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Preface

Benjamin W. Arold prepared this study while he was working at the Center for Economics of
Education at the ifo Institute. The study was completed in March 2022 and accepted as doctoral
thesis by the Department of Economics at the LMU Munich. It consists of four distinct empirical
essays that address various aspects of how school curricula affect students in the classroom
and beyond. Chapter 2 demonstrates that the abolishment of compulsory religious education
in Germany does not only affect religiosity and gender role attitudes, but also affects the
high-stakes choices of getting married, having children and participating in the labor market.
Chapter 3 provides evidence that the content of science education standards in the US does
not only affect related knowledge of students and adulthood attitudes, but also translates
into high-stakes occupational choices. Chapter 4 exemplifies that school curricula reforms
can also have unintended consequences by showing that a reform of education standards in
math and English has negative spillovers on student achievement in science. Finally, Chapter
5 highlights the fundamental role teachers, the transmitters of educational content in school,
play in the formation of human capital even in dimensions generally thought of as genetically
determined.

Keywords: Religious Education, Religiosity, School Reforms, Evolution, Religion,
Science Education, Education Standards, Human Capital, Attitudes, Be-
liefs, Occupational Choice, Common Core, Education Standards, Student
Achievement, Education Policy, Polygenic Scores, School Resources, Skill
Formation

JEL-No: 121, 124,128,129, J24, H75, P16, Z12
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1 Introduction

1.1 Education and Human Capital

The importance of education for personal and societal development has been acknowledged
for a long time. In ancient Greece, Plato stated: “If a man neglects education, he walks lame to
the end of his life”. It has also long been acknowledged that, despite its potential, educational
investments are not free of costs. The quote of Aristotle that “the roots of education are
bitter, but the fruit is sweet” illustrates the intertemporal trade-off that underlies educational
investment decisions. Modern economic theory has formalized this cost-benefit rationale in
the so-called human capital theory (Mincer, 1958; Schultz, 1961; Becker, 1962). Becker (1962)
argues that investments in education and training increase productivity levels of individuals
and thereby improve their labor market outcomes such as wages and unemployment risks.
At the same time, investments in education are costly. Individuals have to bear direct costs
of education such as tuition fees, and indirect costs in the form of opportunity costs due to
foregone time. Rational individuals maximize their utility by investing into education to the
point in which the expected benefits equal the expected costs.

At the macroeconomic level, economic output can be modeled as a function of capital and
labor inputs (Solow, 1956). In augmented neoclassical growth models, education can increase
individual productivity and, in the aggregate, human capital (Mankiw et al., 1992). Another
way to formalize the beneficial effects of educational investments for economic output comes
from endogenous growth models. Here, education increases the innovative capacity of an
economy, generating new technologies and leading to economic growth (Romer, 1990; Aghion
and Howitt, 1998).

Complementing the theoretical literature, empirical studies in the economics of education
have also demonstrated positive effects of educational expansions on individual and societal
development. Individuals’ increases in educational attainment have been consistently asso-
ciated with wage increases (Card, 1999; Heckman et al., 2006). At the macroeconomic level,
educational achievement, particularly in math and science, has been repeatedly linked with
economic growth (Hanushek and Woessmann, 2008, 2012). Hence, understanding which de-
terminants affect educational outcomes is of special interest to policy makers and researchers
alike (Woessmann, 2016).

Education production functions link educational outcomes to inputs including family factors,
school resources, and institutional elements of education systems (Hanushek, 1986; Woess-
mann, 2016). Much of the recent empirical literature in the economics of education has studied
causal relationships between educational outcomes and their determinants. While family
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background certainly plays an important role in the formation of human capital, isolating
causal effects of educational resources and institutional determinants has been a primary
focus, not least because of its immediate policy relevance. Examples of studies on the effects
of school resources include analyses of the effects of school finances (Jackson et al., 2016;
Lafortune et al., 2018; Jackson et al., 2021), class size (Angrist and Lavy, 1999; Krueger, 1999;
Angrist et al., 2019), teacher quality (Chetty et al., 2014b; Jackson, 2018; Bacher-Hicks et al.,
2019), and instruction time (Lavy, 2015; Rivkin and Schiman, 2015; Wedel, 2021). Studies
on the institutional structure of the school system include topics such as central exit exams
(Jirges et al., 2005; Schwerdt and Woessmann, 2017), school autonomy (Hanushek et al.,
2013; Hahn et al., 2018), school accountability (Rouse et al., 2013; Feng et al., 2018; Bergbauer
et al., 2021), and tracking (Hanushek and Woessmann, 2006; Matthewes, 2020; Grewenig,
2021).

1.2 Education Policy and School Curricula Reforms

While many features of education systems have received considerable attention in the lit-
erature, studies on the effects of school curricula are comparatively rare, arguably because
associations of school curricula with outcomes are hard to quantify and exogenize. Cantoni
and Yuchtman (2013, p. 243) present a theoretical model of how a governmental setting of
educational content and individual education decisions interact. They conclude that “further
study of educational content and educational institutions as crucial determinants of human
capitalin a society, and thus growth, appears to us to be an important, under-explored area of
study”. This call was echoed by Cantoni et al. (2017, p. 386) stating that “the choices that elites
make regarding educational content deserve further study”. This dissertation addresses these
calls by showing how educational content can affect human capital measures such as student
achievement and wages. Beyond typical human capital measures, effects of educational
content on attitudinal outcomes as well as family and career decisions are studied as well.

The small but growing quasi-experimental literature on the effects of school curricula has
generated first insights about how students’ knowledge can be influenced by educational
content. These papers are identified from variation in topic-specific instruction time (Machin
and McNally, 2008; Cortes and Goodman, 2014), minimum high school course requirements
(Goodman, 2019), and advanced placement courses (Conger et al., 2021). Beyond students’
knowledge, attitudinal outcomes can also be affected as demonstrated for identity (Clots-
Figueras and Masella, 2013), political and economic attitudes (Cantoni et al., 2017), cultural
civic values (Bandiera et al., 2019), and religiosity (Bazzi et al., 2020).

The main contribution of this dissertation is to present empirical evidence that school curricula
affect high-stakes choices of exposed students in adulthood. Chapter 2 demonstrates that the
abolishment of compulsory religious education in Germany does not only affect religiosity
and gender role attitudes, but also affects the high-stakes choices of getting married, having
children and participating in the labor market. Chapter 3 provides evidence that the content
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of science education standards in the US does not only affect related knowledge of students
and adulthood attitudes, but also translates into high-stakes occupational choices. Chapter 4
exemplifies that school curricula reforms can also have unintended consequences by showing
that a reform of education standards in math and English has negative spillovers on student
achievement in science. Finally, Chapter 5 highlights the fundamental role teachers, the
transmitters of educational content in school, play in the formation of human capital even in
dimensions generally thought of as genetically determined.

1.3 Empirical Methods for Causal Inference

This dissertation aims to estimate the causal effect of school curricula on educational, labor
market and further outcomes of exposed students. Simple correlations between school
curricula and outcomes of interest likely do not yield causal effects. In general, school curricula
are not randomly adopted but reflect the content educational policy makers deem relevant
and appropriate for their students. For example, the religious attitudes of the population and
policy makers may influence the religious content that is included in school curricula, which
in turn may affect the religious attitudes of exposed students. Similarly, the academic rigor of
an education standard may depend on the skill levels of current students, and in turn affect
their achievement. In the context of the research questions about school curricula addressed
in this dissertation, one can easily think of a multitude of factors along educational, economic,
political, scientific, or religious dimensions that bias simple correlations of school curricula
and outcomes away from the true effect of school curricula on outcomes.

The causal effect of school curricula on outcomes could be cleanly estimated if different
school curricula were randomly assigned to students with everything else being held constant.
Under such ideal experimental conditions, individuals in the treatment and control groups
would be comparable in terms of observable and unobservable characteristics if the sample
size is sufficiently large. Hence, any difference in outcomes could be causally attributed to
the treatment (Angrist and Pischke, 2009; Schwerdt and Woessmann, 2020). However, such
an experiment about school curricula appears unfeasible for practical and ethical reasons.
Hence, the chapters of this dissertation exploit natural experiments that mimic the random
assignment of an experiment. Natural experiments are observational studies in which expo-
sure to treatment and control conditions is determined by “nature”, i.e. by factors that are not
manipulated by an experimenter but still orthogonal to characteristics affecting the outcome
in question.

In chapters 2 to 4, | primarily exploit the staggered adoption of school curricula reforms
across states and over time within a given country. Accounting for fixed effects for states and
cohorts, two-way fixed effects models can provide plausibly exogenous variation in individuals’
exposure to school curricula. Generally speaking, school curriculum effects in these models
are identified from differences in outcomes between cohorts within the same state that were
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and were not subject to a given school curriculum, relative to the differences between the
same cohorts in other states that did not have school curriculum reforms at the same time.

The recent econometric literature on two-way fixed effects models has emphasized that an
unbiased and consistent estimation of reform effects requires, in addition to the absence of
confounding shocks, homogeneity in treatment effects (Chaisemartin and D’Haultfeeuille,
2020; Baker et al., 2021; Borusyak et al., 2021; Callaway and Sant’Anna, 2021; Goodman-
Bacon, 2021; Roth and Sant’Anna, 2021; Sun and Abraham, 2021). In settings with staggered
treatment timing like the ones presented in chapters 2 to 4, time-varying treatment effects
can bias results away from the true effect if already-treated students act as controls for later-
treated students (negative weighting). | address this concern in different ways depending on
the chapter and setting therein, for example through robustness checks in which those 2x2
difference-in-differences comparisons in which already-treated students act as controls are
excluded from the sample (Callaway and Sant’Anna, 2021).

To assess the validity and robustness of results further, | also conduct a wide range of supple-
mentary econometric analyses. Depending on the chapter, these analyses include event-study
models, triple difference specifications, placebo tests, and subsample analyses of areas that
are geographically close or governed by narrowly elected governors, among others. In chapter
5, the relevant findings about the associations of genetic endowments with educational out-
comes are replicated in sibling samples to control for genetic nurture effects, and in bounding
exercises following Oster (2019) to account for selection effects.

1.4 Data

To run the econometric models, this dissertation combines various data sources. In chapters
2 to 4, legal data about school curricula is merged with large-scale microeconometric data
containing individual-level information about exposed students. The legal data typically
consist of evaluations of education laws and standards. They comprise state-year level data
about the compulsory nature of school subjects in chapter 2 (Helbig and Nikolai, 2015), the
topical content of education standards in chapter 3 (Lerner, 2000b; Mead and Mates, 2009),
and the adoption of a certain type of education standards in chapter 4 (Achieve Inc., 2013;
CCSSI, 2022). Importantly, the legal data have to measure the variables in question at multiple
points in time for a given state to allow for identification of effects within states over time.

Each chapter of the dissertation makes use of large-scale survey data, either for the main
analyses, or for supplementary analyses. Other microeconometric datasets used in this
dissertation include student achievement data and genetic data. The main advantage of
surveysin the context of this dissertation is that they allow to disclose information on attitudes,
beliefs, and opinions that cannot otherwise be observed in administrative data. Surveys are
not limited to elicit information about outcomes of respondents at the time of the survey,
but can also ask to reveal retrospective biographical information (or follow individuals over
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time in case of panel surveys). Biographical information is crucial to learn about the states
and years of schooling of the respondents, which is necessary to merge data on the school
curricula accordingly.

With regards to the microeconometric datasets, chapter 2 combines survey data from the
National Educational Panel Study (NEPS), the German General Social Survey (ALLBUS), and
the German Socio-Economic Panel (SOEP) to measure relevant outcomes of respondents
from the religious sphere and beyond. Chapter 3 employs student achievement data from the
National Assessment of Educational Progress (NAEP) and survey data from the General Social
Survey (GSS) and the American Community Survey (ACS) to elicit knowledge, attitudes and
occupational choices, respectively. Chapter 4 uses, again, student achievement data from the
NAEP (from more subjects as compared to chapter 3), and combines them with teacher survey
data from the NAEP and student achievement data from the Stanford Education Data Archive
(SEDA) for supplementary analyses. Chapter 5 uses data from the National Longitudinal Study
of Adolescent to Adult Health (Add Health) that combine various data types including survey
data, administrative data and genetic data.

1.5 Chapter Overview

This dissertation presents four empirical essays investigating various aspects of how school
curricula affect students in the classroom and beyond. Each chapter contains one essay, is
self-contained, and can be read independently. This section provides a concise summary of
each chapter, respectively followed by a short conclusion about the policy implications of the
main findings.

Chapter 2 investigates whether compulsory religious education in schools affects students’
religiosity and further outcomes as adults. This chapter is joint work with Ludger Woess-
mann and Larissa Zierow. While the existing literature shows that religious attitudes have
far-reaching consequences for individuals and societies alike, rigorous research on the deter-
minants of such attitudes faces a challenging task as they are often deeply rooted in humans’
personality and socialization. In this chapter, we ask the question whether religious attitudes
can be taught in school. To address it, we exploit the staggered termination of compulsory
religious education across German states in models with state and cohort fixed effects. Using
three different datasets, we find that abolishing compulsory religious education significantly
reduced religiosity of affected students in adulthood. It also reduced the religious actions
of personal prayer, church-going, and church membership. Beyond religious attitudes, the
reform led to more equalized gender roles, fewer marriages and children, and higher labor-
market participation and earnings. The reform did not affect ethical and political values or
non-religious school outcomes.

We conclude from our results that the content of school curricula can serve as an effective
policy tool to shape important lifetime outcomes of students. The findings of our paper also
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provide empirical evidence on some arguments put forward in favor or against religious
education in the political debate. For example, the decrease in religious affiliation caused
by the reform indicates that the historically critical stance of the churches regarding secular
education was rational in the sense that forfeiting the opportunity to instill religious attitudes
in public schools did undermine churches’ follower base in the long run. At the same time,
our finding that ethical outcomes were not affected by the reform speak against concerns in
the policy debate at the time that abolishing compulsory religious education may deteriorate
students’ ethical orientation.

Chapter 3 provides evidence that the content of science education affects related knowledge,
attitudes and choices of exposed students. The starting point for this chapteris the observation
that anti-scientific attitudes can impose substantial costs on societies. While anti-scientific
attitudes are generally shaped by a multitude of factors, | ask whether schools can be an
important agent in mitigating the propagation of such attitudes. Specifically, this analysis
exploits staggered reforms reducing or expanding the coverage of evolution theory in US state
science education standards. | compare adjacent cohorts in models with state and cohort fixed
effects and conduct fine-grained placebo tests to rule out scientific, religious and political
confounders. There are three main results. First, expanded evolution coverage increases
students’ knowledge about evolution. Second, the reforms translate into evolution approval
in adulthood, but do not crowd out religiosity or affect political attitudes. Third, the reforms
affect high-stakes life decisions, namely the probability to work in life sciences.

In conclusion, this chapter shows that the content of education standards lastingly shapes
students. This is true even for a topic like evolution that is highly charged in political and
societal debates. Despite its fundamental relevance for and overwhelming acceptance in
science, people in the US have strong partisan views on it. Still, what schools teach has
long-run effects on individuals’ fundamental views and translates into high-stakes choices.
The specific findings of this chapter are of particular importance to policymakers who aim
to promote scientific knowledge and attitudes in the population and increase the share of
workers in STEM fields.

Chapter 4 demonstrates that reforming education standards can have unintended conse-
quences too. This chapter is joint work with M. Danish Shakeel. From 2010 onward, most US
states have aligned their education standards by adopting the Common Core State Standards
(CCSS) for math and English Language Arts. Existing literature suggests that the adoption of
the CCSS had zero to small positive effects on student achievement in these subjects. The
CCSS did not target other subjects such as science and social studies. In this chapter, we
estimate spillovers of the CCSS on student achievement in non-targeted subjects in models
with state and year fixed effects. Using student achievement data from the NAEP, we show
that the CCSS had a negative effect on student achievement in non-targeted subjects. This
negative effect is largest for underprivileged students, exacerbating racial and socioeconomic
student achievement gaps. Using teacher surveys, we show that the CCSS caused a reduction
in instructional focus on non-targeted subjects.
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We conclude from the findings of this chapter that the CCSS might have been more beneficial
ifit had been adopted for all school subjects. Such a policy might have prevented the negative
spillover of the CCSS on non-targeted subjects, arguably by avoiding the perception that
these subjects are less relevant and receive less instructional attention. At the same time,
such a policy might also have reduced any positive effects on student achievement in the
targeted subjects. In either case, adopting education standards that cover all subjects requires
political challenges to be overcome as exemplified by US controversies around the history
curriculum regarding the coverage of slavery or the science curriculum regarding the treatment
of evolution theory and climate change.

Chapter 5 studies the interplay of genetic endowments and schooling environments in the pro-
duction of educational outcomes. This chapter is joint work with Paul Hufe and Marc Stoeckli.
Genetic endowments are fixed at conception and matter for the educational attainment of indi-
viduals. Our research question asks whether investments in schooling environments cushion
or magnify the outcomes of this genetic lottery. Recent advances in molecular biology have
opened up the black box of the human genome. Specifically, large-sample sequencing of the
human genome allows to construct measures of the genetic predisposition for an outcome in
question. Hence, gene-environment interactions can be analyzed more directly, going beyond
indirect inference derived from twin and adoption comparisons. Using data from a represen-
tative sample of US adolescents, we analyze the interdependent associations of a measure for
the genetic predisposition for educational success, teacher quality and teacher quantity with
educational attainment. Our results suggest that higher-quality teachers act as substitutes
for genetic endowments: a 1 SD increase in teacher quality reduces the positive association
of educational attainment with the relevant polygenic score by 19 percent. In particular, with
high-quality teachers genetically disadvantaged students experience a higher probability of
completing college. These increases are underpinned by gains in health, language ability,
patience, and risk aversion.

Teachers play a vital role for the transmission of school curricula to students. Prior research has
shown that their effectivenessis a crucial input factor in the education production function. We
show that teacher quality also mediates the associations of genetic endowments of students
with educational attainments, leveling the playing field for all students regardless of their
draw in the genetic lottery.

Taken together, the different chapters of this dissertation show that school curricula affect
educational trajectories and labor market outcomes. Reforms of school curricula can be an
effective tool for policy makers to change the knowledge and skills students develop in the
classroom. Beyond classroom changes, school curricula can also affect beliefs and attitudes
of exposed students in adulthood. Beyond attitudinal outcomes, they also shape important
life decisions such as occupational choice, or the number of children, with lasting effects on
key economic outcomes such as wages. In sum, school curricula exert a life-time influence on
students.
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2 Can Schools Change Religious Attitudes? Evidence
from German State Reforms of Compulsory Religious
Education

2.1 Introduction

Religious attitudes are an important component of people’s personalities and values. In
the World Values Survey, 82 percent of participants belong to a religious denomination, 71
percent say that religion is important in their life, and 57 percent pray several times a week."
People’s religiosity has important repercussions for their personal preferences, interpersonal
interactions, and economic prosperity (e.g., lannaccone (1998), lyer (2016), and McCleary and
Barro (2019)). Rigorous research on the emergence and determinants of religious attitudes,
though, faces a challenging task as they are often deeply rooted in humans’ personality and
socialization. But can religious attitudes be taught in school? As public school curricula
intervene in individuals’ life course, this question addresses a core aspect of the interplay
of churches and the state. In this paper, we study whether being exposed to compulsory
religious education in school affects religiosity in adulthood. As churches tend to convey
specific family and worldly norms, we also study effects beyond the religious sphere on family
and labor-market outcomes.

We exploit the unique German setting where staggered reforms abolished compulsory reli-
gious education across states since the 1970s. The 1949 Constitution of West Germany had
formally enshrined religious education as the only subject that is institutionalized as a regular
subject in public schools, so that religious education was a compulsory subject in state curric-
ula. Religious education was very intense: High-school graduates were exposed to roughly
1,000 hours of religious education over their school career - more than four times the hours
of physics classes, for example (Havers, 1972). In reforms enacted at different points in time
between 1972 and 2004, the different states replaced the obligation to attend religious edu-
cation with the option to choose between denominational religious education and “ethics”
as a non-denominational subject. A particularly interesting feature of the reforms is that the
counterfactual to compulsory religious instruction is not to have no value-oriented instruction,
but rather non-denominational value-oriented instruction. As a consequence, the reforms

" This chapter is joint work with Ludger Woessmann and Larissa Zierow. It is based on the paper ‘Can Schools
Change Religious Attitudes? Evidence from German State Reforms of Compulsory Religious Education’, CESifo
Working Paper No. 9504, 2022.

! Figures denote the average across the 60 countries participating in the World Values Survey in 2010-2014
(Inglehart et al., 2014). In Germany, these shares are 69, 37, and 33 percent, respectively.
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allow us to identify the impact of the religious part of instruction, holding the overall exposure
to value-oriented instruction constant.

Making use of the staggered adoption of the reform, our empirical model uses the variation
in the abolishment of compulsory religious education across states and over time to study
reform effects on outcomes in adulthood in two-way fixed effects models. Accounting for
fixed effects for each state and birth year, the series of reforms provides plausibly exogenous
variation in individuals’ exposure to compulsory religious education that can be exploited in a
difference-in-differences setting with varying timing of treatment. Effects are identified from
differences in adult outcomes between cohorts within the same state that were and were
not subject to compulsory religious education, relative to the differences between the same
cohorts in other states that did not have reform events at the same time.

We use three datasets, each of which allows us to link religious (as well as family and labor-
market) outcomes of adults to their state and time of schooling in childhood. Our merged
dataset combines up to 58,000 observations of adults who entered primary school between
1950 and 2004 from the National Educational Panel Study (NEPS), the German General Social
Survey (ALLBUS), and the German Socio-Economic Panel (SOEP).

Our results indicate that schools can indeed affect religious outcomes later in life. We find
that the abolishment of compulsory religious education significantly decreased self-reported
religiosity of affected students in adulthood. Conditional on state and birth-year fixed effects
as well as individual-level control variables, religiosity of students who were not subject
to compulsory religious education is 7 percent of a standard deviation lower on average
compared to students who were subject to compulsory religious education. Event-study
graphs show that reforming states do not have significantly different trends in religiosity in
the years prior to reform compared to non-reforming states.

We find similar reductions in three measures capturing specific religious actions: the personal
act of prayer, the public act of going to church, and the formal (and costly) act of church
membership. Estimation of time-varying treatment effects indicates that effects on religiosity
and personal prayer phase in gradually over time, whereas the effect on church membership
is closer to a one-time shift. In a subsample that allows to merge regional information, effects
are mostly restricted to predominantly Catholic (rather than Protestant) counties.

Beyond the religious sphere, the reforms also affected family and labor-market outcomes.
First,a number of attitudinal measures indicate that the reforms led to more equitable and less
conservative attitudes towards gender roles and family norms. Second, the reforms affected
actual family outcomes by reducing the incidence of marriage and the number of children.
Third, the reforms led to increases in labor-market participation, employment, working hours,
and earnings. By contrast, there is no evidence of effects on ethical-value outcomes such as
reciprocity, trust, volunteering, and life satisfaction, nor on political-value outcomes such
as political interest and leaning, voting, and satisfaction with democracy. Consistent with
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the counterfactual of alternative value-oriented instruction, the reform-induced decline in
religiosity thus did not come at the detriment of reduced ethical values in general.

Several specification and robustness tests support our baseline result. The reforms are not
related to placebo outcomes such as years of schooling, type of school degree, or age of first
employment, indicating that the identifying variation is unlikely to capture alternative sources
such as other contemporaneous educational reforms. Relatedly, results do not change when
conditioning on a range of other educational reforms. Results are robust when restricting
the sample to individuals who attend school in counties neighboring each other across state
borders and including county-pair fixed effects, so that the identifying variation stems from
close geographic areas. Results are also confirmed in a series of additional robustness tests
and diagnostic tools of the two-way fixed effect estimator (Chaisemartin and D’Haultfoeuille,
2020; Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021).

Our study contributes to three strands of literature. First, studies in the economics of religion
have shown the importance of religion and religiosity for economic development and per-
sonal outcomes (see Barro and McCleary (2003) and McCleary and Barro (2006a, 2019) for a
cross-country setting, Becker et al. (2021) for a historical context, and Becker and Woessmann
(2009, 2018) for the German context). Recent analyses of the determinants of religiosity and
the demand for religious services investigate, among others, effects of secular competition
(Gruber and Hungerman, 2008), economic deprivation (Becker and Woessmann, 2013), print-
ing technology (Rubin, 2014), the performance of pastors (Engelberg et al., 2016), coping
with natural disasters (Bentzen, 2019), and an adult religious-value intervention (Bryan et al.,
2021). Several papers study the interrelationship between education systems and religion
in different contexts (Brown and Taylor, 2007; Glaeser and Sacerdote, 2008; Chaudhary and
Rubin, 2011; Franck and lannaccone, 2014; Hungerman, 2014; Meyersson, 2014; Becker et al.,
2017). To the extent that they analyze effects of education on religion, these papers focus on
effects of the level of education in general. Here, we focus on a different aspect - the effect of
religious education in the school curriculum - as a more direct means by which schools may
affect religiosity.

Second, the political economy of state schooling studies why states take over control of school
curricula, modeling aspects such as totalitarian indoctrination (Lott, 1999), social cohesion
(Gradstein and Justman, 2002), and socialization (Pritchett and Viarengo, 2015).2 Historically,
most Western school systems have their roots with the churches, which then exerted fierce
resistance to the emerging state-sponsored non-denominational education systems during
the 19th century (Ramirez and Boli, 1987; West and Woessmann, 2010).° Our results suggest
that this resistance was rational in the sense that forfeiting the opportunity to instill religious
attitudes in public schools did undermine churches’ follower base in the long run.

2 Focusing on the relationship of church and state beyond education, Barro and McCleary (2005) study determi-

nants of state religions and McCleary and Barro (2006b) investigate their effects on religiosity.
* Bazzi et al. (2020) show that a backlash of Islamic schools against mass secular education increased religiosity
in Indonesia in the 1970s.
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Third, a broad literature in the economics of education studies the impact of different school
reforms (e.g., Hanushek (1986) and Woessmann (2016)). While this literature has traditionally
looked at students’ academic achievement and later labor-market success, more recent
contributions also focus on non-academic outcomes such as personality traits (e.g., Almlund
et al. (2011)), soft skills (e.g., Koch et al. (2015)), or political attitudes (Cantoni et al., 2017). We
contribute to this literature by studying how school curricula reforms can affect outcomes
beyond traditional achievement measures, namely religious attitudes in the long run.

In the following, section 2.2 provides institutional background on the studied reforms. Section
2.3 describes the empirical model and section 2.4 the data. Sections 2.5 and 2.6 present our
results on reform effects on religious outcomes and on family and labor-market outcomes,
respectively. Section 2.7 reports specification and robustness tests, and section 2.8 concludes.

2.2 Institutional Background: Reforms Abolishing Compulsory
Religious Education in Germany

With the staggered abolishment of compulsory religious education across states and over time,
Germany provides a unique setting to study the effects of compulsory religious education.”

2.2.1 Historical Background

There are a couple of historical milestones that led to the profound role of religious educa-
tion in the German school system. The Prussian School Supervision Act of 1872 was at the
center of the Kulturkampf (“culture battle”) between the Prussian Empire under Bismarck
and the Catholic Church during the 1870s. This legislation abolished the churches’ control of
the Prussian primary school system, putting the state in charge of school organization and
curricula with the aim to provide a value-neutral education. However, religious education
remained a regular school subject. During the Weimar Republic (1918-1933), there was some
debate about whether religious education should be offered in schools at all, but in the end
the supporters of religious education prevailed.

In Nazi Germany, the role of religious education was formally strengthened by the Reich-
skonkordat (Concordat between the Holy See and the German Reich) closed between Hitler
and the Pope. It assigned Catholic religious education the role of a regular school subject.
In reality, however, the Nazi regime did not adhere to these rules. A prominent example is
the so-called Kreuzkampf (“cross battle”) in the region of Oldenburg Miinsterland in 1936,
where the regional minister for education and church gave the order to take away all crosses,
pictures, and other religious symbols from schools (Kreuzerlass). After protests by civil society

* By contrast, it is hard to imagine exogenous variation in religious education in countries where it is barred
from public schools (e.g., the United States with its strict separation of church and state that forbids religious
education in public schools) or offered as an elective subject (e.g., Italy or the Netherlands).
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that were famously supported by Bishop Clemens August Graf von Galen, the order was partly
taken back, and crosses were again allowed to be placed in schools in this region. Referring
back to Bishop Wilhelm Emmanuel von Ketteler during the Kulturkampf, Bishop von Galen
strongly emphasized the crucial role of the church’s (rather than the state’s) grip of schools
for the children’s socialization and thus for church followership in the long run.

2.2.2 Post-War Situation

Against the backdrop of the Nazi takeover of schools and in close agreement with the Allied
forces, the Constitution (Grundgesetz) of the Federal Republic of Germany, enacted in 1949,
establishes in Article 7 that religious education is a regular subject in public schools.” This
makes it compulsory that public schools provide religious education, which is explicitly to
be taught in accordance with the principles of the respective religious community. Before
reforms that started in the 1970s, enrollment in religious education classes was the default
for all students from first to final grade. Parents (and adolescents aged at least 14)° could
formally request non-participation if the child was not baptized, but this was a rare exception
(Havers, 1972).

Children are taught by confession (Catholic or Protestant). Based on contracts between the
states - who are responsible for education policy - and the churches, the content is not
restricted to “religious studies” but is based on dogmatic elements bound to the respective
denomination and its doctrinal theology (Lott, 2005). Religious-education teachers are paid
by the states and work as state employees but must be chosen and certified by the respective
church (receiving the Catholic Missio canonica or the Protestant Vocatio). The importance given
to the subject in Germany’s school curricula is illustrated by the fact that during their school
careers, high-school graduates were exposed to 1,000 hours of religious education - compared,
e.g., to 240 hours of physics education (Havers (1972) based on the Baden-Wuerttemberg
curriculum).

2.2.3 The Reforms

From the 1970s onwards, eight of the eleven West German states terminated the compulsory
nature of religious education (Helbig and Nikolai, 2015). Parents could now choose between
religious education and a newly introduced subject, usually called “ethics”,” which provides
an alternative form of value-oriented instruction that was non-denominational. As indicated
in Table 2.1, Bavaria was the first state to enact the reform in 1972 and Hamburg and North
Rhine-Westphalia were the last in 2004 (see also map in Appendix Figure A2.1).

> Article 141 states that this clause does not apply to states that had had a different state law on the issue in

place on January 1, 1949, which effectively granted an exemption to the two city states of Berlin and Bremen.
® InBavaria and the Saarland, students had to get parental permission until age 18.

! Depending on the state, the alternative subject is called “ethics”, “philosophy”, “values and norms”, or “hu-
manistic life skills”.
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Two reasons are generally put forward for the reform introduction, one on the initiative of the
churches and the other of the schools (Havers, 1972; Lott, 2005). First, in 1968 the student
movement at German universities started to challenge tradition and conservatism of the
parental generation. When an increasing number of high-school students in urban areas
decided to opt out of religious education to enjoy free time, the churches reacted by pushing
for a compulsory alternative subject that students are obliged to attend instead, to make
opt-out less attractive.® Consistent with the initiation by the churches, Bavaria - which in
many dimensions is generally viewed as the most conservative among the West German
states — was the first to enact the reform. Second, schools also welcomed the reform, as rising
opt-out meant that they were increasingly faced with organizational challenges to comply
with their supervisory duty for students during school hours.

Interestingly, the rollout of the reform across states was orthogonal to the political leaning of
and changes in the state government. As is obvious from column 4 of Table 2.1, four reforms
were implemented by a right-of-center Christian Democrat (CDU/CSU) government and four
by a left-of-center Social Democrat (SPD) government. The time pattern is literally alternating
between the two camps. Furthermore, for each single reform, the party that was in power in
the legislative period of the reform had already been in power in the prior legislative period,
implying that no reform was implemented after a change in government (column 5). Similarly,
the reform rollout was not driven by the size of a state, as the two largest states (Bavaria and
North Rhine-Westphalia) were the first and last to implement the reform, respectively. These
patterns make it unlikely that the reforms were due to political trends or shocks.’

There are three main consequences of the reform that might give rise to overall long-term
reform effects. First, individual students could now attend ethics instead of religious education.
Unfortunately, there is no administrative data on how many students chose ethics in the years
right after the reform implementation. Initially, the number was potentially small, particularly
in rural areas. Reports dating back to the reform years suggest that in some places, schools
could not find staff to teach ethics classes (Lott, 2005). Selective data in later years point
towards a modest decline in the number of students attending religious education. Current
data indicate that 73 percent of students in West German public schools attend religious
education and 20 percent ethics or related substitute subjects (Kultusministerkonferenz,

® To ensure that results are not driven by reactive reforms to early opt-out during the student movement, in
robustness tests we show that results are robust to leaving out early reforming states and to restricting the
sample to rural areas (see section 2.7).

® The result that we do not find reform effects on political outcomes (section 2.5) also speaks against the
existence of political shocks coinciding with the timing of the reforms.
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2021)."° Thus, only about one fifth of students are affected in the sense that they themselves
attend non-denominational ethics rather than denominational religious education.

Second, the subject ethics acted as a newly emerged competitor to religious education,
putting religious education curricula under modernizing pressure. Studying curricula before
and after the reform, we find that religious education curricula tended to change after the
reform. As one example, Appendix Table A2.1 provides an overview of curricula in Bavaria.
The 1967 pre-reform curriculum of Catholic religious education never even mentions non-
Christian religions. By contrast, the 1979 post-reform curriculum has a whole section in grade
9 designated to learning about other religions. The pre-reform curriculum puts more focus
on guiding students towards Christianity, whereas the post-reform curriculum emphasizes
guiding students towards responsible and informed behavior defined by Christian values.™ As
an example of a late reformer, the 1999 pre-reform syllabus in North Rhine-Westphalia focuses
on religious values to guide students, whereas the 2014 post-reform syllabus emphasizes
helping students develop their own values based onreligion and faith. Overall, the comparison
of curricula points to a decrease in the practice of prayers and literal interpretation of the
bible after the compulsory nature of religious education was abolished.

Third, the reform may have changed perceived social norms since it was now officially ap-
proved that alternatives to religious education exist, indicating an apparent acceptance in
society not to be religious. This could have changed religious views even for students who
still attended religious education classes. To the extent that these effects are specific to the
affected student cohorts rather than to the population overall, they would be captured by our
empirical approach.

Any identified long-term reform effects are therefore likely to stem from a combination of
declining attendance in religious education, adapting the content of religious education
classes to the new competitor subject’s content, and changing social norms. We therefore
expect that the reform does not only affect students who chose to attend ethics classes,
but also students who continued attending religious education classes. In addition, the
description makes clear that several elements of the enactment of the reform were gradual

% The number for religious education includes all religions (including Islam and Judaism) as well as
denomination-overarching religious education; 33 percent of West German students attend Catholic and 34
percent Protestant religious education. 7 percent of students attend neither religious education nor ethics, which
mostly refers to primary schools in North Rhine-Westphalia, where ethics is not yet ubiquitously implemented
in all schools, and to secondary schools in Schleswig-Holstein, where religious education/ethics classes of
consecutive grades can be offered combinedly in one grade so that students in the other grade currently do not
attend it.

" In the syllabus of the new subject ethics in Bavaria, religion of any kind is completely absent (except for one
reference to Christian values). The focus is on enabling students to work out answers to ethical questions by
themselves in open discussions based on real-life situations. After the curricular changes in religious education,
ethics and religious education have a lot of common topics and focus both on conveying values; the major
difference is the final justification of values taught in class (Schwoerbel, 1985).
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rather than abrupt, leading to an expectation that reform effects may phase in rather than
happen discontinuously.

2.3 Empirical Model

To estimate the effect of the abolishment of compulsory religious education on religiosity and
other outcomes in adulthood, we make use of the different timing of reform events across
German states. The staggered adoption of the reform allows us to estimate reform effects
in a generalized difference-in-differences setting with varying timing of treatment. The key
idea is that states without a reform in a certain year act as counterfactuals for states with a
reform in that year, after accounting for time-invariant differences between states and national
differences between years. Our baseline two-way fixed effects model with state and cohort
fixed effects models reform effects as immediate and permanent shifts in outcomes in the
reforming states and years, relative to non-reforming states and years:

Ri,s,t = 1(ti,s 2 t:)ﬁReform + XiBControls + ps + /\t + €ispt (21)

The adulthood outcome (e.g., religiosity) R, , ; of individual 7 who started primary school in
state s and year t is a function of an indicator term 1(¢; 2 t+) that equals one if the primary
school entry year ¢, ; of individual 7 in state s is larger than or equal to the year of reform trin
state .

Apart from state and cohort fixed effects (11, and \,, respectively), a vector of individual-level
controls X; and an error terme; , ; complete the model. Throughout the paper, standard errors
are clustered at the state level. We report p-values for two clustering methods. The first one
is the standard clustering approach which accounts for potential correlation of error terms
across years within states and provides conservative inference if reform timing is random
(Abadie et al., 2017; Athey and Imbens, 2021). The second one is the wild cluster bootstrap
approach suggested by Roodman et al. (2019) which provides asymptotic refinement by
accounting for the limited number of clusters given by the West German states.”

12 Coding individuals as treated only if the reform had been implemented at their primary school entry is our
preferred categorization because it starts with the first cohort that could have avoided religious education
completely by choosing the non-denominational alternative from the first grade onwards. The fact that students
who were already beyond primary school entry in the year of reform introduction are categorized as exposed to
compulsory religious education even if they received some exposure to the reformed curriculum might introduce
attenuation biasin our baseline specification. In robustness analyses, we confirm results in a dosage specification
where treatment is defined as the share of compulsory school years that an individual spent in the reformed
system, as well as in a specification that defines treatment by entry into secondary school (see section 2.7).

