents experience significant
mental distress. Such distress can reduce parental support and affect the quality of teaching,
ultimately impacting student achievement.

Achievement gaps: The persistent negative effects in grade three could affect vulnerable
children more strongly than others and thus widen achievement gaps. The existing literature
suggests that boys and girls respond differently to family and school environments. (Bertrand
and Pan, 2013; Autor et al., 2016, 2019), with boys often demonstrating more adverse outcomes
in test scores and disciplinary issues in response to disruptive (family) events. Descriptively,
the male-female gap in mathematics within the SEDA data is negligible. Figure 3.5 shows that
in grade three, boys (panel b) face more negative effects than girls (panel a). However, panel c)
indicates that the effect on the male-female gap is not significant, except for one year after the
natural disaster. There is also no significant effect on the gender gap in grade four, as shown
in Figure A3.7. However, in grade 5, there is a significant negative effect on the male-female
gap, suggesting that boys may experience more pronounced setbacks in learning outcomes
as a result of such events.

Panel a) of Figure 3.6 displays the negative effect on economically disadvantaged children
in grade three."® However, panel b) shows no clear evidence of a widening socio-economic
achievement gap post-disaster in grade three, except for the period five years after the natural
disaster. For grade four and five, Figure A3.8 suggests a widening of the socio-economic gap,
indicating that students from economically disadvantaged backgrounds are more adversely
affected by the disaster.

Per-pupil spending: Interms of effect heterogeneities, an alternative approach involves
exploring different county attributes to investigate whether certain counties demonstrate
greater resilience to natural disasters. | split the sample into ex-ante low and high per-pupil
spending counties. Counties with per-pupil spending above USD 11,000 in 2009, which was
approximately the average, are classified as high-spending counties. All other counties are
classified as low-spending counties. Figure 3.7 shows that high per-pupil spending counties
only experience significant negative effects in the year following the natural disaster, then
appear to recover more quickly. In contrast, low per-pupil spending counties exhibit negative
results until three years after the natural disaster. However, Table A3.1 indicates that counties
with lower per-pupil spending also exhibit lower ex-ante student achievement and a higher
proportion of students eligible for free or reduced-price lunch. Consequently, the observed
effect cannot be solely attributed to differences in per-pupil spending. Instead, it underscores
the broader disparities in disaster resilience that are closely tied to financial resources, as
highlighted by Cutter et al., 2008. The link between financial investment and resilience to

1% SEDA does not provide a separate achievement score for children who are not economically disadvantaged.
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natural disasters appears to be a consistent theme across different domains. Auh et al., 2022
find that municipal bonds backed by diversified revenue sources are generally resilient to
natural disasters, except for those issued by municipalities in weak financial condition. This
exception is attributed to the challenges faced by financially burdened municipalities in
diversifying away the shock caused by severe natural disasters.

3.5.2 Heterogeneity by Disaster Characteristics

The previous section demonstrates that the effects on student achievement are consistently
negative over time. Notably, the impact across the post-disaster periods remains similar,
justifying their aggregation into a static effect. The specifications from Chapter 3.4.2 allow
for more flexibility to study different channels, such as disaster severity, frequency, and
type. Beginning with the baseline estimate for the static TWFE model in Equation 3.4, the
initial column of Table 3.2 displays the outcomes without weighting. On average, third-grade
students in counties experiencing at least one natural disaster within the past five years
demonstrate a performance decline of 0.021 standard deviations. In the subsequent column,
the preferred specification integrates population weights to address variations in population
sizes across US counties. According to this specification, student achievement declines by
0.028 standard deviations. Model 3 incorporates state times school year fixed effects to enable
comparisons among counties within states. The state-school year fixed effects control for
unobserved time-varying state effects such as state fiscal shocks. However, this specification
may inadvertently absorb some of the treatment effect (Wolfers, 2006). As anticipated, the
coefficient is half the size, yet the overall interpretation of the results remains consistent. The
static estimates closely align with the average across the five post-treatment periods when
employing the event study design in Figure 3.4.

Severity of disasters: The negative coefficient observed in Table 3.2 may be driven by
severe natural disasters, while smaller-scale disasters may not have a significant impact. To
investigate this possibility, | estimate Equation 3.5 and differentiate between minor and major
natural disasters. In the first column of Table 3.3, | define major disasters as those resulting
in more than 25 deaths, following the definition by Boustan et al., 2020. All regressions
are population-weighted. Counties in the aftermath of a major natural disaster exhibit a
performance decline of 0.038 standard deviations compared to counties unaffected by natural
disasters. However, the coefficient on minor natural disasters remains close to the overall
effect with a significant of coefficient of -0.027, indicating that also below-average natural
disaster cause severe harm.

In column two, | dissect disasters by their costs, employing a threshold of 1 billion dollars
in damages as the cutoff point. The point estimate for major disasters is -0.042, but it is not
only the 1 billion dollar disasters that impede learning. Minor disasters in this specification
decrease student achievement by 0.025 of a standard deviation. Lastly, | redefine major
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disasters based on the duration of the disaster declaration, with durations exceeding 50 days
classified as major disasters. Counties experiencing a disaster that lasted more than 50 days
have a -0.068 lower student achievement, but again, also shorter disasters cause significant
harm in student achievement with a significant coefficient of -0.025. These results align
with Opper et al., 2023, who also find the largest effects from very large disasters, defined
as those causing over $500 per capita property damage. They also show that even disasters
exceeding $100 per capita property damage lead to significant negative impacts on student
achievement.™

Multiple disasters: In some counties, multiple natural disasters occurred within the ob-
served time frame. The occurrence of several disasters could intensify their adverse effects,
leaving counties with limited time to recover. However, another perspective suggests that
counties may develop greater resilience and adaptability to natural disasters over time, po-
tentially reducing the harm caused by frequent occurrences. | estimate Equation 3.6, which
includes a dummy variable for each count of disasters. The counterfactual are counties that
did not experience any disaster in the past five years.

Figure 3.8 demonstrates a clear trend: as the number of natural disasters increases, students
in affected counties experience progressively worse academic performance. This suggests
that frequent occurrences of natural disasters may leave counties with insufficient time for
recovery, contributing to the persistent decline in academic performance.

Disaster type: Certain types of natural disasters may have a more pronounced impact on
student achievement than others. As depicted in Figure 3.9, volcanic activity and landslides
cause the greatest harm. However, those are relatively rare events and are thus unlikely to
drive the results. Earthquakes, though rare, can cause substantial infrastructure damage
and incur high costs. These events are associated with a 0.05 standard deviation decrease
in student achievement. More frequent events, such as hurricanes and fires, reduce student
achievement by 0.05 standard deviations, while the effects of storms and floods are close to
zero and not significant.

3.5.3 Mechanisms

The results show that disasters detrimentally affect cohorts, even those not yet enrolled in
school at the time of the event. Thus, missed days in school cannot be the only factor at
play. There are many potential mechanisms that may play a role, including long-lasting infras-
tructure damage, relocation of higher-performing students or high-ability teachers, financial
difficulties of families, and a decline in the health stock of children and caregivers. Some of

1 Unlike Equation 3.5, Opper et al., 2023 only consider disasters that occurred within the same year and estimate
their effect on the first difference of student achievement.
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these mechanisms can be tested directly with the available data. In this section, | discuss
them in more detail, focusing on migration patterns, changes in the student composition, and
mental health of the adult population.

Migration: The loss of human capital following a natural disaster poses a significant detri-
ment to a region or county, whether it be through the decline in cognitive abilities of the
population or through a brain drain. One concern is that some families might have moved
away after the disaster event. If families move within counties, this is still reflected in the
student achievement county score. However, the migration of selected families from or into
the county might partially account for the decline in student achievement. Overall, around
5% of the population of the county baseline population leaves the county each year and 5%
of the county baseline population moves in from another county.

Figure 3.10 shows the event studies for in- and out-migration of the county. Interestingly, there
is an increase in the inflow and the outflow. Both variables are highly correlated. However,
this increase is very small, with the largest point estimate being 0.003 percentage points.
Although the effects on migration are small, the second question is if these migration patterns
are selective, because certain groups have better financial resources and job opportunities
to choose their place of residence more freely. If migration outflow was positively selected
while migration inflow was negatively selected, it could lead to an overestimation of the effect
on student achievement. However, Figure A3.9 demonstrates that the aggregate adjusted
gross income (AGI) of the out-migrating population remains unchanged after a disaster event.
This suggests that out-migrating families are not more positively selected after a disaster. On
the contrary, the increase in aggregate AGl indicates that the incoming households may be
slightly more positively selected compared to those before a disaster.

Since high-SES students tend to perform better academically than their low-SES peers, this
implies that if there is any impact, it may be an underestimation of the effect of natural
disasters on student achievement.

Student composition: Next, | test if natural disasters shift the student composition. As
depicted in Figure 3.11, overall enrollment, the share of Black students and the share of White
students remain unchanged. This underscores that selective migration or a selective reloca-
tion of students is unlikely. There is a significant rise in the number of students receiving free
or reduced lunches two to four years after the disaster event. Given the results on aggregate
adjusted gross income for both in-migration and out-migration, this shift is unlikely to be
driven by migration. Instead, it appears to be more closely related to a financial deterioration
of the population following a natural disaster. Although not entirely clear, this suggests that
financial distress within families could be a key channel through which natural disasters
negatively impact student achievement in the long term.
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Adult mental health: Long-run effects of early life exposure to natural disasters may be
linked to a reduction in the mental and physical health stock (Karbownik and Wray, 2019). Un-
fortunately, | cannot directly test the effect on children’s mental health due to data limitations.
However, mental health of adults could serve as a critical channel. Adults experiencing distress,
anxiety, or depression following a natural disaster may struggle to provide the necessary sup-
port and stability for children, at home, at school, and within the broader community, which
could have long-term negative consequences for children’s cognitive and socio-emotional
development. Moreover, adults grappling with their own mental health may find it challeng-
ing to model positive coping strategies or maintain consistent communication with schools,
hindering the implementation of effective interventions to support student well-being and
academic success. However, Figure 3.12 shows no effect on the average number of mentally
unhealthy days.

3.6 Discussion and Conclusion

This research unveils a persistent negative impact on student achievement following natural
disasters, with students experiencing setbacks for up to five years post-event. These dynamics
signal a depletion in the human capital reservoir of these regions, resulting in long-term
economic damage (Gust et al., 2024). Leveraging data from the SEDA database spanning
2009 to 2018 and FEMA disaster declarations, | apply state-of-the-art difference-in-differences
techniques by Sun and Abraham, 2021 to produce event study estimates that account for
heterogeneous treatment effects in this staggered framework. Boys and low-SES children
experience somewhat stronger effects. Alternative difference-in-differences methods by
Borusyak et al., 2024 and Gardner, 2022, along with an alternative control group specification,
confirm the detrimental effects on students. These findings are particularly concerning given
the increasing frequency and severity of natural disasters. Except for the Covid-19 pandemic,
natural disasters are the most frequent reason for prolonged unplanned school closures in
the US.

However, school closures represent just one facet through which natural disasters impact
human capital. The observed negative effects on cohorts not yet enrolled during disasters
suggest a depletion of health resources among younger children, damage of school buildings
and facilities, lower financial resources of families and communities, and potential shifts in
student and teacher composition of affected areas as contributing factors. While not all of
these channels are directly testable, the increase in the share of students receiving free or
reduced lunch suggests financial distress in families may be a key mechanism.

Significant divergences emerge when considering pre-disaster investment levels, with coun-
ties with higher per-pupil expenditure demonstrating swifter recovery compared to their
lower-spending counterparts. However, countries with lower pre-disaster investment levels
also have an ex-ante higher share of children receiving reduced or free lunch. Neverthe-
less, this finding holds important policy implications, indicating that augmenting per-pupil
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spending can enhance community resilience against human capital erosion caused by natural
disasters. Future inquiries should delve into the specific types of investments pivotal in shield-
ing against disaster-induced damage. Unfortunately, empirical evidence by Deryugina, 2017
suggests that governments typically curtail education spending in the aftermath of natural
disasters, which could worsen the situation in future disasters.

The results in this paper show that having multiple disasters in a row can cause more dam-
age. Furthermore, the severity and nature of disasters play pivotal roles, with major events
such as hurricanes exerting the most pronounced adverse impact on student performance.
These findings underscore the imperative for proactive disaster preparedness and response
measures, alongside targeted interventions.
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Figures and Tables

Figure 3.1: Days of school closures in the US between 2011 and 2019
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Notes: The figure shows unplanned school closure days in the US by general causes on panel a) and by type of natural disaster in Panel b).

Jahan et al., 2022 conducted daily systematic online searches to collect data on publicly announced unplanned school closures lasting at
least one school days in the United States from August 1, 2011, through June 30, 2019.
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Figure 3.2 : Summary statistics: FEMA disaster declarations
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Notes: Panel a) shows total events declared as disaster in FEMA. Every disaster is counted only once even when declared in multiple
locations. Panel b) shows number of disasters by disaster type in FEMA between 2009 and 2018. Panel c) shows average disaster fatalities if
information on fatalities exists. Panel d) shows average value of the damage in thousands of US dollars at the moment of the event adjusted
for inflation using CPI. Note that EM-DAT includes only disasters with at least 10 fatalities, 100 affected or if a country called for international
assistance or an emergency declaration.

98



3 (Not) Going to School in Times of Climate Change: Natural Disasters and Student
Achievement

Figure 3.3 : Map: First year of disaster and number of disasters
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Notes: The figure shows the first year of a FEMA disaster declaration between 2009 and 2018 for the Sun and Abraham, 2021 estimations and
the average number of FEMA disaster declarations in the past five years.
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Figure 3.4 : Event study: Math achievement
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for grade three, four, and five. The
x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis represents the estimate with 95% confidence
intervals. The figure shows a decrease in math achievement after the natural disaster.
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Figure 3.5 : Event study: Gender achievement gap
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for the male-female gap in grade
three math achievement. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis represents the

estimate with 95% confidence intervals.
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Figure 3.6 : Event study: Socio-economic gap
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for the socio-economic gap in
grade three math achievement. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis
represents the estimate with 95% confidence intervals.
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Figure 3.7 : Heterogeneity by per-pupil spending
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for math achievement by high and
low per-pupil spending. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis represents the
estimate with 95% confidence intervals.
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Figure 3.8 : Heterogeneity by number of disasters
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Notes: The figure shows the results from estimating equation 3.6 that contains county and school-year fixed effects, population weights and
a dummy for each disaster count over the past five years.
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Figure 3.9 : Heterogeneity by disaster type
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Notes: The figure shows the results from estimating equation 3.6 that contains county and school-year fixed effects, population weights and
a dummy for whether a disaster type occurred in the past five years.
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Figure 3.10 : Event study: Migration
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Notes: The figure shows the results from the event study analysis following Sun and Abraham, 2021 for migration inflow and migration
outflow. The x-axis represents years relative to the first natural disaster between 2010 to 2018. The y-axis represents the estimate with 95
confidence intervals.
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Figure 3.11: Event study: Enrollment and student composition
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Notes: The figure shows the results from the event study analysis following Sun and Abraham, 2021 for enrollment, share of White students,
the share of Black students, and share of students receiving free or reduced lunch in grade three. The x-axis represents years relative to the
first natural disaster between 2010 to 2018. The y-axis represents the estimate with 95% confidence intervals.
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Figure 3.12 : Event study: Adult mental health
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Notes: The figure shows the results from the event study analysis following Sun and Abraham, 2021 for mental health. The x-axis represents
years relative to the first natural disaster between 2009 and 2018. The y-axis represents the estimate with 95% confidence intervals.
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Table 3.2 : Static effect on student achievement

Math score grade 3
Model 1 Model 2 Model 3
(1) (2) (3)

Disaster -0.0206™*  -0.0284™** -0.0141"*

(0.0054)  (0.0080)  (0.0067)
Population-weighted v v
Observations 15,930 15,930 15,930
R? 0.76518  0.87385  0.90586
Within R? 0.00153  0.00693  0.00151
County fixed effects v v v
School year fixed effects v v
State-school year fixed effects v

Note: The table presents the results from estimating the TWFE model in equation 3.4 for math achievement in grade three. Model 1 contains
only county and school-year fixed effects and no weights. Model 2 contains county and school-year fixed effects and is weigthed by the
ex-ante county population size. Model 3 contains county and state times school year fixed effects and population weights. Clustered (county)
standard-errors in parentheses. Signif. Codes: ***: 0.01, **: 0.05, *: 0.11
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Table 3.3 : Heterogeneity by severity of disasters

Math score grade 3
By fatalities By damage By duration

(1) (2) 3)
Minor disaster -0.0274"**  -0.0251™""  -0.0247™""
(0.0079) (0.0080) (0.0077)
Major disaster -0.0377"**  -0.0423"*"  -0.0680™""
(0.0137) (0.0115) (0.0131)
Observations 15,930 15,930 15,930
R? 0.87391 0.87422 0.87516
Within R 0.00738 0.00980 0.01723
County fixed effects v v v
School year fixed effects v v v

Note: The table presents the results from estimating the TWFE model in equation 3.5 with county and school year fixed effects for math
achievement in grade three. Major disasters are those that caused more than 25 deaths (column 1), more than 1 billion dollar (adjusted)
total damage (column 2), or that lasted more than 50 business days (column 3). All models contain population weights. Clustered (county)
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Appendix

A3.7 Appendix Figures and Tables

Figure A3.1: Event study: Math achievement in higher grades
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(c) Math achievement in grade eight

Notes: The figure shows the results from the event study analysis following Sun and Abraham, 2021 for grade six, seven, and eight. The x-axis
represents years relative to the first natural disaster between 2009 and 2018. The y-axis represents the estimate with 95 confidence intervals.
The figure shows a decrease in math achievement after the natural disaster.
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Figure A3.2 : Pre-trend diagnostics: Math achievement
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Notes: The plots show the pre-trend diagnostics by Roth, 2022 for the Sun and Abraham, 2021 estimates. The red, solid line is the a linear
violation of parallel trends that a pre-trend test would detect with 50 percent power. The dashed blue the expected coefficients conditional
on not finding a significant pre-trend if the true population means were the hypothesized red, solid line.
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Figure A3.3: Event Study: Math achievement with imputation method
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Notes: Event study analysis following the imputation method by Borusyak et al., 2024 for grade three, four, and five. The x-axis represents
years relative to the first natural disaster. The y-axis represents the estimate with 95% confidence intervals.
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Figure A3.4 : Event Study: Math achievement with two-stage difference-in-differences
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Notes: Event study analysis following the two-stage DiD method by Gardner, 2022 for grade three, four, and five. The x-axis represents years
relative to the first natural disaster. The y-axis represents the estimate with 95% confidence intervals.
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Figure A3.5 : Event study: Math achievement never-treated as control
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(c) Math achievement in grade five

Notes: The figure shows the results from the event study analysis following Sun and Abraham, 2021 for grade three, four, and five with
never-treated counties as control group. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis
represents the estimate with 95% confidence intervals. The figure shows a decrease in math achievement after the natural disaster.
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Figure A3.6 : Event study: Math achievement with pooled grades and cohort fixed effects
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(b) Math achievement with cohort fixed effects

Notes: The figure shows the results from the event study analysis following Sun and Abraham, 2021 for grade three to eight a) pooled and b)
including cohort fixed effects. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis represents
the estimate with 95% confidence intervals. The figure shows a decrease in math achievement after the natural disaster.

Figure A3.7 : Event study: Male-female achievement gap in grade four and five
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for the male-female gap in grade
four and five math achievement. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis

represents the estimate with 95% confidence intervals.
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Figure A3.8 : Event study: Socio-economic achievement gap in grade four and five
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for the socio-economic gap in
grade four and five math achievement. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis
represents the estimate with 95% confidence intervals.

Figure A3.9 : Event study: Aggregate adjusted gross income
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Notes: The figure shows the main results from the event study analysis following Sun and Abraham, 2021 for the aggregate adjusted gross

income. The x-axis represents years relative to the first natural disaster between 2009 and 2018. The y-axis represents the estimate with 95%
confidence intervals.
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Table A3.1: Balancing table: High and low per-pupil spending

High (N=659) Low (N=928)
Mean Std.Dev. Mean Std.Dev. Diff.in Means Std. Error
Math grade 3 -0.024 0.308 -0.084 0.272 -0.060 0.015
Percent Black students 0.133 0.211 0.144 0.209 0.010 0.011
Percent White students 0.681 0.273 0.733 0.251 0.052 0.013
Percent free/reduced lunch 0.511 0.177 0.564 0.151 0.053 0.008
Log enrollment 6.069 1.427 5.934 1.037 -0.135 0.065

Note: The table shows the mean and the standard deviation by high and low per-pupil spending, the difference in means, and the standard
error.

Table A3.2: Pre-trend test results

Metric Grade3 Grade4 Grade5
Power 50 50 50
Hypothesized trend 0.006 0.006 0.006
Bayes factor 0.585 0.586 0.235
Likelihood ratio 1.038 1.105 0.526
Power 80 80 80
Hypothesized trend 0.010 0.009 0.009
Bayes factor 0.234 0.234 0.235
Likelihood ratio 0.336 0.372 0.526

Notes: Summary statistics of power, slope and bias calculation (Roth, 2022). The table shows the probability that we would find a significant
pre-trend (set to 50% or 80%), the slope of the differential trend that we would be able to detect with that power, the ratio of the probability
of “passing” the pre-test under the hypothesized trend relative to under parallel trends (a smaller Bayes factor favors parallel trends over
the hypothesized trend when the pre-trend is insignificant), the likelihood ratio of the observed coefficients under the hypothesized trend
relative to under parallel trends.
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4 Does Civic Education Foster Civic Engagement?*

In recent years, democracies worldwide face increasing challenges to their legitimacy and
stability. Voter turnout has declined over the last decades (Kostelka and Blais, 2021). Political
disillusionment among younger generations is prevalent (Kitanova, 2020) - with exceptions
like Fridays for Future and the Last Generation movements. There has been arise in support
for populist parties in several European countries (Noury and Roland, 2020), and a resurgence
of racism and antisemitism (Huneke, 2024). The COVID-19 pandemic further exacerbated
political distrust, and the proliferation of fake news and hate speech, especially online, has
targeted both political and civil society elites (Kalsnes, 2023). Amidst these multifaceted
crises, often referred to as a "polycrisis" (Lawrence et al., 2024), there is a desperate search for
solutions. Civic education in schools is frequently highlighted as a potential remedy (Manning
and Edwards, 2014a; Hamm et al., 2023)."

Our study contributes to this discourse by examining the long-term impact of civic education
in schools on students’ civic engagement later in life. Specifically, we investigate the effects of
introducing mandatory civic education in schools on civic engagement in adulthood, examin-
ing the impact of civic education at the extensive margin. Additionally, we explore whether an
increase in the number of hours dedicated to civic education influences civic engagement,
thus examining the impact of civic education at the intensive margin, a topic often addressed
in political debate.

We leverage the distinctive German context characterized by significant post-war variations
across states and school tracks due to reforms affecting the presence and intensity of civic
education in the classroom. In the German federal education system, the education ministers
of each state are responsible for implementing education reforms, including any changes
to school hour schedules. These schedules specify the weekly hours allocated to various
learning areas and subjects for each type of school.

We collect a unique new dataset which encompasses the weekly hours allocated to civic
education across all German states and the three secondary school tracks since 1976. We
restrict the analysis to the 10 West German states. East and West Germany had fundamentally

" This chapter is co-authored with Sven Resnjanskij, Larissa Zierow, Marcel Helbig, and Norbert Sendzik. It is
based on the paper ‘Does Civic Education Foster Civic Engagement?’. The project was supported by the Leibniz
Competition (SAW 2019).

! Therole of schools in fostering civic engagement among future generations has long been emphasized by
political leaders. For instance, Willy Brandt famously remarked, “Die Schule der Nation ist die Schule” (The
school of the nation is the school), and Abraham Lincoln noted, “Teach the children so it won’t be necessary to
teach the adults.”
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different political, economic, and educational systems due to their division until 1990, which
could otherwise confound our results.