1 We use Webb weights and 9999 replications. The approach is more conservative than the Cameron et al.
(2008) approach to wild cluster bootstrapping which tends to yield substantially lower p-values throughout (not
shown).
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The parameter of interest, 8. r.m, depicts the intention to treat (ITT) effect that captures the
overall effect of the reform, that is, the effect of being offered the choice between attending
religious education or ethics. The treatment effectis identified from changesin adult outcomes
across cohorts within the same state that were and were not affected by the reform, relative
to the same changes in other states without reform events at the same time.

The variation in the timing of reforms across states provides us with plausibly exogenous
variation in individuals’ exposure to compulsory religious education. The main identifying
assumption is that the exact timing of the reform is as good as random (e.g., Athey and Imbens
(2021) and Borusyak et al. (2021)). This seems plausible given the idiosyncrasies of the reform
processes in the German federal political system described above. For example, the reform
rollout did not indicate any political trend, with implementations alternating between right-
wing and left-wing governments and no reform enacted in the first legislative period after a
change in government (see Table 2.1).

One way in which the identifying assumption could be violated is the existence of other school
reforms that happened simultaneously. However, the timing of the religious-education reform
is very peculiar, and we are not aware of other reforms with even vaguely similar patterns
of timing across states. In fact, results are robust in specifications that control for a range
of other education reforms (see section 2.7). An additional way to test this concern is to
estimate reform effects on non-religious school outcomes such as degree completion or years
of schooling. The religious-education reform did not affect any other subjects and did not
substitute religious education by classes prone to enhance achievement in other curricular
subjects. As we thus do not expect any effects of the religious-education curriculum on other
school outcomes, such analysis can be interpreted as a placebo test that, if it failed, would
indicate the possibility of simultaneous school reforms.

In a further specification that aims to compare observations that are as similar as possible
in the absence of treatment, we restrict the sample to individuals living in counties that are
directly at the border to a different state. In this specification, we can additionally include
fixed effects for each pair of counties that are next to each other on either side of a state border,
thereby further reducing geographic heterogeneity in the identifying variation.™*

In addition, it is an attractive feature of the event-study approach that including a trend vari-
ablerelative to the reform (¢, , —t) constitutes a falsification test of the identifying assumption
of randomness in reform timing (keeping the assumption of time-invariant treatment effects
for now):

Ri,s,t = 1(ti,s 2 t:)ﬁReform + (ti,s - t:)BTrend + XiﬂControls + Mg + )‘t + €i,s,t (22)

Y Counties (Landkreise and kreisfreie Stéidte) in Germa ny are substantially smaller than in the US. There are 325
counties in West Germany with a mean population of about 200,000 inhabitants (median about 150,000).
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The parameter f7,.,q Captures how the average outcomes change in reforming states relative
to non-reforming states. Rejecting the null hypothesis that 57,.,4 = 0 would indicate that the
timing of the reform may not be as good as random.

While specifications (1) and (2) model the reform as an immediate and permanent shock, the
discussion in section 2 suggests that reform implementation may have been gradual rather
than abrupt. To disentangle reform effects that happen directly at the time of the reform from
those that occur gradually afterwards, we extend specification (2) by an interaction of the
reform indicator (¢; , > ¢, ) with the trend term (¢, , — t. ):

Ri,s,t = 1(ti,s = t:)ﬁReform + (ti,s - t:)ﬁTrend + 1(ti,s = t:)(tz,s - 2f;k)ﬁReform"‘Trend

(2.3)
+Xi6€ontrols + s + )‘t + €ist

In this specification, the parameter on the interaction term, Sr. form*rend, Captures the aver-
age annual change in the outcome in reforming states after the reform, relative to the average
annual change in the same states prior to the reform (and relative to non-reforming states).
The parameters Bg. form anNd Bre form* rrena reveal whether the reform affects outcomes as
immediate permanent shocks or gradually over time, respectively (Lafortune et al., 2018). The
parameter 57,.,4 Now captures differential pre-trends between treatment and control states.

To lift the assumption of linearity in pre- and post-trends of the parametric specifications and
allow for flexible reform effects over time, we also estimate non-parametric models of the
effects of a reform in year ¢; on outcomes k years before and after the reform:

20

Ri,s,t = Z 1(ti,s = t: + k)ﬁk; + XiﬁControls + Hs + >\t + ei,s,t (24)
k=-19

Effects, captured by the parameter vector (,, are estimated relative to the excluded category
k = 0. To smooth the numbers of observations in the sample across years, we group obser-
vations together to bins of five years each. We visualize the results of this non-parametric
specification in an event-study graph.

The two-way fixed effects model assumes homogeneity in treatment effects (e.g., Sunand Abra-
ham (2021)). We implement the estimator suggested by Callaway and Sant’Anna (2021) and
use the diagnostic tools suggested by Chaisemartin and D’Haultfceuille (2020) and Goodman-
Bacon (2021) to show that our results are not contaminated by this assumption.15

 Furthermore, excluding covariates does not change our qualitative results, indicating that cohorts with
different covariates are unlikely to react differently to the reform (see Appendix Table A2.21).
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2.4 Data

Our treatment variable indicates whether a given German state has abolished compulsory
religious education at a given point in time. The coding of reform events, indicated in Table
2.1, is taken from Helbig and Nikolai (2015). We define an individual as treated if the reform
that replaced compulsory religious education by the choice between ethics and religious
education had been enacted in the year that the individual entered primary school.

To estimate reform effects on individuals’ adult outcomes, we looked for individual-level
datasets that provide a broad picture of religiosity in Germany. We ended up using three
different datasets that are each drawn to be representative for the German adult population
(see Data Appendix A2.1 for details): the adult cohort of the National Education Panel Study
(NEPS), the German General Social Survey (ALLBUS), and the German Socio-Economic Panel
(SOEP). NEPS is focused on the educational sciences and provides a panel of over 12,000 adults
observed between 2007 and 2016. ALLBUS is focused on the social sciences and provides
repeated cross-sections of over 15,000 adults observed between 1980 and 2016. SOEP is
focused on economics and the social sciences and provides a panel of over 30,000 adults
observed between 1984 and 2017. To study a range of religious (and other) outcomes in
adulthood and maximize statistical power, we use all three datasets and merge them together
in our main analysis. Depending on the outcome under study, our combined estimation
sample includes up to 58,000 observations.

All three datasets meet the basic data requirement of our evaluation approach that we need
to observe individuals’ state and year of primary school entry. Each dataset thus allows us to
link the religiosity of individuals in adulthood to their state of schooling in childhood, even if
they migrated to other states in-between.'® Our sample consists of all individuals who entered
primary school in West Germany between 1950 and 2004. We exclude individuals who entered
primary school before 1950 because they did not have their entire schooling career in the
Federal Republic of Germany (founded in 1949). Primary school entry by 2004 ensures that
individuals have reached adulthood by 2016/17.

Our main outcome of interest is self-reported religiosity, which we interpret as a comprehen-
sive measure describing an individual both believing in religious content and living a religious
life in public, i.e., showing religious belonging (following the terminology of McCleary and
Barro (2019))."" The three other religious outcome measures capture different ways in which
individuals articulate their religiosity in specific actions: the personal act of prayer, the public
act of going to church, and the formal act of church membership. The latter act is also directly
economically relevant, as church membership in Germany is automatically related to paying
church taxes (levied as a surcharge on income tax).

1% I available directly, we use information on the year and state of primary school entry. If not, we use the year
and state of birth and assume that individuals enter primary school six years later in the same state.

" The available data do not allow us to cleanly distinguish between the believing and belonging dimensions of
religiosity.
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As the religious outcome variables are elicited with varying numbers of answer categories
in the different datasets (see Appendix Table A2.2 for details), we standardize the religious
measures within each dataset before merging the three surveys together and include dataset
fixed effects throughout.18 If a measure is observed multiple times per individual in a panel
dataset, we use the most recent available observation on any given variable and include
survey-year fixed effects (stored separately for each question for each individual) throughout.

The three datasets also provide batteries of measures of attitudes towards gender and family
roles and of actual family and labor-market outcomes, as well as of ethical-value, political-
value, and educational outcomes. Control variables include gender, migration status, and
mothers’ and fathers’ education. Table 2.2 provides descriptive statistics for the merged
dataset. Roughly one third of observations are treated by the reform; i.e., they entered primary
school after compulsory religious education had been abolished.

2.5 The Effect of Abolishing Compulsory Religious Education on
Religiosity

This section reports our baseline results on effects of the studied reform on religious outcomes.
Section 2.6 turns to effects on non-religious outcomes, and section 2.7 provides results of
specification and robustness tests.

Our results show that the abolishment of compulsory religious education decreased the
religiosity of affected students in adulthood. The event-study graph of Figure 2.1 indicates that
individuals who entered school after the reform report significantly lower levels of religiosity.™
Visual inspection suggests that reform effects appear to phase in gradually over time. An
omnibus hypothesis test that the post-event effects are jointly zero is rejected at the 1 percent
level. By contrast, the test does not reject that the pre-event effects are jointly zero, indicating
that reforming states had not been on different trends from non-reforming states prior to the
reform.

The parametric estimation in the first column of Table 2.3 indicates that reform exposure
while being in school decreases religiosity in adulthood by 7 percent of a standard deviation
on average. For a straightforward indication of the magnitude of this effect, we can express
religiosity as a dummy variable. The reform reduces the likelihood that a person is (rather
or very) religious by 2.9 percentage points (independent of whether estimated by linear
probability or probit model; see Appendix Table A2.4), compared to an average incidence of
52.4 percent in our dataset. The incidence of being very religious is reduced by 2.2 percentage
points (compared to an average incidence of 10.9 percent).

'8 To document that results are not driven by the standardized merging, robustness checks also show results for
each of the three datasets separately (see section 2.7).
19 Appendix Table A2.3 provides the non-parametric regression results underlying this figure.
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The reform also led to significant reductions in the three measures of specific religious actions
(columns 2-4 of Table 2.3). The standardized effects are of a similar magnitude to overall
religiosity. The reform reduces the personal act of prayer by 5 percent of a standard deviation
(marginally significant), the public act of going to church by 7 percent, and the formal act of
church membership by 8 percent.20

To test whether reforming states are on a general time trend that is different from non-
reforming states, the odd columns of Table 2.4 add a linear trend relative to the respective
reform event to the model. There is no significant differential trend for religiosity or any of
the religious-action outcomes, in line with the assumption that the timing of reform events is
as good as random.

The even columns of Table 2.4 report results of the rather demanding specification with
time-varying treatment effects that allows for both a shift term of the reform, a relative trend,
and an interaction between the two. Confirming the graphical depiction, results indicate
that the reform effect on religiosity phases in gradually over time: religiosity decreases by
0.013 standard deviations on average per year in reforming states after the reform, relative to
the average change in the same state prior to the reform. A similar gradual treatment effect
emerges for personal prayer. By contrast, the effect on affiliation with a religious community is
mostly captured by a one-time shift. This may be related to the fact that church membership
in Germany implies the requirement to pay church taxes: Individuals who were exposed to the
reform even in the early years after a state’s implementation do react by leaving their church
as adults to avoid paying church taxes, whereas their subjective religiosity and prayer are not
yet as strongly impacted. For church-going, the separate estimates in this specification are
too imprecise to distinguish between a one-time shift and gradual phasing-in.

Treatment effects on religiosity are very similar for women and men (Panel A of Table 2.5). The
same is true for church affiliation. By contrast, treatment effects on prayer only materialize
for females but not males, whereas treatment effects on church-going are larger for males.
Results in Panel B show no strongly differential pattern for individuals who went to schools in
rural and urban areas (available for a limited number of observations in RemoteNEPS). The
effect is somewhat larger (although less precisely estimated) in urban areas for religiosity,
larger in rural areas for prayer, and similar for affiliation. When distinguishing individuals’
school county by the majority confession (Panel C), results are driven by Catholic areas. In
another subset of observations and outcomes (available in ALLBUS and SOEP) where we can
link individuals to the denomination of their parents (Panel D), the effect on church-going also
appears to be restricted to individuals with all-Catholic parents. By contrast, while estimates
are somewhat imprecise, the effect on religious affiliation is in fact larger for individuals whose
both parents were Protestant.

20 Appendix Figures A2.2-A2.4 show the respective event-study graphs.
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In contrast to the effects on religiosity and religious actions, we do not find evidence that
the reform affected various value outcomes. In particular, there are no significant treatment
effects on a series of measures of ethical-value outcomes including reciprocity, trust, risk
preference, volunteering, and life satisfaction (Panel A of Table 2.6). The absence of treatment
effects on these ethical outcomes is consistent with the fact that the counterfactual to com-
pulsory religious education in our setting is not no value-oriented classes, but rather a choice
between two types of value-oriented classes that are either denominational or not. Appar-
ently, attending the non-denominational subject ethics does not lead to lower levels of the
different ethical-value outcomes compared to the subject religious education. Similarly, there
is no evidence of effects on political-value outcomes such as political interest, satisfaction
with democracy, or left-right voting patterns (Panel B).

2.6 Effects on Family and Labor-Market OQutcomes

Historically, the churches strongly promoted traditional religious family role models, advo-
cating gender-specific roles in families and marriage before cohabitation. Therefore, we
also study effects of the termination of compulsory religious education beyond the religious
sphere on people’s attitudes towards gender and family roles and on subsequent family and
labor-market outcomes.

Results show that the reform led to a decrease in conservative gender and family attitudes.
Abolishing compulsory religious education reduced the likelihood to think that men are better
suited for certain professions than women by 8 percent of a standard deviation (column 1
of Panel A of Table 2.7). Results on views on equal gender duties in housework are shy of
statistical significance (column 2), but the reform also significantly decreased the likelihood
to think that women cannot use technical devices as well as men (column 3). Similarly, the
reform reduced the view that people should get married if they permanently live with a partner
(column 4).

The reform also affected actual family outcomes. The treatment reduced the probability
to be married by 1.5 percentage points (column 1 of Panel B of Table 2.7), compared to an
average marriage rate of 60 percent. The reform also decreased the number of children by
0.09 children per respondent (column 2), compared to an average of 1.4 children.

The reform may additionally have affected economic behavior and outcomes. According to
Christian values, the decrease in religiosity may have promoted materialistic orientation.”*
The reduction in time used for various religious actions may have induced a substitution effect
towards economic activities (Barro and McCleary, 2003; Gruber and Hungerman, 2008). The
reduced time required to raise (fewer) children may also have changed decisions about family

*! For example, the bible quotes Jesus as saying, “It is easier for a camel to go through the eye of a needle than
for someone who is rich to enter the kingdom of God.” (Mark 10:24-27, Luke 18:24-27)
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and career planning, and the changed gender roles may have opened up better labor-market
opportunities for women. Finally, leaving the church means a reduction in the tax rate on
labor income in Germany, increasing incentives to work.

Results show that the reform indeed had positive effects on labor-market outcomes. The
probability to participate in the labor market increases by 1.5 percentage points (column 3 of
Panel B of Table 2.7), compared to a mean of 82 percent, and the probability to be employed
by 2.3 percentage points (column 4; mean 78 percent). Among those employed, working hours
rise by 0.6 hours per week (column 5), compared to a mean of 35.6 hours. Earnings increase
by 5.3 percent (column 6). Overall, the results suggest that the reform impacted people’s lives
well beyond the religious sphere.22

2.7 Robustness

This section reports tests of challenges to our identification strategy, of the robustness of our
results, and of properties of the two-way fixed effects estimator.

2.7.1 Placebo test: Effects on Non-Religious School Outcomes

For our identification strategy to hold, the abolishment of religious education should not be
accompanied by other educational reforms or other state-specific events with the same timing
structure. As meaningful other school reforms should leave traces in general educational
outcomes, one way to test this is to estimate treatment effects on non-religious educational
outcomes. Results show that the reform is not significantly related to the non-religious ed-
ucational outcomes in our datasets, namely years of schooling, the type of school degree,
or the age of first employment (Table 2.8). As the studied reform did not lead to a change in
schooling hours and or in the structure or content of the non-religious subjects, we interpret
this as a placebo test that is in line with our identifying assumption. This interpretation is also
consistent with the non-existence of effects on ethical-value and political-value outcomes
(see section 2.5 above).

2.7.2 Border Specification with County-Pair Fixed Effects

To reduce the possible incidence of unobserved differences, we can restrict the analysis to
individuals from geographically close and thus arguably highly similar counties. In a subset
of individuals observed in the NEPS data, we observe individuals’ county of schooling. This
allows us to restrict the sample to pairs of counties separated by a state border (see Appendix
Figure A2.5). Additionally, in this specification we can include county-pair fixed effects for
each pair of neighboring counties that is divided by a state border (Dube et al., 2010; Bentzen
and Sperling, 2020). The identifying variation is thus restricted to a comparison of pairs of

2 We do not find that any of the family and labor-market effects differ significantly by gender (not shown).
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counties on either side of the respective state border. In this smaller sample, the treatment
effect on religiosity remains highly significant and increases in size to 0.16 standard deviations
(Table 2.9). The same is true for prayer, whereas the effect on affiliation does not hold in this
specification.

2.7.3 Additional Robustness Analyses

A series of additional tests confirm the robustness of our findings to variations in control
variables, treatment specifications, and estimation samples. To ensure that the estimated
reform effects do not pick up effects of other education reforms, we include controls for a
range of other reforms. These include reforms of the length of compulsory schooling (e.g.,
Pischke and von Wachter (2008) and Cygan-Rehm (2021)), of the duration of the highest-track
school (“G8/G9 reform”, e.g., Andrietti and Su (2019) and Marcus and Zambre (2019)), and
of whether philosophy, sexual education, and political education, respectively, are taught
in school (see Helbig and Nikolai (2015)). Results are robust to controlling for these other
education reforms (Appendix Tables A2.5-A2.8).

A couple of robustness checks relate to the coding of treatment. First, we replace the dummy
variable indicating reform exposure by a dosage variable measuring the share of school years
out of the total compulsory school years in which individuals were exposed to the reform.
Results are robust and point estimates become larger for each of the religious outcomes
(Appendix Table A2.9), as expected if the conservative baseline indicator coding suffers from
attenuation bias. Second, we alternatively define a student to be exposed if the reform was
in place at the time of entry into secondary (rather than primary) school, with very similar
results (Appendix Table A2.10).

A potential concern in our setting is that the effects might be related to the student movement
in the late 1960s and early 1970s. To test this, we exclude all early reforming states from
the sample and keep only those states which reformed since the 1980s. Results are largely
unaffected in this smaller sample (Appendix Table A2.11).

While our baseline analysis merges the NEPS, ALLBUS, and SOEP datasets to maximize statisti-
cal power, we also estimate the models separately for the three datasets to ensure that results
are not driven by any specific dataset or by the merging. Results indicate that the effects tend
to materialize in each of the separate datasets, although obviously at lower levels of statistical
precision (Appendix Tables A2.12-A2.14).

2.7.4 Tests of the Two-Way Fixed Effects Estimator

Our setting generalizes the classic two-group/two-period difference-in-differences setting in
that there are eleven states among whom eight change their treatment status in different years
over an extended time horizon. To ensure that our estimates are not driven by two-by-two
reform estimates with negative weights, we implement the estimator suggested by Callaway
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and Sant’Anna (2021) that isimmune to bias from negative weighting. The procedure uses
only not-yet treated units and never-treated units as controls. Already-treated units, which
could potentially cause negative weighting, are omitted from the analysis. Reassuringly, the
aggregated estimates of the average treatment effect on the treated (ATT) for the four religious
outcomes are very similar to our baseline two-way fixed effects estimates (see Appendix
Table A2.15). In fact, the ATT estimates are larger (in absolute terms) than the corresponding
baseline estimates, although sometimes at lower levels of statistical significance. Appendix B
reports additional diagnostic tests suggested by Chaisemartin and D’Haultfeeuille (2020) and
by Goodman-Bacon (2021) which further corroborate our baseline results and indicate that
our findings are not driven by a setting that would give rise to negative weights.

2.8 Conclusion

Our study investigates whether compulsory religious education affects people’s religiosity
in the long run. We argue that the different timing of reforms that abandoned compulsory
religious education across German states provides plausibly exogenous variation in individ-
uals’ exposure to compulsory religious education. Students could now choose to attend
non-denominational ethics classes rather than religious education, which likely also changed
overall social norms towards religion and, by competitive pressures, the content of religious
classes. We find that, conditional on state and birth-year fixed effects, the termination of
compulsory religious education led to a significant reduction in the religiosity of affected
students in adulthood. The reform reduced the share of people reporting to be religious by
about 3 percentage points (compared to an average incidence of 52 percent) and of those
reporting to be very religious by 2 percentage points (average 11 percent). Similar standard-
ized reductions are found in three measures of religious actions - prayer, church-going, and
religious affiliation.

We do not find that the reform affected ethical values and behavior such as reciprocity, trust,
volunteering, and life satisfaction, nor political values and behavior such as interest in politics,
satisfaction with democracy, or voting. It appears that the counterfactual of attending non-
denominational ethics classes was equivalent to attending religious-education classes in
terms of these outcomes, speaking against concerns in the policy debate at the time that
abolishing compulsory religious education may deteriorate students’ ethical orientation.

Beyond the religious sphere, the reform also affected family and economic outcomes. Affected
students express less conservative gender and family norms later in life. This finding provides
insights for the literature on gender norms which shows that these norms are important
determinants for lifetime outcomes (e.g., Kleven et al. (2019) and Jayachandran (2021)). Yet,
itis not well understood where these norms come from. Our results provide evidence that
changes in school curricula can impact gender norms, implying that they are malleable in
public settings outside the family. The abolishment of compulsory religious education also
affected actual family outcomes - lower incidence of marriage and number of children - as
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well as labor-market outcomes - higher employment and earnings. Thus, the reform also had
economically relevant repercussions.

Overall, our results indicate that religious indoctrination in school can indeed exert a life-time
influence on students.
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Figure 2.1: The effect of abolishing compulsory religious education on religiosity: Non-
parametric event-study estimates

0
1

Religiosity

-1

-2

-15 -10 -5 0 5 10 15 20
Years since event (five-year bins)

Estimates  --------- 95% confidence intervals

Notes: Coefficients from non-parametric event-study regressions and their 95 percent confidence intervals.
Dependent variable: religiosity (standardized, based on 4-point-scale NEPS question “How religious are you?”
and 10-point-scale ALLBUS question “Would you say that you are rather religious or rather not?”). Numbers on
horizontal axis refer to final year of respective five-year bins; i.e., 0 = last five years prior to treatment (excluded
category), 5 = first five years of treatment. Inference: Standard clustering at state level. The p-values of omnibus
hypothesis tests of zero pre- and post-event effects are 0.343 and 0.008, respectively. Data sources: National
Education Panel Study (NEPS) Cohort 6; German General Social Survey (ALLBUS) Cumulation 1980-2016.
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Table 2.2: Descriptive statistics

Mean Std. Min. Max. Obs.
Dev.
Reform (treatment indicator) 0.32 047 0.00 1.00 58,703
Religious outcomes
Religiosity 0.00 1.00 -1.69 1.77 15,688
Prayer 0.00 1.00 -1.26 244 13,276
Church-going 0.00 1.00 -1.16 3.07 42,776
Affiliation 0.00 1.00 -2.22 0.57 45,925
Ethical-value outcomes
Reciprocity 0.00 1.00 -5.11 0.97 21,150
Trust 0.00 1.00 -2.71 2.01 37,070
Risk-taking 0.00 1.00 -3.00 2.64 35,556
Volunteering 043 0.49 0.00 1.00 37,971
Life satisfaction 0.00 1.00 -4.85 1.56 48,177
Political-value outcomes
Interest in politics 0.00 1.00 -2.47 2.00 52970
Politics too complicated 0.00 1.00 -195 225 9,160
Satisfaction with democracy 0.00 1.00 -2.86 190 14,519
Political spectrum: right 0.00 1.00 -3.02 3.37 40,161
Vote in election 0.87 0.34 0.00 1.00 32,133
Vote left 0.57 0.49 0.00 1.00 27,088
Vote extreme 0.07r 0.25 0.00 1.00 27,100

Attitudes towards gender and family roles
Different gender suitability for professions  0.00 1.00 -1.90 1.28 8,868

Different gender duties in the home 0.00 1.00 -1.29 355 18,008
Gender use of technical devices 0.00 1.00 -1.06 2.52 8,859
Attitude towards marriage 0.00 1.00 -1.35 1.35 14,943

Notes: Continuation on next page
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Descriptive statistics (continued)

Std.

Mean Min.  Max. Obs.
Dev.
Family and labor-market outcomes
Currently married 0.60 049 0.00 1.00 56,673
Number of children 1.38 1.25 0.00 12.00 52,668
Labor-force participation 0.82 038 0.00 1.00 58,168
Employment 0.78 041 0.00 1.00 58,168
Working hours 35.56 14.89 0.00 120.00 45,781
Earnings 7.14 090 0.00 11.61 44,935
Educational outcomes
Years of education 1296 2.83 6.00 25.00 42,772
Abitur 038 0.49 0.00 1.00 52,283
Age of first employment 21.11 3.88 1.33 65.25 38,985
Controls
Female 0.51 0.50 0.00 1.00 58,703
Migration status 0.05 0.22 0.00 1.00 58,703

Mother’s education
Basic (Hauptschulabschlussorless) 0.61 0.49 0.00 1.00 58,703
Medium (Realschulabschluss) 0.18 0.39 0.00 1.00 58,703
High (Abitur or more) 0.09 0.29 0.00 1.00 58,703
Father’s education
Basic (Hauptschulabschlussorless) 0.57 050 0.00 1.00 58,703

Medium (Realschulabschluss) 0.13 0.34 0.00 1.00 58,703
High (Abitur or more) 0.16 036 0.00 1.00 58,703
NEPS 0.21 0.41 0.00 1.00 58,703
ALLBUS 0.27 0.44 0.00 1.00 58,703
SOEP 0.52 0.50 0.00 1.00 58,703

Notes: Descriptive statistics. The sums of the category means of mother’s and father’s education,
respectively, do not add up to one because missing values are set to zero, defining a separate
binary explanatory variable that accounts for the missing values. Data sources: National Education
Panel Study (NEPS) Cohort 6; German General Social Survey (ALLBUS) Cumulation 1980-2016;
German Socio-Economic Panel (SOEP) Core 1984-2017 (v.34).
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Appendix
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A2.1 Data Appendix

This appendix provides additional detail on the three individual-level datasets and their
preparation and describes how we merge them for our analysis.

National Education Panel Study (NEPS)

The National Education Panel Study (NEPS) is a large-scale longitudinal survey capturing
educational biographies of individuals in Germany (Blossfeld and Maurice, 2011). It focuses
not only on competencies, educational processes, educational decisions, and returns to
education throughout the life span of individuals, but also covers a wide range of other topics
including several questions on religiosity. NEPS has six different “starting cohorts”, from
newborns to adults, which are then followed through their lives."

We use Starting Cohort 6 which covers the educational and professional careers of a repre-
sentative sample of adults with a special focus on adult education and lifelong learning. The
survey was first administered in 2007/2008 with seven follow-up waves until 2015/2016.

Whenever avariable of an individual is measured in multiple waves, we use its most recent non-
missing value. The data cover detailed retrospective questions on the educational biographies
of respondents including the state and year of primary school entry, which we use to link the
status of compulsory religious education for this state-year combination. Whenever the state
of the primary school location is not available, we use the state of residence of the individual
in the primary school entry year instead if available. Whenever the year of primary school
entry is not available, we use the year of secondary school entry minus four, if available, given
the default duration of primary school equals four years in Germany.

We keep individuals in the sample who provide information about their state and year of
primary school entry, as well as about basic control variables (gender and migration back-
ground). We further require that the individuals entered primary school after 1949 and before
2005 in a West German state. The resulting sample consists of 12,281 individuals.

We keep individuals in the sample who provide information about their state and year of
primary school entry, as well as about basic control variables (gender and migration back-
ground). We further require that the individuals entered primary school after 1949 and before
2005 in a West German state.” The resulting sample consists of 12,281 individuals.

! One “starting cohort” contains many birth cohorts. The Starting Cohort 6, which we use in our analysis,

includes birth cohorts from 1944 to 1988.

> For Baden-Wirttemberg and Saarland, we only keep individuals in the sample who entered primary school
after 1952 and 1956, respectively, as the legal status of religious education was not defined or cannot be retrieved
from legal documents for the previous years (Helbig and Nikolai, 2015)).
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Regarding religious outcome variables, NEPS contains our main outcome variable religiosity as
well as information on personal prayer and religious affiliation. Church-going is not included.
NEPS also contains most variables from the other outcome variable groups (Table A2.2).
Compared to ALLBUS and SOEP, gender role attitudes are particularly well covered.

Regarding control variables, NEPS contains information on gender, migration status, father’s
and mother’s education, and the survey year. Missing values of father’s and mother’s education
are set to zero, and a separate binary explanatory variable is introduced that accounts for
the missing values. Given our approach to use the most recent available information per
individual and variable, we store the survey year of an individual separately for each outcome
variable and use it accordingly as outcome-specific control variable in the regression analyses.
In contrast to ALLBUS and SOEP, information on the religious affiliation of the parents is not
available in NEPS.

To access fine-grained geographical information below the state level, we make use of Re-
moteNEPS, the technology that enables remote data processing of sensitive information.
RemoteNEPS provides the county identifier of an individual’s primary school location, which
we merge to administrative data about the county structure (rural vs. urban, Catholic vs.
Protestant). In addition, we can use this information to implement our border specification
of individuals going to school in counties neighboring each other across state borders (and
including county-pair fixed effects).?

German General Social Survey (ALLBUS)

The German General Social Survey (ALLBUS) is a biennial cross-sectional survey that monitors
societal change by interviewing a nationally representative sample of adults in Germany since
1980 (GESIS, 2019). It provides a picture of the attitudes, behaviors, and social structure of
the population in Germany. We use the ALLBUS Cumulation that combines 20 waves from
1980 to 2016.* The ALLBUS Cumulation contains all variables from the twenty waves that are
elicited in at least two waves. Unlike NEPS and SOEP, the cross-sectional data structure of
ALLBUS implies that each individual is observed only once.

The data contain information on the state a respondent lived in during childhood, which we
assume is the primary school entry state. If this information is not available, we assume that
the respondent entered primary school in her state of birth. Unlike NEPS, ALLBUS does not
elicit the year of primary school entry. We assume that respondents entered primary school
six years after their birth year, given that most students enter primary school at the age of
six in Germany. We then merge the state-level data on compulsory religious education to the
thus defined state and year of primary school entry of each individual.

* SOEP also has a remote feature which would allow to access information on the county of residence, but not

the county of schooling. In addition, it would be infeasible to merge other datasets with RemoteNEPS.
¢ Beyond the biennial survey pattern, there was one additional wave administered in 1991.
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We keep all individuals in the sample who provide the variables to approximate the state and
year of primary school entry as well as basic control variables, and who entered primary school
after 1949 and before 2005 in a West German state. The overall sample size equals 15,924
individuals. However, the number of observations varies substantially between variables, as
not all questions were asked in all waves.

ALLBUS is the only dataset that contains all of our four religious outcome variables - religios-
ity, prayer, church-going, and affiliation. It is also comprehensive with regards to the other
outcome variables, with the exception that it only covers two variables on attitudes towards
gender and family roles (different gender duties in the home and attitudes towards marriage,
see Table A2.2). ALLBUS contains the same basic control variables as NEPS. In addition, it
provides information on the religion of the mother and father for a subset of individuals. We
apply the same approach to address missing values described above for NEPS to ALLBUS and
SOEP.

German Socio-Economic Panel (SOEP)

The German Socio-Economic Panel (SOEP) is a representative longitudinal survey of private
households and individuals in Germany. It covers many topics including household composi-
tion, occupational biographies, employment, earnings, health, and satisfaction. We employ
the SOEP Core 1984-2017 (v.34) which follows individuals since 1984 and has been repeatedly
supplemented with new samples to account for changes that took place in the German society,
such as samples of migrants and refugees (Goebel et al., 2019). Analogous to NEPS, we use
the most recent available non-missing value of a variable for each individual.

To approximate the state and year of primary school entry, we assume that individuals entered
primary school in the state of their last school attendance, which is elicited in SOEP for a
subset of respondents. For the other respondents, we assume that they entered primary
school in their state of birth. Asin ALLBUS, we assume that individuals entered primary school
six years after their birth and accordingly merge status information on compulsory religious
education.

We again keep all individuals in the sample who provide the variables to approximate the
state and year of primary school entry as well as basic control variables, and who entered
primary school after 1949 and before 2005 in a West German state. The resulting sample size
equals 30,498 individuals.

SOEP contains two of the four religious outcome variables (church-going and religious affil-
iation) and two of the four variables measuring attitudes towards gender and family roles
(different gender duties in the home and attitudes towards marriage, see Table A2.2). However,
SOEP provides a comprehensive set of other outcomes, with a special focus on labor-market,
educational, and ethical-value outcomes. In terms of control variables, SOEP is comparable
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to ALLBUS: In addition to the main control variables, it also contains information about the
religion(s) of the mother and father for a subset of individuals.

Merging the three Datasets

NEPS, ALLBUS, and SOEP are collected independently from each other. Hence, their data
structure and variables are not aligned. To merge the three datasets, we start by evaluating
the questionnaires of the three datasets and select only variables for the merging procedure
whose question wordings in the questionnaires are directly comparable.

For each selected variable, we recode the answer categories in each dataset to be directly
comparable across datasets. This implies standardization in most cases, but occasionally
also requires the recoding of variables to analogous dummy or categorical variables. Table
A2.2 provides a list of the precise wording and number of answer categories for all outcome
variables for each of the three datasets.

For example, our main outcome variable religiosity in NEPS is phrased, “Faith and religion are
part of everyday life for some people. What about you? Regardless of whether you belong to a
religious community, how religious would you say you are?” There are four answer categories,
“Not at all religious”, “Slightly non-religious”, “Slightly religious”, and “Very religious”. In
ALLBUS, the question on religiosity is phrased, “Would you describe yourself as more religious
or more not religious? We have a scale for this. Where would you place yourself on this
scale?” The ten answer categories range from “not religious” to “religious”. In SOEP, there is
no question on religiosity. Because of the different answer categories in NEPS and ALLBUS,
both religiosity variables are standardized before being merged together.

Other variables also required re-coding of answer categories before standardization such
that an increase in the variable implies a change in the same direction across datasets. For
example, an increase in the raw variable on personal prayer in NEPS implies a decrease in the
propensity to pray, whereas an increase in the corresponding raw variable in ALLBUS implies
anincrease in the propensity to pray. Throughout the paper, all answer categories are ordered
before standardization such that an increase in the variable implies an increase in religiosity.
The same is true for conservative attitudes towards gender and family roles.

Before merging the datasets, we create three dummy variables, one for each dataset, to
indicate the respective data source. Finally, we order all variables analogously in the three
datasets and then append NEPS with ALLBUS and SOEP.
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A2.2 Diagnostics of the Two-way Fixed Effects Specification

This appendix reports two diagnostic tests of the two-way fixed effects specification that
complement the results of the Callaway and Sant’Anna (2021) estimator reported in the main
text.

Diagnostics by de Chaisemartin and D’Haultfceuille (2020)

The diagnostic test by Chaisemartin and D’Haultfoeuille (2020) is based on the observation
that the estimate derived from a two-way fixed effects difference-in-differences estimation
under the common trend assumption is a weighted sum of the average treatment effect
in each group and period. Heterogeneity in treatment effects can lead to negative weights
attached to specific group-period estimates. When estimating the weights of the group-period
clusters in our setting, 46 of the 216 ATTs receive a negative weight, which sum to -0.070.
Investigation indicates that negative weights are particularly frequent in estimates involving
the two always-treated states in our setting, Berlin and Bremen, which effectively had adopted
the reform by the time our sample starts in 1950.

When conducting the analysis without the two always-treated states, only five of the 125 ATTs
receive a negative weight, which sum to only -0.004. Reassuringly, estimates of the treatment
effects on all religious outcomes in our main specification are qualitatively unaffected when
excluding Berlin and Bremen (see Appendix Table A2.16).

Decomposition by Goodman-Bacon (2021)

In addition, we perform the Goodman-Bacon (2021) decomposition to display potential het-
erogeneity in the estimated effect components and clarify which relationships and groups
matter most. Specifically, we analyze whether our main result holds in a subset of effect
components that isimmune to biases from negative weighting. To implement the analysis, we
collapse data to means of state-cohort cells. To create a balanced panel, we drop observations
in cohorts before 1949 or after 1991, which implies deletion of 21 percent of all state-cohort
cells.

The graphs contained in Appendix Tables A2.17-A2.20 show scatterplots of two-by-two difference-
in-differences estimates and their associated weights for the four measures of religious out-
comes. The figures depict three types of two-group/two-period comparisons that differ by
control group: (1) timing groups, i.e., groups whose treatment at different times serves as
each other’s control groups in two ways: those treated later serve as the control group for
an earlier treatment group and those treated earlier serve as the control group for the later
group; (2) always treated, where a group treated prior to the start of the analysis serves as the
control group; and (3) never treated, where a group which never receives the treatment serves
as the control group. In our setting, the two always-treated states are Berlin and Bremen.
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There is one never-treated state that never adopted the reform (Saarland). All other West
German states adopted the reform within our estimation sample from 1950 to 2004.