We link the curricular records to individual level outcomes from the German Socio-Economic
Panel (SOEP) based on state, school track, and time of secondary schooling in childhood. Our
main variable of interest is an index of civic engagement that Hener et al. (2016) constructed
specifically for the SOEP. Our final data set enables us to analyze the impact of civic education
across multiple decades of school cohorts and investigate long-term outcomes.

Descriptively, we show that civic engagement increases with age, conditional on cohort
and without controlling for civic education. Additionally, it positively correlates with higher
education, being male, and having a high socio-economic status. These patterns arein line
with existing literature (Putnam, 2000; Dee, 2004).

Our causal approach is based on the reform-induced variation in civic education hours, contin-
gent upon state, school-entry year, and attended school track. Employing the new continuous
difference-in-differences methodology developed by De Chaisemartin and d’Haultfoeuille
(2024), we identify effects from differences in adult outcomes between cohorts within the
same school track in states that experienced alterations in civic education hours, relative
to cohorts in state and school track combinations that were unaffected by changes in civic
education hours.

Our analysis shows that introducing civic education as a subject (at the extensive margin) has
a positive impact on civic engagement. However, findings regarding the intensive margin,
namely the impact of increased average instructional hours, are less definitive, showing
negligible effects on average. Our heterogeneity analysis underscores that individuals from
lower socio-economic backgrounds tend to derive greater benefits from civic education at
the extensive margin than individuals from higher socio-economic backgrounds.

Our study contributes to the following strands of literature. In the field of political econ-
omy and education science, empirical investigations have yielded mixed findings on the link
between educational interventions and subsequent political attitudes, with some studies
revealing limited effects on attitudes despite increases in knowledge (Green et al., 2011). The
existing studies on this question either do not allow making causal claims (e.g., Callahan
et al., 2008; Campbell and Niemi, 2016; Hoskins et al., 2016; Neundorf et al., 2016; Borge, 2017;
Reichert and Print, 2018; Stadelmann-Steffen and Sulzer, 2018; Nelsen, 2021; Sampermans
etal., 2021; Alscher et al., 2022; Otache et al., 2023; Rinnooy Kan et al., 2023), estimate the
effect of general rather than specialized civic education (e.g., Dee, 2004; Milligan et al., 2004;
Siedler, 2010; Sondheimer and Green, 2010; Persson et al., 2016; Meyer, 2017; Lindgren et al.,
2019; Ahlskog, 2021; Apfeld et al., 2022; Harka and Rocco, 2022), or focus on the general
classroom environment or democratic educational aspects of other subjects (e.g., Persson
et al., 2020; Hoskins et al., 2021; Deimel et al., 2024). The studies that causally identify effects
of educational intervention on civic engagement do not estimate the effect of civic education
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as its own subject in school, but focus on interventions that are small enough to be analyzed
in randomized controlled trials like community programs, mock elections, teacher training,
or information provision (Syvertsen et al., 2009; Donbavand and Hoskins, 2021; Kalla and
Porter, 2022). One exception is Jung and Gopalan (2023) who use nationally representative
data to show that adopting civics tests for high school graduation does not affect youth voter
turnout. While their study focuses on the effects of civics tests, our study specifically explores
the influence of civic education as a standalone subject, providing insights into its unique
effects on civic engagement later in life. Unlike previous studies, we study large-scale civic
education programs and provide causal insights into their impact.

A broad literature in the economics of education studies the effect of different school re-
forms. While this research has traditionally focused on academic outcomes, such as academic
achievement and labor-market success (e.g., Hanushek, 1986; Woessmann, 2016b, our study
extends the scope to encompass non-academic outcomes. This expansion of the analytical
lens is motivated by recent contributions highlighting the importance of non-academic out-
comes in educational policy, such as personality traits (Almlund et al., 2011) or soft skills (Koch
et al., 2015). Arold et al., 2022 investigate the impact of school reforms on religious attitudes
and Arold, 2024 analyzes how changes in school curricula influence beliefs in evolution.

The remainder of the paper proceeds as follows. In the second chapter, we present theoretical
considerations regarding how civic education taughtin schools could impact civic engagement
later in life. The third chapter provides a historical and institutional background. In the fourth
section, we present the data. In the fifth chapter, we outline our empirical model, followed by
the presentation of our results in the sixth section. In the seventh section, we conclude our
study.

A3.1 Conceptual Framework

Civic engagement is a repertoire of different activities aiming to defend interests, express
opinions, influence decisions of authorities (Theocharis and Van Deth, 2018), and contribute
to society (Putnam, 2000). Political attitudes and actions are critical components of civic
engagement. Political attitudes generally include political interest, trust, and the feeling of
political efficacy, as well as support for norms and values that foster democratic behavior
(Quintelier and Van Deth, 2014; Weiss, 2020). These attitudes are often measured by indicators
such as satisfaction with democracy (Dompnier and Berton, 2012; Claassen et al., 2023).
Political actions, viewed through the lens of democratic theory in established democracies,
are often referred to as political participation. It includes activities undertaken by citizens
to influence political decisions (Verba et al., 1995; Quintelier and Van Deth, 2014). These
general definitions underscore the normative core of political socialization, emphasizing the
importance of both attitudes and actions in shaping civic engagement.
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Adolescence, often referred to as the "impressionable years", is a critical phase for political
socialization (Neundorf et al., 2016). This phase coincides with significant cognitive devel-
opment, particularly as the frontal lobe of the brain undergoes intense transformation and
thus presents an opportunity for societal interventions, as adolescents begin to exert some
agency in their decision-making processes (Hoxby, 2021). Imprinting theory highlights that
experiences during sensitive developmental stages can have lasting effects and that learn-
ing experiences activated by the environment during critical developmental periods lead to
long-lasting outcomes (Marquis and Tilcsik, 2013).

Political attitudes and actions can be shaped by various factors during adolescence. Under-
standing the role of school-based civic education in political socialization requires distinguish-
ing among these factors. Deimel (2023) uses Bronfenbrenner’s (1981) socio-ecological model
to differentiate between relevant environments and mechanisms: the family environment,
the school environment, interactions between family and school environments, and broader
societal influences (for a more in-depth discussion, see Sendzik et al., 2024). We will use this
theoretical framework to explore the potential mechanisms at play when analyzing the impact
of civic education taught in schools on civic engagement in later adult life.

1. Family Environment: The family is the primary instance for direct and indirect political
socialization. Frequent discussions about political topics within the family and higher
socio-economic status (SES) are associated with greater willingness for political partici-
pation (Quintelier, 2015; Hoskins et al., 2016; Janmaat and Hoskins, 2022). Janmaat and
Hoskins (2022) indicate that political attitudes and actions are transmitted from parents
to children, with this transmission occurring during early adolescence and concluding
by age 16. Families have a persistent influence on their children’s political engagement
through the observation of political behaviors, discussion about political issues, and
exchange of political information (Jennings et al., 2009). Because political knowledge
and civic engagement is related to SES, the exposure to political influence of a child will
depend on SES, including factors such as parents’ education, occupation, and income
(Deimel, 2023). Moreover, children can influence family inputs, as shown by Dahlgaard
(2018), who, using a regression discontinuity design, finds that parents are more likely
to vote when their child becomes enfranchised, indicating that trickle-up socialization
can occur where children’s civic engagement impacts their parents’.

2. School Environment: Schools influence students through curricular content, principles
of political education, and participation experiences. The manner of political education,
including open classroom environments and participation in school decision-making
bodies, impacts the acquisition of political knowledge, attitudes, and behaviors. Civic
education can compensate for differences in family inputs or accelerate these differ-
ences depending on the educational system and the quality of civic education provided
(Deimel, 2023). Learning about the political system, different parties, and the role of
citizens can decrease the costs of political participation. This could be especially im-
portant for children receiving lower exposure to political knowledge transfer at home

124



(Neundorf et al., 2016), which means that schools have a compensating effect for fam-
ily inputs. However, in a tracked educational system, such as Germany, children will
likely interact with peers of similar SES and, thus, with a similar socialization at home
(Janmaat et al., 2014). It could also be that students in higher school tracks receive
more and higher-quality civic education. In this case, civic education at school has an
accelerating effect on already existing differences by family background (Deimel, 2023).
However, civic education can also produce socially unequal effects and even negative
impacts for students from more privileged backgrounds. Deimel et al. (2021) show that
in the Netherlands, Denmark, and North Rhine-Westphalia, high levels of formal civic
education are correlated with lower willingness to vote among 14-year-olds from high-
SES families, while being correlated with higher willingness to vote among those from
low-SES backgrounds. The reasons for this divergent effect remain unclear, but the
authors suggest that students from high-SES families may already possess substantial
political knowledge, prompting teachers to focus on more critical content.

. Broader societal and institutional factors: Broader societal and institutional factors form
the framework within which families and schools operate. Democratic systems and
societal values exert significant influence on political attitudes: several studies find
that time spent under a democratic system tends to increase support for democratic
principles (Fuchs-Schiindeln and Schiindeln, 2015; Acemoglu et al., 2021; Kotschy and
Sunde, 2022). Moreover, societal and institutional factors shape the opportunities for
political socialization provided by schools. Deimel (2023) highlights the significance of
these macro-level influences, emphasizing that variations in school resources, curricular
content, and teacher qualifications due to differences in teacher training for political
education can significantly affect political socialization outcomes. Studies like Quintelier
et al. (2011) suggest that countries where political education is a distinct subject tend to
have higher levels of participation in legal protests. However, systematic investigations
into the effects of education policy-prescribed hours for political education have been
limited and our study aims to fill this gap.

In this study, we focus on the impact of compulsory civic education in schools on civic en-
gagement. Specifically, we assess the effect of the number of hours in the school curriculum
dedicated to civic education while holding constant the dimensions of family background
and societal context. Although our primary interest lies in the school channel, particularly the
effect of the number of hours civic education is taught, we also address the other dimensions
of the above presented theoretical framework.

In a heterogeneity analysis, we focus on the role of parental background and discuss the
societal context of educational reforms, assessing theirimpact on different cohorts. To provide
a comprehensive understanding of the broader societal and institutional context, the next
chapter will delve into the historical and institutional background.
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A3.2 Institutional Background: Civic Education in Germany

Based on an extensive literature review on the history of civic education in (West) Germany,
this section explores the evolution and goals of civic education over time. We examine its
historical development, organizational structure, educational content, and the reforms of the
number of instructional hours; for a more in-depth discussion, see Sendzik et al. (2024).

History of Civic Education in Germany After World War Il, the Western Allies, particularly
the United States, prioritized civic education in schools to promote democratic development
in their occupation zones (Gagel, 2005; Herrlitz et al., 2005; Detjen, 2013; Kuhn, 2013).

The re-education approach of the United States, reacting to the atrocities committed under the
Nazi regime, aimed for significant educational reforms, including the introduction of political
education modeled after Social Studies in the U.S. However, the actual implementation faced
resistance, particularly in Bavaria, where local authorities preferred a Christian renewal as a
safeguard against fascism. Despite these challenges, the U.S. efforts led to the introduction
of political education as a subject in Berlin, Schleswig-Holstein, and Hesse by 1946, and
in Wirttemberg-Hohenzollern by 1949. This period also saw the establishment of social
science departments in universities, enhancing the professional training of teachers in political
education (e.g. Kuhn, 2013).

France and Britain pursued their own educational reforms regarding political education in
their occupation zones. Historical evaluations suggest these efforts were less forceful than
those of the U.S. The British left it to the governments of their zone (present-day Schleswig-
Holstein, Hamburg, Lower Saxony, North Rhine-Westphalia) to decide whether to introduce
political education as a subject. The French adopted a laissez-faire approach to political
education (present-day Rhineland-Palatinate, parts of Baden-Wirttemberg, Saarland). In
the Soviet occupation zone, political education initially did not hold the same significance in
reform considerations until 1949, although foundational elements for the later state-centered
subject "Staatsburgerkunde" were laid early on.

The late 1960s and 1970s witnessed a significant shift as political education gained prominence
due to student and youth movements. The criticism of existing civic education as ineffective in
preventing unrest led to calls for more critical and realistic political education. Chancellor Kurt
Georg Kiesinger acknowledged that political education should foster a critical attitude in 1968.
Consequently, the government promoted reforms to make political education more relevant
and responsive to contemporary issues, emphasizing critical thinking over rote learning of
institutional knowledge (Gagel, 2005).

Subsequently, political education became a mandatory, standalone subject with extended
instructional hours. Simultaneously, political education gained traction in teacher training,
exemplified by the increasing establishment of professorships for political education. In the
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populous, social-democratic-governed states of Hesse, North Rhine-Westphalia, and Lower
Saxony, the content of civic education was reoriented to focus less on institutional knowledge,
such as the structure of the state or principles of electoral law, and more on developing a
critical attitude toward state actions and the capitalist economic system. This reorientation
triggered criticism from the conservative CDU party, resulting in discussions about a joint
standard for political education, namely the Beutelsbach Consensus.

The Beutelsbach Consensus of 1976 marked a pivotal moment, establishing foundational
principles for political education that remain influential today. It outlined three key principles:
prohibiting indoctrination, presenting controversial topics in science and politics as controversial
in class, and empowering students to analyze and influence political situations according to
their interests (Reinhardt, 2017). For the first time, different parties agreed on a minimum
framework, shifting the focus from competing political systems to educational practice. It
maintained the spirit of political pluralism, which holds specific importance considering the
exploitation of schools for propaganda purposes during the Nazi era.

Organization and Educational Content of Civic Education in Germany Germany’s edu-
cation system is decentralized, with each of the 16 states responsible for education within
its jurisdiction. While specific details may vary across states, the overall structure is uniform.
After four years of primary school, children are divided into three lower secondary school
tracks at age ten: the basic track (five years), the middle track (six years), and the high track
(eight or nine years). The high track, also known as the academic track, prepares students for
university entrance, providing them with the university entrance degree (Abitur). The basic
track prepares students for vocational school and apprenticeship training. The middle track
offers routes for further vocational training and the option to attend a university of applied
sciences. All tracks teach the same core subjects.

Civic education is introduced as a standalone subject in schools, starting from the secondary
level. To prevent political influence from the ruling party within the classroom, civic education
in post-World War Il Germany is designed as a pluralistic, federally structured, and subsidiarity-
based cooperative system. This is reflected in the varying names and combinations of the
subject across different German states. In 2003, recognizing the impracticality and undesir-
ability of strong standardization, the Society for Didactics of Politics and Political Youth and
Adult Education agreed on output-oriented educational standards. These standards focus on
three key areas of competence (Sander, 2005):

1. Analytical Competence: The ability to judge and analyze political events, problems, and
debates.

2. Action Competence: The ability to formulate opinions, beliefs, and interests, and the
skills to negotiate and compromise.
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3. Methodological Competence: The ability to independently navigate current political,
economic, and legal issues.

The educational content of civic education in Germany is thus framed by a liberal understand-
ing of the state, which aims to empower citizens politically and ensure the "primacy of the
individual over the state" (Gagel, 2005; Kuhn, 2013). This framework contrasts with historical
examples such as monarchic authoritarian states in the 17th to 19th centuries, which sought
to cultivate obedient subjects (Detjen, 2013). The former German Democratic Republic aimed
to educate its citizens into loyal, socialist personalities, notably through state-mandated civic
education in schools (Kerbel, 2016).

In terms of teaching methodology, the Federal Agency for Civic Education provides teaching
materials to support educators in delivering civic education effectively. Political pluralismis a
central tenet, reflected in the decentralized and cooperative nature of the system.

For our analysis, we focus on individuals who entered secondary school after 1975, due to
the lack of information and comparability before the Beutelsbach Consensus 1976. We also
exclude the East German states for the sake of comparability.

Reforms of the Number of Hours Civic Education is Taught Calls for enhancing both the
quantity and quality of civic education in schools are recurrent across Germany. Over the
last fifty years, these calls have prompted reforms in the allocation of hours dedicated to
civic education. Recently, there has been a growing emphasis on the role of civic education
in addressing societal challenges (Manning and Edwards, 2014a; Hamm et al., 2023). The
German government emphasized the need for a stronger integration of civic education across
all levels and stages of schooling, in its response to the 16th Children and Youth Reportin
2020 (BMFSFJ, 2020).

In the German federal education system, education ministers of states are responsible for
implementing any reforms in civic education including any changes to "Stundentafeln", or
school hour schedules. School hour schedules are enacted through ordinances as part of
training and examination regulations, typically with the approval of the school committees
of the state parliaments. These regulations are based on the respective state’s school law
(Gokbudak and Hedtke, 2018). Thus, school hour schedules articulate the educational policy
intentions of the ruling parties in the state parliament and government, quantified in the form
of weekly hours allocated to learning areas and school subjects. They set binding guidelines
for schools, subsequently affecting the amount of civic education received by cohorts of
students. These reforms thus reflect the dynamic nature of educational policies and their
impact on student learning experiences.
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A3.3 Data

In this chapter, we present the data for analyzing the impact of civic education reforms in
Germany. Our data encompass a detailed record of civic education hours across various school
tracks and states, individual-level data including outcome variables and controls, as well as
state-level controls, such as other educational reforms and party affiliation of education
ministers.

A3.3.1 A Novel Measure of Civic Education

For this study, we digitized historical legal records from several archives across Germany
and compiled a novel database on the hours of civic education taught in all three major
school tracks in each grade across all West German states.” This database is based on coding
all available legal records that document changes in the curricula. We coded the weekly
compulsory hours of civic education in lower secondary school grades, typically from grade
five to grade ten. That way, we can reconstruct how many hours per week of civic education
students should have received while attending lower secondary school for each birth cohort.
The result is a unique longitudinal dataset detailing both the intensive (how many hours) and
extensive margins (any hours at all) of civic education taught in German school tracks.

Our dataset leverages approximately 400 schedules and legal regulations, providing com-
prehensive coverage of mandatory civic education in secondary schools from 1976. "Stun-
dentafeln", or school hour schedules, play a crucial role in our study - as an example see
Figure A3.1. These schedules, which are implemented via legal orders, quantify the education
policy of state governments in terms of weekly hours dedicated to various subjects. They
reflect the political will regarding the emphasis placed on different educational topics and
the allocation of instructional time (Tillmann, 2020). Therefore, school hour schedules are a
suitable measure for assessing the quantity of civic education provided, although they do not
account for the quality of instruction.’

The schedules use different names for the civic education, including Politikunterricht (politics),
Gesellschaftskunde/-lehre (social studies), Sozialkunde (social studies), and Weltkunde (world
studies). Civic education is often combined with other subjects. For instance, as shown in
Figure A3.1, politics is integrated with history and geography. To measure only the politics
component, we allocate one-third of the total weekly hours to politics, assuming that the time
is equally divided among the three subjects. This method also accounts for potential quality
variations when politics is combined with other subjects. Civic education quality might be
higher if taught as a standalone subject because it allows for more focused and in-depth
exploration.

2 For more details on data collection and preparation, see Sendzik et al. (2024).
3 Only under very rare circumstances, schools are allowed to deviate from the prescribed schedules due to
factors such as lack of teachers or temporary school-specific adjustments.
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To visualize the substantial variation in civic education across states and school tracks over
time, we present detailed patterns of civic education hours for each state for the basic track in
Figure A3.2, the middle track in Figure A3.3, and the highest track in Figure A3.4. Each line
represents the changes in weekly civic education hours for a specific state. The x-axis indicates
the year a cohort began grade five, illustrating the progression over time. While some states
had no civic education for extended periods, most states implemented civic education with
varying intensities in their curricula since the 1970s.

Additionally, Figure A3.5 shows the average civic education hours across different school
tracks and states. It shows that students in Hesse and North Rhine-Westphalia receive the
most civic education hours, while those in Schleswig-Holstein and Bavaria receive the fewest.
There is no indication that any specific track consistently has more civic education hours
overall. In most states, the basic school track is assigned more hours of civic education than the
highest school track, while in Baden-Wirttemberg and North Rhine-Westphalia, the middle
school track has the most hours.

In conclusion, our civic education dataset provides a comprehensive and detailed historical
record of civic education hours in West Germany, enabling longitudinal analyses of education
policies and their impact on political socialization during secondary schooling in all major
school tracks.

A3.3.2 Individual Data

We match the civic education records with individual-level data from the German Socio-
Economic Panel (SOEP) from the survey years 1984 to 2020. The SOEP allows us to link our
individual-level outcomes of interest measured at several points in time to the state, school
track, and time of their secondary schooling in childhood. With the panel structure, we can
analyze the effect of civic education on outcome variables over the life course of individuals.

To match the outcome data with the curricular measure of civic education, we use the best
information available on state of schooling, school track, and entry year. Preferably, we use
available information on the secondary school entry year form the SOEP. In the worst case,
we use th4e birthdate information and state-time specific school entry cutoff dates that we
collected.

* For16 percent of the observations, the SOEP provides information on the year the individuals entered sec-
ondary school, another 77 percent have information on the school entry year. We approximate the entry year to
secondary school for the remaining 7 percent with birthdate information and state-time specific school entry
cutoff dates. We derive direct information on the school track for 15 percent. For another 15 percent, we use
information on their initial school leaving certificate, and for the remaining 70 percent, we use information on
their highest school certificate, i.e., secondary general school degree after 9 years (Hauptschulabschluss), middle
school degree after 10 years (Realschulabschluss), or university entrance degree after 12/13 years (Abitur). 78
percent of the observations have information on the state of schooling. For another 8 percent, we approximate
state of schooling with state of birth. For 14 percent of the observations, we approximate state of schooling with
the state of current residence.

130



Our final dataset combines 79,604 observations of individuals who entered secondary school
between 1976 and 2010 (see Table A3.1 for an overview). In this period, students in grade five
to ten had 0 to 1.67 hours of civic education per week. The average number of weekly hours is
0.78. 33.7 percent of the students in our data attended the highest track (Gymnasium), 35.0
percent attended the middle track (Realschule), and 31.3 percent attended the basic track
(Hauptschule). 52.6 percent are women, and 25.3 percent have a direct or indirect migration
background. A direct migration background indicates that the individual was not born in
Germany. An indirect migration background means that the individual was born in Germany
but has parents with direct migration background. We classify individuals as having a high
socio-economic status if at least one parent obtained a university entrance degree (Abitur),
which corresponds to completing the highest secondary school track in the German education
system. In the final sample, 19.5 percent have a high SES.

Civic Engagement

As our main outcome variable, we use an index consisting of several measures to compare
political actions and attitudes over time, considering the changing conceptions of political
engagement in the West. Conceptual notions of political attitudes and actions in the West
have evolved, often as a result of societal transformations and sometimes marked by conflicts
(see Theocharis and Van Deth, 2018; Weiss, 2020 for a detailed discussion). This is crucial
when searching for appropriate dependent variables to measure the impact of civic education
across several cohorts. For example, since the late 1960s, participation research has expanded
its understanding of what constitutes political activities, partly in response to the 1968 move-
ment (Weiss, 2020). In addition to traditional activities such as voting, party membership, and
contacting officials, research on political actions since the 1970s has included participation in
demonstrations and petitions. From the 1990s onwards, volunteering and social engagement
were added, and recently, non-institutional forms like consumer boycotts or social media
protests have been considered. We use an index of civic engagement to consistently mea-
sure and reflect individual involvement in society across different generations. This method
accommodates the evolving nature of civic engagement.

Our main variable of interest is an index of civic engagement that Hener et al. (2016) con-
structed specifically for the SOEP. The index aggregates four variables - political interest,
democratic party identification, organizational involvement, and volunteering - by assigning
equal weight to their respective z-scores. However, each of these components contains inter-
esting information on its own, which is why we also report results for each outcome separately.
After normalization, each of the variables has a mean of zero and a standard deviation of 1,
such that coefficients can be interpreted in percent of a standard deviation. All outcomes
point in the same direction and higher scores mean more civic engagement.