The difference-in-differences estimators derived from the Goodman-Bacon (2021) decom-
position, shown in the first line of Appendix Tables A2.17-A2.20, are similar to the results of
our main specification. The estimator is in fact larger in absolute terms for three of the four
religious outcomes, and only slightly smaller for religious affiliation. The overall effect of
the reform on religiosity is -0.129 (compared to -0.071 in our main specification of Table 2.3).
Across all four religious outcomes, the never vs. timing comparison receives the largest weight.
This comparison isimmune to biases from time-varying treatment effects and, reassuringly,
displays a negative effect in all four decompositions. Overall, results of the diagnostic tests
thus indicate that our findings are not driven by a setting that would give rise to negative
weights.
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A2.3 Appendix Figures and Tables

Figure A2.1: Religious education reforms in West German states
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Notes: Map displays years of the abolishment of compulsory religious education of West German states.
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Figure A2.2: Non-parametric event-study estimates of effect on personal prayer
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Notes: Coefficients from non-parametric event-study regressions and their 95 percent confidence intervals.
Dependent variable: personal prayer (standardized, based on 7-point-scale NEPS question “How often do you
pray?” and the same 11-point-scale ALLBUS question). Numbers on horizontal axis refer to final year of respective
five-year bins; i.e., 0 = last five years prior to treatment (excluded category), 5 = first five years of treatment.
Inference: Standard clustering at state level. The p-values of omnibus hypothesis tests of zero pre- and post-event
effects are 0.588 and 0.003, respectively. Data sources: National Education Panel Study (NEPS) Cohort 6; German
General Social Survey (ALLBUS) Cumulation 1980-2016.
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Figure A2.3: Non-parametric event-study estimates of effect on church-going
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Notes: Coefficients from non-parametric event-study regressions and their 95 percent confidence intervals.
Dependent variable: church-going (standardized, based on 6-point-scale ALLBUS question “As a rule, how often
do you go to church?” and 4-point-scale SOEP question “Which of the following activities do you take partin
during your free time? Attending church, religious events”). Numbers on horizontal axis refer to final year of
respective five-year bins; i.e., 0 = last five years prior to treatment (excluded category), 5 = first five years of
treatment. Inference: Standard clustering at state level. The p-values of omnibus hypothesis tests of zero pre-
and post-event effects are 0.139 and 0.087, respectively. Data sources: German General Social Survey (ALLBUS)
Cumulation 1980-2016; German Socio-Economic Panel (SOEP) Core 1984-2017 (v.34).
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Figure A2.4: Non-parametric event-study estimates of effect on religious affiliation

Affiliation
1

T T I T

-15 -10 -9 0 5 10 15 20
Years since event (five-year bins)

Estimates  --------- 95% confidence intervals

Notes: Coefficients from non-parametric event-study regressions and their 95 percent confidence intervals.
Dependent variable: religious affiliation (standardized, based on 6-point-scale ALLBUS question “Which religion
do you belongto?” and 11-point scale SOEP question “Do you belong to a church, religious community or faith?”).
Numbers on horizontal axis refer to final year of respective five-year bins; i.e., 0 = last five years prior to treatment
(excluded category), 5 = first five years of treatment. Inference: Standard clustering at state level. The p-values of
omnibus hypothesis tests of zero pre- and post-event effects are 0.052 and 0.020, respectively. Data sources:
German General Social Survey (ALLBUS) Cumulation 1980-2016; German Socio-Economic Panel (SOEP) Core
1984-2017 (v.34).
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Figure A2.5: Counties in the border specification

Notes: Grey shaded counties form the smple of counties in the border specification that are directly at the
border to another state. Thick and thin grey lines represent state and county borders, respectively.
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3 Evolution vs. Creationism in the Classroom: The
Lasting Effects of Science Education

3.1 Introduction

Anti-scientific attitudes can impose substantial costs on public health, the environment, and
the economy. Misinformation about the danger of Covid-19 and a lack of trust in scientists
and has undermined compliance with social distancing measures and vaccination recommen-
dations, prolonging the pandemic (Bursztyn et al., 2020; Algan et al., 2021; Brzezinski et al.,
2021; Jin et al., 2021). Climate change denial has reduced the support for policies cutting
greenhouse gas emissions, contributing to its environmental and economic damage (Akter
et al., 2012; Linden et al., 2015). The rejection of evolution theory has been used to justify
white supremacy and racism in the US (Marks, 2012), and has contributed to anti-scientific
agricultural policies and resulting food shortages in the Soviet Union (Graham, 2016)." While
the societal costs of anti-scientific attitudes are well understood, evidence on its determinants
is surprisingly scant despite its relevance for effective policy responses.

This paper isolates the content of high school science education as one determinant of anti-
scientific attitudes that is directly subject to the policy ma ker.” To study whether the content
of science education has lasting effects on individuals beyond attitudinal outcomes, the paper
also analyzes how it affects scientific knowledge and life decisions. Specifically, | estimate the
causal effect of students’ exposure to the teaching of evolution theory in science education
on (i) their knowledge about evolution at the end of schooling, (ii) their attitudes on evolution
in adulthood, and (iii) the probability that they work in life sciences.

The focus of this paper is on evolution theory because of its fundamental role in science,
and its controversy in the population and the education system. Evolution can scientifically
explain the existence of all species including our own. The American Association for the
Advancement of Science (2021) states that “the foundation of all life sciences is biological
evolution”. 98 percent of its members express support for the statement that humans have

" This chapter is based on the job market paper ‘Evolution vs. Creationism in the Classroom: The Lasting Effects
of Science Education’, mimeo.

! The pseudoscientific theories of Trofim Lysenko, then-president of the Academy of Agricultural Sciences of
the USSR and leading agricultural advisor to Joseph Stalin, have been made responsible for prolonging Soviet
foot shortages in the 1930s (“Lysenkoism”) (Joravsky, 1962).

2 In general, attitudes are shaped by a multitude of factors many of which are rather shielded in the private do-
main. A large literature on the formation of attitudes and beliefs has emphasized the impact of inter-generational
transmission in families (Bisin and Verdier, 2001; Guiso et al., 2008; Tabellini, 2008). Other determinants include
peers and social networks (Sacerdote, 2001; Bailey et al., 2020), the media (Martin et al., 2017), political systems
(Alesina and Fuchs-Schiindeln, 2007), and macroeconomic conditions (Giuliano and Spilimbergo, 2014).
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evolved over time (Pew Research Center, 2015). In contrast, evolution is a highly charged
topicin the US population with only 65 percent agreeing that humans have evolved over time.
This controversy has been reflected in heated debates and legal battles from before World
War | to the present day on whether evolution is supposed to be taught in schools.” Teachers
and school districts have been convicted for not following the educations standards’ stance
on evolution. Even today, there is substantial variation across US states and years in the way
how evolution is covered in education standards.

To isolate exogenous variation in students’ exposure to the teaching of evolution, this paper
exploits staggered state-level reforms of the coverage of evolution in US State Science Ed-
ucation Standards (Science Standards). In the study period from 2000 until 2009, 22 states
expanded the coverage of evolution in their education standard, and 15 states reduced it.
| argue that the political and institutional processes leading to these reforms, in particular
the predetermined timing of gubernatorial elections and the tenure of members of State
Boards of Education, create idiosyncrasies in the determination of the precise reform years.
This setting allows for the estimation of causal effects in two-way fixed effects models with
state and cohort fixed effects, overcoming the identification problem that the content of
science education is generally correlated with scientific, religious and political attitudes of
the students’ environment which independently affect student outcomes.

Beyond the theoretical argument that the reform timing is determined by institutional id-
iosyncrasies, my empirical setup takes explicitly care of a range of endogeneity concerns by
comparing adjacent cohorts around sharp reforms of the State Standards. Specifically, the
performed two-way fixed effects estimations can rule out as confounding factors (i) state-
specific differences (such as education levels), (ii) cohort-specific differences (such as national
changes in attitudes across time), (iii) time-varying state-specific shocks that affect adjacent
cohorts similarly (such as natural disasters or state-level political or religious shocks that
do not differentially affect children of different cohorts), and (iv) time-varying state-specific
shocks that affect adjacent cohorts differentially, but smoothly (such as state-specific trends
in science skepticism), in a robustness test that includes state-specific time trends. To conduct
the set of analyses, | link state-level data on the evolution coverage in Science Standards with
three individual-level datasets.

First, this paper shows that the evolution coverage in Science Standards affects what students
learn about evolution in school. Specifically, | use the National Assessment for Educational
Progress (NAEP) to demonstrate that students being exposed to a more comprehensive evo-
lution coverage in high school are more likely to answer knowledge questions on evolution
correctly by the end of high school. This finding exemplifies how the content of education
standards can foster scientific knowledge, an outcome of direct economic importance given its

> For example, the New York Times published a report on recent controversies with the headline “Questioning
Evolution: The Push to Change Science Class” (Haberman, 2017).
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effects on earnings and economic growth in the long run (Lucas, 1988; Barro, 2001; Hanushek
and Woessmann, 2008, 2012).

Second, this paper demonstrates that the evaluated reforms have lasting effects on attitudes.
To that end, | make use of the General Social Survey (GSS) to show that evolution teaching
affects the probability to approve of the concept of evolution in adulthood. Being exposed in
high school to a comprehensive evolution coverage in the education standard as opposed to
no evolution coverage increases evolution approval in adulthood by 57 percent of the sample
mean. This analysis underscores that reform effects persist long after students have left high
school. This result exemplifies how science education can promote scientific attitudes, which
can be directly relevant for improving public health, the environment, and the economy
(Brzezinski et al., 2021; Martinez-Bravo and Stegmann, 2021).

Third, this paper shows that the evaluated reforms affect high-stakes choices, namely occu-
pational choice. | hypothesize that learning about evolution, the fundamental theory of life
sciences, affects the probability to work in life sciences in adulthood. Using the American
Community Survey (ACS), | demonstrate that being exposed in high school to a comprehensive
evolution coverage in the education standard as opposed to no evolution coverage increases
the probability to work in life sciences in adulthood by 23 percent of the sample mean. This
effectis mostly coming from the subgroup of biology, the subject in which evolution is typically
being taught. This finding exemplifies how science education can attract future STEM workers,
which does not only raise wages at the individual level (Hastings et al., 2013; Kirkeboen et al.,
2016; Deming and Noray, 2020), but also has wider economic consequences through fostering
innovation, technological change, labor productivity and economic growth (Griliches, 1992;
Jones, 1995; Kerr and Lincoln, 2010; Peri et al., 2015).

A particularly useful feature of focusing on one topic such as evolution is the possibility to
construct fine-grained placebo tests. Testing whether reforms affect non-evolution outcomes
constitutes falsification tests. Specifically, | show null effects for (i) non-evolution scientific
knowledge by the end of high school, (ii) non-evolution scientific, religious, and political
attitudes in adulthood, and (iii) the probabilities to work in non-scientific occupational fields.
These results provide empirical support for the interpretation that it is indeed institutional
idiosyncrasies which determine the exact reform timing and not scientific, religious, and
political trends or shocks. | further demonstrate that the reform effect on evolution knowledge
is specific to students in public schools, while there is no effect for a placebo sample of private
school students for whom Science Standards have never been binding. | also present event-
study graphs which show no pre-trends. They also demonstrate that reform effects occur soon
after reform adoption and are more pronounced for the group of states which reduce their
evolution teachings relative to those which expand their teachings. Another robustness check
replicates the main results on a subsample using only states with closely elected governors
ruling at the time of the reform. In addition, the results are immune to potential biases in
staggered two-way fixed effects designs from time-varying treatment effects (Callaway and
Sant’Anna, 2021).
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This paper contributes to the literature on the political economy of schooling (Lott, 1999;
Cantoni and Yuchtman, 2013). | provide the first quasi-experimental evidence that attitudinal
changes induced by reforms of the content of education translate into high-stakes choices of
individuals. Cantoni et al. (2017) exploit a Chinese textbook reform to show that the content
of education affects students’ political and economic attitudes. Other seminal papers study
the effects of the content of education on cultural identity (Clots-Figueras and Masella, 2013),
civic values (Bandiera et al., 2019), and religiosity (Bazzi et al., 2020; Arold et al., 2022). While
these papers show effects on attitudes, | go beyond that and demonstrate that high-stakes
occupational choice is also affected.

At the same time, this finding enhances our understanding of how to increase the share
of STEM graduates, which is a widely shared policy goal in many societies.* We know that
occupational sorting is influenced by demand side factors such as expected earnings and
non-pecuniary job benefits (Wiswall and Zafar, 2018; Arcidiacono et al., 2020), perceived
ability (Stinebrickner and Stinebrickner, 2014; Arcidiacono et al., 2016a), and heterogeneous
tastes (Wiswall and Zafar, 2015). Supply side factors such as grading policies (Butcher et al.,
2014), admissions systems (Bordon and Fu, 2015), affirmative action policies (Arcidiacono
et al., 2016b), or the provision of role models (Jackson et al., 2020) can also play a role (for an
overview, see also (Altonji et al., 2016)). We demonstrate that the content of science education
in high school can be an effective policy tool to attract STEM graduates.

This paper also speaks to the emerging literature on the determinants of religiosity (lannac-
cone, 1998; lyer, 2016; McCleary and Barro, 2019). Finding null effects on religious outcomes
demonstrates that neither believing in nor belonging to religions is reduced by expanding
the scientific content of science education. This is true despite the fact that being raised
as Evangelical is the largest negative predictor of evolution approval in this study. While
a number of studies have found a positive relationship between education and religiosity
(McCleary and Barro, 2006a; Glaeser and Sacerdote, 2008; Meyersson, 2014), other research
suggests that education can decrease religiosity (Hungerman, 2014; Becker et al., 2017). In
the specific setting of evolution teaching in the US, religiosity is not crowded out.

Lastly, this paper contributes to the literature on the effects of content of education on stu-
dents’ knowledge. While the benefits of increasing topic-specific instruction time (Cortes and
Goodman, 2014), minimum high school course requirements (Goodman, 2019), and advanced
placement courses (Conger et al., 2021) are well understood, this paper can show that the
content of education standards affects the knowledge of students in the intended direction.’
Even more, the effects of the content of education standards last into adulthood.

* In the US, increasing the number of STEM graduates is a central policy goal of the Federal Government’s

strategic plan for STEM education 2018-2023 (National Science and Technology Council, 2018). Similarly, the EU
aims to increase the number of STEM graduates as one of its twelve policy goals of the European Skills Agenda
2020-2025 (European Commission, 2020).

> Arold and Shakeel (2021) show that the adoption of centralized education standards in the US in math and
ELA had unintended effects on students’ science achievement.
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The paper proceeds as follows. Section 3.2 outlines the historical and institutional background
of the teaching of evolution. Section 3.3 provides information on the data measuring the
coverage of evolution in Science Standards and the microeconometric datasets. Section 3.4
describes the identification strategy. Section 3.5 presents the results. Section 3.6 discusses
robustness tests. Section 3.7 concludes.

3.2 Institutional Background

3.2.1 The Battle for Teaching Evolution in US Public Schools

The teaching of evolution in public schools has been a contested issue for at least a century in
the US. Although the scientific community reached a consensus on the validity of evolution
relatively soon after Charles Darwin’s publication of “On the Origin of Species” (Darwin, 1859),6
the public did not share the consensus. This was and still is reflected in the educational system.
For the decades before World War I, Beale (1941) describes that teachers wanting to teach
evolution in an average American school had difficulties to do so. Only one quarter of the
biology textbooks published between 1900 and 1919 contained information about evolution
(Skoog, 2005). No book covered human evolution. In the 1920s, about one third of biology
textbooks covered human evolution, documenting an early phase of a gradual and non-linear
development throughout the 20" century towards more evolution coverage in US high school
biology textbooks.

However, the 1920s also marked the start for a series of legal disputes about the teaching
of evolution in US schools throughout the 20" century. At least 20 states considered bills to
ban the coverage of evolution in public schools in the 1920s (Numbers, 1982). Among other
states, such a bill became law in Tennessee, known as the Butler Act, which resulted in the
famous Scopes trial in 1925. John T. Scopes, a biology teacher from Tennessee, was convicted
in Tennessee v. Scopes for having taught evolution in the classroom. Although the Tennessee
Supreme Court overturned the decision on a technicality, it decided that the law banning
evolution from schools was not unconstitutional (Larson, 1999).

In the second half of the 20" century, legislative and adjudicative decisions became more
favorable towards the coverage of evolution in public schools (Moore et al., 2003b). In 1967,
the Butler’s Act was repealed by the Tennessee legislature. One year later, the Supreme
Court of the US ruled that a law banning the teaching of evolution in schools in Arkansas
was unconstitutional in Epperson v. Arkansas. As a reaction, creationists lobbied for laws
requiring that equal time must be spent on teaching evolution and creation. In 1987, this was

® Thomas Henry Huxley (1880, p.1) stated that “there is no field of biological inquiry in which the influence of
the ‘Origin of Species’ is not traceable [...] and the general doctrine of evolution [...] may conduct its conquest
of the whole realm of Nature”. Ernst Mayr (1991, p.25), a leading evolutionary biologists of the 20" century,
wrote that “within fifteen years of the publication of the Origin hardly a qualified biologist was left who had not
become an evolutionist”.
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ruled unconstitutional by the US Supreme Court in Edwards v. Aguillard. In sum, the legal
decisions of the 20™ century have paved the way for evolution to be taught in public schools.
In the 21% century, creationism and intelligent design are not permitted to be taught in US
public schools anymore. Still, there remains substantial variation in evolution teaching across
states and years, as the subsequent analysis of the evolution coverage in Science Standards
demonstrates.

3.2.2 US State Science Standards

US State Science Standards serve as state-wide school curriculum frameworks in science.
Historically, the content of US education has been determined at the local level. However,
concerns about achievement declines of US students in the 1960s and 1970s and resulting
economic costs (Hanushek, 1986; Bishop, 1989) gave rise for calls to establish rigorous and
comparable education standards. In 1983, the report “A Nation at Risk” (National Commission
on Excellence in Education, 1983) proposed the introduction of centralized education stan-
dards.” Several organizations have proposed guidelines for centralized educational standards
for the different school subjects. Regarding science, the American Association for the Advance-
ment of Science developed the Science Standard guidelines “Science for All Americans” (1990)
and “Benchmarks for Science Literacy” (1994), and the National Research Council published
the “National Science Education Standards” (1996). By 2000, all states except for lowa had
adopted Science Standards (Lerner, 2000a).

Science Standards define the scientific knowledge and skills students are supposed to master
in a given grade in public schools. The scientific teaching a student is ultimately exposed to in
class does not solely depend on the Science Standard of her state, but also on local school
curricula, the selection of textbooks, the knowledge, ability and ideology of teachers, testing
formats, and other factors. However, Science Standards form the basis of many of these
factors and thereby, indirectly, affect the science teaching in schools. For instance, they affect
how local curricula and lesson plans of teachers are written (Lerner, 2000b). Furthermore,
science textbooks are arranged to match the content laid outin Science Standards, particularly
reflecting the standards from larger states. In addition, statewide standardized exams often
directly test the content set out in the Science Standards. Lerner (2000b, p.ix) summarizes
that “the knowledge and skills set forth in state standards are supposed to form the core of
“standard based” education reform. They are meant to serve as the frame to which everything
else is attached, the desired outcome that drives countless other decisions about how best to
attain it.” Overall, 88 percent of a nationally representative sample of US public high school

! Theoretically, centralized education standards can be more rigorous as they overcome a free-riding problem
induced by the mobility of high school graduates across school districts and their pooling in the local labor
markets (Costrell, 1994, 1997). At the same time, centralization can also reduce the incentive to develop rigorous
and innovative education standards by abolishing competition between school districts (Tiebout, 1956; Oates,
1999).
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biology teachers state that they focus heavily on what students need to know to meet Science
Standards when teaching evolution (Figure A3.1).

3.2.3 Reform Examples from Florida and Texas

Reforms of the evolution coverage in Science Standards form the basis of the two-way fixed
effects design performed in this paper. The following two reform examples illustrate how such
reforms come into existence. While Florida expanded the evolution coverage in 2008, Texas
reduced it in 2009. The Science Standard in power in Florida before 2008 did not mention the
word “evolution”, and its discussion of evolutionary processes (under a different wording)
were minimal.® In February 2008, the Florida Board of Education voted 4:3 in favor of a new
Science Standard that included evolution comprehensively. This close majority emerged after
years of debating and drafting the Standard. In fact, the Standard was re-drafted yet another
time just hours before the final vote. Replacing the term “evolution” by “the scientific theory of
evolution” secured the majority ultimately. The new Standard captured biological, geological,
cosmological and even human evolution comprehensively (Mead and Mates, 2009).

In contrast to Florida, Texas reduced the evolution coverage in 2009. The evolution coverage in
the Science Standard in place in 2000 was described as “brief but satisfactory” (Lerner, 2000b,
p.15). It contained all areas of evolution except for human evolution. In 2003, Don McLeroy,
the then-chairman of the Texas Board of Education, pushed for a much more limited evolution
coverage. He stated that he personally does not believe in Darwin’s evolution theory and in the
earth being older than a couple of thousand years which was in part reflected in the Science
Standard proposal. In 2003, his reform proposal found no majority in the Board of Education,
and years of debate followed. In 2009, he proposed another Science Standard which required
that “strengths and weaknesses” of evolution should be taught. This was regarded by some
as an attempt to open up room for the teaching of creationism at the teachers’ discretion,
without mentioning creationism explicitly in the Science Standard. It was voted down 8-7. A
second version required students to study the “sufficiency or insufficiency” of key principles
of evolution. It was also voted down 8-7. A third attempt which contained creationist jargon
more subtly was ultimately approved by 13-2 votes. This new Science Standard left out some
areas of the teaching of evolution and added “pieces of creationist jargon” (Mead and Mates,
2009, p.366). For example, the phrase that “the estimated age of the universe was 14 billion
years” was removed. Notably, the reforms in Florida and Texas did not follow a partisan
change as all governors in Florida and Texas in the 21* century have been Republican. Both
reform examples shed light on the political process behind such reforms, and show that they
are not simply a consequence of a change of government.

® Lerner (2000b, p.14) describes the Science Standard as “Extensive standards that skim lightly over biological
and geological evolution without ever mentioning the word. Not satisfactory.”
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3.2.4 The Adoption Process of Reforms of Science Standards

Understanding the political process leading to reforms of the evolution coverage in Science
Standards is of particular interest for assessing whether they create exogenous variation in
students’ exposure to the teaching of evolution. In this section, | argue that the fact that such
reforms happen at some point is not as-good-as-random, but that the specific timing of such
reforms is as-good-as-random given substantial institutional idiosyncrasies.

Reforms of Science Standards are decided on by majority vote of the members of the State
Boards of Education. The selection process of the members of the State Boards of Education
differs across states. In some states, the members are appointed by the governor, sometimes
with the advice and consent of the senate (for example in California and Florida). In other states,
the State Boards of Education members are elected by the public, typically in a staggered
election across districts (for example in the District of Columbia and Texas). Some states
combine the two selection mechanisms by appointing some members and electing others (for
example Louisiana and Ohio). Student representatives or external experts are also appointed
or elected in some states (for example in Alaska and Massachusetts).

Before the members of the State Board of Education vote on a reform of Science Standards,
the standards are typically drafted by advisory committees. The composition of these advisory
committees depends, again, on the state. In general, advisory committees consist of a panel of
teachers and other stakeholders including, at least occasionally, scientists. In addition to the
input of the advisory board, most State Boards of Education hold hearings or testimonies of
stakeholders such as parents, scientists, religious representatives, among others. At this point,
it typically becomesvisible which interest groups lobby in favor or against the proposed reform.
For example, the National Center for Science Education has lobbied for a more comprehensive
coverage of evolution in multiple cases, while the Discovery Institute has spoken out against
it. The probability of anti-evolution organizations being active in a state depends, among
others, on the state’s conservative Protestant adherence rate (Johnson et al., 2016). After the
period of public comment, the State Boards of Education has the final vote.

On the one hand, the political process described above implies that these reforms happen at
some pointin a given state is not random. Instead, they reflect changing political views, either
expressed by the election of a governor who subsequently appoints members of the State
Boards of Education, or by direct election of the members of the State Boards of Education.

On the other hand, the exact reform year in a given state can be regarded as-good-as random.
If the approval towards evolution or science in general changes in the population in a certain
year, it will take a somewhat arbitrary number of years until this results in a reform of Science
Standards because of institutional idiosyncrasies. In states where members of the Board
of Education are appointed by the governor, the year of a reform crucially depends on the
election year of governors, which is determined by the legislation period lasting four years in
general. In states where members of the Board of Education are directly elected, the reform
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year depends on the elections, which typically take place in different districts in different years
in a staggered manner. Further state-specific idiosyncrasies are induced by the fact that the
tenure of members of the Boards of Education differs across states, which can last up to nine
years like in West Virginia. Even after a new majority in the Board of Education is in power, the
drafting, hearing, and voting on new standards causes further delay, as this can take months
oryears. In some cases, there are also spillovers in the sense that Science Standards reforms of
one state affect the teaching in other states. This occurs, for example, because textbooks used
in smaller states may follow Science Standards reforms of larger states. In sum, the number of
years between a scientific, religious, or political shock and a reform of the evolution coverage
in Science Standards can be very large. However, it can also be small if election dates and the
tenure expiration of the marginal board member happen shortly after a given shock. Hence,
the precise timing of such reforms is arguably exogenous. In the empirical analysis, placebo
tests showing null effects on non-evolution scientific, religious and political outcomes test
this narrative empirically. The same is true for regressions conditioning on the party of the
governor.

3.2.5 The Implementation of Reforms of Science Standards

After new Science Standards are adopted, their implementation in the classroom tends to
be rather swift. In general, widely publicized lawsuits convicting school districts for not
implementing the teaching of evolution as outlined in Science Standards contribute to a
fastimplementation of such reforms.” In Florida in 2008, for example, school districts were
supposed to adjust their lessons by including evolution comprehensively as outlined in the
newly adopted Science Standard within one year. Furthermore, evolution was required to
become part of standardized testing in Florida from 2012 onwards. In the 2009 Texas reform,
the evolution coverage of the new Science Standard had to be in textbooks from 2011 onwards.

3.3 Data

3.3.1 Coding of Reforms of Science Standards

To measure the coverage of evolution in a Science Standard, | make use of the “evolution score”
provided by Lerner (2000a) and Mead and Mates (2009). The evolution score is a composite
index based on an evaluation of whether the word “evolution” appears in a Science Standard,

° For example, a lawsuit that received national attention was Kitzmiller v. Dover Area School District in 2005.
The Dover Area School District had required biology teachers to teach intelligent design (a form of creationism
attributing the creation of the world to an intelligent designer) as an alternative to evolution. This requirement
contradicted the content of the Science Standard in power at the time, and was ruled unconstitutional in
Kitzmiller v. Dover Area School District. Specifically, the verdict barred the Dover Area School District from
requiring teachers to “denigrate or disparage the scientific theory of evolution, and from requiring teachers to
refer to a religious, alternative theory known as intelligent design.” (Kitzmiller v. Dover Area School District, 400
F. Supp. 2d 707 (M.D. Pa. 2005)).
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of the respective coverages of biological, human, geological, and cosmological evolution, and
of the connection of the different aspects of evolution. In addition, the absence of creationist
jargon and creationist disclaimers in textbooks is taken into account. The evolution score
is defined between 0 and 1, with 0.01 increments. An evolution score of 0 indicates no or
a non-scientific/creationist coverage of evolution, and a score of 1 a very comprehensive
coverage of evolution. Notably, the creationist jargon in all Standards evaluated in this paper
is never openly religious, which would be unconstitutional. However, there is large variation
in the emphasis of (alleged) weaknesses and critique of evolution theory, opening or closing
space for teachers who wish to teach creationist content.”

The evolution score is available for all states for the years 2000 and 2009, provided by Lerner
(2000a) and Mead and Mates (2009), respectively. They also provide information on the year of
reform of the evolution score for each state between 2000 and 2009 (if there was any reform). If
more than one reform happened between 2000 and 2009 in a given state, there is information
on the last reform.™ The evolution score serves as treatment variable in all analyses presented
in this paper. When merging it with individual-level datasets, each individual is defined to be
exposed to the evolution score from 2000 if she entered high school before the reform year in
her state, and to be exposed to the evolution score from 2009 if she entered high school in the
year of the reform in her state or later. The high school entry year is the relevant year, as most
of the teaching on evolution takes place at the beginning of high school.”?

To illustrate the identifying variation, Figure 3.1 depicts the state-level evolution score dif-
ference between 2000 and 2009.” The evolution score increased in 22 states (implying a
positive evolution score difference) and decreased in 15 states (implying a negative evolution
score difference) between 2000 and 2009. In the remaining 13 states, it remained unchanged.
The states with the largest evolution score increases are Kansas, Mississippi, and Florida.
The largest evolution score decreases are found in Connecticut, Louisiana, and Texas. By

1% 1n 2000, Kansas received an out-of-range score of -0.18, as “it is a special case, unique in the extremity of its
exclusion of evolution from statewide science standards” (Lerner, 2000b, p.16). For example, it did not cover
Darwin, biological evolution and any reference to the age of the earth. In this paper, | change this evolution score
from -0.18 to 0 for ease of interpretability of regression results. All results using the original score of -0.18 for
Kansas instead of 0 do not differ meaningfully (results available upon request). lowa had no Science Standards
in 2000 which is coded as missing. The District of Columbia is treated as a state throughout this paper. The
evolution score was originally defined between 0 and 100, but | re-scale it by dividing it by 100, again for ease
of interpretability. More information about the details of the scoring scheme are provided in Lerner (2000b,
pp.10-17).

' This implies that reforms before the respective last reform are not taken into account in the analyses. In theory,
ignoring these prior reforms merely cause attenuation bias as long as these prior reforms are uncorrelated with
the timing of the last reform in a given state. To test for this explicitly, | perform a robustness check restricting
the sample to students from states for which careful examination of academic articles, legal documents, and
state education websites indicates that they had only one reform between 2000 and 2009, see Section 3.6.4 and
Table A3.1 for more details.

"2 The standard high school curriculum typically features biology (the subject in which evolution is being taught)
in the first year of high school.

B Figure A3.2 also depicts the evolution score levels in 2000 and 2009.
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construction, the changes depend in part on the baseline level, in the sense that Science
Standards which cover evolution very comprehensively in 2000 cannot expand the coverage
by much until 2009, and vice versa. However, by identifying from changes within states |
control for fixed differences between states. Overall, the evolution score changes are fairly
well dispersed across the US, with each census region having at least one state in which
the evolution coverage became more comprehensive, less comprehensive, and remained
unchanged, respectively.

3.3.2 Micro Data

The following subsection describes the three micro-level datasets used in this paper. These
repeated cross-sectional datasets are standardized and hence comparable across US states
and cohorts, which makes them suitable for analyses with state and cohort fixed effects.

In all three datasets, | keep students in the sample who have no missings for basic controls
variables and who enter high school after 1990 and before 2010 in my preferred sample
cut. Hereby, | balance temporal proximity to the reform years with having sufficient years
to estimate pre-trends and fixed effects credibly (and with statistical power in general). This
approach also ensures not to identify from the adoption of the Next Generation Science
Standards which started in 2013. The results of this paper do not hinge on this specific sample
cut, as shown in robustness tests in Section 3.6.4.

NAEP: Evolution Knowledge in School

To estimate the effect of students’ exposure to the teaching of evolution in high school on
their knowledge about evolution by the end of high school, | link the evolution score with the
restricted-use individual-level National Assessment of Educational Progress (NAEP). NAEP is a
standardized student achievement test, measuring the knowledge of US students in various
subjects since 1990. For this study, | use the NAEP test for science in grade 12 as it contains
questions on evolution. Students are coded as exposed to the Science Standard in place in
the year and state of their high school entry, assuming that they entered high school three
years before taking the test in grade 12 in the same state.

The main outcome variable “evolution knowledge” is defined as the share of questions on
evolution answered correctly. The nine categories of scientific knowledge on topics other than
evolution are defined analogously. They serve as placebo outcomes in subsequent analyses
and include topics such as “reproduction”, “climate” or the “universe”. In addition, the NAEP
student surveys provide rich student-level control variables. They include, among others,
variables measuring the socioeconomic status such as subsidized lunch status, parental

education and home possessions.

The main sample only contains public school students, as Science Standards have never been
binding for private schools. However, the latter serve as a placebo sample in robustness
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checks. The main sample consists of more than 15,000 public school students who were
asked at least one question on evolution. The descriptive statistics show that the average
evolution score equals 0.65, implying that students in the sample were on average exposed
to a “satisfactory” evolution coverage.* The mean of the main outcome variable “evolution
knowledge” equals 0.32. The fact that not even one third of the questions on evolution are
being answered correctly on average underscores the difficulty of the questions. Appendix
A3.1 provides detailed tables of the descriptive statistics and raw correlations. It also presents
sample questions, explains how the science questions are grouped into topical categories,
and how missing observations are dealt with.

GSS: Evolution Approval in Adulthood

To estimate the effect of students’ exposure to the teaching of evolution in high school on
their approval of evolution in adulthood, I link the evolution score with the restricted-use
individual-level General Social Survey (GSS). The GSS is a biennial cross-sectional survey
which monitors societal change by interviewing a nationally representative sample of adults
in the US since 1972. Since 2006, respondents are asked about their approval of evolution.
The GSS also provides the state of residence at age 16 and the birth year. | assume that
respondents entered high school in this state at age 14 and merge the evolution score for this
state-year combination accordingly. Hence, | can link the approval of evolution of individuals
in adulthood to the evolution coverage of the Science Standard they were exposed to as
students, even if they migrated to other states after finishing school.

The main outcome variable “evolution approval” is based on the question “Human beings,
as we know them today, developed from earlier species of animals. Is that true or false?”.”
The corresponding indicator variable is set to one if the answer “true” was given, and set to
zero if any other answer option was reported such as “false”, “don’t know”, or “no answer”.
The GSS also asks a broad range of questions on scientific topics other than evolution, and
on religious, political and partisan attitudes. Other variables capturing different dimensions
of the childhood environment are employed as control variables, including the religion a
respondent was raised in.

The GSS is sampled from the entire US adult population regardless of type of school atten-
dance. It does not allow to differentiate between public and private school attendance as
the NAEP. Instead, one can estimate effects net of endogenous sorting across school types,
including homeschooling. The estimation sample of individuals who were asked the question
on evolution approval contains more than 1,800 individuals. The descriptive statistics show
that 58 percent of the sample approve of evolution which is largely representative for evolu-

" Lerner (2000b) classifies evolution scores between 0.60 and 0.79 as “satisfactory”.

> The words “human beings” are replaced by the word “elephants” for 10 percent of the questions on evolution
approval in the sample. Table A3.7 shows that the results are robust to dropping these 10 percent from the
sample.
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tion approval in the US population at the time (Pew Research Center, 2009). More details on
descriptive statistics, raw correlations and data background is provided in Appendix A3.1.

ACS: Occupational Choice

To estimate the effect of students’ exposure to the teaching of evolution in high school on
their probability to work in life sciences in adulthood, I link the evolution score with the
individual-level IPUMS American Community Survey (ACS) (Ruggles et al., 2020). The ACS
is a large-scale demographic survey which draws from a national random sample of the US
population. Responding and providing correct information is required by US law. The ACS
contains detailed information on the occupational field of the respondents. It also elicits the
state and year of birth. | assume that students enter high school in this state at age 14 and
merge the evolution score for this state-year combination accordingly.

Given that evolution is the fundamental theory of life sciences, the occupational field of
primary interest in this study is life sciences. The main outcome variable “working in life
sciences” is coded as an indicator variable equal to one if the respondent works in life sciences,
and equal to zero otherwise. All other occupational fields are coded analogously. The ACS
also allows to divide occupational fields into more fine-grained occupational subfields. The
occupational field “life sciences” can be divided into the subfields “biology”, “agriculture
and food”, “conservation and forestry” and “medical and other” for the purpose of subgroup
analyses. Beyond sciences, | also analyze other occupational fields such as management,
engineering and education. In total, there are 25 non-scientific occupational fields including
one category for unemployed/not in the labor market which serve as placebo outcomes in
robustness checks.

Like in the GSS, the ACS is sampled from the entire US population also including individuals
who went to private school and homeschoolers. The estimation sample of individuals who
are older than 18 years (i.e. who typically completed secondary education) consists of more
than 6 million individuals. Further information, including descriptive statistics, is provided in
Appendix A3.1.

3.4 Identification Strategy

All three analyses presented in this paper are based on the following two-way fixed effects
(TWFE) model. The TWFE model exploits the different timing of reforms of the evolution
coverage in Science Standards across states, and the fact that some of the reforms extended
the coverage of evolution, while others reduced it, and a third group of states did not reform
the evolution coverage. It compares outcomes of cohorts who went to high school in states
where the evolution coverage was reformed with previous cohorts from the same states before
the reforms, relative to how the outcomes of these cohorts changed in states who did not
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reform at the time, after accounting for fixed differences between states and birth cohorts.
The baseline parametric TWFE model is specified as follows:

Yiu = B - Bvolution_Scoreg + v - X5+ 0 + Ay + 0, + €500 (3.1)

where Y}, is the outcome of interest of individual i, who entered high school in state s and
year t, and completed the test or survey in year u. The treatment variable Evolution_Score,
measures the intensity of the evolution coverage in the Science Standard in state s and year t.
[ is the parameter of interest capturing the effect on the outcome of being exposed to a very
comprehensive coverage of evolution (Evolution_Score,=1) as opposed to being exposed to
no or a non-scientific/creationist coverage of evolution (Evolution_Score,=0). The vector X;
contains the individual-level control variables. State fixed effects d, birth cohort/high school
entry cohort fixed effects \,, test/survey year fixed effects 6, and an error term complete the
model. The standard errors are clustered at the state level which is conservative in this setting
and accounts for the potential correlation of error terms across cohorts within states (Abadie
et al.,, 2017; Athey and Imbens, 2021).