Although political interest is one determinant for political action (Verba et al., 1995), we com-
bine this with further variables that pin down actual engagement. As such, political interest
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represents a first-stage outcome. Hener et al. (2016) add democratic party identification to the
index because it has a strong link to political behavior. The concept goes back to Campbell et al.
(1960), who describe it as a social or political identity that is distinct from voting preferences.
It can encourage individuals to vote, to become a party member, or to support the election
campaigns. There is debate about whether party identification contributes to more or less
informed decision making (see Dalton, 2016 for a detailed discussion). We code party identifi-
cation with right-wing extremist parties such as "NPD" (since 2023 "Die Heimat"), "Die Rechte",
and "Die Republikaner" as zero because these parties are officially not considered democratic
parties. In contrast, the "AfD" is, so far, only a "suspected case" of right-wing extremism.
Organizational involvement is a stronger concept than party identification and captures active
involvement in a citizens’ group, political party, or local government. Volunteering in clubs
and social services allows for a more general contribution to public affairs.

Below, we report the SOEP questions from which we draw the information for our civic en-
gagement index. The brackets contain any further transformation of the original coding.

Political interest. Generally speaking, how much are you interested in politics?
[Very interested, moderately interested = 1; not much interested, or completely
disinterested = 0]

Democratic party identification. Many people in Germany lean towards one party in
the long term, even if they occasionally vote for another party. Do you lean towards
a particular party? [y/n] + Which party do you lean toward? [0 for non-democratic
right-wing party]

Organizational involvement. Which of the following activities do you take part
in during your free time? [Involvement in a citizens’ group, political party, local
government]

Volunteering. Which of the following activities do you take part in during your free
time? [Volunteer work in clubs or social services]

Political interest and democratic party identification are available throughout all survey years
of the SOEP. The questions for organizational involvement and volunteering are roughly
contained in every second year (23 of 37 survey years). In our baseline specification, civic edu-
cation is missing if any of the component variables are missing. We also conduct robustness
checks where we ignore missing values in the components.

State-Level Controls

Additionally, we draw information on the most important school reforms in Germany, such as
years of compulsory schooling and shortened upper secondary school (German G8 reforms)
from Helbig and Nikolai (2015). The duration of compulsory schooling differs by state, ranging
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from 9 to 10 years, as illustrated in Table A3.1. Table A3.1 shows that only 5 percent of our
sample were affected by the G8 reform.

Historically, center-left parties are more supportive of civic education (Sendzik et al., 2024).
To account for this trend, we gather data on the party affiliation of the education minister in
each state (Irmert et al., 2023). In the final sample, 41.9 percent of the education ministers
were from center-left parties.

In sum, the combination of these different data sources provides a unique perspective on
the evolution and impact of civic education in Germany. In the following, we first conduct a
descriptive analysis of civic engagement across state and time before we present our empirical
strategy to estimate the causal effect of civic education on civic engagement.

A3.4 Correlates of Civic Engagement

In this section, we explore various correlates of civic education outcomes to illustrate the
analytical potential of our dataset. There is an ongoing debate about whether today’s youth
are becoming increasingly apolitical (Kitanova, 2020). However, it is often unclear whether
this reflects the typical lower civic engagement seen in younger age groups, which tends to
increase with age, or if the current young generation is distinctly less civically engaged. By
leveraging the long time span of our data, we can observe individuals from different cohorts
at various ages. For example, those born in 1970 are tracked at ages 20, 30, and 40. We can
compare 20-year-olds born in the 1970s with 20-year-olds born in the 1990s. This allows us
to differentiate between age specific patterns (changes in civic engagement due to age) and
cohort specific pattern (differences based on the time period of school enrollment). Moreover,
the consistent measurement of key variables across numerous cohorts allows us to examine
the relationship with demographic factors such as socio-economic status and gender. This
comprehensive analysis not only tests established theories but also exemplifies opportunities
our dataset offers for advancing future research on civic education and political behavior.

In a first step, we describe some general patterns in our main outcome variable and the
different components without controlling for civic education. Figure 2?) shows that, in line
with existing literature, civic engagement increases with age (Putnam, 2000) and education
(Dee, 2004). Specifically, adults that went to a higher secondary school track report higher
civic engagement. In the graph, we control for survey years and cluster standard errors on
the individual level. Men report more civic engagement than women (Figure 22). While the
educational and age patterns can be observed in most OECD countries, the gender gap in
civic engagement is particularly large in Germany (OECD, 2020a). Panel c) shows that there is
also a gap in civic engagement by SES.
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It is worth looking at the different components of civic education separately. Political interest
(Figure A4.1) shows a similar pattern to the overall index but, here, the gender gap increases
with age. For democratic party identification, the gender gap is somewhat lower, while the
SES gap remains unchanged (Figure A4.2). Organizational involvement does not show the
same strong increase over age, and there is a smaller gap between basic and middle track.
Also, the gender and SES gap are substantially smaller with no gap on the tails (Figure A4.3).
For people in the highest school track, volunteering increases from their late teens to their
early twenties and then decreases until their early thirties (Panel 2?). Note that the highest
school track qualifies students for university while people in the middle and basic track enter
the labor market at a younger age. It seems plausible that students at the university are more
involved in volunteering activities than people in the labor market. The pattern of the highest
track is very similar to the high SES graph in Panel c) as there is a large overlap between high
SES and the highest track. In the late thirties, volunteering increases again. This increase
seems to be driven by women who are more involved in volunteering activities than men in
their forties (Panel 22).

In Figure A3.7, we present the pattern of civic education with cohorts entering grade five
(secondary school) at the x-axis, controlling for age groups. Overall, the pattern is very flat,
with little variation across cohorts. Again, the graph shows the expected gaps by school track,
gender, and SES. Figure A4.5 to Figure A4.8 display the pattern separately for political interest,
democratic party identification, organizational involvement. Political interest in Figure A4.5
shows no clear pattern across cohorts. There is a decrease in democratic party identification
for younger cohorts in Figure A4.6, indicating that strong bonds to one specific party have
become less important. While organizational involvement is relatively flat across cohorts 1975
to 1995, there is an increase in organizational involvement for cohorts entering secondary
school after 2000 (Figure A4.7). For volunteering in Figure A4.8, there is an overall increase
across cohorts. Generally, it is difficult to disentangle cohort, age, and year effects from each
other (Kotschy and Sunde, 2022). However, these patterns demonstrate that different cohorts
focus on different forms of civic engagement, and illustrate why it is consistent in our context -
studying school reforms across different cohorts and age groups - to use the civic engagement
index conceptualized by Hener et al., 2016.

A3.5 Empirical Model, Identification, and Estimation Strategy

To estimate the effect of civic education on civic engagement later in life, we exploit the
variation in civic education across German secondary school tracks, states, and cohorts.
Employing the new difference-in-differences methodology developed by De Chaisemartin
and d’Haultfoeuille, 2024, we identify effects on adult outcomes by comparing state-school-
track groups that experienced changes in civic education hours between cohorts with those
that did not, starting from the same baseline.
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Two qualities of our treatment prevent us from estimating it with a conventional two-way
fixed effects regression. First, the number of hours in civic education is (quasi) continuous.
Second, the number of hours in civic education increases and decreases over time. Recent
advances in the staggered difference-in-differences literature propose solutions to hetero-
geneous treatment effects but usually assume that the treatment is binary and absorbing
(Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021; Sun and Abraham, 2021; Borusyak
et al., 2024). Some heterogeneity-robust estimators allow for a non-absorbing treatment but
assume a binary treatment (Wooldridge, 2021). Continuous treatments require parallel trends
for all combinations of different doses of the treatment d and d’ (Callaway et al., 2024). If the
strong parallel trend assumption does not hold, the comparison across dose groups is still a
causal response but the selection bias could contaminate the estimate.

De Chaisemartin and d’Haultfoeuille, 2024 propose a heterogeneity-robust difference-in-
differences estimator for when treatment is non-binary and non-absorbing.

Estimand of Interest: LetY,,(d, ..., d;) denote the potential outcome for a state-school-
type group g and cohort ¢. Every group g is exposed to a treatment D, that is equal to some
dose of civic education d, for [ periods. Group g’s cohort-t outcome, Y, ;, may be affected by
D,,t, group g’s cohort-t treatment, but also by ¢’s lagged treatments. F, denotes the first
cohort for which group ¢’s treatment changes. Then, the expected difference between g’s
actual outcome for F, — 1 + [ and the counterfactual outcome that g would have experienced
had it remained at its initial value D, ; until F, — 1 + [is

4

gl =

E[ng,Fg—1+l - ng,Fg—1+l(Dg,1a sy Dg,l)] (41)

Estimation: To estimate §,;, De Chaisemartin and d’Haultfoeuille, 2024 propose an esti-
mator DID,,; that compares the I, — 1-to-F, — 1 + [ outcome evolution between group g
and groups ¢' with the same starting dose, Dy, = D,,,whose treatment has not changed
yet, Iy = I, — 1 + [, requiring that there is a group with the same initial treatment dose.
N/ denotes the number of groups ¢’ with the same period-one treatment as ¢ that have not
(yet) switched their treatment dose. For groups that never change their treatment dose, let
F, = T + 1, with T, being the past period where a group ¢’ exists. For every g, such that

g . .
Fy < T,and N _,,; > 0, we can estimate 9, ; using

1
DIDyy =Yy p, 10 = Yor,1 = 57— > Vyr, e = Yypa)  (42)

Fg=1+l gD 1 =Dy 1,F>Fy—1+1

The estimator assumes that a group’s outcome does not depend on its future treatment (no
anticipation) and that two groups with the same period-one treatment follow parallel trends.
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d,, can be the effect of being exposed to a higher or lower treatment dose for [ periods. If
groups switch from a higher to lower treatment, De Chaisemartin and d’Haultfoeuille, 2024
multiply the DID,, by -1 which yields an estimator of having been exposed to a higher
treatment dose for [ periods for the aggregated DI D, ;. By default, all standard errors are

clustered at the level of the group variable.

To study treatment effect heterogeneity by treatment path, we estimate trajectory-specific
DID,. The DID, drops trajectories without comparison group. We show results for con-
tinuous, binary, and binned treatments which retain more groups in the estimator. For the
extensive margin, we create an indicator variable equal to 1 if a group received more than zero
hours of civic education, thatis 1{d > 0}. Additionally, we construct an indicator variable,
1{d > 0.7}, that is equal to 1 if a group received more than 0.7 hours of civic education per
week, which corresponds roughly to the mean value. This treatment compares receiving
an above-average amount of civic education to a below-average amount. We refer to this
as the intensive margin. We construct a binned treatment where we round the continuous
measure of civic education to values of {0, 0.5, 1, 1.5}, which enables us to look more closely
at different treatment paths. Table A3.2 presents continuous mean of civic education hours
that different subgroups were exposed to, and observations for the binary and binned treat-
ment. The continuous mean shows that the exposure to civic education is very similar across
school tracks and cohorts. Also, along individual characteristics such as gender, parental
education, and migration background, there is no sign of an unequal access to the amount
of civic education. Overall, only 3 percent of our groups receive zero treatment. Specifically,
only Schleswig-Holstein, Lower Saxony, Bavaria, and Saarland did not offer civic education at
some pointin time. Zero treatment is fairly balanced across school tracks and cohorts. Only
the 2010 (grouped) cohort did not receive zero treatment. However, due to the characteristics
of our data, which is cut off at 2010, there are very few observations for this cohort. Treatment
and control group size for the intensive treatment dummy are more balanced by construction.

A3.6 Results

In this section, we present the results from our empirical model, aimed at quantifying the
impact of civic education on civic engagement later in life. First, we examine the extensive
margin, which compares individuals who received any civic education to those who did not.
Next, we present the intensive margin, investigating how varying amounts of civic education
hours influence civic engagement outcomes. Finally, we explore heterogeneity in these effects,
analyzing how the impact of civic education differs across gender and socio-economic status.

A3.6.1 Main Results

Extensive Margin To investigate how civic education affects civic engagement, we start by
estimating Equation 4.2 with the binary treatment equal to 1 if a group received some civic
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education versus no civic education. This corresponds to the extensive margin. In this setting,
DI1D; compares groups that switch from untreated to treated to groups that have not yet
been treated or vice versa.

Column 1 of Table A3.3 reports the results for civic engagement without controls. The point
estimate suggests that individuals that had civic education in secondary school show civic
engagement that is 24.4 percent of a standard deviations higher. The specification is robust
to including various sets of controls. Including state controls that vary over time (column 2)
leaves the point estimate unchanged. Including individual controls (column 3) or both state
and individual controls (column 4) reduces the point estimate only marginally to 24.0 percent.
All point estimates are significa nt.’

Civic engagement is an index combining political interest, democratic party identification,
organizational involvement, and volunteering. Table A3.4 presents the results for each com-
ponent separately. Civic education increases political interest by 45.5 percent of a standard
deviation, organizational involvement by 29.9 percent of a standard deviation, and volunteer-
ing by 33.4 percent of a standard deviation. There is no significant effect on democratic party
identification.

In the next step, we drop each variable one by one from the index. The results are presented in
Table A3.5. Dropping political interest decreases the civic engagement index to 19.7 percent
of a standard deviation. Dropping organizational involvement or volunteering decreases
the coefficient to 22.1 percent and 20.8 percent respectively. Dropping democratic party
identification increases the coefficient to 36.6 percent.

Intensive Margin Instead of looking at the effect of moving from 0 to any civic education,
one might be interested in the effect of moving from a below-average to an above-average
value of civic education which corresponds more to an intensive margin of civic education.
We construct adummy variable that is equal to 1 if individuals received more than 0.7 hours of
civic education on average per week in secondary school, i.e., 1{d > 0.7}. Figure A3.8 shows
an insignificant, negative point estimate, robust to including various sets of controls.’

In the next step, we create a treatment variable with four bins, where we round the continuous
measure of civic education to no civic education, 0.5 hours per week on average, 1 hour per
week on average, or 1.5 hours per week on average. Figure A3.8 shows that the aggregated
effect of the binned treatment is negative and not significant. Lastly, Figure A3.8 presents the
aggregated effect for the continuous treatment. The effect is close to zero and not significant.

> Note that this effect is identified from the basic and middle school track in Lower-Saxony and all school tracks

Saarland switching into treatment in 1977 with Schleswig-Holstein as the control group and Bavaria’s highest
school track switching out of treatment in 1998 with a broad control group.
® The corresponding Tables A3.6,A3.7, and A3.8 contain more details.
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While De Chaisemartin and d’Haultfoeuille (2024) propose a framework for continuous treat-
ment, they emphasize that estimating treatment effects separately for different paths can
be more conclusive than examining the aggregate effect, provided there is sufficient statis-
tical power. Figure A3.9 shows the treatment effect for each treatment path of our binned
treatment separately.” For groups moving from 0 to 0.5 hours of civic education, we observe a
significant increase in civic engagement by 30.7 percent of a standard deviation. Moving from
0.5 hours to 1 hour has a negative point estimate corresponding to 2.9 percent of a standard
deviation with controls. The effect is not statistically significant when including state controls.
Groups moving from 1 to 1.5 hours have a negative point estimate that is not significant for
all specifications. Similar to the results from our binary treatment, we find only a positive
significant result at the extensive margin. The effect of an increase in civic education from a
lower to a higher dose is ambiguous.

Table A3.10 shows that, when estimating the effect at the intensive margin, political interest,
organizational involvement, and volunteering each have positive but statistically insignificant
point estimates, whereas democratic party identification has a negative effect. Democratic
party identification values stable democratic party preference as civic engagement. However,
informed swing voters may choose different parties based on the issues or candidates in each
election and not lean towards any party long-term. These voters might be penalized in this
measure, leading to the negative estimate. In Table A3.11, we drop each component variable
from the civic engagement index one by one. When we drop political interest, organizational
involvement, or volunteering, the negative but insignificant point estimate remains. However,
when we drop democratic party identification, the index moves slightly above zero, though
it remains very close to zero and insignificant. Therefore, the interpretation of zero effects
on civic engagement at the intensive margin is unchanged even when excluding democratic
party identification.

Discussion: In summary, our analysis shows a significant positive effect of civic education
on civic engagement, at the extensive margin. This means that individuals having any amount
of weekly hours of civic education in school instead of zero hours have higher values of civic
engagement later in life. However, we do not find significant positive effects of civic education
at the intensive margin. This suggests that individuals having more weekly hours of civic
education in school than the (non-zero) hours of the comparison group do not have higher
values of civic engagement later in life.

There are several explanations, why moving from a positive dose of civic education to a higher
dose does not increase civic engagement. First, civic education in the production of civic
engagement might exhibit diminishing returns. While essential knowledge gained through
civic education is crucial for boosting civic engagement, additional details, such as in-depth
descriptions of voting systems, may offer limited benefits or even become counterproductive.

" Also note the corresponding Table A3.9.
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This implies that there are limits to how increasing the quantity of civic education can enhance
civic engagement. Second, those with more civic education may become more aware of
the failures of politicians and, out of frustration or resignation, choose not to participate
in civic engagement activities. For example, Harka and Rocco, 2022 provide evidence that
more educated individuals in Italy are more likely to abstain from voting as a form of protest
against politics. Third, civic education might influence the behavior of parents (Dahlgaard,
2018), who play a crucial role as key contributors to the development of civic engagement
in their children. If parents see that their child is receiving civic education at school and
discussing politics with teachers and peers, they may feel less compelled to engage in civic
education at home. This reduction in parental input could hinder the child’s civic engagement
development, potentially offsetting or even reversing the positive effects of school-based
civic education. Fourth, increasing the weekly hours of civic education in schools might have
come at the cost of other subjects (to the best of our knowledge, especially language, history,
and geography classes). This reduced focus on language education could undermine reading
competencies, since strong reading skills are crucial for critically analyzing political actions,
debates, and news. History classes offer valuable opportunities for civic learning (Bowen
and Kisida, 2020). This trade-off could diminish civic engagement and offset the benefits
of enhanced civic education. Fifth, crowding out could also happen with respect to open
classroom environment policies and democratic educational aspects in other subjects that
are sometimes effective (Hoskins et al., 2021; Deimel et al., 2024). As a consequence, this
would counteract the potentially positive impact of increased hours of civic education.

In sum, analyzing both the extensive and intensive margins of civic education reveals the
importance of considering the nature of school reforms, i.e., differentiating between moving
from no treatment to some treatment vs. moving from some dose to a higher dose: this is
most crucial in contexts in which we do not assume education production functions to feature
constant returns to scale. Moving forward, we explore further heterogeneity in these effects
across school track, gender, and SES.

A3.6.2 Heterogeneity

School Track To explore potential differences more precisely, we split the sample by school
track, replacing the state-school track fixed effects with state fixed effects. Students in various
tracks may have distinct educational experiences and socio-economic backgrounds, which
could influence how civic education impacts their civic engagement. Table A3.12 illustrates
the estimated effects of civic education on civic engagement on the intensive margin across
different school tracks: general, middle, and high. The effects are small and statistically
insignificant across all tracks. Specifically, the general and high tracks show slightly positive
but non-significant effects, while the middle track shows a slightly negative and non-significant
effect. These findings suggest that the impact of civic education on civic engagement does not
vary meaningfully by school track. However, we run into power issues with this specification,
limiting the robustness of our estimates. Additionally, we cannot estimate this for the extensive

139



margin, further constraining our ability to draw definitive conclusions from the data for specific
school tracks.

Gender Column 1and 2 of Table A3.13 show significant positive effects on civic engagement
later in live for women and men at the extensive margin of introducing civic education at
school. The point estimate is larger for women and corresponds to 38.4 percent of a standard
deviation. Due to large confidence intervals, we cannot reject that the effect for men has the
same size. At the intensive margin, shown in Column 1 and 2 of Table A3.14, both effects for
women and men on civic engagement remain insignificant. Thus, there are no significant
gender differences both for introducing and increasing civic education. This indicates that the
descriptive differences in civic engagement between men and women found in our dataset, as
well as by OECD (2020a), cannot be attributed to a differential causal impact of civic education
on men and women.

SES Column 3 and 4 of Table A3.13 show that the positive significant effect at the extensive
margin isdriven by individuals from low-SES families, i.e., if no parent had a university entrance
degree (Abitur). The effect for individuals from high-SES families, where at least one parent
had an Abitur, is insignificant. This is in line with a compensating effect (Neundorf et al.,
2016), where learning about politics decreases the cost of political participation, especially
for children receiving, on average, lower exposure to political knowledge transfer at home.

At the intensive margin in Column 3 and 4 of Table A3.14, individuals from low-SES back-
grounds show a positive but statistically insignificant point estimate. Conversely, those from
high-SES households exhibit a negative impact when exposed to increased civic education.
The potential crowding-out effects discussed above could thus be especially strong for in-
dividuals from high-SES backgrounds, which is probably most plausible when it comes to
crowding-out of parental input. However, the sample of high-SES individuals is small, with
7591 total observations and 76 switchers. Therefore, any conclusions drawn from this data
should be interpreted with caution. Our dataset does not provide definitive insights into this
mechanism, leaving it as an open question for future investigation.

A3.7 Alternative Specifications

Handling of Missing Values In the main specification, we set the civic engagement index
to missing if one of the component variables is missing. Table A4.1 shows the effect of civic
education on civic engagement ignoring missing values in one of the component variables.
This gives more weight to variables that are observed in more survey years (political interest
and democratic party identification). At the extensive margin, the effect remains positive
and significant at around 18.5 percent of a standard deviation. At the intensive margin in
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Table A4.2, the effect remains insignificant and close to zero. Table A4.3 and A4.4 present
this specification for each component variable separately. Overall, this specification does not
change our interpretation of the results.

State Approximation For 14 percent of our observations we approximate state of schooling
with the state of current residence. Generally, mobility is lower in Germany than in the U.S.
People who start vocational training typically remain closer to their home town as people
who start studying. Thus, the state of schooling and the state of current residence (if both
are known) are often identical, but with variations across school tracks: In the basic school
track, where students typically continue with vocational training, the correlation coefficient
between current and schooling state is 90 percent. In middle track, the correlation coefficient
is 86 percent. For the highest school track, the correlation coefficient is only 62 percent. In
Table A4.5, we drop individuals from the highest school track for which we approximate state of
schooling with state of current residence. The effect is smaller than in our main specification
with 11 percent of a standard deviation. At the intensive margin in Table A4.6, the effect
remains close to zero and insignificant.

Pure Civic Education The school hour schedules often combine civic education with other
subjects, as shown in Figure A3.1, where politics is integrated with history and geography. For
our baseline treatment, when civic education is one of three subjects, we allocate one-third
of the total weekly hours to politics. In Figure A4.7, we focus exclusively on civic education
when it is taught as a standalone subject, which we refer to as pure civic education. There is
no significant effect of pure civic education on civic engagement. Thus, we find no indication
that introducing civic education as a separate subject is more effective than combining it with
other subjects in the schedule.

Drop One State at a Time In Table A4.8, we drop one of the 10 West German states from the
sample one by one. Schleswig-Holstein (SH), Lower-Saxony (NI), Bavaria (BY), and Saarland
(SL) are the few states where students did not receive any civic education at some pointin time.
The effects remain positive significant for dropping Lower-Saxony, Bavaria, and Saarland. In
contrast, dropping Schleswig-Holstein from our sample reverses the sign of our coefficient,
since it is the only state that can serve as the control group for the groups switching into
treatment. It is therefore critical in identifying the extensive margin effect. When we drop
Schleswig-Holstein, the remaining negative effect is identified solely from Bavaria’s highest
school track switching out of treatment in 1998.

At the intensive margin in Table A4.9, all estimates remain close to zero and insignificant for
dropping one state at a time.
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A3.8 Conclusion

Our study investigates the relationship between civic education in schools and civic engage-
mentin adult life, drawing from a comprehensive dataset spanning over four decades. Through
a detailed examination of weekly civic education hours across German states, we employ a
generalized difference-in-differences framework to estimate the causal effect of civic educa-
tion. Our findings highlight the positive impact of introducing civic education as a subject,
revealing a statistically significant positive effect on civic engagement at the extensive margin.
When considering the intensive margin of civic education, however, we find negligible average
effects.