The baseline model addresses a range of concerns on the ability to estimate causal effects of
the evolution coverage in Science Standards. One might be concerned that state-level differ-
ences in scientific, religious or political attitudes are correlated with the evolution coverage in
Science Standards and affect scientific knowledge, attitudes as well as occupational choice.
The state fixed effects absorb all differences in outcomes that are constant between states. In
addition, one might be worried that national trends, such as attitudinal trends on scientific,
religious or political topics, might erroneously appear as reform effects. To tackle this concern,
the cohort fixed effects eliminate all national differences between cohorts.

A remaining concern are time-varying state-specific trends or shocks. For example, state-
specific trends in human capital levels, or regional religiosity shocks induced by, say, church
scandals may affect attitudes towards evolution differentially in different states. However,
such factors only threaten the ability to estimate causal effects if they affect different high
school entry cohorts differently. Many state-specific factors may be time-varying, but still
affect adjacent cohorts similarly. This is the case, for example, if a church scandal occurring in
a given year and state evokes similar reactions in adjacent cohorts. However, my empirical
setup exploits cross-cohort variation within a narrow time window around the reforms, and
identifies from reforms of the evolution coverage in State Standards that affect adjacent
cohorts differently. Although reforms of Science Standards are generally applicable to all
cohorts from the year of adoption onwards, the change in evolution coverage does typically
only affect the high school entry cohort (and younger cohorts in the following years when
they enter high school). This is true as the high school entry year is the year in which evolution
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is typically being taught.16 The state fixed effects capture such time-varying state-specific
factors that affect students of different cohorts equally.

Moreover, | address concerns about time-varying state-specific trends or shocks that affect ad-
jacent cohorts differently, but smoothly, by conducting robustness checks with state-specific
time trends. For example, the trust in science among students could develop differently in
the different states, but change smoothly across cohorts. The presented specification with
linear and quadratic state-specific time trends is particularly demanding in terms of statistical
power, as reform effects are only detectable as "jumps" from the cross-cohort trend. Showing
that (at least the point estimates of) the main results hold in this specification reaffirms a
causal interpretation of the presented findings.

In addition, the individual-level control variables take out observable differences between
individuals that vary non-smoothly across states and cohorts. For example, controlling for the
religion an individual was raised in ensures that outcomes across individuals are compared
while holding constant their religion of upbringing.

Based on these insights, the TWFE model yields a causal effect if the parallel trend assumption
holds. It requires that in the absence of Science Standard reforms, the change in outcomes in
reforming states would have been the same as in non-reforming states. This is plausible given
the institutional idiosyncrasies determining the exact reform timing, as discussed in Section
3.2. The following series of identification checks assesses its plausibility more formally.

| begin with conducting non-parametric event-study specifications, in which the reform of the
evolution coverage in Science Standards in a given state and year is referred to as the “event”.
In contrast to the baseline TWFE model, the event-study model can examine non-linear pre-
reform trends in outcome variables. For example, evolution approval trending in the direction
of estimated reform effects prior to the reform could indicate a bias from underlying trends in
the data. Another advantage of the event-study models is that the timing of reform effects can
be assessed by disentangling effects which occur directly at the time of the reforms from those
which phase-in gradually after the reform. Specifically, | estimate the effect of the evolution
coverage in Science Standards in year t, on outcomes of students entering high school k years
before and after the evolution coverage reform, as captured by the parameter vector ;..

4
Yvistu = Z 1(tzs = ts + k)/Bk + v Xz + 53 + )\t + eu + €istu (32)
k=-4

'8 To the extent that evolution is also being taught in higher grade levels, the difference in exposure to the
teaching of evolution between pre- and post-reform cohorts is overstated in my coding. Hence, | interpret the
results as lower-bound estimates as parts of the cohorts coded as exposed to the pre-reform State Standard may
be partially treated by post-reform State Standards.
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Effects are estimated relative to the year of reform k=0."" The event-study estimations yield
changes in outcomes induced by the average reform. This requires to run the event-study
models separately for the subsets of states that expand and reduce the evolution coverage, re-
spectively, because joint event-study models would cancel out effects from opposing reforms.
Within each subset of states, the regression coefficients can be interpreted as changes in
outcomes induced by the average reform in that subset (i.e. averaged over different evolution
coverage changes within a subset).

As outlined above, a remaining concern to validity of the parametric and non-parametric
analyses are time-varying state-specific shocks that affect adjacent cohorts differently, non-
smoothly, and are not absorbed by the individual-level control variables. A series of placebo
tests addresses this concern. In the first analysis, | test whether the coverage of evolution
affects evolution knowledge (main outcome), but not knowledge on scientific topics other
than evolution (placebo outcomes). In the second analysis, | test whether the coverage of
evolution affects evolution approval in adulthood (main outcome), but not other scientific,
religious or political attitudes (placebo outcomes). In the third analysis, | test whether the
coverage of evolution affects the probability to work in life sciences (and in particular biology),
but not the probabilities to work in non-scientific occupational fields. Null effects on placebo
outcomes suggest that no previously uncontrolled scientific, religious or political shocks
coincide with the timing of the reforms. They also demonstrate that the effects reported in
this paper are narrowly tied to the topic of evolution, providing empirical support to the claim
that the exact timing of reforms is driven by institutional idiosyncrasies instead of political
changes. At the same time, they show that these outcomes themselves are not affected by
the reforms.

Another placebo test makes use of a placebo sample of private school students for whom
education standards have never been binding. One can test whether the reform effect on
evolution knowledge is specific to public school students (main sample), but not detectable
for private school students (placebo sample).

3.5 Results

This section shows in three steps that the evolution coverage in Science Standards affects
the knowledge about evolution of students, the attitude on evolution in adulthood, and the
probability to work in life sciences.

" To smooth the numbers of observations across years, the observations are grouped together to bins of 2 years.
The bins at the beginning (end) of the domain additionally include the years prior to (following) the domain’s
starting (ending) year.
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3.5.1 Evolution Knowledge in School

The first analysis demonstrates that the evaluated reforms affect what students learn about
evolution in school. To that end, | regress the share of questions on evolution answered
correctly in the 12" grade NAEP science test on the evolution coverage in Science Standards
and different sets of control variables. Column (1) of Table 3.1 displays the raw correlation
without any control variables. The positive raw correlation could imply that being exposed to a
comprehensive coverage of evolution increases students’ knowledge about evolution (reform
effect). However, it could also reflect that comparatively high average levels of evolution
knowledge raise the probability that states adopt a Science Standard that covers evolution
more comprehensively, for example because students might be less willing to accept cre-
ationist teaching (reverse causality). The positive raw correlation could also be driven by
third variables such as parental education affecting both the probability that states adopt
comprehensive Science Standards and the probability that students have knowledge about
evolution (omitted variable bias).

To isolate the effect of the coverage of evolution in the Science Standard on evolution knowl-
edge, | add different sets of control variables in columns (2)-(4). When adding student-level
control variables in colum (2), or state and cohort fixed effects in column (3), or both the
student controls and the fixed effects in column (4), the positive correlation persists and
becomes even larger compared to the raw correlation. The full model in column (4) is the
preferred specification as it exploits the reforms of Science Standards as a source of arguably
exogenous variation by controlling for time-invariant differences between states, national
differences between cohorts, time-varying state-specific shocks that affect adjacent cohorts
similarly, as well as student level characteristics. It corresponds to the TWFE approach as
specified in equation (3.1).

Regarding the main variable of interest, | find that being exposed to an evolution score of
one, i.e. to a very comprehensive coverage of evolution, as opposed to an evolution score
of zero, i.e. to no or a non-scientific/creationist coverage of evolution, increases the share of
questions on evolution answered correctly by 5.8 percentage points. This effect is statistically
significant at the 1 percent level. Given that students answer on average 32 percent of the
questions on evolution correctly, the reported effect equals 18 percent of the sample mean.

Next, | hypothesize that the reform effect on evolution knowledge is disproportionately large
for underprivileged students as they might rely more on schools to compensate for the lack
of science exposure they receive from their parents and private environments. To begin, |
note that variables typically associated with lack of privilege such as being Black (relative to
being White) tend to predict knowledge about evolution negatively, see Table 3.1. Conversely,
variables typically reflecting privilege such as having a computer at home tend to predict
knowledge about evolution positively.
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| perform subgroup analyses by student characteristics to assess whether reform effects are
largest for underprivileged groups. Figure 3.2 shows that the effect of the evolution coverage
on evolution knowledge is larger for Blacks than for any other racial/ethnic group. With regards
to socioeconomic characteristics, results show that students without a computer at home
and students receiving subsidized lunch benefit disproportionately from a comprehensive
evolution teaching. In fact, the point estimate of 12.7 percentage points for students without a
computer at home is the largest effect in this subgroup analysis. This finding seems plausible
as having no computer at home does not only indicate a low socio-economic status, but
also directly impedes access to online information sources through the internet. Apparently,
students rely mostly on what is taught at school if access to independent information sources
is restricted. | conclude from the findings of this subgroup analysis that a scientific content of
education, materializing in this study in the form of a comprehensive evolution teaching, can
act as a substitute for privilege in the production of student knowledge, materializing in this
study in the form of evolution knowledge.

3.5.2 Evolution Approval in Adulthood

The second analysis shows that the teaching of evolution has lasting consequences on at-
titudes in adulthood, shedding light on the persistence of effects of scientific educational
content. At the same time, it examines whether the effect on evolution knowledge translates
into neutral settings in adulthood in which the scientifically correct answer is not encouraged.
It could well be that students who are exposed to evolution content are able and willing to
answer science exam questions correctly to gain points in an exam as the NAEP, but that they
are not convinced of the correctness of evolution theory.

Table 3.2 presents the GSS results from regressions of evolution approval in adulthood on
the evolution score in high school, conditional on different sets of control variables. The raw
correlation in column (1) is positive and significant. When subsequently adding student-level
controls and fixed effects, the effect becomes even larger. The estimate in the full model
presented in column (4) shows that individuals who were exposed to an evolution score
of one, as opposed to an evolution score of zero, are 33.3 percentage points more likely to
approve of evolution in adulthood. This effect is highly significant and amounts to 57 percent
of the sample mean, making it larger than the corresponding effect on evolution knowledge
reported in section 3.5.1.

To benchmark the effect size relative to other determinants of attitudes, | calculate persuasion

rates (DellaVigna and Gentzkow, 2010). The persuasion rate induced by a reform changing

the evolution score from zero to one is defined as the average treatment effect on evolution

approval divided by the share of students who do not approve of evolution in the entire
18 . . ..

sample.” The corresponding persuasion rate equals 79 percent. This is larger than the

'® Another definition of the persuasion rate would require to divide the treatment effect of the average reform
by the share of individuals who do not approve of evolution and who studied before the education standards
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persuasion rates Cantoni et al. (2017) report for a Chinese school textbook reform on a range
of outcomes.”™ Itis also on the upper end of the persuasion rate distribution of media which
includes rates from 3-8 percent (DellaVigna and Kaplan, 2007) to 65 percent (Enikolopov et al.,
2011) for different media, settings and outcomes.

Regarding subgroups, the religion an individual was raised in gives rise to a particularly in-
teresting heterogeneity analysis, given the large differences in attitudes on evolution and
creationism between religious groups. | first document that having been raised as Evangelical
is a large negative predictor of evolution approval in adulthood as compared to the other reli-
gious groups, see Table 3.2. Specifically, individuals raised as Evangelicals are 29 percentage
points less likely to approve of evolution in adulthood compared to individuals being raised
non-religiously, conditional on the other regressors. The predictive power for individuals
raised as Mainline Protestants is substantially weaker. For Catholics, it is indistinguishable
from those raised as non-religious.

The subgroup analysis depicted in Figure 3.3 shows that the reform effects are larger for
individuals raised as Mainline Protestants relative to those from any other religious upbringing.
Conversely, students are less susceptible to the effects of evolution teaching if they were
raised in a religion with strong anti-evolution views on average like Evangelicals, or with
strong pro-evolution views on average like those raised as non-religious. Mainline Protestants,
with moderate evolution views on average, seem to be most open to change their attitude on
evolution depending onthe school curricula. Furthermore, the results show particularly strong
reform effects for individuals that grew up in urban areas instead of rural areas. Moreover, the
reform effects are largest for Blacks relative to all other racial/ethnic groups, which confirms
the conclusions from the previous subsection.

3.5.3 Occupational Choice

The third analysis reveals that the teaching of evolution translates into real-world high-stakes
outcomes beyond attitudinal outcomes. Specifically, | focus on occupational choice as one
high-stakes life decision in which an individuals’ attitudes, values and beliefs may be revealed.
| hypothesize that exposure to evolution theory (and hence to the fundamental scientific
theory about the existence of life) affects the probability that individuals choose to work in
life sciences.

were reformed. However, compositional differences by states and cohorts between individuals who studied
before and after the reforms would bias results. Similarly, calculating the persuasion rate based on predicting
treated and untreated students’ beliefs and subtracting the treatment effect from the treated students’ beliefs
asin Cantoni et al. (2017) is not feasible as most students are treated to some extent even before the reforms
which then go in different directions with different intensities.

19 They find the largest persuasion rates for the outcomes “Not investing in a bond” (50 percent persuasion rate)
and “Trusting the local government” (47 percent persuasion rate).
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Using the ACS, this analysis shows that being exposed to a more comprehensive teaching of
evolutioninschoolincreases the probability to work in life sciences in adulthood, as presented
in Table 3.3. The point estimate is significant and stable across specifications. The full model
presented in column (4) shows that individuals who were exposed to an evolution score of
one, as opposed to an evolution score of zero, are 0.035 percentage points more likely to work
in life sciences as adults. This effect is significant at the 5 percent level but small in absolute
terms due to the fact that few people work in life sciences in relation to the total US labor
force. However, if expressed relative to the sample mean, the effect amounts to 23 percent.

The corresponding subgroup results by individual-level characteristics are in line with those
from the previous subsections. Table A3.2 shows that the effect on the probability to work in
life sciences is larger for females than for males, and for Blacks than for other racial/ethnic
groups, if expressed relative to the respective subsample mean (although only the former
is significantly different). The ACS does not provide more individual-level covariates, but
one can conduct insightful subgroup analyses by the outcome variable, namely by the four
subfields of life sciences. Figure 3.4 depicts a positive and highly significant effect of the
reform on the probability to work in biology. It is large in relative size, amounting to more
than 39 percent of the sample mean. For all other subfields of life sciences, the estimates
show reform effects that are much smaller in size and not statistically different from zero.
This subgroup pattern underpins that it is indeed the evolution teaching which drives reform
effects, given the fundamental relevance of evolution for biology,20 and given that evolution
is being taught in biology.

3.6 Robustness

The presented TWFE estimations can be interpreted causally if the assumption of parallel
trends holds, as described in section 3.4. The following subsections show non-parametric
event-study graphs, placebo tests, robustness on time-varying treatment effects, and a battery
of further specification checks including specifications with state-specific trends to assess the
plausibility of the identifying assumption.

3.6.1 Event-Study Graphs

Non-parametric event-study graphs can assess pre-trends and the timing of reform effects.
As shown below, there are no strong pre-trends for all three sets of analysis, particularly not
in the direction of reform effects. Regarding reform effects, the changes in outcomes occur
soon after reform adoption. The event-study models have to be conducted separately for
the subsets of states that expand and reduce the evolution coverage, respectively, as joint

% Thisis illustrated by the well-known assertion by Dobzhansky (2013) that “nothing in biology makes sense
except in the light of evolution”.
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event-study models would cancel out effects from opposing reforms. In all event-study graphs,
two years are grouped together to one bin to smooth the number of observations across bins.

Figure 3.5 displays no statistically significant pre-trend in evolution knowledge in both subsets.
For the subset of states where the reform reduces the evolution coverage in Science Standards,
there is, if at all, an upward trend in evolution knowledge before the reform. Against this
positive insignificant pre-trend, evolution knowledge decreases significantly after the reform.
For example, students entering high school one or two years after their state reduced the
evolution coverage in the Science Standard display a reduction of 8 percentage pointin the
share of questions on evolution answered correctly in grade 12 relative to their counterparts
who entered high school in the year of the reform or the year before. For the subset of states
where the reform expands the evolution coverage in Science Standards, there is no pre-trend
and an insignificant increase in evolution knowledge after the reform. Hence, evolution
knowledge changes in the respective directions of the reforms in both cases, although the
effect size and significance are larger for the subset of states reducing their evolution coverage.

Figure 3.6 depicts no significant pre-trends in evolution approval in adulthood in both subsets.
The reform effects are, again, more pronounced for the subset of states in which the evaluated
reforms reduce the evolution coverage. The same is true for the probability to work in life
sciences, see Figure 3.7. In sum, the causal interpretation of the results presented in this paper
is primarily based on the subset of states reducing the evolution coverage. Still, the effects on
the subset of states expanding the evolution coverage go in the expected direction too.

3.6.2 Placebo Tests

A remaining threat to internal validity are state-specific shocks, events, or trends that affect
adjacent cohorts differently and coincided with reforms of the evolution coverage in Science
Standards and affect the respective outcomes. The following placebo tests are designed to
assess this treat. | show below that neither changes in knowledge on non-evolution scientific
topics at the end of high school, nor changes in non-evolution scientific, religious and political
attitudes in adulthood, nor changes in the probabilities to work in non-scientific occupations
appear as reform effects. These findings support (i) that reform coefficients do not reflect
underlying shocks or trends and (ii) that the reforms themselves do not affect these outcomes.
The fact that the reform effects are neatly tied to the topic of evolutionin all three independent
datasets and outcomes therein supports a causal interpretation of the results of this paper. In
sum, the placebo tests provide empirical support for the theoretical assessment that the exact
reform timing is determined by institutional idiosyncrasies and not by scientific, religious or
political confounders.

Evolution Knowledge in School: As is visible in Table 3.4, there is no effect of the evolution
coverage in Science Standards on student knowledge in any of the non-evolution scientific
topics such as reproduction or climate. Column (11) also presents a regression in which
the outcome variable is the average of the nine shares of questions answered correctly on
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non-evolution scientific topics. The corresponding point estimate is insignificant and close to
zero.

To rule out that shocks or events specific to evolution but not related to the Science Standards
drive the main effect, | perform the main analysis on a placebo sample of students from
private schools for whom the reforms were never compulsory. As shown in Table 3.5, the
point estimate measuring the effect of the evolution coverage on evolution knowledge of
private school students is very close to zero (although imprecisely estimated and therefore
not significantly different from the point estimate of public school students). | conclude from
this result that it is unlikely that there are shocks or events related to evolution coincident
with the reform of evolution coverage in Science Standards, at least as long as they affect both
public and private school students. This result also suggests that there are no spillovers from
public school curricula to private school curricula. In addition, the main effect holds on a
joint sample of both public and private school students addressing the concern that spurious
selection of students or school curricula into (or out of) private schools coincidental to the
reform drives the results.

Evolution Approval in Adulthood: Table 3.6 demonstrates that the evolution coverage does
not affect non-evolution scientific outcomes in adulthood on topics such as radioactivity
or viruses. This is true for each of the nine non-evolution scientific outcomes, and for the
average of all nine outcomes. This finding can be interpreted as the adulthood equivalent of
the placebo tests on non-evolution scientific outcomes measured at the end of high school
shown above.

Table 3.7 shows that the evolution coverage has no effect on religious outcomes in adulthood.
Religious outcomes include variables capturing (i) religious beliefs such as belief in God, (ii)
religious belonging such as religious affiliation or churchgoing, and (iii) general religiosity.21
There is no effect that is statistically different from zero on any religious outcome.

Table 3.8 demonstrates null effects of the reform on political outcomes. These outcomes
comprise general political attitudes such as thinking of oneself as a Republican (as opposed
to Democrat, Independent, or something else), political attitudes on specific topics typically
regarded as controversial or partisan such as same-sex marriage, and preferences for govern-
mental spending increases in areas such as alternative energy sources. There is no effect that
is statistically different from zero on any political outcome.

Had there been, say, a negative coefficient on religiosity or political conservatism, it would be
hard to disentangle whether this result was driven by confounding shocks or by the reforms.
However, a null finding implies that neither confounding shocks nor reform effects are at
work, because they plausibly operate in the same direction and do not offset each other. For

*! The distinction between believing and belonging follows Barro and McCleary (2003) and McCleary and Barro
(2019) who find in cross-country analyses that believing stimulates economic growth, while belonging tends to
reduce economic growth at given levels of religious beliefs.
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example, it would be implausible to assume that negative confounders, say, state-specific
church scandals coincident with the reforms, reduce the coverage of evolution in Science
Standards causing a negative effect on religiosity, while at the same time offsetting this
negative effect by increasing religiosity through other channels.

Occupational Choice: Before turning to the placebo analysis on the probabilities to work
in non-scientific occupations, | begin with contrasting the reform effect on life sciences with
effects on other scientific occupational subfields. Table 3.9 only shows significant reform
effects on natural sciences (life sciences and physical sciences, with the effect on life sciences
being marginally larger if measured relative to its sample mean), but not on non-natural
sciences (science technicians and social sciences). When looking at the overall reform effect
on the probability to work in any scientific field, | find a positive and significant effect.

Placebo tests in which the other 25 non-scientific occupational fields serve as outcome vari-
ables allow for testing of whether reform effects are specific to working in scientific occupa-
tional fields. As presented in Table 3.10, the coverage of evolution has no significant effect on
working in any non-scientific occupational field. There is also no effect on being unemployed
or not being part of the labor market, implying that the reform does not cause selection into
employment and the labor market.

3.6.3 Time-Varying Treatment Effects

Even in the absence of confounding trends or shocks, consistent estimation of reform effects
requires homogeneity in treatment effects (Chaisemartin and D’Haultfoeuille, 2020; Baker
et al., 2021; Borusyak et al., 2021; Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021,
Roth and Sant’Anna, 2021; Sun and Abraham, 2021). The treatment effect from the baseline
TWFE model is a weighted average of all possible 2x2 difference-in-differences comparisons
between treated and untreated groups as well as groups treated at different pointsin time
(Goodman-Bacon, 2021). In settings with staggered treatment timing like in this study, time-
varying treatment effects can bias results away from the true effect if already-treated students
act as controls for later-treated students (negative weighting).

This concern can be addressed in arobustness check in which those 2x2 difference-in-differences
comparisons in which already-treated students act as controls are excluded from the sample.
Specifically, | implement the estimator by Callaway and Sant’Anna (2021) (CS estimator) which
is designed to run with repeated cross-sectional data. Like with the event-study graphs, the
CS estimator has to run separately for subsets of states that expand and reduce the evolution
coverage, respectively, because joint CS estimations would cancel out effects from opposing
reforms. Within each subset of states, the reform coefficients can be interpreted as changesin
outcomes induced by the average reform in that subset (i.e. averaged over different evolution
coverage changes within a subset).
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Table A3.3 presents the CS estimator of the effect of the evolution coverage on evolution
knowledge by the end of high school. For the subset of states reducing the evolution coverage,
the estimate shows a reform effect of 5.6 percentage points. It is highly significant and very
similar to the overall TWFE effect of 5.8 percentage points. For the subset of states expanding
the evolution coverage, the CS estimator is only about half the size, and not significant. The
CS estimator on evolution approval in adulthood is reported in Table A3.4. The CS estimator
for the first subset of states amounting to 27.4 percentage points is relatively close to the 33.3
percentage points from the main TWFE model, although it does not met conventional levels
of statistical significance. For the second subset of states, the effect is somewhat smaller in
size and significance. Regarding the probability to work in life sciences, the CS estimator for
the first subset of states is even marginally larger than the overall TWFE effect and comparable
in terms of significance, see Table A3.5. The CS estimator for the second subset of states is still
positive but insignificant and close to zero.

These findings underscore the conclusion from the event-study models that the causal inter-
pretation of the findings presented in this paper rests on the sample of states reducing the
evolution coverage. However, the results from the group of states expanding the evolution
coverage go in the expected direction too.

3.6.4 Further Robustness Checks

This subsection covers a battery of further robustness checks. The first test replicates the
main analysis on a subset of reforms which themselves can arguably be regarded as-good-as-
random (and not only their specific timing). This subset contains reforms in states in which
the governor decides about the members of the State Board of Education, and in which the
governor ruling at the time of the reform adoption won the previous election by a small margin.
In these states, the outcome of the election and hence the political direction of the Boards
of Education and their reforms is somewhat arbitrary. Although the set of states with close
pre-reform gubernatorial elections reduces the sample size by about two thirds, the reform
effects on evolution knowledge are robust (see column (1) of Table A3.6). The same is true for
analogous analyses on evolution approval in adulthood (see column (1) of Table A3.7) and
on the probability to work in life sciences (with the latter being estimated less precisely, see
column (1) of Table A3.8). These findings lend empirical support to a causal interpretation of
the presented estimation results, even if it was not true that institutional idiosyncrasies were
quasi-randomizing the reform timing.

Another, more direct, way to control for political changes is the inclusion of state-by-year
controls for the political affiliation of the governor ruling in the state and year of the respec-
tive individuals’ high school entry. As reported in column (2) of Tables A3.6, A3.7, and A3.8,
respectively, this test yields robust results throughout the three analyses both in terms of size
and significance.
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Adding state-specific time trends as control variables to the baseline TWFE model constitutes
another way to assess robustness. These trends explicitly account for time-varying state-
specific shocks that affect adjacent cohorts differentially, but smoothly. As is visible in column
(3) of the three Tables listed above, the levels of significance tend to decrease in this demanding
specification, while the point estimates largely hold and partly become even larger.

Another robustness check reduces the sample to states which had only one reform event
between 2000 and 2009 based on careful examination of academic articles, legal documents,
and state education websites. As shown in column (4) of the three Tables listed above, the
results are largely robust and partly even more pronounced.

In addition, the results hold if the observation period of the main sample is defined differently.
As reported in columns (5) and (6) of the Tables listed above, the results are robustness to
sample definitions with fewer pre-reform cohorts, with the earliest cohorts entering high
schoolin 1995 and 2000, respectively. Moreover, the results do not hinge on the precise coding
of the outcome variables (for this test, the column numbers depends on the analysis, see
footnotes of the three Tables listed above for more information). For example, the results are
robust to coding those individuals who do not know how to answer the question on evolution
approval as a missing observation instead of non-approving. There are also corresponding
results for the analysis on evolution knowledge, but not for the probability to work in life
sciences as the latter has no such outcome category. The remaining columns of the three
Tables listed above show that all results are robust to conducting logit and probit specifications,
and to dropping missing observations of control variables instead of imputing them.

Lastly, the interpretation of the results does not change when transforming the treatment
variable to indicator variables. Specifically, the first (second) indicator variable is set to one
if the evolution score is larger than 0.1 (0.2), and zero otherwise. The seven other indicator
variables are coded accordingly. This coding eliminates a substantial amount of treatment
variation, but allows to assess which domain of the evolution score distribution is particularly
important for the production of evolution knowledge, evolution approval, and the probability
to work in life sciences. Tables A3.9, A3.10, and A3.11 show that most domains of the evolution
score distribution are important for the production of outcomes with the exception of the
highest value.

3.7 Conclusion

This paper shows that the content of science education has lasting effects on students by
affecting their knowledge, attitudes and choices. To demonstrate this, the paper focuses
on the teaching of evolution theory in the US. Exploiting institutional idiosyncrasies in the
timing of reforms of the evolution coverage in US State Science Education Standards, I first
document that the teaching of evolution causally affect student’s knowledge about evolution
at the end of high school. Second, | show that the teaching of evolution shapes the attitudes
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on evolution of exposed students in adulthood, while non-evolution scientific, religious and
political attitudes remain unaffected. The null finding on religious outcomes speaks against
concerns in the policy debate at the time that expanding the teaching of evolution may reduce
students’ religious convictions. Third, | demonstrate that the teaching of evolution impacts
high-stakes life decisions as exemplified by occupational choice. All three sets of results are of
direct economic importance given the effects on individual and societal outcomes of scientific
knowledge (Hanushek and Woessmann, 2008), scientific attitudes (Brzezinski et al., 2021),
and of working in STEM occupations (Peri et al., 2015). Consensus on topics such as evolution
could also reduce societal polarization and its associated costs (Alesina et al., 2020). In sum, |
conclude from the three sets of findings presented in this paper that science education has
lasting effects on students.

Toillustrate the effect sizes, | calculate changesin outcomes that one would expect to observe if
all states adopted Science Standards with a highly comprehensive evolution coverage relative
tothe average coveragein the sample. Linear extrapolation of the presented estimation results
suggests that the evolution approval in the US population would increase by 20 percent of the
sample mean in such a scenario. Analogously, the number of adults working in life sciences
would increase by 8 percent of the sample mean, and in the subfield of biology by 13 percent
of the sample mean.

This paper shows that the content of education standards is relevant for individuals in the
short- and long-run. This conclusion challenges the notion that education standards have no
meaningful impact on students which is prevalent in the academic and political debate. It has
been argued that there is little room for education standards to affect teaching in reality due to
the dominating role of other factors such as the teachers’ own ideology for curriculum design
in school (Moore et al., 2003a; Loveless, 2021). Still, legal pressures on school districts to
follow education standards, the reflection of the content of education standards in textbooks,
as well as the gradual expansion of standardized testing covering the content of education
standards have arguably incentivized teachers to follow education standards. The analyses
presented in this paper empirically demonstrate that they indeed affect what students learn.

More broadly, this paper shows that the content of school curricula and instruction lastingly
shapes students. This is true even for a topic like evolution that is highly charged in political
and societal debates. Despite its fundamental relevance for and overwhelming acceptance
in science, people have strong partisan views on it. These views are likely determined by a
multitude of factors. Still, what schools teach has long-run effects on individuals’ fundamental
views and translates into high-stakes choices.

Beyond the evolution content of US State Science Education Standards evaluated in this
paper, the findings presented here might imply that other US education policies increasing
the time teachers spend on teaching evolution could have created analogous effects.”” Ex-

*2 Between 2007 and 2019, the average number of hours a high school biology teachers in U.S. public schools
spends on teaching human evolution almost doubled from 4.1 to 7.7 class hours (Plutzer et al., 2020).
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amples of such policies include the adoption of the Next Generation Science Standards, and
improvements in pre-service teacher education (Plutzer et al., 2020).

Beyond the US, the question of whether evolution should be taught in school is controversial
in many other countries too.”® If such countries expanded their evolution teaching, one might
observe analogous effects on the scientific knowledge, attitudes, and related life decisions of
their citizens.

Beyond the topic of evolution, the findings of this paper might also be relevant more broadly
for further topics of science teaching, such as vaccinations, climate change or the trust in
science in general. Itis up to future research to show that explicitly.

% This can beillustrated by the headlines “Turkey’s new school year: Jihad in, evolution out” by the BBC (Altunas,
2017), “Israeli schools largely avoid teaching evolution” by the Times of Israel (Staff, 2018), and “Indian education
minister dismisses theory of evolution” by the Guardian (Safi, 2018).
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Table 3.1: Effect of evolution coverage in Science Standards on evolution knowledge in school

Evolution Knowledge

(1) (2) (3) (4)
Evolution Score 0.036* 0.039*** 0.069* 0.058**
(0.018) (0.011) (0.028) (0.019)

Female -0.003 -0.004
(0.008) (0.008)
Race/Ethnicity: Black -0.084*** -0.082***
(0.007) (0.007)
Race/Ethnicity: Hispanic -0.051*** -0.048***
(0.009) (0.009)
Subsidized Lunch -0.012 -0.011
(0.006) (0.006)
Parental Education: Graduated High School -0.009 -0.010
(0.011) (0.012)
Parental Education: Some education after High School 0.002 0.002
(0.011) (0.011)
Parental Education: Graduated College 0.023* 0.021
(0.010) (0.011)
Computer at Home 0.011 0.022**
(0.007) (0.007)
State FEs NO NO  YES  YES
Birth Year FEs NO NO YES YES
Other Controls NO YES NO YES
Mean of Dep. Var. 0.32 0.32 0.32 0.32
Std. Dev. of Dep. Var. 0.42 0.42 0.42 0.42
Adj. R-squared 0.001 0.043 0.015 0.049
Observations 15530 15520 15530 15520

Notes: Dependent variable: Share of questions about evolution answered correctly. Other Controls: Indicator
variables for asian (race/ethnicity) other (race/ethnicity), English language learner status, disability status, parental
education, home possessions (books), and test year fixed effects. Standard errors clustered at the state level in
parenthesis. Single, double, and triple asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels,
respectively. Data source: U.S. Department of Education, National Center for Education Statistics, National Assess-
ment of Educational Progress (NAEP), 1996-2009 Science Assessments for Grade 12
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3 Evolution vs. Creationism in the Classroom

Table 3.2: Effect of evolution coverage in Science Standards on evolution
approvalin adulthood

Evolution Approval

(1) (2) (3) (4)
Evolution Score 0.108** 0.089** 0.205 0.333**
(0.040) (0.033) (0.115) (0.107)

Female -0.053* -0.050*
(0.022) (0.022)
Race/Ethnicity: Black -0.158*** -0.149***
(0.038) (0.040)
Race/Ethnicity: Hispanic -0.100* -0.091
(0.044) (0.056)
Raised in Rural Area -0.014 -0.003
(0.024) (0.025)
Raised as Protestant: Mainline -0.141*** -0.121**
(0.035) (0.035)
Raised as Protestant: Evangelical -0.302*** -0.290***
(0.046) (0.047)
Raised as Catholic 0.018 0.019
(0.037) (0.040)
State FEs NO NO YES YES
Birth Year FE NO NO YES YES
Other Controls NO YES NO YES
Mean of Dep. Var. 0.58 0.58 0.58 0.58
Std. Dev. of Dep. Var. 0.49 0.49 0.49 0.49
Adj. R-squared 0.005 0.088 0.038 0.107
Observations 1,812 1,801 1,812 1,801

Notes: Dependent variable: Approval to Evolution (“Human beings, as we know them
today, developed from earlier species of animals - Is that true or false?”, Indicator variable,
1=true, 0=false; don’t know). Other Controls: Indicator variables for white (race/ethnicity;
omitted category) other (race/ethnicity), parents born abroad, parental education, hav-
ing lived with parents in adolescence, religion raised in (Indicator variables for main-
line protestantism, evangelical protestantism, catholicism (all reported here), no reli-
gion (omitted category), judaism, buddhism, hinduism, other eastern, islam, orthodox-
christian, christian, native american, inter-nondenominational, other religion), and sur-
vey year fixed effects. Standard errors clustered at the state level in parenthesis. Single,
double, and triple asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels,
respectively. Data source: General Social Survey.
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3 Evolution vs. Creationism in the Classroom

Table 3.3: Effect of evolution coverage in Science Standards on probability
to work in life sciences

Life Sciences

(1) (2) (3) (4)
Evolution Score 0.039* 0.035* 0.035* 0.035*
(0.018)  (0.013)  (0.014)  (0.014)

Female 0.014* 0.013*
(0.006) (0.006)
Race/Ethnicity: Black -0.127*** -0.115***
(0.007) (0.006)
Race/Ethnicity: Hispanic -0.106*** -0.085***
(0.008) (0.008)
State FEs NO NO YES YES
Birth Year FEs NO NO YES YES
Other Controls NO YES NO YES
Mean of Dep. Var. 0.15 0.15 0.15 0.15
Std. Dev. of Dep. Var. 3.84 3.84 3.84 3.84
Adj. R-squared 0.000 0.000 0.000 0.001
Observations 6,460,650 6,460,650 6,460,650 6,460,650

Notes: Dependent variable: Probability to work in life sciences (multiplied by 100 for
interpretability). Other controls: Indicator variables for asian (race/ethnicities), other
(race/ethnicities), multiple (race/ethnicities), and survey year fixed effects. Standard er-
rors clustered at the state level in parenthesis. Single, double, and triple asterisks indicate
statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data source: American
Community Survey.
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3 Evolution vs. Creationism in the Classroom

Table 3.5: Placebo tests: Effect of evolution coverage in Science Stan-
dards on evolution knowledge in private schools

Evolution Knowledge

(1) (2) (3)

Only Public Only Private Overall
School Students School Students
Evolution Score 0.058** 0.003 0.046™
(0.019) (0.062) (0.018)
State FEs YES YES YES
Birth Year FEs YES YES YES
Controls YES YES YES
Mean of Dep. Var. 0.32 0.43 0.34
Std. Dev. of Dep. Var. 0.42 0.38 0.41
Adj. R-squared 0.049 0.045 0.056
Observations 15520 3160 18680

Notes: Regressions by students’ school type as indicated in the column headers. De-
pendent variable: Share of questions about evolution answered correctly. Controls:
Indicator variables for gender, races/ethnicities, subsidized lunch status, English lan-
guage learner status, disability status, parental education, home possessions (separate
Indicator variables for computer and books), and test year fixed effects. Standard errors
clustered at the state level in parenthesis. Single, double, and triple asterisks indicate
statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data source: U.S.
Department of Education, National Center for Education Statistics, National Assess-
ment of Educational Progress (NAEP), 1996-2009 Science Assessments for Grade 12