We contribute to the literature in several ways. Firstly, we provide robust causal evidence on
the impact of civic education on individuals’ civic engagement trajectories. Secondly, our
dataset, capturing nuanced variations in civic education provision in schools, sheds light
on the longitudinal dynamics of education policies. The nuanced variations enables us to
distinguish between different treatment paths. Thirdly, our methodological approach, employ-
ing continuous difference-in-differences techniques by De Chaisemartin and d’Haultfoeuille
(2024), underscores the importance of these very recent analytical strategies in understanding
policy interventions. This method allows us to estimate causal effects of a non-absorbing
and continuous treatment, conditions often encountered in education policies, where ad-
justments such as the increase and decrease of hours or the implementation and reversal of
reforms are common.

However, our study faces certain limitations. While our dataset offers detailed insights into
the quantitative aspect of civic education provision, it does not capture the qualitative di-
mensions of pedagogical content. Although we can approximate some aspects of quality by
distinguishing whether civic education is taught alongside other subjects or as a separate
course, we lack information on the classroom environment and teacher quality. Additionally,
relying on survey-based data from the German Socio-Economic Panel imposes constraints on
the breadth of outcomes. For example, administrative election participation data and data on
students’ knowledge of civic education topics could deliver further important insights on the
effects and mechanisms.

Looking ahead, our findings hold important implications for policy formulation and future re-
search. Analyzing the content of civic education and its impact on civic engagement would be
one important future research topic. Furthermore, exploring alternative pathways to bolster
civic engagement beyond increasing civic education hours warrants further investigation -
as our findings suggest that increasing the intensive margin of hours in school has limited
impact. Thus, our research sets the stage for future research aimed at finding strategies for
fostering active citizenship and democratic participation among future generations.
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Figures and Tables

Figure A3.1: Example of official school hour schedule indicating the number of weekly hours for each grade

Stundentafeln fiir die Sekundarstufe I - Hauptschule -

Klasse 5 [ 7 8 9 10 | Gesamtwochen-
Wochenstundenrahmen®) 27-29 | 28-30| 29-31| 29-31| 30-32 | 30-32 stunden
179
Lernbereich/Fach
Deutsch 5-6 4-6 45 |45 |45 4-5 25-27
Gesellschaftslehre 1)2) 2-3 4-5 3-4 3-4 3-4 3-4 18-22
Geschichte, Frdkunde.
Politik
Mathematik 4-5 4-5 4-5 4-5 4-5 34 23-25
Naturwissenschafien 1)2) 4-5 3-4 2-4 3-4 3-4 2-4 17-21
Biologie, Physik, Chemie
Englisch 5-6 5-6 4-5 34 34 34 23-25
Arbeitslehre 1)3) - - 2-4 2-4 34 3-4 11-13
Technik, Wirtschaft,
Hauswirtschaft
Kunst, Musik, Textil- 3-4 3-4 2-4 2-4 2-3 2-3 15-18
gestaltung 1)4)
Religionslehre 2 2 2 2 2 2 12
Sport 244 [ 2-4 |24 |24 |24 2-4 17-19
Wahlpflichtunterricht 5) - - 2 2 244 2-46) 8-12
Farderunterricht - - - - 1-3 1-36) 2-6
zusatzlich:

Muttersprachlicher Unterricht
im Umfang von in der Regel
5 Wochenstunden

Notes: Source: North Rhine-Westphalia, 1998-10-21 Neuerlass, S. 638-9
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Figure A3.2: Civic education in the basic track
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Notes: Average weekly hours of civic education in the basic track. Each line represents one state. Data source: Own data on civic education.
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Figure A3.3: Civic education in the middle track
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Notes: Average weekly hours of civic education in the middle track. Each line represents one state. Data source: Own data on civic education.
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Figure A3.4: Civic education in the highest track
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Notes: Average weekly hours of civic education in the highest track. Each line represents one state. Data source: Own data on civic education.
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Figure A3.5 : Average number of hours of civic education in different school tracks and states
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Notes: The figures show the average number of hours per week in civic education from grade 5 to 10 by school track and state. Data: own
data on civic education for cohorts entering grade 5 between 1976 and 2010.
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Figure A3.6 : General pattern of civic engagement by age
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Notes: Civic engagement by five-year age groups with a 95 percent confidence band. All plots conditional on cohort group, standard errors
clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP.
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Figure A3.7 : General pattern of civic engagement by cohort
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Notes: Civic engagement by five-year cohort groups with a 95 percent confidence band. All plots conditional on age group, standard errors
clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP.
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Figure A3.8 : The effect of civic education on civic engagement for different treatment definitions
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Notes: This figure presents the results from Equation 4.2 with treatment 1{d > 0}, 1{d > 0.7}, the binned treatment with {0,0.5,1,1.5}
hours of civic education, and the continuous treatment with 95 percent confidence intervals. State controls include the party in power at
time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental education.
Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Figure A3.9 : The effect of civic education on civic engagement by treatment path
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Notes: This figure presents the results from Equation 4.2 with the binned treatment {0, 0.5, 1, 1.5} hours of civic education for different
treatment paths with 95 percent confidence intervals. State controls include the party in power at time of reform, compulsory school years,
and G8. Individual controls include gender, individual born in Germany, and parental education. Standard errors are clustered at the
state-school type level. Data: SOEP and own data on civic education.
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Table A3.1: Descriptive statistics

Obs Mean Std.Dev. Min Max

Civics Mean gr. 5-10 79,604 0.779 0.413 0.000 1.667
Cohortgr. 5 79,604 1,987 9 1976 2,010
Basic school track 79,604 0.313 0.464 0.000 1.000
Middle school track 79,604 0.350 0.477 0.000 1.000
Highest school track 79,604 0.337 0.473 0.000 1.000
Outcomes

Civic engagement 79,604 -0.047 0.623 -0.652 1.768
Pol. interest 79,604 -0.124 0.955 -0.750 1.334
Party ident. 79,604 -0.134 0.977 -0.901 1.109
Org. involv. 79,604 -0.035 0.951 -0.330 3.033
Volunt. 79,604 0.103 1.044 -0.627 1.595
Controls

Left government 79,604 0.419 0.493 0.000 1.000
Comp. years schooling 79,604 9.232 0.422 9.000 10.000
G8 79,604 0.049 0.216 0.000 1.000
Female 79,602 0.526 0.499 0.000 1.000
1st or 2nd gen mig. 79,604 0.253 0.435 0.000 1.000
High SES 38,983 0.195 0.396 0.000 1.000
Parental education

No degree/general degree 38,983 0.557 0.497 0.000 1.000
Intermediate degree/ 10th grade 38,983  0.249 0.432 0.000 1.000
Upper secondary degree 38,983 0.195 0.396 0.000 1.000

Notes: The table reports descriptive statistics (mean, standard deviation, minimum, maximum, and the number of observations) for
treatment, outcome and control variables. Data: SOEP and own data on civic education.
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Table A3.2 : Treatment characteristics

Continuous D>0 D>0.7 Binned treatment
0 1 0 1 0 0.5 1 1.5
Total 0.779 2531 77073 34719 44885 9987 24928 31312 13377
School track
Basic 0.760 425 24518 11702 13241 432 11298 11934 1279
Middle 0.863 862 26971 9943 17890 5876 4141 8110 9706
Highest 0.709 1244 25584 13074 13754 3679 9489 11268 2392
Cohort
1970 0.818 895 21053 8839 13109 3260 5583 7840 5265
1980 0.762 935 30025 14760 16200 3754 11006 11228 4972
1990 0.793 408 17309 6694 11023 1535 5159 8818 2205
2000 0.714 293 8313 4193 4413 1393 2992 3340 881
2010 0.692 0 373 233 140 45 188 86 54
State
SH 0.239 943 2019 2962 0 977 1985 0 0
HH 0.685 0 312 188 124 0 192 109 11
NI 0.824 1263 9114 3137 7240 1263 1874 7240 0
HB 0.752 0 787 591 196 0 595 124 68
NW 1.113 0 22316 326 21990 0 420 13917 7979
HE 1.230 0 7228 539 6689 0 539 1855 4834
RP 0.520 0 5192 4800 392 0 4820 372 0
BW 0.711 0 14354 7041 7313 97 7018 6754 485
BY 0.322 291 15100 14524 867 7576 6948 867 0
SL 0.519 34 651 611 74 74 537 74 0
Age
10 0.772 233 8754 3942 5045 979 3012 3772 1224
20 0.771 930 29464 13329 17065 3525 9949 12437 4483
30 0.785 780 22072 9864 12988 2824 7040 8967 4021
40 0.788 477 14182 6404 8255 2192 4212 5304 2951
50 0.792 111 2601 1180 1532 467 715 832 698
Gender
male 0.779 1290 36451 16549 21192 4303 12323 14952 6163
female 0.779 1241 40620 18168 23693 5684 12603 16360 7214
Parental education
high SES 0.732 287 7304 3650 3941 1179 2476 2842 1094
low SES 0.792 1150 30242 13435 17957 4083 9374 11975 5960
Migration background
no mig. background 0.770 2133 57362 26653 32842 8484 18303 22255 10453
1st or 2nd gen mig. 0.806 398 19711 8066 12043 1503 6625 9057 2924
Government
Right-Center Party 0.564 2137 44132 31314 14955 9593 21893 14044 739
Left-Center Party 1.077 394 32941 3405 29930 394 3035 17268 12638

Notes: The table shows the average number of civic education from grade 5 to 10 in secondary school by subgroups and the num
observations by treatment groups for treatment 1{d > 0}, 1{d > 0.7}, and the binned treatment with {0, 0.5, 1, 1.5} for different subgroups.
High SES is defined as having at least one parent with an Abitur. Total number of observations: 79,604, Data set: SOEP and own data on civic
education.



Table A3.3 : Effect of civic education on civic engagement (extensive margin)

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

ATE .244 244 .240 .240
(.062) (.062) (.062) (.062)
Observations 79604 79604 79604 79604

Switchers 678 678 678 678
Stayers 1302 1302 1302 1302
StateByType FE  Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0}.
Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are the valid control group
with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in power at time of reform,
compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental education. Standard errors
are clustered at the state-school type level. Data: SOEP and own data on civic education.

Table A3.4 : Effect of civic education on political interest, democratic party identification, organizational
involvement, and volunteering (extensive margin)

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

VARIABLE Pol. Interest Dem. Party Ident. Org. Involv. Volunt.
ATE 455 -.129 .299 334

(.030) (.113) (.078) (.073)
Observations 79604 79604 79604 79604
Switchers 678 678 678 678
Stayers 1302 1302 1302 1302
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 with treatment 1{d > 0}. Switchers are the treated groups that switch in or out of
treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment has not
(yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls include
gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP and
own data on civic education.
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Table A3.5 : Effect of civic education on civic engagement dropping one variable from index (extensive
margin)

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

Drop pol. interest Drop party ident. Drop org. involv. Drop volunt.

ATE 197 .366 221 .208
(.075) (.045) (.058) (.071)
Observations 80121 82036 79745 79696
Switchers 696 714 679 680
Stayers 1304 1307 1305 1302
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0}.
The dependent variable is the civic engagement index, excluding one component at a time: (1) political interest, (2) democratic party
identification, (3) organizational involvement, and (4) volunteering. Switchers are the treated groups that switch in or out of treatment and
have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment has not (yet) changed.
State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls include gender, individual
born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic

education.

Table A3.6 : Effect of civic education on civic engagement (intensive margin)

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

ATE -035 -.024 -.024 -.017
(.032) (.033) (.028) (.029)
Observations 79604 79604 79604 79604

Switchers 1891 1891 1891 1891
Stayers 13593 13593 13593 13593
StateByType FE  Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0.7}.
Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are the valid control group
with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in power at time of reform,
compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental education. Standard errors
are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Table A3.7 : Effect of civic education on civic engagement (binned treatment)

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

ATE -.086 -.088 -.069 -.072
(.058) (.058) (.096) (.096)
Observations 79604 79604 79604 79604

Switchers 2930 2930 2930 2930
Stayers 6015 6015 6015 6015
StateByType FE  Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment bins
{0,0.5,1,1.5}. Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are the valid
control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in power at
time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental education.
Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.