School Curricula, Educational Trajectories, and Labor Market Outcomes 109



the Classroom

lonismin

3 Evolution vs. Creat

‘A3AINS 1e120G |eJaus
:924n0s ejeq "Aj9An0adsal ‘S1ans) 9T 0 PUB ‘9% T ‘0%S 91 18 9ouedJIUSIS |BD13SIIe)S 91edIpUl SHysLIsise 9)dL) pue ‘9)gnop ‘9]3ulS “sisayjusied Ul |]9Ad] 938)S 83 18 PaIalsSn|d SI0LIS PIePUE]S S109Yd
paxiy seak Aanins pue ‘(uoi311a.4 J9Y30 |BUOIIBUIWIOUSPUOU-I9)UI ‘UBDIISWE SAIFRU ‘UBIISHIYD ‘UBIISIIYD-XOPOYHIO ‘We]S] ‘Ula)ses Jaylo ‘wsinpuly ‘wsiyppng ‘wsiepn( ‘uoidijal ou ‘wsidljoyied
‘wsnuelssjoid jed1jaduens ‘wsnuesajold suljulew o) saqeLIeA J03edIpU|) Ul pasiel uoidi|aJ ‘eale jednu ul pasiel ‘9duadsajope ul syuaied yim paal) Suiaey ‘uonednps jejua.ed ‘peoiqe uioq
sjuaJed ‘sanidiuy3la/sades 4apuad Joj S9)geLIeA JOJeDIPU| (S]0JIU0D "SI9PESY UWNjod 3Y) Ul pajedipul s21do) J11auaids Inoge A]3Da.410d palamsue suolIsang :sajgeLiea Juspuadaq :S9)oN

T08‘T T08°T T08°T 96.°T T08°T 008°T 66.°T 1vLT 161°T 008°T T08‘T suoneAlasqo
8GT'0 0600 ¥50°0 €IT°0 760°0 8€0°0 160°0 GE0'0 ¥10°0 150°0 L0T°0 paJenbs-y ‘[py
7T0 Ia 9¢°0 05°0 050 6v°0 05°0 81°0 L0 40 6v°0 uep "da(@ jo 'A9Q 'pPIS
690 6.0 G8'0 S0 15°0 150 L0 790 99°0 88°0 850 e/ 'daq jo uespy
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A sjoJjuo)
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A 34 JedA ynig
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A s34 ae18
(L50°0) (¥9T°0) (160°0) (€1T'0)  (8GT°0)  (PPT'0)  (T8T0) (L0T°0) (8€T°0) (160°0) (20T°0)
€60°0- 99T°0-  6.T°0- 16T°0-  GLT0 €€T°0- [470X0) Z6T°0 GZT'0- 000°0 ~EEE0 2102S UonN|oAT
o8eJany ung sO1u0a]  Sduegdig Sasniip  SU0JIIR)F  SJase]  uondnpoiday  Ayandeolpey  yue3 uolynjony
(11) (oT) (6) (8) () (9) (g) (¥) (€) (2) (1)
$21d0] 1}13US12S UOIIN|OAF-UON :S3WO0IINQO 0gade|d :PWONQ ulep

$31d0} J1J13U3I3S UOIIN]OAI-UOU UO SPJepUE)S 92URIDS Ul 958190 UOIIN|OAS JO 129447 :S1S93 0gdde]d :9°€ d)qel

School Curricula, Educational Trajectories, and Labor Market Outcomes

110



the Classroom

lonismin

111

3 Evolution vs. Creat

‘K9AINS |B120S |IBUSY :301N0s e1eq AjaA110adsal ‘S|aN3) 96T 0 PUB ‘O6T ‘%S U3 Je aduediyiuSis |ednsnels ajedipul sysuaise a)dLiy pue ‘@jgnop @|8uls ‘sisayjuaied Ul |aA3) 93l Y3 Je PaIaISN|d SI0.19 pIepuelS 's1Oayd paxiy Jeak Aanins pue ‘(uoiSijas
J3Y30 |EUOIIBUILIOUSPUOU-I)UI ‘UBDLIBLIE DAIJRU ‘UBNSLIYD ‘UBNSLIYD-XOPOULIO ‘We)s] ‘UId)ses Jay1o ‘wisinpuly ‘wsiyppng ‘wsiepn| ‘uoiSijas ou ‘wsidijoyied ‘wsijueisalold jedljaSuens ‘wsijuelsajold auljulew 10y S3)qerie 103ed1pul) ul pasies uoidijas ‘ease
|eana uy pasiel ‘@duadsajope uj syuased yym panl Suiney ‘uonednpa jejusied ‘peoiqe ulog syualed ‘SaDIUYIS/SIORI UDPUSS 10} SA|GRLIBA J0JRDIPU] (S|0JIUOD) "SI9PEIY UWN|OD BY) Ul PAJEDIPUI SIODINO SNOISI|a pUB BUWIOINO Ule S9]qelieA Juapuada( SajoN

T08‘T 8TLT 66.T 108°‘T 108°T 86.°T T08‘T 108‘T 66LT €8.°T 96.'T 16.T ¥6LT 1611 108°T SuoneAlssqo
T0T°0 14740 1100 190°0 0€T'0 6¥1°0 0¥0°0 180°0 €9T°0 980°0 YET0 6200 9800 t¥0T'0 L0T°0 pasenbs-y ‘[py
8C°0 €70 0S°0 0S°0 6t°0 81°0 8€°0 81°0 9t°0 L0 L0 S0 S0 €€°0 6%°0 Jep "dad Jo 'ASQ PIS
0S50 174\ 1340 990 7’0 S9°0 LT°0 S€0 0,0 430 €0 €L°0 cL0 180 8G°0 Jep “daq jo ueapy
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S|ou0)
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A 341espyuig
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S34 axes
(890°0) (6T°0) (z91°0)  (TOT'0) (e1T0)  (160°0)  (0OCT'0)  (60T'0)  (0ST'0) (€TT'0) (8CT'0) (PTIT'O) (960°0) (20T°0)
620°0- ST0°0 90Z°0- 0900 80T°0- 2L0°0- 2010 660°0 T60°0-  160°0- €200- 6000- TZO0- «EEE0 2100G uUoiINjoA
93eJan sljeyuawepun 10s19d Hos19d sokeig  sepnpy - BuIo3 - uoRely  InaNeg NI ENERCTNIE! ?)q! o uo[3nN|on
v BhE pund snoid)ay |enmuids Jeuosiad  yaunyd  -yaunyd snoidnay  3uouns HHIGY - SeyY 19:4 poo BmoAd
(s1) (v1) (€1) (e1) (01) (6) (8) (2) (9) (s) (v) (€) (] (1)
a8elany NEZELe) sa1}AIPY pue Suiduojag 3uinaleg
1S9W02}NQ 0gdde|d 1S3W023NQ 0gdde|d 1S3W023NQ 0gdde|d 1S9W02}NQ 0gdde|d :DWOdINQ Ule
snoi3ay snoi3nay snoi311ay snoi3ay

S3W03n0 sNoiS1)a4 UO SpIePUER)S DUSIDS Ul 35LISA0D UOIINOAS JO }99))3 SIS} 0Gade|d :L°€ d)qeL

School Curricula, Educational Trajectories, and Labor Market Outcomes



the Classroom

lonismin

3 Evolution vs. Creat

piepuels "1y paxiy Jeak Aaains pue (uo

*A3AINS |e1D0S |eJaURY :921Nn0s eeq "A]9A130adS3l ‘S]aN3] 04T '0 PUB ‘9T ‘06G dY3 18 9duedlyiusis |ednsie)s a1edipul sysu)se ajduy pue ‘djgnop ‘9)3uls 'sisayjuaied ul |aA3] 91e)s Y] Je paIaIsn)d siolld

2. J3UJ30 |eUOI}EUIIOUSPUOU-IJUI ‘UBDLIBLLE BAIJRU ‘URIISLIYD ‘UBNSLIYD-XOPOYMO ‘WE]S ‘UI19)sea Jay3o ‘wsinpuly ‘wsiyppng ‘wsiepn/ ‘u

1191 oU ‘ws|

oued ‘wsiue)sajoud jednjaduens ‘wisiuelsajold aul

e J0j S3]qeLIeA J0jedIpU)

Ul pasiel uoi3ijas ‘eale Jeins ul pastel ‘9duadsajope ul syuaied yim panl) Suiney ‘uoiedanps |ejualed ‘peoige ulog syuased ‘Sa)IdIUYIB/SaDRI 4apUaS o) SB]GRLIBA JOJEDIPU| iS|0IIUOY SI9PEY ULIN|OD Y} Ul PAIEdIPUI SAWODINO [edijod pue SWODINO Ulely :sajqeLe Juapuadaq :s3joN

88.L°T 86L'T LEET 66L°T 108°T G6T'T 108°T vLT'T  €90°T  88L°T 9e€T 650°T 950'T 002'T 002'T 16L°T T6LT 1087 SuoeAIdsqo
§60°0 090°0 1000 7100 1200 1100 8100 T00'0- 0900 €900 6100 820°0 0TT'0 8%0°0 180°0 ¥20°0 850°0 L0T°0 pasenbs-y ‘py
870 050 050 870 6€°0 6t°0 [40] 9€'0 940 (340] 050 050 8%°0 S0 050 10 S0 6%°0 e “daq Jo 'A3Q "pis
9€'0 60 ¥5'0 LE0 18°0 650 1.0 9T'0 0L°0 19°0 G50 S0 ¥9°0 ¥6°0 S0 9z'0 82°0 850 e "daq jo ueapy
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A sjosjuo)
S3A S3IA S3A S3A S3A S3IA S3IA S3A S3A S3IA S3A S3A S3A S3A S3A S3A S3A S3A 34 JedA yuig
S3A S3IA S3IA S3A S3A S3IA S3IA S3A S3A S3IA S3A S3A S3IA S3IA S3IA S3A S3A S3A EEEEEIS
(911°0) (Tot°0) (001°0) (8€T°0)  (¥0T°0) (9vT°0) (sot0) (TpT°0) (SET'0) (¢9T°0)  (€ST'0)  (88T°0)  (STT0) (590°0) (v0T°0)  (c€T°0)  (¥TT0)  (LOT'O)
100 8¥1°0 LET'0 9TT'0-  1¥0°0- S%0°0 790°0-  780°0- €100~  T0TO- 900°0-  LGT0- 780°0 G80°0 190°0- 810°0- 820'0  4EEE0 94005 uoinjony
sjooyds  sjooyds
s)oeig jo 100d s9oUIa41a ydieasay uon $32In0s jusw co_um\_w 10J3u0) usw uonez uon wwm_hLm_\,_ alignd ut algqnd 9AIleA ued||
A 2y} 0} awodu| § A318u3 : -ysiund -ljedan : 4 : : : : : uolInjong
suonipuo) oiusNS  -eanp3 -UOJIAUT  -lwiw| ung -loqy  X3S-awes uolesnp3l ul -19suo)  -gndey
souelsissy  Supnpay ELNEIENNT lexde) euen(uep
X3S J19Keud
(81) (21) (91) (sT) (v1) (€T) (e1) (11) (o1) (6) (8) (2) (9) (s) (%) (€) (2) (1)
-10} w:__ucw&m _mucwrc_.tw>ow asealdu| Jo Jonej u| |elaus9 -swomn
:Saw023nQ ogadeld :Saw021nQ ogadeld SaWodINQ ogadeld we o
Jeonijod Jeonijod Jeonijod en

S3Wo02)N0 |ed1jod uo spiepuels 93uaIdS Ul 95eI9A0D UOIIN|OAS JO 103)43 :S)S8) 0dde|d §°€ d]qel

School Curricula, Educational Trajectories, and Labor Market Outcomes

112



3 Evolution vs. Creationism in the Classroom

Table 3.9: Effect of evolution coverage in Science Standards on probability to work in
broader scientific occupational subfields

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

Life Physical Social Science Overall:
Sciences Sciences Sciences Technicians All Sciences
Evolution Score 0.035* 0.042* 0.031 -0.027 0.081*
(0.014) (0.018) (0.028) (0.053) (0.037)
State FEs YES YES YES YES YES
Birth Year FEs YES YES YES YES YES
Controls YES YES YES YES YES
Mean of Dep. Var. 0.15 0.22 0.16 0.32 0.85
Std. Dev. of Dep. Var. 3.84 4.68 4.03 5.62 9.16
Adj. R-squared 0.00064 0.00083 0.00096 0.00073 0.00166
Observations 6,460,650 6,460,650 6,460,650 6,460,650 6,460,650

Notes: Dependent variable: Probability to work in occupational field indicated in the column header
(multiplied by 100 for interpretability). Controls: Indicator variables for gender, races/ethnicities, and survey
year fixed effects. Standard errors clustered at the state level in parenthesis. Single, double, and triple
asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data source: American
Community Survey.
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3 Evolution vs. Creationism in the Classroom

Figure 3.1: US map of evolution score difference between 2000 and 2009
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Note: Map depicts the evolution score difference, which | define as the evolution score of 2009 minus the
evolution score of 2000. A positive (negative) difference implies an increase (decrease) in the evolution score
between 2000 and 2009, as indicated by blue (orange) coloring. White coloring indicates no change of the
evolution score between 2000 and 2009. The years reported below the two-letter state codes mark the respective
reform years. A list of the evolution score differences and reform years underlying this map is provided in Table
A3.1. Data source: Lerner (2000b), Mead and Mates (2009)
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Figure 3.2: Effect of evolution coverage in Science Standards on evolution knowledge in
school, by subgroups
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Note: Figure displays Effect of evolution coverage in Science Standards on share of questions about evolution
answered correctly, by individual subgroup as indicated in rows. Controls: Indicator variables for gender,
races/ethnicities, subsidized lunch status, English language learner status, disability status, parental education,
home possessions (separate Indicator variables for computer and books), and fixed effects for state, birth year,
and test year. Standard errors clustered at the state level. 95% confidence intervals displayed. Data source: U.S.
Department of Education, National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 1996-2009 Science Assessments for Grade 12
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Figure 3.3: Effect of evolution coverage in Science Standards on evolution approval in

adulthood, by subgroups

Overall

By Race/Ethnicity
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Note: Figure displays Effect of evolution coverage in Science Standards on approval of evolution in adulthood
(“Human beings, as we know them today, developed from earlier species of animals - Is that true or false?”,
Indicator variable, 1=true, 0=false; don’t know), by individual subgroup as indicated in rows. Controls: Indicator
variables for gender, races/ethnicities, parents born abroad, parental education, having lived with parents in
adolescence, raised in rural area, religion raised in (Indicator variables for mainline protestantism, evangelical
protestantism, catholicism, no religion, judaism, buddhism, hinduism, other eastern, islam, orthodox-christian,
christian, native american, inter-nondenominational, other religion), and fixed effects for state, birth year, and
test year. Standard errors clustered at the state level. 95% confidence intervals displayed. Data source: General

Social Survey
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Figure 3.4: Effect of evolution coverage in Science Standards on probability to work in life
sciences, by subfields of life sciences
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Note: Figure displays Effect of evolution coverage in Science Standards on probability to work in life sciences, by
subfields of life sciences as indicated in rows (multiplied by 100 for interpretability). Controls: Indicator variables
for gender, races/ethnicities and fixed effects for state, birth year, and test year. Standard errors clustered at the
state level. 95% confidence intervals displayed. Data source: American Community Survey
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Figure 3.5: Event-study graphs: Evolution knowledge in school
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Note: Coefficients from non-parametric event-study regressions and their 95%
confidence intervals. Dependent variable: Share of questions about evolution
answered correctly. Controls: Indicator variables for gender, races/ethnicities,
subsidized lunch status, English language learner status, disability status,
parental education, home possessions (separate indicator variables for com-
puterand books), as well as state, birth year and test year fixed effects. Numbers
on horizontal axis refer to final year of respective two-year bins; i.e., 0 = last two
years prior to treatment (excluded category), 2 = first two years of treatment.
Inference: Clustering at state level. For the group of states with decreasing
evolution score, the p values of omnibus hypothesis tests of zero pre- and post-
event effects are 0.183 and 0.009, respectively. For the group of states with
increasing evolution score, the p values of omnibus hypothesis tests of zero
pre- and post-event effects are 0.609 and 0.181, respectively. Data source: U.S.
Department of Education, National Center for Education Statistics, 1996-2009
National Assessment of Educational Progress
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Figure 3.6: Event-study graphs: Evolution approval in adulthood
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Note: Coefficients from non-parametric event-study re-
gressions and their 95% confidence intervals. Depen-
dent variable: Approval to Evolution (“Human beings, as
we know them today, developed from earlier species of
animals - Is that true or false?”, Indicator variable, 1=true,
O=false; don’t know). Controls: Indicator variables for
gender, races/ethnicities, parents born abroad, parental
education, having lived with parents in adolescence,
raised in rural area, religion raised in (indicator variables
for mainline protestantism, evangelical protestantism,
catholicism, no religion, judaism, buddhism, hinduism,
other eastern, islam, orthodox-christian, christian, na-
tive american, inter-nondenominational, other religion),
and survey year fixed effects. Numbers on horizontal
axis refer to final year of respective two-year bins; i.e., 0
= last two years prior to treatment (excluded category),
2 =first two years of treatment. Inference: Clustering at
state level. For the group of states with decreasing evo-
lution score, the p values of omnibus hypothesis tests
of zero pre- and post-event effects are 0.804 and 0.028,
respectively. For the group of states with increasing evo-
lution score, the p values of omnibus hypothesis tests
of zero pre- and post-event effects are 0.228 and 0.167,
respectively. Data source: General Social Survey.
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Figure 3.7: Event-study graphs: Occupational choice
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Note: Coefficients from non-parametric event-study regressions and their 95%
confidence intervals. Dependent variable: Probability to work in life sciences
(multiplied by 100 for interpretability). Controls: Indicator variables for gender,
races/ethnicities, and survey year fixed effects. Numbers on horizontal axis
refer to final year of respective two-year bins; i.e., 0 = last two years prior to
treatment (excluded category), 2 = first two years of treatment. Inference:
Clustering at state level. For the group of states with decreasing evolution
score, the p values of omnibus hypothesis tests of zero pre- and post-event
effects are 0.901 and 0.007, respectively. For the group of states with increasing
evolution score, the p values of omnibus hypothesis tests of zero pre- and post-
event effects are 0.087 and 0.247, respectively. Data source: General Social
Survey.
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Appendix
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A3.1 Data Appendix
NAEP: Evolution Knowledge in School

The NAEP is a congressionally mandated project also known as the Nation’s Report Card.
It is administered by the National Center for Education Statistics (NCES), a body within the
Institute of Education Sciences (IES) and the US Department of Education. Throughout the
paper | use data from the Main-NAEP and not the Long-Term Trend NAEP, as the Main-NAEP has
much larger sample sizes, is state-representative and, particularly relevant for this analysis,
also covers science.

| categorize a question as addressing evolution if it contains the words “evolution” or “natural
selection”, or if it contains words that are based on the same word stem, such as “evolution-
ary”.1 | transform each question into a binary variable that is set equal to one if the correct
answer was given, and equal to zero for any other answer, whether it is incorrect, partially
correct, off task, etc. (the specific available categories depend on the question type). Figure
A3.3 presents two sample questions, one on general Darwinian theory, and one on evolution-
ary trees. For each student, | calculate the share of questions on evolution that the student
answered correctly. This share serves as the main outcome variable measuring a student’s
knowledge on evolution. | analogously group questions into nine categories of scientific
topics other than evolution.” Table A3.12 shows that knowledge on evolution is positively
correlated with knowledge on any of the other nine scientific topics.

In the preferred sample cut of keeping individuals who enter high school after 1990 and before
2010, | use the NAEP tests for science in grade 12 from 1996, 2000, 2005, and 2009. Regarding
missings, | keep all students without missings on basic controls such as gender, and who
come from birth cohorts of at least 10 observations. | set missings of other control variables
to zero and add separate explanatory binary variables to account for these missings.3

The descriptive statistics for the main treatment, outcome, and control variables are presented
in Table A3.13. The treatment variable “evolution score” captures the score of the evolution
coverage of the State Science Standard in power in the state and year of a student’s high

! Sometimes, the dataset does not contain the full wording of the questions but question keywords due to data

protection reasons. | code such cases analogously, i.e. as addressing evolution if their keywords contain the
words “evolution” or “natural selection”, or if they contain words that are based on the same word stem.

2 Notably, the number of questions available for each scientific topic in the pool of NAEP questions differs across
scientific topics. Furthermore, each student receives only a subset of the pool of questions during the test. This
test design explains why the number of questions answered on a given scientific topic differs across students. To
address this issue, | calculate the share of questions answered correctly on a given scientific topic instead of the
number of questions answered correctly. Moreover, this test design also explains why the number of students
answering questions on a given scientific topic differs across scientific topics, resulting in varying sample sizes
across scientific topics. These sample size differences are not a result of spurious selection, but are induced by
the test design.

* The results are robust to not imputing the missings, as shown in Table A3.6.
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school entry. The average evolution score equals 0.65, implying that students were on aver-
age exposed to a “satisfactory” evolution coverage.4 The main outcome variable “evolution
knowledge” is defined as the share of questions on evolution a students answers correctly.
The fact that only 32 percent of questions on evolution are answered correctly on average un-
derscores the difficulty of the test. For instance, the shares of students giving correct answers
to the sample questions reported in Figure A3.3 equal 54 percent and 28 percent, respectively.
Regarding non-evolution scientific topics, the average share of questions answered correctly
amounts to 35 percent, indicating that the average difficulty of questions on evolution is
largely similar to the overall difficulty. With regards to control variables, about half of the
sample are female (51 percent). The shares of Whites, Blacks, Hispanics and Asians amount to
57 percent, 19 percent, 16 percent, and 6 percent, respectively. The various variables on the
socioeconomic status indicate that a non-negligible share of students from grade 12 lives in
underprivileged circumstances as measured by subsidized lunch status (30 percent), having
no PC at home (16 percent), or disability status (11 percent).

GSS: Evolution Approval in Adulthood

The GSS data in the main sample comes from the waves from 2006, 2010, 2012, 2014, and 2016.
Regarding correlations, the approval of evolution is almost only positively correlated with
the other scientific outcomes, see Table A3.14. For all religious variables, | find a negative raw
correlation with evolution approval as is visible in Table A3.15. The correlations between the
political variables and evolution approval depend on the specific variable, see Table A3.16. For
example, being in favor of same-sex marriage or marijuana legalization is positively correlated
with evolution approval, while there is a negative correlation for identifying as Republican or
being in favor of prayers in public schools.

Table A3.17 shows the descriptive statistics for the main treatment, outcome and control
variables. The individuals in the sample were exposed to an evolution score of 0.63 on aver-
age which is very similar to corresponding sample average in NAEP, as expected given the
comparable sample cut. Regarding the main outcome variable evolution approval, | find that
58 percent of sample say that the aforementioned statement about evolution is true. Re-
garding non-evolution scientific topics, six of the nine non-evolution scientific topics display
higher rates of correct answers than evolution, with an average of 64 percent across these
nine topics. Looking at religious outcomes, | note that 87 percent of respondents believe in
God, and 70 percent are affiliated with a church. To give examples on political and partisan
topics, 94 percent come out in favor of sex education in public schools, while the approval
rates of same-sex marriage (64 percent) and abortion (46 percent) are considerably lower in
this sample. With regard to the religious upbringing of these individuals, | observe that the
most common religion/denomination an individual was raised in is Mainline Protestantism
(37 percent), followed by Catholicism (32 percent), Non-Religious/Agnosticism/Atheism (13
percent), and Evangelicalism (10 percent).

* Lerner (2000b) classifies evolution scores between 0.60 and 0.79 as “satisfactory”.
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ACS: Occupational Choice

The estimation sample combines ACS waves from 2000-2017. The descriptive statistics are
presented in Table A3.18. For the treatment variable, | find that the average evolution score
exposure equals 0.68, which is similar to the corresponding averages from the analyses using
the NAEP and the GSS. Regarding the outcome variables, all indicator variables for occupa-
tional fields are multiplied by 100 to ease the readability of descriptive statistics and reform
effects. Hence, the descriptive statistics including mean and standard deviation are multiplied
by 100 as well. For example, the sample mean of respondents working in life sciences equals
0.15, which implies that 0.15 percent of the sample work in this field. 0.84 percent of the
sample work in any scientific field. Out of all 26 occupational fields, the largest sample shares
are found for respondents working in office (13.2 percent) and in sales (11.5 percent).
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A3.2 Supplementary Tables and Figures
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Table A3.1: Evolution scores and reform year, by state

State Evolution Score:  Evolution Score:  Evolution Score Difference  Reform Year Only One
2009 2000 2009 - 2000 Reform Event

Alabama 0.21 0.09 0.12 2005 NO
Alaska 0.59 0.48 0.11 2006 NO
Arkansas 0.66 0.55 0.11 2005 YES
DC 0.96 0.80 0.16 2006 YES
Florida 0.91 0.16 0.75 2008 YES
Georgia 0.66 0.07 0.59 2004 YES
Illinois 0.82 0.45 0.37 2004 YES
Kansas 0.96 0.00 0.96 2007 NO
Maine 0.68 0.30 0.38 2007 YES
Massachusetts 0.84 0.82 0.02 2006 NO
Minnesota 0.89 0.86 0.03 2009 NO
Mississippi 0.86 0.05 0.81 2008 NO
Nevada 0.77 0.70 0.07 2004 YES
New Hampshire 0.91 0.23 0.68 2006 YES
New Mexico 0.91 0.73 0.18 2003 YES
North Dakota 0.64 0.09 0.55 2006 NO
Ohio 0.86 0.28 0.58 2006 NO
Pennsylvania 0.96 0.91 0.05 2002 YES
Tennessee 0.55 0.02 0.53 2007 NO
Virginia 0.68 0.50 0.18 2003 YES
West Virginia 0.46 0.03 0.43 2008 NO
Wyoming 0.61 0.36 0.25 2003 YES
Colorado 0.82 0.86 -0.04 2009 NO
Connecticut 0.59 1.00 -0.41 2004 YES
Delaware 0.80 0.91 -0.11 2006 YES
Hawaii 0.75 0.91 -0.16 2005 YES
Indiana 0.96 1.00 -0.04 2006 NO
Louisiana 0.27 0.64 -0.37 2005 NO
Maryland 0.73 0.77 -0.04 2002 NO
Michigan 0.80 0.84 -0.04 2000 YES
Missouri 0.78 0.82 -0.04 2008 NO
Montana 0.75 0.82 -0.07 2006 YES
North Carolina 0.82 1.00 -0.18 2004 YES
Rhode Island 0.82 1.00 -0.18 2006 YES
South Carolina 0.91 0.95 -0.04 2005 NO
South Dakota 0.77 0.82 -0.05 2005 YES
Texas 0.46 0.64 -0.18 2009 YES
Arizona 0.82 0.82 0.00 - -
California 1.00 1.00 0.00 - -
Idaho 0.82 0.82 0.00 - -
lowa 0.77 No Standard - - -
Kentucky 0.55 0.55 0.00 - -
Nebraska 0.66 0.66 0.00 - -
New Jersey 1.00 1.00 0.00 - -
New York 0.68 0.68 0.00 - -
Oklahoma 0.25 0.25 0.00 - -
Oregon 0.82 0.82 0.00 - -
Utah 0.82 0.82 0.00 - -
Vermont 0.86 0.86 0.00 - -
Washington 0.86 0.86 0.00 - -
Wisconsin 0.55 0.55 0.00 - -

Notes: Table reports the evolution score from 2009 based on Mead and Mates (2009), the evolution score from 2000 based on Lerner (2000b),
and the difference of the evolution scores (evolution score from 2009 minus evolution score from 2000). States are listed in two pannels,
postive or negative/zero evolution score change. For states that changed their evolution score, the respective year of the (last) reform as noted
in Mead and Mates (2009) is also provided, and whether this reform is the only reform event between 2000 and 2009. The latter information on
the only reform event is based on Gross (2005), Swanson (2005) as well as my own examination of state education websites.
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Table A3.2: Effect of evolution coverage in Science Standards on probability to
work in life sciences, by subgroups

By Gender By Race/Ethnicity
(1) (2) (3) (4) (5)
Females Males Whites Blacks  Hispanics
Evolution Score 0.052* 0.018 0.038* 0.012 0.004

(0.020)  (0.020)  (0.016)  (0.016)  (0.034)

State FEs YES YES YES YES YES
Birth Year FEs YES YES YES YES YES
Controls YES YES YES YES YES
Mean of Dep. Var. 0.15 0.14 0.16 0.04 0.06
Std. Dev. of Dep. Var. 3.92 3.75 4.05 2.06 2.44
Adj. R-squared 0.00068 0.00063 0.00047 0.00022 0.00030
Observations 3,220,042 3,240,608 5,023,449 789,587 765,295

Notes: Regressions by selected subgroups, as indicated in the columns headers. Dependent variable:
Probability to work in life sciences (multiplied by 100 for interpretability). Controls: Dummies for
gender, races/ethnicities, and survey year fixed effects. Standard errors clustered at the state levelin
parenthesis. Single, double, and triple asterisks indicate statistical significance at the 5%, 1%, and
0.1% levels, respectively. Data source: American Community Survey.

School Curricula, Educational Trajectories, and Labor Market Outcomes 129



3 Evolution vs. Creationism in the Classroom

Table A3.3: Effect of evolution coverage in Science Standards on evolution knowledge in school:
CS estimator

Evolution Knowledge

States with decreasing evolution score  States with increasing evolution score
(1) (2)
Evolution Score 0.056*** 0.028

(0.017) (0.022)

Notes: Dependent variable: Share of questions about evolution answered correctly. CS estimator (Callaway and Sant’Anna,
2021), accounting for heterogeneous treatment effects and staggered treatment timing. Simple aggregation of absolute
value of all post treatment effects, using doubly robust inverse probability weighting. Controls: Never treated observations
and not yet treated observations. Standard errors clustered at the state level in parenthesis. Single, double, and triple
asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data source: U.S. Department of

Education, National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 1996-2009
Science Assessments for Grade 12
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Table A3.4: Effect of evolution coverage in Science Standards on evolution approval in adulthood:
CS estimator

Evolution Approval

States with decreasing evolution score  States with increasing evolution score
(1) (2)
Evolution Score 0.274 0.198
(0.194) (0.156)

Notes: Dependent variable: Approval to Evolution (“Human beings, as we know them today, developed from earlier
species of animals - Is that true or false?”, Indicator variable, 1=true, 0O=false; don’t know). CS estimator (Callaway and
Sant’Anna, 2021), accounting for heterogeneous treatment effects and staggered treatment timing. Simple aggregation of
absolute value of all post treatment effects, using doubly robust inverse probability weighting. Controls: Never treated
observations and not yet treated observations. Standard errors clustered at the state level in parenthesis. Single, double,
and triple asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data source: General
Social Survey
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Table A3.5: Effect of evolution coverage in Science Standards on probability to work in life sciences:
CS estimator

Life Sciences

States with decreasing evolution score  States with increasing evolution score
(1) (2)
Evolution Score 0.036* 0.007
(0.016) (0.011)

Notes: Dependent variable: Probability to work in life sciences (multiplied by 100 for interpretability). CS estimator
(Callaway and Sant’Anna, 2021), accounting for heterogeneous treatment effects and staggered treatment timing. Simple
aggregation of absolute value of all post treatment effects, using doubly robust inverse probability weighting. Controls:
Never treated observations and not yet treated observations. Standard errors clustered at the state level in parenthesis.
Single, double, and triple asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data
source: American Community Survey
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3 Evolution vs. Creationism in the Classroom

Table A3.9: Effect of evolution coverage in Science Standards on evolution knowledge in school, by evolution
score indicator variables

Evolution Knowledge

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Evolution Score >0.90 0.028

(0.018)
Evolution Score > 0.80 0.013
(0.014)
Evolution Score > 0.70 0.018
(0.013)
Evolution Score > 0.60 0.023*
(0.009)
Evolution Score > 0.50 0.023*
(0.009)
Evolution Score > 0.40 0.018
(0.011)
Evolution Score > 0.30 0.025*
(0.012)
Evolution Score > 0.20 0.032**
(0.010)

Evolution Score > 0.10 0.032**

(0.010)
State FEs YES YES YES YES YES YES YES YES YES
Birth Year FEs YES YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES YES
Mean of Dep. Var. 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32 0.32
Std. Dev. of Dep. Var. 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42 0.42
Adj. R-squared 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049 0.049
Observations 15520 15520 15520 15520 15520 15520 15520 15520 15520

Notes: Dependent variable: Share of questions about evolution answered correctly. Explanatory variables: Evolution score indi-
cator variables (equals one if evolution score is larger than indicated level, and zero otherwise). Controls: Dummies for gender,
races/ethnicities, subsidized lunch status, English language learner status, disability status, parental education, home possessions
(separate dummies for computer and books), and test year fixed effects. Standard errors clustered at the state level in parenthesis.
Single, double, and triple asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data source: U.S.
Department of Education, National Center for Education Statistics, National Assessment of Educational Progress (NAEP), 1996-2009
Science Assessments for Grade 12
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3 Evolution vs. Creationism in the Classroom

Table A3.10: Effect of evolution coverage in Science Standards on evolution approval in adulthood, by
evolution score indicator variables

Evolution Knowledge

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Evolution Score >0.90 0.115

(0.114)
Evolution Score > 0.80 0.174*
(0.073)
Evolution Score > 0.70 0.199*
(0.092)
Evolution Score > 0.60 0.125
(0.068)
Evolution Score > 0.50 0.138
(0.072)
Evolution Score > 0.40 0.245***
(0.060)
Evolution Score > 0.30 0.219**
(0.071)
Evolution Score > 0.20 0.150
(0.109)

Evolution Score > 0.10 0.071

(0.107)
State FEs YES YES YES YES YES YES YES YES YES
Birth Year FE YES YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES YES
Mean of Dep. Var. 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58
Std. Dev. of Dep. Var. 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49 0.49
Adj. R-squared 0.102 0.104 0.104 0.104 0.104 0.106 0.104 0.103 0.102
Observations 1,801 1,801 1,801 1,801 1,801 1,801 1,801 1,801 1,801

Notes: Dependent variable: Approval to Evolution (“Human beings, as we know them today, developed from earlier species of
animals - Is that true or false?”, Indicator variable, 1=true, 0=false; don’t know). Controls: Dummies for gender, races/ethnicities,
parents born abroad, parental education, having lived with parents in adolescence, raised in rural area, religion raised in (dummies
for mainline protestantism, evangelical protestantism, catholicism, no religion, judaism, buddhism, hinduism, other eastern, islam,
orthodox-christian, christian, native american, inter-nondenominational, other religion), and survey year fixed effects. Standard
errors clustered at the state level in parenthesis. Single, double, and triple asterisks indicate statistical significance at the 5%, 1%,
and 0.1% levels, respectively. Data source: General Social Survey.
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3 Evolution vs. Creationism in the Classroom

Table A3.11: Effect of evolution coverage in Science Standards on probability to work in life sciences, by evolution score indicator

variables
Life Sciences

(1) () @3) (4) (5) (6) (7) (8) (9)

Evolution Score > 0.90 0.003
(0.019)
Evolution Score > 0.80 0.022*
(0.010)
Evolution Score > 0.70 0.023*
(0.009)
Evolution Score > 0.60 0.012
(0.007)
Evolution Score > 0.50 0.013
(0.008)
Evolution Score > 0.40 0.019
(0.010)
Evolution Score > 0.30 0.020
(0.012)
Evolution Score > 0.20 0.036**
(0.012)
Evolution Score > 0.10 0.027**
(0.010)

State FEs YES YES YES YES YES YES YES YES YES
Birth Year FEs YES YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES YES
Mean of Dep. Var. 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
Std. Dev. of Dep. Var. 3.84 3.84 3.84 3.84 3.84 3.84 3.84 3.84 3.84
Adj. R-squared 0.00064 0.00064 0.00064 0.00064 0.00064 0.00064 0.00064 0.00064 0.00064
Observations 6,460,650 6,460,650 6,460,650 6,460,650 6,460,650 6,460,650 6,460,650 6,460,650 6,460,650

Notes: Dependent variable: Probability to work in life sciences (multiplied by 100 for interpretability). Explanatory variables: Evolution score dummies (equals one
if evolution score is larger than indicated level, and zero otherwise). Controls: Dummies for gender, races/ethnicities, and survey year fixed effects. Standard errors
clustered at the state level in parenthesis. Single, double, and triple asterisks indicate statistical significance at the 5%, 1%, and 0.1% levels, respectively. Data
source: American Community Survey.
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3 Evolution vs. Creationism in the Classroom

Table A3.13: Descriptive statistics of NAEP data

Mean Std. Min. Max.
Dev.
Treatment Variable:
Evolution Score 0.65 0.31 0.00 1.00
Main Outcome:
Evolution Knowledge 0.32 0.42 0.00 1.00
Placebo Outcomes - Non-Evolution Scientific Topics:
Motion 0.51 0.43 0.00 1.00
Matter and Mass 0.30 0.43 0.00 1.00
Energy 0.38 0.43 0.00 1.00
Reproduction 0.38 0.42 0.00 1.00
Climate 0.39 0.39 0.00 1.00
Pollution 0.15 0.28 0.00 1.00
Earth 0.41 0.42 0.00 1.00
Tectonics 0.17 0.27 0.00 1.00
Universe and Big Bang 0.32 0.42 0.00 1.00
Non-Evolution Scientific Topics: Average 0.35 0.28 0.00 1.00
Controls:
Female 0.51 0.50 0.00 1.00
Race/Ethnicity: White 0.57 0.49 0.00 1.00
Race/Ethnicity: Black 0.19 0.39 0.00 1.00
Race/Ethnicity: Hispanic 0.16 0.37 0.00 1.00
Race/Ethnicity: Asian 0.06 0.23 0.00 1.00
Race/Ethnicity: Other 0.01 0.11 0.00 1.00
English Language Learner 0.05 0.22 0.00 1.00
Disabled 0.11 0.32 0.00 1.00
Subsidized Lunch 0.30 0.46 0.00 1.00
Parental Education: Did not finish High School 0.09 0.29 0.00 1.00
Parental Education: Graduated High School 0.20 0.40 0.00 1.00
Parental Education: Some education after High School 0.26 0.44 0.00 1.00
Parental Education: Graduated College 0.44 050 0.00 1.00
Computer at Home 0.84 0.37 0.00 1.00
Books at Home: 0—-10 0.23 0.42 0.00 1.00
Books at Home: 11-25 0.27 0.44 0.00 1.00
Books at Home: 26—-100 0.33 0.47 0.00 1.00
Books at Home: >100 0.17 0.38 0.00 1.00

Notes: Descriptive statistics (mean, standard deviation, minimum, maximum) for treatment, outcome,
and control variables. Data source: U.S. Department of Education, National Center for Education Statistics,
National Assessment of Educational Progress (NAEP), 1996-2009 Science Assessments for Grade 12
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3 Evolution vs. Creationism in the Classroom

Table A3.17: Descriptive statistics of GSS data

Std.

Mean Min. Max.
Dev.
Treatment Variable:
Evolution Score 0.63 0.33 0.00 1.00
Main Outcome:
Evolution Approval 0.58 0.49 0.00 1.00
Placebo Outcomes - Non-Evolution Scientific Topics:
Earth 0.88 0.33 0.00 1.00
Radioactivity 0.65 0.48 0.00 1.00
Reproduction 0.62 0.48 0.00 1.00
Lasers 0.47 050 0.00 1.00
Electrons 0.57 0.50 0.00 1.00
Viruses 0.51 0.50 0.00 1.00
Big Bang 0.45 0.50 0.00 1.00
Tectonics 0.85 0.36 0.00 1.00
Sun 0.79 041 0.00 1.00
Non-Evolution Scientific Topics: Average 0.64 0.22 0.00 1.00
Placebo Outcomes - Religious Attitudes:
God 0.87 0.33 0.00 1.00
Bible 0.72 0.45 0.00 1.00
Afterlife 0.72 0.45 0.00 1.00
Rebirth 0.34 047 0.00 1.00
Strong Believer 0.32 0.47 0.00 1.00
Religious Affiliation 0.70 0.46 0.00 1.00
Church-going 0.35 0.48 0.00 1.00
Church Activities 0.17 0.38 0.00 1.00
Personal Prayer 0.65 0.48 0.00 1.00
Missionize 0.41 0.49 0.00 1.00
Spiritual Person 0.56 0.50 0.00 1.00
Religious Person 0.43 0.49 0.00 1.00
Fundamentalist 0.24 0.43 0.00 1.00
Religious Outcomes: Average 0.50 0.28 0.00 1.00
Placebo Outcomes - Political Attitudes:
Republican 0.28 0.45 0.00 1.00
Conservative 0.26 0.44 0.00 1.00
Prayer in Public Schools 0.45 0.50 0.00 1.00
Sex Education in Public Schools 0.94 0.24 0.00 1.00
Same-Sex Marriage 0.64 0.48 0.00 1.00
Abortion 0.45 050 0.00 1.00
Marijuana Legalization 0.55 0.50 0.00 1.00
Capital Punishment 0.61 0.49 0.00 1.00
Gun Control 0.70 0.46 0.00 1.00
Immigration 0.15 0.36 0.00 1.00
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3 Evolution vs. Creationism in the Classroom

Table A.17 (continued) - Descriptive statistics of GSS data

Mean Std. Min. Max.
Dev.
Placebo Outcomes - Political Attitudes (continued):
Environment 0.71 0.45 0.00 1.00
Alternative Energy Sources 0.59 049 0.00 1.00
Education 0.81 0.40 0.00 1.00
Scientific Research 0.37 0.48 0.00 1.00
Reducing Income Differences 0.53 0.50 0.00 1.00
Assistance to the Poor 0.49 050 0.00 1.00
Conditions of Blacks 0.36 0.48 0.00 1.00
Controls:

Female 0.57 0.50 0.00 1.00
Race/Ethnicity: White 0.70 0.46 0.00 1.00
Race/Ethnicity: Black 0.19 0.39 0.00 1.00
Race/Ethnicity: Other 0.12 0.32 0.00 1.00
Race/Ethnicity: Hispanic 0.16 0.37 0.00 1.00
Raised in Rural Area 0.49 0.50 0.00 1.00
Parents born in US 0.19 0.39 0.00 1.00
Parents born abroad 0.81 0.39 0.00 1.00
Parental Education: No Highschool 0.11 0.31 0.00 1.00
Parental Education: Highschool 0.50 0.50 0.00 1.00
Parental Education: More than Highschool 0.39 0.49 0.00 1.00
Growing up: Both Parents 0.55 0.50 0.00 1.00
Growing up: One Parent, one Stepparent 0.12 0.33 0.00 1.00
Growing up: Single Parent 0.25 0.43 0.00 1.00
Growing up: Other 0.05 0.22 0.00 1.00
Raised as Protestant: Mainline 0.37 0.48 0.00 1.00
Raised as Protestant: Evangelical 0.09 0.29 0.00 1.00
Raised as Catholic 0.32 0.47 0.00 1.00
Raised as Jew 0.01 0.10 0.00 1.00
Raised as Non-Religious 0.14 0.34 0.00 1.00
Raised as Other 0.01 0.08 0.00 1.00
Raised as Buddhist 0.00 0.06 0.00 1.00
Raised as Hindu 0.00 0.05 0.00 1.00
Raised as Other Eastern Rel. 0.00 0.03 0.00 1.00
Raised as Muslim 0.00 0.06 0.00 1.00
Raised as Orthodox-Christian 0.00 0.05 0.00 1.00
Raised as Christian 0.04 0.20 0.00 1.00
Raised as Native American 0.00 0.03 0.00 1.00
Raised as Inter-Nondenominational 0.00 0.02 0.00 1.00

Notes: Descriptive statistics (mean, standard deviation, minimum, maximum) for treatment,
outcome, and controls variables. Data source: General Social Survey.
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Table A3.18: Descriptive statistics of ACS data

Std.

Mean Min.  Max.
Dev.

Treatment Variable:
Evolution Score 0.67 030 0.00 1.00

Main Outcomes - Working in scientific fields:
Life Sciences 0.15 3.84 0.00 100.00
Physical Sciences 0.22 4.68 0.00 100.00
Social Sciences 0.16 4.03 0.00 100.00
Science Technicians 0.32 5.62 0.00 100.00
Overall: All Sciences 0.85 9.16 0.00 100.00

Placebo Outcomes - Working in non-scientific fields:
Management 544 22,68 0.00 100.00
Analysts 1.87 13.54 0.00 100.00
Finance 1.63 12.67 0.00 100.00
IT 1.97 13.89 0.00 100.00
Engineering 1.39 11.69 0.00 100.00
Social 1.39 11.70 0.00 100.00
Legal 0.82 9.01 0.00 100.00
Education 5.58 2296 0.00 100.00
Arts 2.04 14.15 0.00 100.00
Health Care 433 20.36 0.00 100.00
Health Care Support 2.63 15.99 0.00 100.00
Protective Services 2.13 14.43 0.00 100.00
Food 7.88 26.94 0.00 100.00
Buildings 2.84 16.61 0.00 100.00
Personal Care 3.96 19.51 0.00 100.00
Sales 11.42 31.81 0.00 100.00
Office 13.25 33.90 0.00 100.00
Farming 0.66 8.07r 0.00 100.00
Construction 445 20.63 0.00 100.00
Extraction 0.21 4.60 0.00 100.00
Installation 2.80 16.50 0.00 100.00
Production 487 2153 0.00 100.00
Transportation 5.35 22,50 0.00 100.00
Armed Forces 0.75 8.62 0.00 100.00
Unemployed / Not in Labor Market 9.48 29.30 0.00 100.00
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Table A.18 (continued) - Descriptive statistics of ACS data

Mean Std. Min. Max.
Dev.
Controls:

Female 0.50 0.50 0.00 1.00
Race/Ethnicity: White 0.78 0.42 0.00 1.00
Race/Ethnicity: Black 0.12 0.33 0.00 1.00
Race/Ethnicity: Asian 0.02 0.16 0.00 1.00
Race/Ethnicity: Native 0.01 0.11 0.00 1.00
Race/Ethnicity: Other 0.03 0.18 0.00 1.00
Race/Ethnicity: Multiple 0.03 0.17 0.00 1.00
Race/Ethnicity: Hispanic 0.12 0.32 0.00 1.00

Notes: Descriptive statistics (mean, standard deviation, minimum, maximum) for
treatment, outcome (multiplied by 100 for interpretability), and controls variables.
Data source: American Community Survey.

School Curricula, Educational Trajectories, and Labor Market Outcomes 147



3 Evolution vs. Creationism in the Classroom

Figure A3.1: Teachers’ focus on State Science Education Standards when teaching evolution
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Note: Histogram depicts answer categories on agreement with the statement "When | do teach evolution, | focus
heavily on what students need to know to meet state science standards.". Data is drawn from the National Survey
for High School Biology Teachers conducted by the Survey Research Center (Penn State). Sample: Nationally
representative of U.S. public high school biology teachers. Sample size: 926 teachers. Eligibility: Teachers in
public school where grades 9 and 10 are offered, who taught a high school biology class in at least the previous
year, and who had not recently retired. Survey date: March 1 to May 5, 2007. More information on dataset
available in Berkman et al. (2008) and Berkman and Plutzer (2011). Data Source: National Survey for High School
Biology Teachers
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3 Evolution vs. Creationism in the Classroom

Figure A3.2: US map of evolution scores
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Note: Map depicts the evolution score of US States in 2000 and 2009, respec-
tively. The evolution score measures the coverage of evolution in Science
Standards, as reported in Lerner (2000b) and Mead and Mates (2009). An evolu-
tion score of 0 indicates no or a non-scientific/creationist coverage of evolution,
and a score of 1 a very comprehensive coverage of evolution. A list of the evolu-
tion scores underlying this map is provided in Table A3.1. Data source: Lerner
(2000b) and Mead and Mates (2009)
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Figure A3.3: Two NAEP sample questions on evolution knowledge

150

Sample Question 1

Which of the following is NOT a part of Darwin's theory of evolution by natural selection?

A. Individuals in a population vary in many ways.
B. Some individuals possess features that enable them to survive better than individuals lacking those features.
C. More offspring are produced than can generally survive.

D. Changes in an individual's genetic material are usually harmful.

Sample Question 2

According to evolutionary theory, which of the following evolutionary trees best describes the relationship between
groups of vertebrates?

Mammals
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Note: Sample question on evolution knowledge from NAEP Science Test, Grade 12, Year
2000. Question also accessible online at NAEP question tool. Question 1: Answer D is
correct. Question 2: Answer B is correct. Data source: U.S. Department of Education,
National Center for Education Statistics, National Assessment of Educational Progress
(NAEP), 2000 Science Assessment for Grade 12
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4 The Unintended Effects of the Common Core State
Standards on Non-Targeted Subjects’

4.1 Introduction

Student achievement in the United States has been lagging behind the student achievement
of many other industrialized countries for anumber of decades (Hanushek et al., 2012; Shakeel
and Peterson, 2021). The adoption of rigorous centralized education standards as a means of
aligning basic elements of local school curricula has long been proposed to raise US student
achievement (Costrell, 1994; Bishop, 1997). In 2008, a report published by the National
Governors Association titled "Benchmarking for Success" suggested that US states should
adopt a common core of internationally benchmarked education standards (Jerald, 2008).
Such a standard, named the "Common Core State Standards" (CCSS), was subsequently
developed for math and English Language Arts (ELA). The CCSS did not include other subjects
such as science and social studies. From 2010 onwards, states could voluntarily adopt the
CCSS. By 2022, 42 states had adopted the CCSS (Achieve Inc., 2013; CCSSI, 2022).

The theoretical literature on the effects of centralizing education standards does not offer a
clear prediction on whether adopting the CCSS increases student achievement.' Theem pirical
literature on the effects of the CCSS on student achievement has so far documented zero to
modest positive effects on student achievement in the targeted subjects math and ELA. We
replicate this analysis in our setting and come to largely the same conclusion, although our
results suggest that the prior literature rather overestimates than underestimates any positive
effects on student achievement in targeted subjects.2 However, the main focus of our paper is

" This chapter is joint work with M. Danish Shakeel. It is based on the paper ‘The Unintended Effects of the
Common Core State Standards on Non-Targeted Subjects’, Program on Education Policy and Governance Working
Papers Series 21-03, Harvard University, 2021.

! Ontheone hand, a centralized education standard could overcome the problem that education standards
emerging from a decentralized process of setting standards tend to have inefficiently low degrees of rigor,
potentially harming student achievement. This lack of rigor is caused by a free-riding problem induced by
mobility of high school graduates across states and their pooling in the labor market (Costrell, 1994). This
problem was of special relevance in the years before the adoption of the CCSS, as states had an incentive to
adopt inefficiently low standards under the No Child Left Behind Act (NCLB) as means to increase pass rates of
standardized tests (Maranto and Maranto, 2004; McCluskey and Coulson, 2007). On the other hand, a centralized
education standard could also decrease student achievement by being less tailored to state-level preferences,
and by abolishing the ‘laboratory federalism’ and competition between states for better education standards
(Tiebout, 1956; Oates, 1999).

% Most of the early studies are correlational and find zero to modest positive associations between CCSS and
student achievement in targeted subjects (Schmidt and Houang, 2012; Loveless, 2014, 2015, 2016). Exploiting
quasi-experimental settings, more recent papers confirm the zero to modest positive effects (depending on
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4 Unintended Effects of the Common Core State Standards

on spillovers of the CCSS on student achievement in non-targeted subjects. Such spillovers
have, to the best of our knowledge, not yet been studied in a causal framework. We argue that
studying such spillovers is essential for evaluating the overall success of the CCSS in terms of
student achievement and for guiding future reforms of education standards in general.

To close this research gap, we estimate the effect of the CCSS on student achievement in
non-targeted subjects such as science and social studies. In theory, it is unclear whether
any spillovers of the CCSS on student achievement in non-targeted subjects are positive or
negative (or zero). On the one hand, the CCSS could be beneficial beyond its target subjects if,
for example, skills acquired in a targeted subject such as math help students to perform well
in a non-targeted subject such as science. On the other hand, the CCSS could have caused a
reduction of instructional focus on the non-targeted subjects, possibly leading to a decline in
student achievement in those subjects.

Simple correlations between CCSS adoption and student achievement in non-targeted sub-
jects likely do not yield a causal answer to our research question. States that adopted the
CCSS plausibly differ from states that did not adopt the CCSS in ways that affect student
achievement through many channels other than education standards, for example through
differences in political preferences or human capital. To overcome this identification problem,
we estimate the effect of the CCSS on student achievement in non-targeted subjects in a
two-way fixed effects difference-in-differences (DD) framework. This approach builds on the
idea that states without CCSS adoption in a certain year act as counterfactuals for states with
CCSS adoption in that year, after accounting for time-invariant differences between states and
national differences between years.

To run these DD models, we combine state-level data on the adoption of the CCSS with
individual-level student achievement data from the National Assessment of Educational
Progress (NAEP). The NAEP is known as The Nation’s Report Card and provides unique student-
level test score data for a large number of years, grades and subjects. In particular, it covers a
range of subjects not targeted by the CCSS, namely science and different social studies (civics,
economics, geography, and history). It is comparable across states and over time and covers
the relevant years before and after the adoption of the CCSS. The NAEP student and teacher
surveys complement the test score data by providing information on student characteristics,
teacher characteristics and classroom instruction.

study and subgroups therein) for Kentucky (Xu and Cepa, 2018), California (Gao and Lafortune, 2019), Chicago
(Allensworth et al., 2021) and a subset of US states (Bleiberg, 2021). An exception is Song et al. (2019) who find
negative effects on student achievement in targeted subjects of the adoption of general College and Career
Readiness Content Standards (CCRCS). This study cannot be directly compared to the other studies, as the CCRCS
include the CCSS but also other education standards. In our paper, we also estimate the effect of the CCSS on
student achievement in targeted subjects in our setting and, again, find zero to modest positive effects. This
finding largely confirms the conclusions of the prior literature, although our robustness checks indicate that
prior analyses rather overestimate any positive effects, see Appendix A4.2 for more details.
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We find a significant negative effect of the CCSS on student achievement in non-targeted
subjects. More specifically, being exposed to the CCSS for the entire school career (at the time
of testing) as opposed to not being exposed to the CCSS at all decreases student achievement
in non-targeted subjects on average by 0.08 units of a standard deviation. The effect size can
be interpreted as a loss of learning worth approximately 25 percent to 30 percent of a school
year. We regard this finding as reduced-form evidence that the CCSS induced a reduction of
instructional focus on non-targeted subjects.

Next, we hypothesize that the negative effect is over-proportionally large for underprivileged
students as these students (or their parents and environments in general) might be less
able to compensate for the reduction of instructional focus. To test this hypothesis, we
conduct subgroup analysis by student characteristics and find that the negative effect is
mostly driven by Black and Hispanic students, and by students with free or reduced price
lunch status, English language learner status, and disability status. We also conduct subgroup
analyses by subject and grades and find that the achievement losses are most pronounced
for science and for students in grade 4.° In sum, we conclude that the CCSS mainly reduced
student achievement in non-targeted subjects among underprivileged students. This decline
in student achievement exacerbates racial/ethnic and socioeconomic student achievement
gaps as well as the achievement gap between students with and without disabilities in the
non-targeted subjects.

A series of robustness checks supports our main results. We show that the results are robust
to event-study specifications and specifications with state-specific time trends. To account
for state-specific shocks simultaneous to the adoption of the CCSS, we run a triple-difference
model with students from private schools as an additional control group for which the CCSS
was never mandatory. We also control explicitly for a large list of educational reforms. Further-
more, we account for recent developments in the econometric literature on two-way-fixed
effects models and time-varying treatment effects and show that our results are not driven
by negative weights (Chaisemartin and D’Haultfeeuille, 2020; Athey and Imbens, 2021; Baker
et al., 2021; Borusyak et al., 2021; Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021; Roth
and Sant’Anna, 2021; Sun and Abraham, 2021). Another set of robustness checks defines
treatment based on information about actual CCSS implementation in the different states to
account for the fact that CCSS adoption and CCSS implementation could diverge.

To uncover the mechanisms behind these results, we aim to understand what has changed in
the classrooms of the students due to the CCSS. To this end, we draw on the NAEP teacher
survey data on instructional focus. We find that the CCSS reduced teacher-reported instruc-
tion time, instructional resources, and some dimensions of the quality of teacher-student
interactions for the non-targeted subjects. This finding suggests that the exclusion of science

* In addition to the CCSS, some states adopted the Next Generation Science Standards (NGSS). The NGSS were

released in 2013 with slow take-up rates by states relative to the CCSS. In appendix A4.1, we demonstrate that
our results are robust to controlling for NGSS adoption.
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and social studies from the CCSS has signaled a lower relative importance of these subjects,
resulting in a reduction of instructional focus.

This paper expands the literature on the existence and effects of strategic responses of educa-
tors to reforms of education systems. There is ample evidence that accountability reforms
can shift the instructional focus away from subjects, topics, and students not targeted by the
accountability rating (Jacob, 2005; Reback, 2008; Neal and Schanzenbach, 2010). The CCSS
can be interpreted as an extension to the No Child Left Behind Act (NCLB) of 2002.* Analogous
to our findings on the CCSS, NCLB reduced instruction time in non-targeted science and social
studies (Reback et al., 2014). However, while we find for the CCSS that the reduction in instruc-
tional focus on the non-targeted subjects coincides with student achievement declines in
these subjects, NCLB and other accountability reforms did not (necessarily) cause equivalent
achievement declines (Winters et al., 2010; Dee and Jacob, 2011; Reback et al., 2014). One
possible explanation for this difference is that the CCSS has led to much less pronounced
student achievement gains in the targeted subjects relative to NCLB. This lack of substantial
student achievement gains in the targeted subjects under CCSS may have limited positive
spillovers on student achievement in non-targeted subjects, and may have made shifts in
instructional focus matter more.

More generally, our paper contributes to the small but growing quasi-experimental literature
on how the content of education standards affects individuals. Recently, it has been demon-
strated that the content of US state education standards affects students’ skills, attitudes, and
occupational choice (Arold, 2022). Beyond education standards, the content of education in
general influences skills (Cortes and Goodman, 2014; Goodman, 2019; Conger et al., 2021),
labor market outcomes (Altonji et al., 2012; Fuchs-Schiindeln and Masella, 2016) as well as
identity, preferences and beliefs (Clots-Figueras and Masella, 2013; Cantoni et al., 2017; Bazzi
etal., 2020).

Our outcome variable student achievement is not only interesting in its own right, but also
an important predictor of economic outcomes at the individual and societal level. Student
achievement has been found to affect earnings, income distribution, and economic growth
(Hanushek and Woessmann, 2008, 2012). Notably, the predictive power of student achieve-
ment is much stronger than that of traditional measures of human capital used in the literature
such as literacy rates (Romer, 1990), school enrollment (Barro, 1991), or years of education
(Barro and Lee, 2013). Similarly, student achievement gaps between races/ethnicities (which
we document for the non-targeted subjects) have been shown to account for relevant shares

* NCLBwas an accountability reform that compelled states to design school accountability systems based on

annual student assessments in math and ELA that were linked to state standards. To help states improve and
meet the NCLB standards, Common Core provides education standards in math and ELA defining the knowledge
and skills expected of students at each grade level. Furthermore, states that adopted the CCSS could get a waiver
from some of the NCLB regulations. In this sense, our estimated effect of Common Core adoption combines both
the impact of introducing Common Core standards and removing part of NCLB. Additional analyses presented
in Section 4.6 suggest that the overall effect is not primarily coming from the NCLB waivers.
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of the racial/ethnic gap in adulthood social and economic outcomes (Fryer, 2011). Although
student achievement does not adequately capture non-cognitive skills (Heckman and Kautz,
2012; Jackson, 2018) which are increasingly important in the labor market (Deming, 2017),
student achievement has been shown to be a strong predictor of not only cognitive skills,
but also a broad set of individual-level outcomes including physical and mental health, and
voting behavior (Borghans et al., 2016).

The paper proceeds as follows. Section 4.2 provides institutional background about the
adoption and implementation of the CCSS. Section 4.3 outlines the empirical approach, while
Section 4.4 describes the data. Section 4.5 reports the main results and heterogeneities
of the effect of CCSS exposure on student achievement in non-targeted subjects. A series
of robustness checks is presented in Section 4.6. Section 4.7 shows additional analyses of
mechanisms, and Section 4.8 concludes.

4.2 Institutional Background

4.2.1 Background and Data on the Adoption of the CCSS

Theidea of centralizing education standardsin the US has been discussed for decades (Costrell,
1994, 1997; Betts, 1998). In 2008, the National Governors Association (NGA), the Council of
Chief State School Officers (CCSS0O), and Achieve Inc. jointly published a report titled “Bench-
marking for Success: Ensuring U.S. Students Receive a World-Class Education.” (Jerald, 2008).
The report prescribed that US states adopt a common core of internationally benchmarked
standards in math and ELA to raise US achievement levels on international assessments. A
number of philanthropic organizations, including the Bill & Melinda Gates Foundation, pro-
vided resources to enable the states to establish a common core of standards. Subsequently,
numerous state governments, teachers’ unions and other interest groups advocated for a sys-
temic change in education standards across the nation. In 2009, a consortium of the National
Governors Association and the Council of Chief State School Officers, with support from the
U.S. Department of Education, set incentives for states to adopt the CCSS. If a state adopted
the CCSS, it could get a waiver from some of the No Child Left Behind (NCLB) regulations.5

Our primary source for state-level data on the adoption of the CCSS is Achieve Inc. (2013), with
an updated version provided by CCSSI (2022). CCSSI (2022) is the website of the Common Core
State Standards Initiative provided by the National Governors Association Center for Best
Practices and the Council of Chief State School Officers. They report if and when a state has
adopted the CCSS.? Based on this data source, 42 states have adopted the CCSS permanently.
Of the states that have adopted the CCSS permanently, most states adopted itin 2010, while a

> NCLB was a federal legislation signed in 2002 by President Bush. In December 2015, President Obama signed

the Every Student Succeeds Act (ESSA). ESSA replaced the NCLB act. ESSA shifted NCLB’s federal accountability
aspect to the states.
6 Throughout the paper, we treat Washington D.C. as a state.
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number of states adopted it in 2011 and one state, Wyoming, adopted it in 2012. In contrast,
Alaska, Florida, Indiana, Nebraska, Oklahoma, South Carolina, Virginia and Texas have not
adopted the CCSS permanently. In our baseline coding, we code students in these 8 states as
never having been treated by the CCSS.” To account for the fact that some of those 8 states had
adopted the CCSS temporarily, we present robustness checks in which we treat temporary
adopters as treated from the year of the temporary adoption, even if they repealed/revised
the CCSS later on. In the latter coding, only the states that never adopted the CCSS, Alaska,
Nebraska, Virginia and Texas, remain in the control group, based on data from Bleiberg (2021)
and CCSSI (2022). The map presented in Figure 4.1 illustrates the CCSS adoption graphically.

4.2.2 Background and Data on the Implementation of the CCSS

Theimplementation of the CCSS was not straightforward. There is anecdotal evidence that the
CCSS presented challenges in teaching and testing to schools. Some teachers had difficulty
adjusting to the new curriculum, and CCSS-based standardized tests were not always suitable.
A case study in New York found that the CCSS led to exceedingly long and difficult exams. The
rigor of the standardized tests exceeded the level of college readiness and represented more
of an early college level (Polleck and Jeffery, 2017). In addition, some states did not have
assessments and textbooks aligned with the CCSS until 2013 or later (Polikoff, 2017). Although
notall challenges of the implementation of the CCSS have been overcome everywhere (Polikoff,
2015; Bay-Williams, 2016), more recent surveys show that most teachers feel prepared to
teach the CCSS (Scholastic, 2014), have acquired good or excellent knowledge of the CCSS
(Kane et al., 2016), base their curricula on the CCSS (Opfer et al., 2016), and use textbooks
based on the CCSS (Blazar et al., 2019). Still, the challenges surrounding the implementation
of the CCSS warrant robustness checks of the treatment coding in which we base the definition
of students’ CCSS exposure on the implementation of the CCSS, not just its adoption.

To account for this issue, we draw on a variety of data sources to create alternative treatment
indicators based on CCSS implementation. They incorporate information on states’ legal
CCSS implementation requirements, actual CCSS implementation strategies, effectiveness
of CCSS implementation, temporal CCSS implementation, and CCSS-aligned standardized
testing. Detailed explanations of the different treatment indicators and their data sources are
provided when reporting the corresponding results in Section 4.6 on robustness.

4.3 Identification Strategy

To estimate the effect of the CCSS on student achievement in non-targeted subjects, we
run a two-way fixed effects difference-in-differences model (DD), and several extensions
including models with state-specific time trends and a triple-difference model (DDD). The DD
model takes advantage of the fact that some states did not adopt the CCSS. This approach

" Minnesota s a special case as it did not adopt the CCSS for math, but for ELA, which we code accordingly.
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builds on the idea that states without reforms in a given year act as counterfactuals for states
with reforms in that year, after accounting for time-invariant differences between states and
national differences between years. To capture this idea econometrically, we estimate a DD
model as follows:

Estuv = 6 * CCSS_ExpOSUTeistuv + Y * Xistuv + Hs + /\t + Hu + Ry + €istuv (41)

where T, captures standardized student achievement of student i who goes to public
school in state s, and takes the test in year t, grade u and subject v. Our main estimates pool
all subjects that are not targeted by the CCSS, across all available grade levels. The treatment
parameter CC'SS_FExposure;y,, captures the dosage of CCSS exposure of student i attending
public school in state s, and taking the test in year t, grade u and subject v. Unless noted
otherwise, it is defined as the share of schooling years in which a student was exposed to the
CCSS (at the time of the test).? 3 is the parameter of interest captu ring the effect on student
achievement of being exposed to the CCSS for the entire school career until the test date
(exposure=1) relative to never being exposed to the CCSS until the test date (exposu re=0).” In
our preferred treatment coding, we define a year in a given state as exposing a student to the
CCSS if the state had adopted the CCSS permanently before that year or in the same year. In
robustness checks, we employ other treatment definitions.

A vector of student-level control variables X, includes indicator variables for gender, race/
ethnicity, subsidized lunch status (indicator variable equals one if student receives free or
reduced price lunch), English language learner status, disability status, parental education,
and home possessions (separate indicator variables for computer and books). State fixed
effects u,, test year fixed effects \;, grade fixed effects 6,,, subject fixed effects «,, and an
error term ¢,,, complete the model. Note that test year and grade jointly define each co-
hort. Throughout the paper, all standard errors are clustered at the state level to account
for potential correlation of error terms across years within states. Regressions are weighted
to be population representative. We run the main DD estimations on a sample of students
attending public schools (district and charter schools) only, as the implementation of the
CCSS was never mandatory for private schools.

® |t has the same domain (between 0 and 1) for students of different grades, making effect sizes of students from

different grades comparable. However, this comparability comes at the price of assuming that CCSS exposure
shares can be compared across grades, i.e. that 1 year of CCSS exposure for a student in grade 4 is comparable to
2 (4) years of CCSS exposure for a student in grade 8 (12). In Section 4.6, we show robustness checks for different
treatment definitions.

° The cross-sectional data structure of NAEP only allows us to observe students at the test date, but not to
follow them through their school career. Hence, we have to assume that students did not move between states
during school age before the test. To the extent that pre-test moving patterns between states are uncorrelated
with CCSS adoption, this merely causes attenuation bias. In that sense, our effects should be interpreted as
lower-bound estimates.

School Curricula, Educational Trajectories, and Labor Market Outcomes 157



4 Unintended Effects of the Common Core State Standards

This baseline model addresses a variety of concerns about our ability to estimate the causal
effect of CCSS exposure on student achievement in non-targeted subjects. First, one might
be worried that state-level differences in domains such as returns to education, cultural
characteristics that promote educational success, genetic endowments, or preferences for
centralizing policies are correlated with CCSS exposure and affect student achievement. The
state fixed effects eliminate all constant differences between states. Hence, we exploit cross-
cohort variation within states. Second, one might be concerned that national trends in student
achievement, for example fueled by overall economic development or national education
policies, appear as effects of CCSS exposure. However, our year fixed effects capture all
variation in student achievement that occurs nationwide between years. In addition, our
individual-level control variables ensure that the students we compare are similar with regards
to demographic and socioeconomic characteristics. For these reasons, our DD model yields a
causal effect of CCSS exposure on student achievement in non-targeted subjects if the main
identifying assumption about parallel trends holds. It assumes that in the absence of states
adopting the CCSS, the change in student achievement in treated states would have been the
same as that in non-treated states.

Although this assumption cannot be directly tested, we perform a series of robustness checks
to assess its plausibility. We begin with running non-parametric event-study specifications, in
which the adoption of the CCSS in a given state and year is defined as the event. In contrast
to the DD model, the event-study model can assess non-linear pre-reform trends in student
achievement. If student achievement prior to the adoption of the CCSS was trending in the
direction of the estimated CCSS effects, this could indicate a bias from underlying trends in
the data. Another advantage of the event-study model is that the time course of effects of the
adoption of the CCSS can be assessed by disentangling effects which occur directly at the time
of the CCSS adoption from those which occur gradually after the CCSS adoption. Specifically,
we estimate the effect of the CCSS adoption in year ¢, on student achievement k years before
and after CCSS adoption, as captured by the parameter vector 5, see equation (4.2). These
effects are estimated relative to the year of reform k=0."

6
T%stuv = Z 1(tzs = ts + k)ﬁk + 7 * Xistuv + s + >\t + 9u + Ry + €istuv (42)
k=—6

Although the non-parametric specification captures an overall pre-trend, it does not account
for state-specific trends. To address this issue, we perform analyses in which we add state-
specific linear time trends, linear and quadratic time trends, as well as linear, quadratic and
cubic time trends to equation (4.1). The state-specific linear time trend variable interacts each
state fixed effect with a re-scaled year variable that equals one in the first year of observation,

1% To smooth the numbers of observations across years, the observations are grouped together to bins of 2 years
for all pre- and post reform years except for the bins at the beginning (end) of the domain which additionally
include the years prior to (following) the domain’s starting (ending) year.
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two in the second year of observation, and so forth. The corresponding reform effect is
identified from within-state deviations in student achievement from smooth linear trends that
coincide with the different timing of CCSS adoption across states. State-specific quadratic
and cubic time trends are defined analogously. Taken together, the event-study model and
the models with state-specific trends address concerns about underlying trends in the data.

Even if there are no underlying trends in the data, shocks or events that occur simultaneously
to the adoption of the CCSS remain a threat to the parallel trends assumption. To address
this issue, we first run a triple difference model (DDD). For this analysis, we add an additional
control group of private school students to our DD sample of public school students. The
CCSS has never been mandatory for private schools. Correspondingly, we code private school
students as not being exposed to the CCSS, even if their school is located in a state that has
adopted the CCSS for public schools in some years of the school career of the students. Given
the possibility that some private schools might have voluntarily implemented some elements
of the CCSS, we should interpret DDD effects as lower-bound estimates,11 (at least under the
assumption of no endogenous selection between public and private school students as we
discuss below).

Econometrically, we capture our third difference using a school type indicator variable (public
school vs. private school). The full DDD follows equation (4.1) but adds a baseline indicator
for school type as well as a full set of fixed effects interactions. This set includes school-
type-by-state fixed effects (for example to control for state-specific time-constant regulation
differences between private and public schools), school-type-by-year fixed effects (for example
to control for changes in the national funding of public schools), and state-by-year fixed effects
(for example to control for state-specific policies and programs directed at students or their
families regardless of school type). The DDD uses variation at the school-type-by-state-by-year
level to identify the effect of the CCSS on student achievement from differences in student
achievement of students who attend public school compared to student achievement of
students who attend private school coincident with the timing of the CCSS adoption in each
state. The identifying assumption of the DDD requires that there is no other school type
specific variable correlated with the CCSS adoption that affects student achievement. This
identifying assumption is substantially weaker than that of the DD model, as it cancels out all
confounding variables that affect public and private school students equally.

Still, policies that occurred simultaneously to the adoption of the CCSS which affect public
and private school students differently and which have an effect on student achievement
could bias the models presented so far. To address this concern, we collect data on reforms of
public schooling policies and private schooling policies. Examples of public schooling policy
controls include waivers from NCLB/ESSA accountability requirements, the adoption of the

1 If some private schools implemented elements of the CCSS, we would code some students as untreated
although they have in fact received some treatment. Hence, we would erroneously difference out some part of
the real effect of the CCSS.
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Next Generation Science Standards, and public education expenditures (as measured by the
district-by-year-level per-pupil education expenditures in logarithmized dollars). Examples of
private schooling policy controls include states’ control of private school licensure, of private
school curricula, or publicly funded voucher laws. Similarly, we also add controls for policies
on homeschooling and compulsory schooling as a robustness check, as they might indirectly
and differently affect public and private schools. The extent of recordkeeping requirements
for homeschooling is an example of a homeschooling policy, and the number of compulsory
schooling years is an example of a compulsory schooling policy. Adding these policy variables
as controls can alleviate many concerns about simultaneous policies biasing the results.

Another threat to validity is that the adoption of the CCSS might have caused heterogeneous
selection of specific groups of students into school types. For example, estimates could be
biased if students with politically conservative parents left the public school system at the
same time that the CCSS was adopted, and if political conservatism of parents affects student
achievement. Neither the DDD model, nor the DD models based on a sample of public school
students, are immune to this selection issue. We address this concern by running a DD model
with a joint sample of public and private school students, whose reform effects are net of any
heterogeneous selection between school types.

Even if the parallel trends assumption holds, the previously presented two-way fixed effects
models could yield biased results due to time-varying treatment effects. If already-treated
students act as controls for later-treated students in settings with staggered treatment timing,
time-varying treatment effects can bias results away from the true effect. This issue, also
referred to as "negative weighting", has received much attention in the recent economet-
ric literature (Chaisemartin and D’Haultfeeuille, 2020; Athey and Imbens, 2021; Baker et al.,
2021; Borusyak et al., 2021; Callaway and Sant’Anna, 2021; Goodman-Bacon, 2021; Roth and
Sant’Anna, 2021; Sun and Abraham, 2021). We address this issue by conducting a robustness
check in which we exclude all 2x2 DD comparisons from the sample in which already-treated
students act as controls. In sum, each of the presented approaches in this section has dif-
ferent identifying assumptions and addresses concerns about underlying trends in the data,
simultaneous shocks, selection, or negative weights, in a different way. In our view, robust
insights about the effect of the CCSS on student achievement in non-targeted subjects can be
obtained if the different approaches yield similar results.