Table A3.8 : Effect of civic education on civic engagement (continuous)

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

ATE 016 .014 -033 -.032
(132) (.132) (.098) (.097)
Observations 79604 79604 79604 79604

Switchers 3531 3531 3531 3531
Stayers 16839 16839 16839 16839
StateByType FE  Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with continuous treatment.
Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are the valid control group
with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in power at time of reform,
compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental education. Standard errors
are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Table A3.9 : Effect of civic education on civic engagement by treatment path

(1) (2) (3)
Treatment Path 0to 0.5 0.5tol1 1to1l.5

ATE 307 -.029 -.100
(.090)  (.054)  (.181)
Observations 79604 79604 79604

Switchers 310 1564 977
Stayers 1382 7116 1230
StateByType FE Yes Yes Yes
Cohort FE Yes Yes Yes
State Controls Yes Yes Yes
Indiv. Controls Yes Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) for each treatment path for the
binned treatment. Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are the valid
control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in power at
time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental education.
Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.

Table A3.10 : Effect of civic education on political interest, democratic party identification, organizational
involvement, and volunteering (intensive margin)

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

VARIABLE Pol. Interest Dem. Party Ident. Org. Involv. Volunt.
ATE .034 -.155 .038 .017
(.044) (.061) (.044) (.043)
Observations 79604 79604 79604 79604
Switchers 1891 1891 1891 1891
Stayers 13593 13593 13593 13593
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 with treatment D > 0.7. Switchers are the treated groups that switch in or out of
treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment has not
(yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls include
gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP and
own data on civic education.
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Table A3.11 : Effect of civic education on civic engagement dropping one variable from index (intensive

margin)
(1) (2) (3) (4)
Drop pol. interest Drop party ident. Drop org. involv. Drop volunt.
ATE -.028 .030 -.035 -.028
(.030) (.033) (.029) (.036)
Observations 80121 82036 79745 79696
Switchers 1921 1957 1894 1894
Stayers 13779 14015 13626 13606
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0.7}.
The dependent variable is the civic engagement index, excluding one component at a time: (1) political interest, (2) democratic party
identification, (3) organizational involvement, and (4) volunteering. Switchers are the treated groups that switch in or out of treatment and
have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment has not (yet) changed.
State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls include gender, individual
born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic

education.

Table A3.12 : Effect of civic education on civic engagement by school track

(1) (2) (3)

ATE .031 -.093 .036
(.052) (.049) (.036)
Observations 24943 27833 26828

Switchers 1099 385 315
Stayers 3184 1924 1748
State FE Yes Yes Yes
Cohort FE Yes Yes Yes
State Controls Yes Yes Yes
Indiv. Controls  Yes Yes Yes
Sample Basic Middle Highest

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with with treatment 1{d > 0.7}
for each school track separately. Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers
are the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in
power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental
education. Standard errors are clustered at the state level. Data: SOEP and own data on civic education.
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Table A3.13 : Effect of civic education on civic engagement by gender and SES (extensive margin)

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

ATE .384 227 -.047 .039
(.053)  (.100)  (.068) (.010)
Observations 41861 37741 7591 31392

Switchers 398 280 21 306
Stayers 668 620 325 260
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes
Sample Female Male HighSES Low SES

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with with treatment 1{d > 0}
by gender and socio-economic background. High SES: At least one parent holds an Abitur. Switchers are the treated groups that switch in or
out of treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment
has not (yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls
include gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP
and own data on civic education.

Table A3.14 : Effect of civic education on civic engagement by gender and SES (intensive margin)

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

ATE -.045 .020 -.241 .055
(.049)  (.042)  (.050) (.038)
Observations 41861 37741 7591 31392

Switchers 975 916 76 665
Stayers 6797 4549 524 5526
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes
Sample Female Male HighSES Low SES

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with with treatment 1{d > 0.7}
by gender and socio-economic background. High SES: At least one parent holds an Abitur. Switchers are the treated groups that switch in or
out of treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment
has not (yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls
include gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP
and own data on civic education.
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Appendix

A4.9 Appendix Figures and Tables

Figure A4.1: General pattern of political interest by age.
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Notes: Political interest by five-year age groups with a 95 percent confidence band. All plots conditional on age group, standard errors
clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Figure A4.2 : General pattern of party identification by age.
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Notes: Party identification by five-year age groups with a 95 percent confidence band. All plots conditional on age group, standard errors
clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Figure A4.3 : General pattern of organizational involvement by age.
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Notes: Organizational involvement by five-year age groups with a 95 percent confidence band. All plots conditional on age group, standard
errors clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Figure A4.4 : General pattern of volunteering by age.
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Notes: Volunteering by five-year age groups with a 95 percent confidence band. All plots conditional on age group, standard errors clustered
on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Figure A4.5 : General pattern of political interest by cohort.
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clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Figure A4.6 : General pattern of party identification by cohort.
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Notes: Party identification by five-year cohort groups with a 95 percent confidence band. All plots conditional on age group, standard errors
clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP

165



Figure A4.7 : General pattern of organizational involvement by cohort.
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Notes: Organizational involvement by five-year cohort groups with a 95 percent confidence band. All plots conditional on age group,
standard errors clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Figure A4.8 : General pattern of volunteering by cohort.
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Notes: Volunteering by five-year cohort groups with a 95 percent confidence band. All plots conditional on age group, standard errors
clustered on individual level. High SES is defined as having at least one parent with an Abitur. Data: SOEP
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Table A4.1 : Effect of civic education on civic engagement ignoring missing values (extensive margin)

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

ATE .18  .186  .184  .184
(.058)  (.058)  (.058)  (.058)
Observations 161100 161100 161100 161100

Switchers 1306 1306 1306 1306
Stayers 2568 2568 2568 2568
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0}. The
dependent variable civic engagement is non-missing if at least one component variable is non-missing. Switchers are the treated groups
that switch in or out of treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose
whose treatment has not (yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8.
Individual controls include gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school
type level. Data: SOEP and own data on civic education.

Table A4.2 : Effect of civic education on civic engagement ignoring missing values (intensive margin)

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

ATE -037  -.026  -034  -.030
(.030)  (.031) (.031) (.031)
Observations 161100 161100 161100 161100

Switchers 3611 3611 3611 3611
Stayers 27001 27001 27001 27001
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0.7}.
The dependent variable civic engagement is non-missing if at least one component variable is non-missing. Switchers are the treated groups
that switch in or out of treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose
whose treatment has not (yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8.
Individual controls include gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school
type level. Data: SOEP and own data on civic education.
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Table A4.3 : Effect of civic education on political interest, democratic party identification, organizational
involvement, and volunteering ignoring missing values (extensive margin)

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

VARIABLE Pol. Interest Dem. Party Ident. Org. Involv. Volunt.
ATE .384 -.173 .366 .359

(.021) (.107) (.078) (.066)
Observations 153084 149963 89780 89837
Switchers 1242 1211 776 774
Stayers 2504 2492 1369 1372
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 with treatment 1{d > 0}. The dependent variable ignores missing values in any
other component variable. Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are
the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in
power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental
education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Table A4.4 : Effect of civic education on political interest, democratic party identification, organizational
involvement, and volunteering ignoring missings (intensive margin)

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

VARIABLE Pol. Interest Dem. Party Ident. Org. Involv. Volunt.
ATE .014 -.120 .029 .020

(.042) (.048) (.046) (.044)
Observations 153084 149963 89780 89837
Switchers 3452 3389 2099 2099
Stayers 25595 25157 15313 15337
StateByType FE Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 with treatment 1{d > 0.7}. The dependent variable ignores missing values in any
other component variable. Switchers are the treated groups that switch in or out of treatment and have a valid control group. Stayers are
the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include the party in
power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and parental
education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Table A4.5 : Effect of civic education on civic engagement, robustness for state approximation (extensive

margin)

ATE

Observations
Switchers
Stayers
StateByType FE
Cohort FE
State Controls
Indiv. Controls

(1) (2) (3) (4)
.110 110 107 .106
(.062) (.062) (.062) (.062)
77270 77270 77270 77270
675 675 675 675
1265 1265 1265 1265
Yes Yes Yes Yes
Yes Yes Yes Yes
No Yes No Yes
No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0}
excluding approximation with current state. Switchers are the treated groups that switch in or out of treatment and have a valid control
group. Stayers are the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls
include the party in power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in
Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.

Table A4.6 : Effect of civic education on civic engagement, robustness for state approximation (intensive

margin)

ATE

Observations
Switchers
Stayers
StateByType FE
Cohort FE
State Controls
Indiv. Controls

(1)

-.036
(.031)
77270
1865
13017
Yes
Yes
No
No

(2) (3)

-.027  -.019
(.031) (.027)
77270 77270

1865 1865
13017 13017
Yes Yes
Yes Yes
Yes No
No Yes

(4)

-.014
(.027)
77270
1865
13017
Yes
Yes
Yes
Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0.7}
excluding approximation with current state. Switchers are the treated groups that switch in or out of treatment and have a valid control
group. Stayers are the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include
the party in power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and
parental education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Table A4.7 : Effect of pure civic education on civic engagement.

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

ATE -0l6 -.027 -007 -.017
(.043) (.041) (.041) (.039)
Observations 79604 79604 79604 79604

Switchers 1028 1028 1028 1028
Stayers 6484 6484 6484 6484
StateByType FE  Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes
State Controls No Yes No Yes
Indiv. Controls No No Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0}
considering only civic education when it is not combined with other subjects. Switchers are the treated groups that switch in or out of
treatment and have a valid control group. Stayers are the valid control group with the same initial treatment dose whose treatment has not
(yet) changed. State controls include the party in power at time of reform, compulsory school years, and G8. Individual controls include
gender, individual born in Germany, and parental education. Standard errors are clustered at the state-school type level. Data: SOEP and
own data on civic education.

Table A4.8 : Drop one state at a time (extensive margin)

(1) (2) (3) (4) (5) (6) (7) (8) 9 (10)

State dropped SH HH NI HB NW HE RP BW BY SL

ATE -.156 .240 A77 .240 237 .240 .236 .246 .308 .193
(.038) (.062) (.067) (.062) (.062) (.062) (.062) (.062) (.072) (.063)

Observations 76642 79292 69227 78817 57288 72376 74412 65250 64213 78919

Switchers 100 678 136 678 678 678 678 678 578 642
Stayers 1185 1284 1264 1295 678 1162 1192 1019 74 1302
StateByType FE  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
State Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0}. Each
column drops one state from estimation. Switchers are the treated groups that switch in or out of treatment and have a valid control group.
Stayers are the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include the
party in power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and
parental education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.
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Table A4.9 : Drop one state at a time (intensive margin)

(1) (2) (3) (4) (5) (6) (7) (8) 9 (10)

State dropped SH HH NI HB NW HE RP BW BY SL
ATE -0l6 -014 -026 -013 -025 -034 -046 .017 -009 -.009
(.025) (.029) (.026) (.030) (.038) (.028) (.036) (.048) (.037) (.029)

Observations 76642 79292 69227 78817 57288 72376 74412 65250 64213 78919

Switchers 1891 1870 1158 1858 1798 1812 1663 1344 1747 1877
Stayers 13291 12674 12015 10591 1798 11108 10324 10506 11451 12441
StateByType FE  Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Cohort FE Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
State Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Indiv. Controls Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

Notes: This table presents the results from Equation 4.2 following De Chaisemartin and d’Haultfoeuille (2024) with treatment 1{d > 0.7}.
Each column drops one state from estimation. Switchers are the treated groups that switch in or out of treatment and have a valid control
group. Stayers are the valid control group with the same initial treatment dose whose treatment has not (yet) changed. State controls include
the party in power at time of reform, compulsory school years, and G8. Individual controls include gender, individual born in Germany, and
parental education. Standard errors are clustered at the state-school type level. Data: SOEP and own data on civic education.
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