4.4 Data

4.4.1 Student Achievement Data

We merge data on the adoption and implementation of the CCSS with standardized student
achievement data. The data sources on the adoption and implementation of the CCSS are
described in Section 4.2 on the institutional background and in Appendix A4.3. For student
achievement, we use the restricted-use individual-level dataset of the NAEP. The NAEP is a
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congressionally mandated project which is nationally representative of the US student body. It
is also known as The Nation’s Report Card. NAEP has measured the knowledge of US students
in various subjects since its first assessment was conducted in 1969." The assessments are
administered by the National Center for Education Statistics (NCES), an institution within the
Institute of Education Sciences (IES) and the US Department of Education. Notably, there is a
significant overlap between CCSS and NAEP items (Daro et al., 2015). For example, 79 percent
of items on grade 4 and 87 percent of items on grade 8 of the 2015 NAEP math assessment
were also covered by the CCSS.

The NAEP individual-level dataset has several advantages for our analysis. First, it provides
information on student achievement at the individual level for the relevant years, grades, and
subjects for all US states. Its comparability across states and over time allows for consistent
standardization and two-way fixed effects difference-in-differences estimations. Specifically,
we use the NAEP data from 2005 to 2015 for all available grade levels, namely grades 4, 8
and 12." We exclude data from 2004 and before, as NAEP sampling increased tremendously
after 2001 (and no testing was done in non-targeted subjects between 2002 and 2004 and
after 2015). Besides, this sample cut provides pre- and post reform periods of roughly equal
duration. We use the NAEP data from science, civics, economics, geography, and history to
capture student achievement in non-targeted subjects.'* Table A4.1 lists the grades in which
the NAEP tests were administered for each of the five subjects for each year between 2005 and
2015 (and for which state identifiers of students are available). We use the student-level data
from all these subject-year-grade combinations in our main analysis. The resulting sample
consists of more than one million students.” *°

Second, the NAEP data include a rich set of individual-level control variables such as student
gender, race/ethnicity, and various socio-economic background variables, among others.
Hence, we can control flexibly for students’ pre-reform characteristics and perform subgroup
analyses. We set missing values of controls to zero and add separate explanatory binary
variables to all regressions to account for these missing values, unless noted otherwise.”’
Third, the NAEP also administers student achievement tests and surveys in private schools,
which we can exploit for identification given that the CCSS was never mandatory for private

1 Throughout the paper we use the Main-NAEP and not the Long Term Trend NAEP, as the Main-NAEP has much
larger sample sizes and is state-representative.

B Fortheta rgeted subjects evaluated in Appendix A4.2, we have data until 2017.

% Other tests such as theater, visual arts, and music were not tested in the relevant years.

L Throughout the paper, we report the number of observations rounded to the nearest ten digit to comply with
data protection regulations of the NCES.

'8 In the NAEP, no student takes the entire student achievement test. Instead, the NAEP reports plausible values
for overall student achievement on a test estimated from the sample of questions that were administered to
a student. We make the arbitrary choice of selecting the second plausible value the NAEP provides. The raw
correlation between the second plausible value and the average of the first five plausible for student achievement
in, for example, science equals 0.95 in our sample. Our results are robust to estimating effects using any other
plausible value.

" Our results are robust to not imputing the missings, see Table A4.10.
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schools. Fourth, the NAEP has also surveyed the teachers of a subset of the students in the
sample. We can make use of the teacher data to investigate changes in classroom instruction
resulting from the CCSS, as presented in Section 4.7 on mechanisms.

4.4.2 Descriptive Statistics

Table A4.2 presents the mean, standard deviation, minimum and maximum of the main
variables. The main outcome variable is student achievement, which we standardize to have
a mean of zero and a standard deviation of one in the first year of each available grade-subject
combination, following (Lafortune et al., 2018; Jackson et al., 2021). This standardization
allows the mean and variance to flexibly evolve in the following years, which explains why
their overall mean and standard deviation reported in Table A4.2 are close but not equal to
zero and one, respectively. Regarding student characteristics, we note that about half of the
sample is female and almost 60 percent is White. The shares of Black and Hispanic students
are 15 percent and 20 percent, respectively. 5 percent of the students in the sample are Asian
students (including Pacific Islanders). About 6 percent of the sample have English language
learner status, and 11 percent disability status. To assess what share of students come from a
low socioeconomic background, we can look at the shares of students receiving subsidized
lunch (43 percent), having parents who did not finish high school (8 percent), having no
computer at home (10 percent), or having less than 10 books at home (13 percent). We also
show descriptive statistics for variables measuring the instructional focus on non-targeted
subjects and teacher characteristics (both based on the NAEP teacher surveys), which we
analyze in more detail in Section 4.7.

4.5 Results

4.5.1 Main Results

Table 4.1 presents estimates of the statistical relation between CCSS exposure and student
achievementin non-targeted subjects for different sets of control variables. In column 1, there
are no control variables. The positive and statistically significant correlation between CCSS
exposure and student achievement in non-targeted subjects implies that students exposed to
the CCSS perform better in non-targeted subjects than those not exposed to the CCSS. This
correlation could be caused by CCSS exposure improving student achievement in non-targeted
subjects, for example through positive spillovers. It could also be caused by above-average
studentachievementin non-targeted subjects leading to CCSS exposure. This reverse causality
could occur, for example, if above-average student achievement in non-targeted subjects
before the reform promotes confidence in national education policies, thereby encouraging
states to adopt the CCSS. Moreover, the observed positive correlation between CCSS exposure
and student achievement in non-targeted subjects could also be driven by third variables such
as parental education. This would be the case, for example, if states with a high proportion of
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students with highly educated parents are more likely to adopt the CCSS, for instance if these
parents vote disproportionately for parties that endorse the CCSS, and if parental education
itself increases student achievement in non-targeted subjects.

To isolate the effect of CCSS exposure on student achievement, we add control variables in
columns 2-3. The positive correlation of CCSS exposure and student achievement in CCSS
subjects remains almost unchanged conditional on student-level control variables (column
2). In the full model with both student-level controls as well as state and year fixed effects, the
positive correlation becomes negative (column 3). The full model is our preferred model, as it
flexibly accounts for demographic and socioeconomic differences between students as well
as time-invariant differences between states and national differences between years. Unless
noted otherwise, all further models presented in this paper are full models.

More specifically, exposure to the CCSS during the entire school career (at the time of testing),
as opposed to no CCSS exposure at all, decreases student achievement in non-targeted
subjects on average by 0.08 units of a standard deviation. This effect is statistically significant
at the 5 percent level. To illustrate the effect size, we draw on the literature on education
production functions, which suggests that the gain in learning from one year of schooling
is equivalent to about one-quarter to one-third of a standard deviation increase in student
performance on standardized tests (Woessmann, 2016). Correspondingly, the CCSS-induced
learning loss in non-targeted subjects is equivalent to approximately 25 percent to 30 percent
of a school year.

4.5.2 Subgroup Analysis

The negative effect of the CCSS on student achievement in non-targeted subjects need not
be evenly distributed across subgroups. We hypothesize that students from underprivileged
backgrounds may be disproportionately disadvantaged as it is more difficult for themselves,
their parents, or their social environments in general to compensate for the reduction of
instructional focus on non-targeted subjects.18 For example, parents from underprivileged
backgrounds might be less able or might have less time to help their children with homework
themselves or pay for private tuition. To test this hypothesis, we conduct subgroup analyses
by students’ demographic and socioeconomic characteristics.

As reported in Table 4.2, we find that the negative effect on student achievement in non-
targeted subjects is not evenly distributed across subgroups. With respect to race/ethnicity,
the student achievement of Hispanics and Blacks in non-targeted subjects is reduced dis-
proportionately as a consequence of the CCSS, while there are almost no reform effects for
Whites and Asians. Race and ethnicity aside, the negative effect is larger for students who
qualify for subsidized lunch than for those who do not. Furthermore, students with English

' In Section 4.7 on mechanisms, we use outcomes measuring instructional focus based on teacher survey data
to show explicitly that the CCSS caused a reduction of instructional focus on non-targeted subjects.
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language learner status or disability status lose disproportionately. Taken together, these
results indicate that students from groups typically regarded as socially, economically or
physically underprivileged suffer most from CCSS exposure in terms of their achievement in
non-targeted subjects.

We also perform subgroup analyses by subjects and grades. As far as subjects are concerned,
the negative effect on student achievement in non-targeted subjects comes mostly from
science, as we show in Table A4.3. In terms of grades, the negative effect is mostly due to
students from grade 4, see Table A4.4. These subgroup effects should be interpreted with
caution as testing frequencies and sample sizes are much larger for science (compared to
civics, economics, geography, and history) for grades 4 and 8 (compared to grade 12). Still, the
large subgroup effect for students in grade 4 makes intuitive sense as teachers in elementary
school have the greatest flexibility in shifting the instructional focus.”

4.6 Robustness

In this section, we test the robustness of the main result to account for four general types of
concerns. First, we test the plausibility of the identifying assumption about parallel trends
between treatment and control groups in the two-way fixed effects DD model in various ways
in a series of econometric robustness tests. Second, we assess whether negative weighting
induced by time-varying treatment effects affects our two-way fixed effects DD estimates and
their interpretation. Third, we test whether re-defining our treatment variable to incorporate
information about CCSS implementation changes our results. Fourth, we conduct a series
of further specification checks to ensure that our results do not hinge on arguably arbitrary
specification choices in the main regression.

4.6.1 Robustness Tests on Parallel Trends Assumption

Afirst plausibility test for the identifying assumption of parallel trends in outcomes between
treatment and control groups are event-study specifications. Here, the adoption of the CCSS
in a given state and year is defined as an event. As depicted in Figure 4.2, no statistically
significant pre-trend in student achievement in non-targeted subjects can be identified prior
to the adoption of the CCSS. If at all, student achievement in these subjects was improving
before the reform. In contrast to this insignificant positive pre-trend, student achievement

' Yet another su bgroup analysis we perform is motivated by the hypothesis that states with high average student
achievement levels before the adoption of CCSS might suffer more from CCSS adoption in terms of student
achievement in non-targeted subjects relative to states that had been low-performing to begin with. To test this
hypothesis, we perform subgroup analysis by quartiles of the states’ pre-CCSS student achievement level. As
presented in Table A4.5, there is no linear effect pattern across quartiles. Although the effect difference between
the lowest quartile and the highest quartile is negative which could support our hypothesis, we do not emphasize
this subgroup finding as it does not hold in robustness checks on the econometric and treatment specifications
as described in Section 4.6.
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declined substantially after the reform, both in terms of size and significance. This finding
supports the validity of the parallel trends assumption and confirms the negative effect of the
CCSS on student achievement in non-targeted subjects reported in the main analysis.

To further account for the possibility of state-specific trends and simultaneous shocks, Table
4.3 presents econometric robustness tests for the main regression results (shown again in
column 1 to facilitate comparison) by first adding state-specific linear time trends (column 2),
then adding state-specific quadratic time trends (column 3), and finally adding state-specific
cubic time trends (column 4). In column 5, DDD estimates are reported in which a set of data
on private school students is added to the sample. Here, all state-specific time trends are
replaced with a fixed effect for school type (public school vs. private school), as well as with
school-type-by-state, school-type-by-year, and state-by-year fixed effects. In column 6, we
run the main two-way fixed effects DD model with a sample of all students from public and
private schools.

We find that the negative and significant main effect is robust across specifications and be-
comes even slightly more negative in the models with state-specific time trends of various
orders. The same is true for the DDD model. The model which is estimated based on the sam-
ple of both public and private school students yields an effect that is slightly smaller than that
of the main model, but still negative and significant. This series of econometric robustness
checks demonstrates that the main effects are not affected by underlying state-specific trends
in the data, endogenous selection between public and private school students, and shocks
that occur simultaneously to the adoption of the CCSS as long as they affect both public and
private school students equally.

While a large variety of state-specific shocks, including policy reforms in many areas, plausibly
affect public and private schools students equally, the parallel trends assumption could still be
violated by state-specific policies for public and private schooling. To test for this possibility,
we perform robustness checks which explicitly control for state-specific time-varying policies
for public schooling (Table A4.6) and private schooling (Table A4.7), respectively. The results
are robust throughout. The first, second, and third specification in Table A4.6 controls for
NCLB waivers, state proficiency standards, and the adoption of the Next Generation Science
Standards, respectively. The robustness of the CCSS exposure coefficient supports aforemen-
tioned interpretation that it is indeed the CCSS itself that drives the reported effects, and
not waivers, other proficiency reforms or the NGSS. In addition, policies on homeschooling
and compulsory schooling could indirectly affect public and private schooling decisions. To
account for this possibility, we also present robustness checks in which we add controls for
homeschooling and compulsory schooling. As can be seen in Table A4.8 for homeschooling
and Table A4.9 for compulsory schooling, the results are robust. Taken together, the findings
in this subsection indicate that neither underlying trends in the data nor shocks occurring
simultaneously to the adoption of the CCSS give rise to our main result.
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4.6.2 Robustness Tests on Time-Varying Treatment Effects

Another potential threat to identification of the presented two-way fixed effects DD models are
time-varying treatment effects. The main estimate is a weighted sum of the average treatment
effects in each state and year (i.e. of each 2x2 comparison), with weights that may be negative.
These negative weights can cause the main regression coefficient to be negative although all
the average treatment effects are positive. Weights can be negative if already-treated units
act as controls for later-treated units, in settings with time-varying treatment effects and
staggered reform adoption.

Our event-study graphs presented above provide first insight into the potential bias induced
by time-varying treatment effects, as they allow us to separate instantaneous from gradual
reform effects. Event-studies are immune to bias from time-varying treatment effects as long
as the pattern of effects is the same for all treatment cohorts. To explicitly explore the issue of
time-varying treatment effects, we create a sample in which already-treated students never
act as controls. Creating this sample is relatively straightforward in our setting as most states
adopted the CCSS in 2010 or did not adopt the CCSS at all. By excluding the six states which
adopted the CCSS in 2011 and 2012 from the sample, we transform our staggered setting into
a non-staggered setting that isimmune to negative weights. As shown in column 1 of Table
A4.10, the negative significant effect of the CCSS on student achievement in non-targeted
subjects remains in this modified sample. This finding demonstrates that the main result is
not driven by time-varying treatment effects and negative weights.

4.6.3 Robustness Tests on Treatment Definition

A different type of concern is that CCSS adoption and CCSS implementation could diverge. In
our preferred treatment coding, we count all years as causing CCSS exposure for a student
in a given state, in which the state had permanently adopted the CCSS before that year or at
most in the same year. However, states that have adopted the CCSS permanently may not
have implemented the CCSS comprehensively and thus may not be creating actual exposure.
Conversely, states that have not adopted the CCSS permanently may have adopted and/or
implemented the CCSS temporarily or partially.

To test whether our results hold if we define treatment based on CCSS implementation, we
re-run our main regression using five different treatment variables, each capturing different
information about the implementation of the CCSS. Under these treatment definitions, a
school year in a given state is defined as a school year with CCSS exposure if that state (i)
expects teachers to fully incorporate the CCSS in their classroom instruction, (ii) followed
at least two out of three CCSS implementation strategies (professional development, new
instructional materials, joined testing consortium), (iii) observed an effective change in state
standard content due to the adoption of the CCSS, which we define to mean that no state
standard existed that closely resembles the CCSS before the adoption of the CCSS, (iv) adopted
and/or implemented the CCSS at least temporarily, or (v) mandated standardized tests aligned
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to the CCSS. Further information on each treatment definition, its construction, data sources,
including a table containing state-specific coding information for all treatment definitions are
provided in Appendix A4.3.

We present the results for each treatment definition (including our main result to facilitate
comparison) in Table 4.4. We find negative point estimates throughout, ranging from -0.088
to -0.035 units of a standard deviation for the overall sample. However, most of them are
statistically insignificant. To assess this finding further, we also show effects for the subsample
of students in grade 4 for which we have observed the largest subgroup effects in the main
analysis. At least for this hand-picked subsample, we find statistically significant effects
throughout (and point estimates ranging from -0.177 to -0.098 units of a standard deviation).
Taken together, these findings suggest that results using treatment definitions based on CCSS
implementation rather than CCSS adoption lead to the same overall conclusion as the main
results in Section 4.5.

4.6.4 Further Specification Checks

In addition, we want to assess whether our results are robust to a number of modifications
of our main regression. As indicated before, we set missing values of controls to zero and
add separate explanatory binary variables to account for these missing values in our main
regressions. The shares of missing values for the student control variables are below 10
percent for all variables except for parental education. For the latter approximately 40 percent
of the values are missing, which can be mostly explained by the fact that this question was
not asked in grade 4. To test whether the parental education control and its imputation
affect the results, we run our main regression without controlling for parental education. As
shown in column 2 of Table A4.10, the effects do not differ meaningfully. As an additional
robustness check, we do not impute missing values of any control variables (in addition to
leaving parental education out of the set of control variables). As can be seen in column 3, the
results are robust.

Moreover, we test the robustness of our main regression by modifying the definition of the
treatment variable that captures the dosage of a student’s exposure to the CCSS. So far, we
have defined this variable as the share of schooling years a student was exposed to the CCSS
(at the time of the survey). Alternatively, we now define exposure to the CCSS as the number
of schooling years a student was exposed to the CCSS (at the time of the survey). As shown
in column 4 of Table A4.10, the negative effect is now insignificant and much smaller, but
has a similar interpretation. In particular, we find that a one-year increase in CCSS exposure
reduces student achievement in non-targeted subjects by 0.006 units of a standard deviation.
Assuming 12 years of schooling, the total effect of CCSS exposure throughout the entire school
career, as opposed to no exposure, equals 0.072 units of a standard deviation (0.006*12). This
number is close to the result of our main regression (0.079 units of a standard deviation) in
which we define the treatment variable as a share of years. In addition, we show that our
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results are robust to excluding charter schools from the sample of public schools, or omitting
population weights, respectively, see columns 5 and 6.

4.7 Mechanisms

To study what gave rise to the observed effect on student achievement in non-targeted sub-
jects, we examine what changed in students’ classrooms in these subjects due to the CCSS.
To this end, we draw on teacher survey data, provided by the NAEP for a subset of waves
and classrooms. This data is suitable for our analysis for several reasons. First, it contains
a rich set of subject-specific questions on instructional focus in the classroom comprising
instruction time, instructional resources, five measures of differentiated instruction, and four
measures of the quality of teacher-student interactions. We note that the instructional focus
outcomes could be endogenous to the reform and hence should be interpreted as changes in
teachers’ perceptions of classroom instruction rather than evidence based on administrative
data (which is not available for these outcomes at the subject-state-year-level).

Second, the NAEP includes teacher background characteristics which we can use as con-
trol variables and for subgroup analyses. Third, the NAEP teacher surveys are linked to the
NAEP student achievement tests and student surveys. This link allows us to examine how
instructional practices changed in non-targeted subjects according to the teachers who taught
precisely the tested students from our main analysis. Fourth, the teacher surveys are standard-
ized in the same way as the student surveys and achievement tests, making them comparable
across states and years and thus suitable for a two-way fixed effects difference-in-differences
approach. In fact, we can keep the empirical framework from the previous sections largely
unchanged, but we use instructional focus outcomes instead of student outcomes and add
teacher controls, thus ensuring methodological consistency with the previous sections.

Table 4.5 presents the results of CCSS exposure for instructional focus in non-targeted subjects.
Overall, we find that the CCSS caused a reduction in instructional focus on the non-targeted
subjects. Specifically, we observe negative significant effects of the CCSS on weekly instruction
time, provision of instructional materials and resources, and two dimensions of the quality of
teacher-student interactions. These two dimensions are setting and discussing goals with
students. The extent of differentiated instruction did not change meaningfully. To illustrate
the interpretation of the reported point estimates, we note that teachers of students who are
fully exposed to the CCSS are 17 percentage points less likely to teach these students more
than five hours per week in non-targeted subjects than teachers of students with no CCSS
exposure, conditional on teacher characteristics, student characteristics as well as state, year,
grade and subject fixed effects.”

%% The answer categories of the instructional outcome variables were coded differently in different survey waves
of the NAEP. Hence, we code the variables as reported in the footnote of Table 4.5 to ensure consistency across
waves.
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The reduction in instructional focus on non-targeted subjects does not have to be evenly
distributed across teacher subgroups. Understanding which subgroups of teachers drive the
effects is interesting in itself and can be useful for tailoring policy advice to specific groups of
teachers. We perform subgroup analyses for the four instructional focus outcome variables
which were most affected by the CCSS, namely instruction time, instructional resources, and
teacher-student interactions (setting and discussing goals). We conduct subgroup analyses
by teacher characteristics which include teacher race/ethnicity, teacher education, teacher
certification, and teacher experience. The subgroup pattern is not evenly distributed across
instructional focus outcomes, but in general we find the largest reductions in instructional
focus on non-targeted subjects for White teachers and teachers without a certification, see
Tables A4.11, A4.12, A4.13 and A4.14, respectively for the four instructional focus outcomes.

Altogether, these results show that the adoption of the CCSS has shifted the instructional
focus away from the non-targeted subjects. This finding is in line with the results from Section
4.5, which show a decline in student achievement in these subjects. It is also consistent with
previous literature showing that instructional inputs affect student achievement. Increases
in instruction time (Taylor, 2014), instructional resources (Holden, 2016), and the quality
of teacher-student interactions (Allen et al., 2011) have all been shown to positively affect
student achievement. These instructional inputs can also interact. For example, the effect of
instruction time on student achievement depends on student-teacher interactions (Rivkin
and Schiman, 2015).

4.8 Conclusion

Since 2010, the majority of US states have aligned their education standards for math and
ELA by adopting the CCSS. This paper estimates the effect of CCSS adoption on student
achievement in non-targeted subjects. We find that the CCSS reduced student achievement in
non-targeted subjects, particularly for younger underprivileged students in science. Student
achievement is a relevant outcome in its own right, but also affects long-term societal effi-
ciency (Hanushek and Woessmann, 2008, 2012) and equity (Fryer, 2011). In sum, our results
allow to evaluate the CCSS more comprehensively, with, at best, modest positive effects on
student achievement in targeted subjects (also previously documented in Bleiberg (2021)) at
the expense of student achievement in non-targeted subjects.

With respect to mechanisms, we find that the negative spillover of the CCSS on student
achievement in non-targeted subjects was accompanied by a reduction of instructional focus
on these subjects. This result mirrors previous findings on the effects of NCLB, which also only
focused on math and ELA and caused a reduction in instruction time in non-targeted subjects
(Reback et al., 2014).”" However, in contrast to the effects of the CCSS documented in our

*! Anecdotal evidence attributes this to NCLB’s measure of adequate yearly progress (AYP) for schools which
has been determined through annual growth in reading and mathematics. As a result, instruction time and
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paper, NCLB did not did not decrease student achievement in non-targeted subjects (Dee and
Jacob, 2011; Reback et al., 2014). Potentially, these differential effects on student achievement
in non-targeted subjects are rooted in the accountability pressures of NCLB that led to much
more pronounced student achievement gains in the targeted subjects relative to CCSS. These
gains may have created positive spillovers on student achievement in non-targeted subjects,
and may have made shifts in instructional focus matter less. In any case, the results presented
in this paper extend the literature on strategic reactions of educators to reforms to the topic
of education standards.

In terms of education policy, our results might imply that the negative spillover of the CCSS on
student achievement in the non-targeted subjects could have been avoided if more subjects
had been included in the CCSS. Arguably, such a comprehensive education standard could
have prevented that some subjects are deemed less relevant and receive less instructional
attention. At the same time, such a policy might also have reduced any positive effects on
student achievement in the targeted subjects. However, adopting a centralized education
standard which covers all subjects requires that the participating states agree on the educa-
tional content for each subject. To achieve this goal, political challenges need to be overcome
as exemplified by the controversies around the history curriculum (Cohen, 2020) or around
the treatment of evolution theory in US State Science Education Standards (Lerner, 2000a;
Arold, 2022).

other dimensions of instructional focus such as teacher practice support have been reduced for science and
social studies (see Settlage and Meadows (2002) and Johnson (2007) for science, and Misco (2005) and National
Council for Social Studies (2008) for social studies).
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Figure 4.1: CCSS adoption map
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(2022)
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Figure 4.2: Event-study graph: Non-targeted subjects
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Note: Coefficients from non-parametric event-study regressions and their 95% confidence intervals. Dependent variable: Standardized student achievement in subjects not targeted
by the CCSS (Pool of science, civics, economics, geography, and history). Controls: Indicator variables for gender, races/ethnicities, English language learner status, disability status,
subsidized lunch status, parental education, home possessions (separate indicator variables for computer and books) as well as state, test year, grade and subject fixed effects. Regressions
use population weights and standard errors clustered at the state level. Numbers on horizontal axis refer to respective two-year bins; i.e. 2 = first two years of treatment (year 0 = excluded
category). The p values of omnibus hypothesis tests of zero pre- and post-event effects are 0.312 and 0.001, respectively. Data source: U.S. Department of Education, National Center for
Education Statistics, National Assessment of Educational Progress
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Table 4.1: Effect of CCSS exposure on student achieve-
ment in non-targeted subjects

(1) (2) (3)

CCSS Exposure 0.105***  0.117*** -0.079**
(0.036) (0.043) (0.036)
State and Year FEs NO NO YES
Controls NO YES YES
Adj. R-squared 0.001 0.379 0.390
Observations 1,103,630 1,103,630 1,103,630

Note: Each entry is from a separate two-way fixed effects regression
model. Dependent variable: Standardized student achievement in
subjects not targeted by the CCSS (Pool of science, civics, economics,
geography, and history). Explanatory variable: Share of schooling
years a student was exposed to CCSS (at the time of testing). Controls:
Indicator variables for gender, races/ethnicities, English language
learner status, disability status, subsidized lunch status, parental edu-
cation, home possessions (separate indicator variables for computer
and books) as well as grade and subject fixed effects. Regressions use
population weights and standard errors clustered at the state level.
Single, double, and triple asterisks indicate statistical significance at
the 10%, 5%, and 1% levels, respectively. Data source: See Figure 4.2
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Table 4.3: Effect of CCSS exposure on student achievement in non-targeted subjects, econometric robust-

ness
(1) (2) (3) (4) (5) (6)
DD (1) +linear (2) +quadratic  (3) + cubic DD DD with
statetrends  statetrends  state trends private schools
CCSS Exposure -0.079** -0.117** -0.100** -0.095** -0.090** -0.074**
(0.036) (0.044) (0.047) (0.045) (0.044) (0.033)
State and Year FEs YES YES YES YES YES YES
Controls YES YES YES YES YES YES
Adj. R-squared 0.390 0.391 0.392 0.393 0.394 0.390
Observations 1,103,630 1,103,630 1,103,630 1,103,630 1,135,960 1,135,960

Notes: Each entry is from a separate two-way fixed effects regression model, where Model (1) is the baseline model, Models (2),
(3), (4) subsequently add linear, quadratic, and cubic state-specific time trends, and Model (5) presents a triple-difference model
where school type (public vs. private school students), school type*state, school type*year, and state*year fixed effects replace
all state-specific time trends. Model (6) estimates the basic two-way fixed effects model on a sample of public and private school
students. Dependent variable: Standardized student achievement in subjects not targeted by the CCSS (Pool of science, civics,
economics, geography, and history). Explanatory variable: Share of schooling years a student was exposed to CCSS (at the time of
testing). Controls: Indicator variables for gender, races/ethnicities, English language learner status, disability status, subsidized
lunch status, parental education, home possessions (separate indicator variables for computer and books) as well as grade and
subject fixed effects. Regressions use population weights and standard errors clustered at the state level. Single, double, and triple
asterisks indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Data source: See Figure 4.2
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4 Unintended Effects of the Common Core State Standards

A4.1 Supplementary Figures and Tables

Table A4.1: List of grades of NAEP tests for non-targeted sub-
jects

Non-targeted Subjects

Year Science Civics Economics Geography History
2005 4,8

2006 4,8,12 12 4,8,12
2007

2008

2009 4,8,12

2010 4,8,12 4,8,12 4,8,12
2011 8

2012 12

2013

2014 8 8 8
2015 4,8,12

Notes: NAEP student achievement data in non-targeted subjects at the
subject-by-year-by-grade level. Data source: See Figure 4.2
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4 Unintended Effects of the Common Core State Standards

Table A4.2: Descriptive statistics

Std.

Mean Min. Max.
Dev.
Student Achievement Outcomes:
Science 0.08 1.03 -4.76 4.51
Civics 0.03 098 -4.49 3.16
Economics 0.02 0.97 -433 3.70
Geography 0.00 1.00 -5.15 3.90
History 0.04 0.98 -4.64 3.32
Student Controls:

Female 0.49 0.50 0.00 1.00
Race/Ethnicity: White 0.57 0.49 0.00 1.00
Race/Ethnicity: Black 0.15 0.36 0.00 1.00
Race/Ethnicity: Hispanic 0.20 0.40 0.00 1.00
Race/Ethnicity: Asian 0.05 0.22 0.00 1.00
Race/Ethnicity: Other 0.03 0.16 0.00 1.00
English Language Learner 0.06 0.24 0.00 1.00
Disabled 0.11 0.31 0.00 1.00
Subsidized Lunch 0.43 0.50 0.00 1.00
Parental Education: Did not finish High School 0.08 0.28 0.00 1.00
Parental Education: Graduated High School 0.18 0.39 0.00 1.00
Parental Education: Some education after High School 0.20 0.40 0.00 1.00
Parental Education: Graduated College 0.53 0.50 0.00 1.00
Computer at Home 0.90 0.30 0.00 1.00
Books at Home: 0-10 0.13 0.34 0.00 1.00
Books at Home: 11-25 0.22 0.41 0.00 1.00
Books at Home: 26-100 0.35 0.48 0.00 1.00
Books at Home: >100 0.30 0.46 0.00 1.00

Notes: Continuation on next page
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4 Unintended Effects of the Common Core State Standards

Descriptive statistics (continued)

Mean Std. Min. Max.
Dev.
Instructional Focus Outcomes:
Instruction Time 0.41 0.49 0.00 1.00
Instructional Resources 0.60 0.49 0.00 1.00
Differentiated Instruction: Standards 0.44 0.50 0.00 1.00
Differentiated Instruction: Material 0.65 0.48 0.00 1.00
Differentiated Instruction: Activities 0.41 0.49 0.00 1.00
Differentiated Instruction: Methods 0.62 0.49 0.00 1.00
Differentiated Instruction: Pace 0.59 0.49 0.00 1.00
Teacher dedication: Discuss students’ performance 0.56 0.50 0.00 1.00
Teacher dedication: Set goals 040 0.49 0.00 1.00
Teacher dedication: Discuss goals 0.41 0.49 0.00 1.00
Teacher dedication: Adjust teaching 0.64 0.48 0.00 1.00
Teacher Controls:

Teacher Race/Ethnicity: White 0.83 0.38 0.00 1.00
Teacher Race/Ethnicity: Black 0.07 0.25 0.00 1.00
Teacher Race/Ethnicity: Hispanic 0.06 0.24 0.00 1.00
Teacher Race/Ethnicity: Asian 0.02 0.15 0.00 1.00
Teacher Race/Ethnicity: Other 0.01 0.11 0.00 1.00
Teacher Education: Bachelor or less 0.50 0.50 0.00 1.00
Teacher Education: Master or more 0.50 0.50 0.00 1.00
NBPTS Teacher Certificate: Yes 0.13 0.34 0.00 1.00
NBPTS Teacher Certificate: Working towards 0.02 0.15 0.00 1.00
NBPTS Teacher Certificate: No 0.85 0.36 0.00 1.00
Alternative Teacher Certificate: Yes 0.13 0.33 0.00 1.00
Alternative Teacher Certificate: No 0.87 0.33 0.00 1.00
Teacher Experience: 2 years or less 0.09 0.28 0.00 1.00
Teacher Experience: 3-5 years 0.14 0.34 0.00 1.00
Teacher Experience: 6-10 years 0.22 0.42 0.00 1.00
Teacher Experience: 11-20 years 0.27 0.44 0.00 1.00
Teacher Experience: 21 years or more 0.28 0.45 0.00 1.00

Notes: Descriptive statistics (mean, standard deviation, minimum, maximum) for main treatment,
outcome, and control variables. NBPTS stands for National Board for Professional Teaching Standards.
Data source: See Figure 4.2
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4 Unintended Effects of the Common Core State Standards

Table A4.3: Effect of CCSS exposure on student achievement in non-targeted
subjects, subgroups by subjects

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

Science Civics Economics Geography History

CCSS Exposure -0.096** 0.010 -0.052 -0.036 -0.004
(0.042) (0.087) (0.307) (0.079) (0.097)
State and Year FEs YES YES YES YES YES
Controls YES YES YES YES YES
Adj. R-squared 0.402 0.391 0.381 0.429 0.380
Observations 931,600 55,150 19,930 32,130 64,810

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent
variable: Standardized student achievement in subject indicated in the column header. Ex-
planatory variable: Share of schooling years a student was exposed to CCSS (at the time of
testing). Controls: Indicator variables for gender, races/ethnicities, English language learner
status, disability status, subsidized lunch status, parental education, home possessions (sepa-
rate indicator variables for computer and books) as well as grade fixed effects. Regressions
use population weights and standard errors clustered at the state level. Single, double, and
triple asterisks indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

Data source: See Figure 4.2
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4 Unintended Effects of the Common Core State Standards

Table A4.4: Effect of CCSS exposure on student
achievement in non-targeted subjects,
subgroups by grades

(1) (2) (3)
Grade4 Grade8 Gradel2
CCSS Exposure -0.134*** -0.007 -0.005
(0.036)  (0.062)  (0.072)

State and Year FEs YES YES YES
Controls YES YES YES
Adj. R-squared 0.376 0.433 0.370
Observations 434 440 582,590 86,600

Notes: Each entry is from a separate two-way fixed effects re-
gression model. Dependent variable: Standardized student
achievement in subjects not targeted by the CCSS (Pool of sci-
ence, civics, economics, geography, and history). Explanatory
variable: Share of schooling years a student was exposed to CCSS
(at the time of testing). Controls: Indicator variables for gender,
races/ethnicities, English language learner status, disability sta-
tus, subsidized lunch status, parental education, home posses-
sions (separate indicator variables for computer and books) as
well as subject fixed effects. Regressions use population weights
and standard errors clustered at the state level. Single, double,
and triple asterisks indicate statistical significance at the 10%,
5%, and 1% levels, respectively. Data source: See Figure 4.2

184 School Curricula, Educational Trajectories, and Labor Market Outcomes



4 Unintended Effects of the Common Core State Standards

Table A4.5: Effect of CCSS exposure on student achievement in non-
targeted subjects, subgroups by quartiles of states’ stu-
dent achievement before 2010

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

Quartile 1 . . Quartile 4

(lowest) Quartile2 Quartile 3 (highest)
CCSS Exposure 0.004 -0.097* -0.061 -0.041

(0.046) (0.048) (0.051) (0.029)
State and Year FEs YES YES YES YES
Controls YES YES YES YES
Adj. R-squared 0.413 0.365 0.353 0.380
Observations 315,160 334,740 233,430 220,300

Notes: Each entry is from a separate two-way fixed effects regression model. Sample
of Quartile 1 subgroup includes students from states in the lowest quartile with respect
to average student achievement in years before 2010. Sample of Quartile 2 subgroup
includes students from states in the second lowest quartile with respect to average
student achievement in years before 2010. Quartile 3 and 4 defined accordingly.
Dependent variable: Standardized student achievement in subjects not targeted by
the CCSS (Pool of science, civics, economics, geography, and history). Explanatory
variable: Share of schooling years a student was exposed to CCSS (at the time of
testing). Controls: Indicator variables for gender, races/ethnicities, English language
learner status, disability status, subsidized lunch status, parental education, home
possessions (separate indicator variables for computer and books) as well as grade
and subject fixed effects. Regressions use population weights and standard errors
clustered at the state level. Single, double, and triple asterisks indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Data source: See Figure 4.2
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4 Unintended Effects of the Common Core State Standards

Table A4.6: Effect of CCSS exposure on student achievement in non-targeted subjects, robustness with additional controls
for public schooling policies

Control for:
(1) () (3) (4) (5) (6) (7) (8)
NCLB/ESSA State NGSS Expenditures Teacher  School Evolution Charter
Waivers Proficiency Adoption P Policies  Choice Schools
CCSS Exposure -0.074** -0.083** -0.066* -0.077** -0.098**  -0.075** -0.079** -0.080**
(0.035) (0.037) (0.034) (0.035) (0.037)  (0.037) (0.036) (0.036)
State and Year FEs YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES
Adj. R-squared 0.390 0.390 0.390 0.391 0.397 0.390 0.390 0.390
Observations 1,103,630 1,089,080 1,103,630 1,103,620 769,410 1,099,880 1,099,880 1,099,880

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent variable: Standardized student achievement in subjects
not targeted by the CCSS (Pool of science, civics, economics, geography, and history). Explanatory variable: Share of schooling years a student was
exposed to CCSS (at the time of testing). Controls: Indicator variables for gender, races/ethnicities, English language learner status, disability status,
subsidized lunch status, parental education, home possessions (separate indicator variables for computer and books) as well as grade and subject
fixed effects. Additional policy controls (state-by-year level, unless otherwise stated): Model 1 controls for NCLB/ESSA requirements waiver; Model 2
controls for percentile ranking of state’s proficiency standards (average over math and ELA proficiency for grades 4 and 8; missing years are imputed
as average of adjacent years); Model 3 controls for adoption of Next Generation Science Standards or of standards based on Next Generation Science
Standards framework; Model 4 controls for district-by-year-level per-pupil education expenditures in logarithmized dollars; Model 5 controls for
index of teacher quality policies; Model 6 controls for public school choice laws; Model 7 controls for laws permitting public school teachers to teach
"weaknesses of evolution’; Model 8 controls for charter school laws. Regressions use population weights and standard errors clustered at the state
level. Single, double, and triple asterisks indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Data source: National Center for
Education Statistics (Local Education Agency (School District) Finance Survey F-33); Sorens et al. (2008); Ross et al. (2017); Hamlin and Peterson (2018);
Jordan and Grossmann (2020); See Figure 4.2
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Table A4.7: Effect of CCSS exposure on student achievement in non-targeted subjects, robustness
with additional controls for private schooling policies

Control for:
(1) (2) (3) (4) (5) (6)
State Licensure . . . Tax
Approval  of Teachers Registration Curriculum Credits Vouchers
CCSS Exposure -0.079** -0.080** -0.075** -0.080** -0.088***  -0.064*
(0.036) (0.036) (0.036) (0.036) (0.028) (0.035)
State and Year FEs YES YES YES YES YES YES
Controls YES YES YES YES YES YES
Adj. R-squared 0.390 0.390 0.390 0.390 0.390 0.390
Observations 1,099,880 1,099,880 1,099,880 1,099,880 1,099,880 1,099,880

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent variable: Standardized student
achievement in subjects not targeted by the CCSS (Pool of science, civics, economics, geography, and history). Explanatory
variable: Share of schooling years a student was exposed to CCSS (at the time of testing). Controls: Indicator variables for
gender, races/ethnicities, English language learner status, disability status, subsidized lunch status, parental education,
home possessions (separate indicator variables for computer and books) as well as grade and subject fixed effects.
Additional policy controls (state-by-year level, unless otherwise stated): Model 1 controls for mandatory state approval,
where state has discretion, licensing, or accreditation of private schools; Model 2 controls for mandatory state licensure
of private school teachers; Model 3 controls for mandatory registration or licensing of private schools (note: if approval is
required, registration is also coded as being required); Model 4 controls for extent of private school curriculum control;
Model 5 controls for tax credit/deduction law for scholarship contributions or educational expenses of parents; Model
6 controls for publicly funded voucher laws. Standard errors clustered at the state level. Regressions use population
weights and standard errors clustered at the state level. Single, double, and triple asterisks indicate statistical significance
at the 10%, 5%, and 1% levels, respectively. Data source: Sorens et al. (2008); Jordan and Grossmann (2020); See Figure
4.2
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Table A4.8: Effect of CCSS exposure on student achievement in non-targeted subjects, robustness with additional controls
for homeschooling policies

Control for:
(1) () (3) (4) (5) (6) (7) (8)
. Notice Notice Notice . .
Curriculum  Statute Extent  Frequency Index Recordkeeping  Testing  Teachers
CCSS Exposure -0.082** -0.080**  -0.079** -0.086** -0.089** -0.080** -0.079**  -0.080**
(0.036) (0.036) (0.036) (0.036) (0.036) (0.036) (0.036) (0.035)
State and Year FEs YES YES YES YES YES YES YES YES
Controls YES YES YES YES YES YES YES YES
Adj. R-squared 0.390 0.390 0.390 0.390 0.391 0.390 0.390 0.390
Observations 1,099,880 1,099,880 1,099,880 1,099,880 1,099,880 1,099,880 1,099,880 1,099,880

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent variable: Standardized student achievement in subjects not
targeted by the CCSS (Pool of science, civics, economics, geography, and history). Explanatory variable: Share of schooling years a student was exposed
to CCSS (at the time of testing). Controls: Indicator variables for gender, races/ethnicities, English language learner status, disability status, subsidized
lunch status, parental education, home possessions (separate indicator variables for computer and books) as well as grade and subject fixed effects.
Additional policy controls (state-by-year level, unless otherwise stated): Model 1 controls for subjects/curriculum requirement for homeschoolers; Model
2 controls for whether homeschooling is explicitly permitted by statute; Model 3 controls for extent of homeschooling notice requirement; Model 4
controls for frequency of homeschooling notice requirement; Model 5 controls for homeschooling notification index (Extent of homeschooling notice
requirement * Frequency of homeschooling notice requirement); Model 6 controls for extent of homeschool recordkeeping requirements; Model 7
controls for standardized testing or other official evaluation requirement of homeschooling; Model 8 controls for homeschooling teacher qualifications
requirement. Regressions use population weights and standard errors clustered at the state level. Single, double, and triple asterisks indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Data source: Sorens et al. (2008); Jordan and Grossmann (2020); See Figure 4.2
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Table A4.9: Effect of CCSS exposure on student achievement in non-targeted sub-
jects, robustness with additional controls for compulsory schooling

policies
Control for:
(1) (2) (3) (4)
Compulsory  Compulsory Compulsory Kindergarten
schoolage, school age,
schoolyears  attendance
lower bound upper bound
CCSS Exposure -0.079** -0.079** -0.081** -0.082**
(0.037) (0.035) (0.036) (0.036)
State and Year FEs YES YES YES YES
Controls YES YES YES YES
Adj. R-squared 0.390 0.390 0.390 0.390
Observations 1,099,880 1,099,880 1,099,880 1,099,880

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent variable:
Standardized student achievement in subjects not targeted by the CCSS (Pool of science, civics,
economics, geography, and history). Explanatory variable: Share of schooling years a student was
exposed to CCSS (at the time of testing). Controls: Indicator variables for gender, races/ethnicities,
English language learner status, disability status, subsidized lunch status, parental education, home
possessions (separate indicator variables for computer and books) as well as grade and subject fixed
effects. Additional policy controls (state-by-year level, unless otherwise stated): Model 1 controls
for compulsory school age, lower bound (minimum standard if set by local school district; age at
which parental waivers not permitted); Model 2 controls for compulsory school age, upper bound
(minimum standard if set by local school district; age at which parental waivers not permitted);
Model 3 controls for compulsory school years (Compulsory school age, upper bound - Compulsory
school age, lower bound); Model 4 controls for kindergarten attendance requirement. Regressions
use population weights and standard errors clustered at the state level. Single, double, and triple
asterisks indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Data source:
Sorens et al. (2008); Jordan and Grossmann (2020); See Figure 4.2

School Curricula, Educational Trajectories, and Labor Market Outcomes 189



4 Unintended Effects of the Common Core State Standards

Table A4.10: Effect of CCSS exposure on student achievement in non-targeted subjects, further robustness checks

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

Exclude Controls:
already-treated  Controls: No parental Treatment: Sample:
states No parental  education&  Numberofyears No Charter No weights
from education  Noimputation of CCSS Exposure  Schools
controls of missings
CCSS Exposure -0.082** -0.079** -0.090** -0.006 -0.079** -0.093***
(0.036) (0.036) (0.036) (0.007) (0.036) (0.025)
State and Year FEs YES YES YES YES YES YES
Controls YES YES YES YES YES YES
Adj. R-squared 0.392 0.380 0.381 0.390 0.390 0.399
Observations 996,390 1,103,630 1,067,950 1,103,630 1,077,420 1,103,630

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent variable: Standardized student achievement in
subjects not targeted by the CCSS (Pool of science, civics, economics, geography, and history). Explanatory variable: Share of schooling years a
student was exposed to CCSS (at the time of testing). Controls: Indicator variables for gender, races/ethnicities, English language learner status,
disability status, subsidized lunch status, parental education, home possessions (separate indicator variables for computer and books) as well
as grade and subject fixed effects. Regressions use population weights and standard errors clustered at the state level. Model 1 excludes states
which adopted the CCSS in 2011 and 2012 from the sample which implies that no students from already-treated states act as controls; Model 2
excludes parental education from set of control variables; Model 3 excludes parental education from set of control variables and does not
impute other missing control variables; Model 4 defines the explanatory variable as the number of schooling years a student was exposed to
CCSS (at the time of testing); Model 5 excludes charter schools from the sample of public schools; Model 6 does not use population weights.
Single, double, and triple asterisks indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Data source: See Figure 4.2

190 School Curricula, Educational Trajectories, and Labor Market Outcomes



4 Unintended Effects of the Common Core State Standards

Ty 2in314

995 :924n0s eye( "A19A1309dSa1 ‘S)9A3) %T PUE ‘0%S ‘%0T SY3 3 9ouediiusis |ed13sie)s ajedipul sysuajse aduy pue ‘9)gnop ‘918uIS |aA3) 33e3s 3y} 38 PaJalsn)d siouid piepuels pue spySiam uoneindod asn suoissaiday

's}oayd paxiy 3o3lgns pue apeis se [jam se (s}00q pue 193ndwod Joj Sa]qeLieA Jojedipul ajesedas) suolssassod awoy ‘uoiednpa |ejuaied ‘sniels youn pazipisgns ‘snieis A3
1UY}S/sa0.I U9PUST 104 S]0JJUOD JUDPNIS SE ||9M Se ‘DOUBLISdX3 JaYIed) pue ‘(U0I3RD141343D DAI}RUISY|E 40} PUE ‘Spiepue)s Sulydea| |euoISSa401d 40 pieOg |EUOIIEN JO UOIIRD14I1I3D J0) S9]gelIeA J0JRDIpU| d)eledas)

‘sl

es|p ‘snyejs Jausea) a8en3ue) ys)3ug

U011e21J11492 Jaydea] ‘Uo11eaNnpa Jaydes) ‘AYIdIuy1a/adk. 1aL2ea) 1o S3|GeLIBA J0JRDIPU| :S]0J1U0) *(SUNISa] JO awWi) By3 1e) SSDD 01 pasodxa sem Juapnis e s1eak uljooyds Jo aleys :a)qeliea A1ojeueldx3 ‘uonaniisul Ajaam
JO SINOY dAI} UBY) DI0W dAIDIBI SJUSPNIS 3By} UoNsanb ul12a[gns noge sypodas Jayoea) syuapnis eyl AJjiqeqolud :3)gelien Juapuadaq japow uoissaidal syays paxly Aeem-omy ajesedas e wouy s1 Aijus yoed :$330N

078T6T  0ST'L¥T 000°06T 0S6°6CT 07988 0SE€T0S  09¥°9T  0S¥'LL OI8‘Shy 0£0vOr OTO'ST OSI‘PC  OvO'6E  089°€C9 0SE‘969 suolensasqo
ZET0 €210 1TZT0  8ETO 91’0 90T'0 0T€'0  €ST0  0ZT0 680°0 G9E'0  88C0  YET'0  ¥9T'0 €600 paJenbs-y *[py
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3IA S3A S3A SEN S3A S3A S]oJ3u0)
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3IA s34 JesApuediers
(880°0) (520°0) (290'0) (150'0) (880°0) (190'0) (vTT'0) (2900) (¥90°0)  (SS00) (z81°0) (69T°0) (2SO'0) (€80°0) (8%0°0)
«xxIGE0- 700°0- 4x+L02°0-  ¥20°0-  L0LT0- 4xxC0C'0-  OTT'0 ¥ bT'0- 44x9CC0- 4 GPT'0-  6v00 T80°0-  €€0°0  0S0°0 4++T0T0- ainsodx3 $SID
2J0W JO - - - SSo] 40 (o] Spiemoy S9, alow o $9140 19 uels olueds| oe o}l
¢ 0C-TT 01-9 G-€ [BLeX4 N Suppiom A ssen Jojpyeg o sy ol IH oejg HUM
(sT) (¥1) (€T) (e1) (TT) (o1) (6) (8) (2) (9) (s) (¥) (€) (@ (1)
(s1dgaN) wonesnps
sieah ul aduaadxs Jayodes| TIR=RTITHBER) oUoes K1d1uyig/eoey Jaydea)
Jaydes] 4 1

sansus)deIRYD JaYded) Aq sdnouSqns ‘s}oalgns pajaSiel-uou Ui dwiy UOIIdINIISUL U0 2INsodxa $SID 0 13T TT +V dqel

191

School Curricula, Educational Trajectories, and Labor Market Outcomes



4 Unintended Effects of the Common Core State Standards

pue JaIndwod 1oy sajqelien Jojedipul aesedas) suoissassod awoy ‘uoizednpa jeyualed ‘snyeis youn) pazipisqns ‘snieys A3

7't 2In814 995 :904n0s ejeq "A19A130adSa ‘S|9A3] 9%T pue
‘065 ‘00T 23 3e adouediyiudis |eonsiyess ajedipul sysuise a)duy pue ‘d)gnop @)3uls ‘|aAd) 23e)s ay3 Je paIalsn|d siolld paepuels pue syySiom uonjejndod asn suoissaiSay syaye paxiy 3algns pue ape.s se jjam se (sy0oq

esip ‘snjejs Jaulea) a3enue) ysi8u3 ‘saHdIuy}d/sadel Uapuad 104 S]0JUOD JUSPNIS SE ]aM

Se ‘92uaLIadxa Jaydea} pue ‘(UOIIedIIID SAIRUID) R JO) PUE ‘SpiepuER)S SUIYdes] |eUOISSD)0ld 0 PIROg |EUOIIEN JO UOIFEIIINDD 10) S9]qelieA J0jedlpul 9)esedas) UoIIedlI1ad aydes) ‘uoijeanpa Jaydes) Ayniuyla/ael
J13Y2e9) 10} S3)qRLIEA J0IBDIPU| ($]043U0D) *(3U11S9) JO SWIY B3 1B) SSDD 03 pasodxa sem Juapnis e sieak 3uljooyds Jo aieys :d]gelien A1ojeueldx3 "UoIdNIISUl 8Y) J0) PaaU ASY] $324N0SaI JBLI0 PUE S|eldlew 1Sow
J0 |1 yum wayy sapiroid waisAs jooyds a1ay3 yeyy uolysanb ul 3199(gns ynoge suodau Jaydesy syuapnis Jeyy Aljiqeqold :d)qetien Juspuadaq |apow uoissaiSas S} paxly Aeem-omy ajesedas e wouy si A1jus yoeg :sajoN

0ZI'6LT  OST'67C OTEVLT 0TT0ZT 06LT8 OTTY9¥ 0TS'ST  0THTL 0T0CTV  OV9‘€LE  O09Y'€T OTTI'SC  OT6YE  OPE'8S 00T‘LPO suonenssqo
850°0 6700  L¥0'0  8€0°0 6%0°0 6£0°0 0800 9500  0S0°0 8600  S600 800  9¥00  TIS00  ¥¥0°0 paJenbs-y ‘[py
S3A S3A S3A S3IA S3A S3A S3A S3IA S3A S3A S3A S3A S3A S3A S3A s]0Jju0)
S3A S3A S3A S3A S3A SIA S3A S3A S3A S3A S3A S3A S3A EN S3IA  S3dJesppuedjers
(820°0) (sv0'0) (620°0) (9z0'0) (950°0) (6€0°0) (960°0) (€€0'0) (1€00)  (0€0°0) (190°0) (160°0) (820°0) (L¥0°0) (820°0)
wxxSTT0"  4xOTT0 wxx8YT0- xa¥G0°0- 4xlTT 0" 4xxCCT0-  4EOT 0" 4xxCET 0" 4ax€0T 0" 4xxTTT 0" 4xxllT0  TLO0- 4xx0TCT°0-  8E0'0- xxx1TT0- ainsodx3 SSJD
2J0W JO - - - SSo] 10 [e] Spiemoy So, lourio $9140 19 uels olueds| oe o}l
T  0¢-TIT 01-9 G-€ llog N 3upIoM A msen Jojaupeg Y10 ISy dwedsiH  ydelg HUM
(sT) (1) (€T) (cT) (TT) (o1) (6) (8) (2) (9) (s) (¥) (€) (@) (1)
Am._.n_m_Zv uolesnpo
sJeak ul 2duaiadxe Jaydes] uonesyiuad PRSI Ayd1uyiz/eoey Jaydes)
Jaydes] el

sansua)deIRYd JaYded) Ag sdnoaSqgns ‘s3aalgns pajaSiel-uou ul S331n0saJ |eUOIIINIISUL UO 24nsodxd SSID JO 19947 :ZT vV d1qeL

School Curricula, Educational Trajectories, and Labor Market Outcomes

192



4 Unintended Effects of the Common Core State Standards

T'v 24n314 995 :92.4n0s e1eq ‘AjaAidadsal
‘S19A3] %T PUB ‘%S ‘00T 2Y1 12 92uedlIUSIS [e21IS1IelS 91edIpul sysualse a]dLiy pue ‘9)gnop ‘913ulS "19A3] 1e1s ay) 1e Pa.d)sn|d SJo.I pepuels pue spydiam uoiejndod asn suoissa.i3ay 's1oays paxiy 19alqns pue apesd
se Jjam se (sy0oq pue Ja3ndwod 1o} saqeLien Jojedipul ajesedas) suoissassod awoy ‘uoryednpa |eyualed ‘snyels youn) pazipisqns ‘sniels A)igesip ‘sniels Jauses) agenSue) ysi3u ‘sarddIuyIa/sades 4spuad Joj $|0I3u0d
JUSPNIS S |]aM Se ‘9dualIadxa Jaydes) pue ‘(UoiIed111ad SAI}eUID)|E JO) PUR ‘SpiepuE)S SUllYded] |BUOISSD}0.d J0) PIROg [RUOIIBN JO UOIIRDIILISD 10} S9)GeLIBA J0)edIpUl S)eiedas) uoijedlj11uad Jaydes) ‘uoleonpa
Jaydes) ‘A31d1uyia/adel Jaydes) Joj Sa]geLie Jo1edipu] :$]01juo) *(3ulIsa) Jo Wil ay) 1e) SSID 03 pasodxe sem Juapnis e sieak uljooyds Jo aleys :9]qeliea A1ojeue]dx3 "YjuOW B 9O ISeI] 1B 3yl 0 3Y1] PINOM JUSpNIS
ay3 ssau8oud o1y10ads 1oy S|e03 $39S BYs Jeyy uoiysanb ul13lgns Inoge spodas Jaydea) syuspnis Jeyy Aljiqeqoud :d)qeliea Jusapuadaq Japow uoissai3al s309ya paxly Aem-omy ajesedss e wouy S| A1jus yoed :$330N

OTETCT  OSPOLT 060°€CT 0SL‘T8 078°LS 0£STOY 06v'ST  OTITL 06EY0E 060°0SC OFOOT 0L89T 08TYC  0£6°6E 0£S‘8SY suoneasasqo
S60°0 €80°0  ¥60°0  TOT'O  TOTO 8.0°0 ovT'0  LIT0 9800 660°0 T0T'0  90T°0 610 1,000 6500 paJenbs-y *[py
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S]oJ3u0)
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A SIA  S34Jesj pue djers
(8€0°0) (L10'0)  (#¥0°0) (820°0) (cs0'0) (0zo'0)  (S80°0) (L€0°0) (€20°0)  (zeo0)  (0Tz'0) (0OLT'O)  (8€0°0)  (8%0°0) (9T0°0)
¥20°0- TT0'0-  0S0°0- TIOO-  +S0°0- 4« P0°0-  6.0°0- OT00 49%00-  0€0°0- S6T'0- 6000  9200- +90°0- .620°0- ainsodx3 $S7)
2J0W Jo - - - SS9) 10 (o] SPIEMO} S9, elow 1o s59140 19 ueis Jluedsi oe o}l
I 0C-TT 0T-9 G-¢ ]10T N Suppiom A Jose  Iojaudeg Y10 Isy 9l IH oeld HUM
(sT) (¥T) (€T) (1) (1T) (o) (6) (8) (L) (9) (S) (¥) (€) (@) (1)
(SLdaN) uoReINpPa
sieal ul adusadxs Jsydes| uoljesIuad JS Kyd1uyya/eoey Jayoes)
Jayoes | 4 1

sansuaRIRYd JaYdea) Aq sdnouSgns ‘syalgns pajadiel-uou ui (sjeod Suipas) suoiydelalul Juapnis-1aydesy Jo Ayjenb ayy uo ainsodxa $SID 40 99T (€T HY d1qeL

193

School Curricula, Educational Trajectories, and Labor Market Outcomes



4 Unintended Effects of the Common Core State Standards

't 24n314 995 :924n0s ejeq ‘A|9A13dadsal ‘s19Ad) % T
pue ‘oG ‘90T 23 38 3duedIuSIs 1ed13sie)s a1edipul sysieise adiy pue ‘91gnop 913Ul '|aAS] 93e3S Y} 1 PaIslsN)d S0l piepuels pue syySiam uoiendod asn suoissauday syaya paxiy palgns pue spesd se |jam se
(s00q pue Ja3ndwod 10} s3)qelien Jojedipul jesedas) suoissassod swoy ‘uofednpa jejualed ‘snjeis youn) pazipisqns ‘snieis Ajigesip ‘snyexs Jsuses) a8endue) ysi8u3 ‘sarpdiuyia/sades 4apusg 10j S|01u0d JUIpNIS
se |jom se ‘@dualiadxa Jaydea} pue ‘(UoI}ed1411Iad AR LI} . SO} pUe ‘Spiepue)s Sulydes] |euolSSaj0.d 10} pJeog JeuoijeN JO UOI3ed1}134ad J0) Sa)qelien J03ed|pul 93eledas) Uoijedlyi3iad Jaydes} ‘uoiednpa Jaydes)
‘A31D1UY33/3081 J3YDED) 10§ SO CRIIBA JOIRDIPU| (S]043UO0D *(BUI3Se) JO dWI} 3Y3 J8) SSID 03 pasodxa sem juapnis e sieak Surjooyds jo aleys :d)qelien A1oyeue)dx3 "yuow e adu0 Ises) e 13s Ajsnolraid sjeod pJemoy spew
sey juapnjis Jay ssai3oud sassnasip ays yeyy uonsanb ul 3oalgns noge syiodal Jaydesy spuapnis jeyy AJ1jiqeqold :d)qelien Juspuadaq "|apow uoissai3al s}aya paxly Aem-omy ajesedas e wody si A13us yoed :sajoN

067‘TCT  09€‘0LT 080°€TT 0LLT8 08.°.G 00¥‘T9% 08¥'ST  0TZITL O0SEYOE  0Z00ST  0Z00T 0L89T  0.TVC  OV6'6E  09v°8SY SuoneAI3sqo
960°0 0800 ¥600 ¥0T0  ¥60°0 1200 ovT'0  €IT0 98070 ¥60°0 9TT'0 9TT0  /ZT'0 900 0900 paJenbs-y *[py
S3A S3A S3A S3A S3A S3A S3IA S3A S3A S3IA S3A S3IA S3IA S3A S3A S]o3u0)
S3A S3A S3A S3A S3A S3A S3A S3A S3A S3A S3IA S3A S3A S3A SIA  s3dJesppuesels
(0v0°0) (czoo)  (0g00) (ev0°0) (690°0) (Lzo'0)  (6L00) (¥€0°0) (LTO0)  (€€00) (00T'0) (L9T°0) (9€0'0) (zS0°0) (0Z0°0)
8€0°0-  ..9Y0°0-  6T0°0- TSO0- 0L0°0- ,.650°0-  €TT0- 1000 ..Cb0'0-  €50°0-  TSC0- ¢v00- ¥S0'0- 980°0- E££0°0- ainsodx3 $SJD
2J0W Jo - - - SS9) 10 (o] SPIEMO} So aiow 1o 59140 19 uels Jluedsi oe 9l
1 0C-TT 0T-9 G-¢€ 1107 N Suppiom A msen Jojayoeg yo Isy Ol IH >eld HYM
(ST) (¥T) (€T) (1) (1T) (o1) (6) (8) (L) (9) (S) (¥) (€) (@ (1)
(SLdan) uonesnps
sieah ul dusladxe Jsydes| uoljesIuad 15U5ED Ayd1uyya/eoey Jayoes]
Jaydea ] 4 1

sansuvRIRYd JaYdea) Aq sdnouSgns ‘s1oalgns pajasiel-uou ui (sjeos Suissnasip) suoideIdjul JUspNIs-19yaea} o Ayjenb ayy uo ainsodxs SSII 0 1947 KT vV d1qel

School Curricula, Educational Trajectories, and Labor Market Outcomes

194



4 Unintended Effects of the Common Core State Standards

A4.2 Analysis of the Effects of the CCSS on targeted subjects

We show evidence that the CCSS had, at best, modestly positive effects on student achieve-
ment in the targeted subjects math and ELA. This analysis largely confirms the conclusions
Bleiberg (2021) has drawn on this question, although our findings (using more data, among
other conceptual differences) suggest that Bleiberg (2021) rather overestimates than underes-
timates the positive effects of the CCSS on student achievement in targeted subjects.

First, we visualize the modest positive effects in an event-study graph depicted in Figure
A4.1. The estimation equation follows equation (4.2) presented in Section 4.3, with T}, now
pooling standardized student achievement in all subjects that are targeted by the CCSS, across
all available grades.l The event-study graph shows a modest increase in student achievement
after the adoption of the CCSS that is marginally significant directly after adoption and insignif-
icantly different from zero thereafter. Using a second dataset on student achievement from
the Stanford Education Data Archive SEDA 4.0 (Reardon et al., 2021) with a shorter pre- but
longer post-period relative to the NAEP, we find basically null effects, see Figure A4.2. SEDA
does not contain data on non-targeted subjects which is why we cannot use it for the main
analysis.

Second, we also show parametric two-way fixed effects DD results. The estimation equation
follows equation (4.1) presented in Section 4.3, with Tj},,,, pooling standardized student
achievement in all subjects that are targeted by the CCSS, across all available grades (as
above). As reported in Table A4.15, the baseline specification and the econometric robustness
specifications including state-specific time trend controls and the DDD model yield zero to
small positive point estimates. Next, we analyse robustness regarding the treatment indicator
as described in Section 4.6 and Appendix A4.3. As shown in Table A4.16, we find zero to
modestly positive effects across specifications.

! Table A4.17 provides the list of grades in which the NAEP tests were administered for each of the four targeted

subjects math, reading, writing, and vocabulary (and for which state identifiers of students are available). We
use the student-level data from all these subject-year-grade combinations in our analysis.
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Figure A4.1: Event-study graph: Targeted subjects (NAEP)
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Non-Parametric Estimate  --------- 95% Confidence Interval

Note: Coefficients from non-parametric event-study regressions and their 95% confidence intervals. Dependent variable: Standardized student achievement in subjects targeted by the
CCSS (Pool of math, reading, vocabulary and writing). Controls: Indicator variables for gender, races/ethnicities, English language learner status, disability status, subsidized lunch status,
parental education, home possessions (separate indicator variables for computer and books) as well as state, test year, grade and subject fixed effects. Regressions use population weights
and standard errors clustered at the state level. Numbers on horizontal axis refer to respective two-year bins; i.e. 2 = first two years of treatment (year 0 = excluded category). The p values
of omnibus hypothesis tests of zero pre- and post-event effects are 0.003 and 0.075, respectively. Data source: See Figure 4.2
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Figure A4.2: Event-study graph: Targeted subjects (SEDA)
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Note: Coefficients from non-parametric event-study regressions and their 95% confidence intervals. Dependent variable: Standardized student achievement in subjects targeted by the
CCSS (Pool of math and ELA). Controls: District shares of races/ethnicities, English language learner status, disability status, subsidized lunch status, economic disadvantage, rural location,
as well as state, test year, grade and subject fixed effects. Regressions use precision weights (the inverse of the standard error of average student achievement in math and ELA squared)
and standard errors clustered at the state level. Numbers on horizontal axis refer to respective two-year bins; i.e. 2 = first two years of treatment (year 0 = excluded category). The p values
of omnibus hypothesis tests of zero pre- and post-event effects are 0.782 and 0.190, respectively. Data source: Reardon et al. (2021)
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Table A4.15: Effect of CCSS exposure on student achievement in targeted subjects, econometric robustness

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

DD (1) +linear  (2) + quadratic  (3) + cubic DD DD with
statetrends  statetrends  state trends private schools

CCSS Exposure 0.010 0.004 0.002 -0.001 0.007 0.011

(0.023) (0.029) (0.051) (0.051) (0.055) (0.020)
State and Year FEs YES YES YES YES YES YES
Controls YES YES YES YES YES YES
Adj. R-squared 0.352 0.353 0.354 0.354 0.353 0.349
Observations 6,392,940 6,392,940 6,392,940 6,392,940 6,550,510 6,550,510

Notes: Each entry is from a separate two-way fixed effects regression model, where Model (1) is the baseline model, Models (2), (3),
(4) subsequently add linear, quadratic, and cubic state-specific time trends, and Model (5) presents a triple-difference model where
school type (public vs. private school students), school type*state, school type*year, and state*year fixed effects replace all state-
specific time trends. Model (6) estimates the basic two-way fixed effects model on a sample of public and private school students.
Dependent variable: Standardized student achievement in subjects targeted by the CCSS (Pool of math, reading, vocabulary and
writing). Explanatory variable: Share of schooling years a student was exposed to CCSS (at the time of testing). Controls: Indicator
variables for gender, races/ethnicities, English language learner status, disability status, subsidized lunch status, parental education,
home possessions (separate indicator variables for computer and books) as well as grade and subject fixed effects. Regressions
use population weights and standard errors clustered at the state level. Single, double, and triple asterisks indicate statistical
significance at the 10%, 5%, and 1% levels, respectively. Data source: See Figure 4.2

198 School Curricula, Educational Trajectories, and Labor Market Outcomes



4 Unintended Effects of the Common Core State Standards

Table A4.16: Effect of CCSS exposure on student achievement in targeted subjects using different definitions of treatment
implementation

Effecti | .
ccss _ CCss ' ' CCSS _ ective nclude temporary ccss-aligned
. implementation implementation CCSS CCSS adopters .
adoption . . . . . testing
requirement strategies implementation and implementers
(1) (2) (3) (4) (5) (6)
CCSS Exposure 0.010 -0.002 0.019 -0.001 0.046™** -0.007
(0.023) (0.027) (0.019) (0.021) (0.017) (0.032)
State and Year FEs YES YES YES YES YES YES
Controls YES YES YES YES YES YES
Adj. R-squared 0.352 0.352 0.352 0.352 0.352 0.352
Observations 6,392,940 6,392,940 6,392,940 6,392,940 6,392,940 6,392,940

Notes: Each entry is from a separate two-way fixed effects regression model. Dependent variable: Standardized student achievement in subjects targeted
by the CCSS (Pool of math, reading, vocabulary and writing). Explanatory variables: Share of schooling years a student was exposed to CCSS (at the time
of testing), where in Models 1 (CCSS adoption, baseline model) each schooling year counts as exposed in a given state in which the state adopted the CCSS
permanently before that year or in the same year according to Achieve Inc. (2013) and CCSSI (2022), where Model 2 (CCSS implementation requirement)
each schooling year counts as exposed in a given state in which the state expects teachers to fully incorporate CCSS into classroom instruction in grades
K-12 in English language arts and mathematics according to Achieve Inc. (2013) and CCSSI (2022), where in Models 3 (CCSS implementation strategies)
each schooling year counts as exposed in a given state if state education agency officials report that their state pursued at least two out of three CCSS
implementation strategies (professional development, new instructional materials, joined testing consortium) as reported in Webber et al. (2014), where
in Models 4 (Effective CCSS implementation) each schooling year counts as exposed in a given state in which the state implemented an effective change in
state standard content through the adoption of CCSS which we define as not having had a state standard in place before the adoption of CCSS whose
academic rigor is "too close to call" in comparison with CCSS (Carmichael et al., 2010) for the set of states adopting CCSS according to Achieve Inc. (2013)
and CCSSI (2022), where in Models 5 (Include temporary CCSS adopters) each schooling year counts as exposed in a given state in which a state adopted
and/or implemented CCSS at least temporarily according to Bleiberg (2021); and where in Models 6 (CCSS-aligned testing) each schooling year counts
as exposed in a given state in which the state adopted CCSS-aligned standardized testing including field and transitional tests according to our own
research (see Table A4.18 for state-specific details of CCSS-aligned testing). Table A4.19 provides state-specific coding information on all treatment
definitions. Controls: Indicator variables for gender, races/ethnicities, English language learner status, disability status, subsidized lunch status, parental
education, home possessions (separate indicator variables for computer and books) as well as grade and subject fixed effects. Regressions use population
weights and standard errors clustered at the state level. Single, double, and triple asterisks indicate statistical significance at the 10%, 5%, and 1% levels,
respectively. Data source: See Figure 4.2
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Table A4.17: List of grades of NAEP tests for tar-

geted subjects

Targeted Subjects
Year Math Reading Vocabulary Writing
2002 4,8,12 8,12
2003 4,8 4,8
2004
2005 4,8,12 4,8,12 4,8,12
2006
2007 4,8 4,8 8,12
2008
2009 4,8,12 4,812 4,812
2010
2011 4,8 4,8 4,8 8,12
2012
2013 4,8 4,8
2014
2015 4,8,12 4,8,12
2016
2017 4,8, 4,8

Notes: NAEP student achievement data in targeted subjects
at the subject-by-year-by-grade level. Data source: See Figure
4.2
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A4.3 Background Information on Treatment Definition Robustness

To test whether our results hold if we define treatment based on CCSS implementation, we
re-run our main regression using five different treatment variables each capturing different
information about CCSS implementation in Section 4.6. This appendix provides background
information about the construction and data sources of these five alternative treatment
definitions.

First, we collect information on CCSS implementation requirements, from Achieve Inc. (2013)
and CCSSI (2022). Here, the year of full implementation of CCSS is defined as the school
year the respective state expects teachers in grades K-12 in math and ELA to incorporate the
standards into classroom instruction. The time between adoption and full implementation
varies between 1 to 4 years across adopting states, with an average of about 3 years.

Second, we note that state expectations about teachers implementing the CCSS into class-
room instruction do not necessarily have to be aligned with actual state efforts to implement
the CCSS. However, the latter might be more relevant for ultimate exposure of students to
the CCSS and potential effects on student achievement than formal state expectations. To
incorporate this idea into our analysis, we make use of a survey of state education agency
officials provided by Webber et al. (2014). They conducted a survey of state education agency
officials which collects information on actual state efforts towards CCSS implementation.
Specifically, the survey respondents answer questions about whether the state has provided,
guided or funded professional development on the CCSS, whether it has provided curriculum
or instructional materials for the CCSS, and whether it has worked with a federally funded
consortium to develop assessments aligned with the CCSS. In this treatment coding, we count
a schooling year in a given state as being exposed to the CCSS if this state has adopted the
CCSS according to Achieve Inc. (2013) and CCSSI (2022) and pursued at least two out of three
CCSS implementation strategies as reported by the state education agency officials.

Third, we calculate a treatment indicator capturing effective CCSS implementation. Here,
we build on the idea that effective change of the state standard can only be induced by the
CCSS if the state standard in place prior to the adoption of the CCSS in the state in question is
sufficiently different from the CCSS. To this end, we make use of a comparison of academic
rigor of the CCSS with the respective state standards in place prior to the CCSS provided
by Carmichael et al. (2010). We code students from states as being in the control group at
all years if their pre-CCSS state standards are “too close to call” in both math and ELA in a
comparison with the CCSS (in addition to coding students from states that did not adopt the
CCSS according to Achieve Inc. (2013) and CCSSI (2022) as being in the control group at all
years).

Fourth, we account for the fact that some states may have adopted and/or implemented
some elements of the CCSS temporarily, even when they are listed as non-adopters and non-
implementers in Achieve Inc. (2013) and CCSSI (2022). According to Bleiberg (2021), four of
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the eight non-permanent adopters of the CCSS in the coding based on Achieve Inc. (2013) and
CCSSI (2022) have implemented at least some elements of the CCSS temporarily. The map
presented in Figure 4.1 depicts them as temporary adopters. In this treatment coding, we
count a schooling year as being exposed to the CCSS if the state in question adopted the CCSS
temporarily or permanently.

Fifth, we argue that the relevant criterion for actual CCSS implementation might be the align-
ment of the content of state-mandated standardized testing with the CCSS. To assess this
hypothesis, we did own background research to find out which state mandated what type of
standardized test for each grade group and year. State-specific details on which tests (includ-
ing field and transitional tests) are mandated when and for which grade are reported in Table
A4.18. Subsequently, we assessed which of these tests are aligned with the CCSS. This analysis
allowed us to infer the year in which CCSS-aligned standardized testing was mandated in a
given state. In the corresponding treatment coding, we count a schooling year in a given state
as being exposed to the CCSS if this state has mandated CCSS-aligned standardized testing in
any group grade in that year.

Table A4.19 presents the treatment status for each state for the baseline definition of CCSS
adoption and the five definitions of CCSS implementation. In particular, it shows whether
schooling years in a given state never count as being exposed to the CCSS ("always control"),
or, if they do, from which year onwards.

Table A4.18: State-mandated tests, by state and grade group from 2010 onwards (based on

own research)

State 3-8 grades High school

Alabama 2010: Alabama Reading and Math Test 2010: Alabama High School Graduation Exam
(ARMT+) (AHSGE)
2014: ACT Aspire 2014: ACT End of course

Alaska 2010: Standards-Based Assessments (SBAs)  2010: SBAs
2015: Alaska Measures of Progress (AMP) 2015: AMP; ACT, SAT, or WorkKeys
2017: Performance Evaluation for Alaska’s 2017: PEAKS; ACT, SAT, or WorkKeys
Schools (PEAKS)

Arizona 2010: Arizona Instrument to Measure Stan- 2010: AIMS
dards (AIMS) 2014: Field test PARCC
2014: Field test PARCC 2015: AzMerit
2015: AzMerit

Arkansas 2010: Arkansas Comprehensive Testing, As- 2010: Arkansas Comprehensive Testing, As-
sessment, and Accountability Program (AC- sessment, and Accountability Program (AC-
TAAP) TAAP)
2013: Arkansas Benchmark 2013: Arkansas Benchmark
2014: Field test PARCC 2014: Field test PARCC
2015: PARCC 2015: PARCC
2016: ACT Aspire 2016: ACT Aspire
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Table A4.18 - Aligned Testing Details (continued)

State 3-8 grades High school

California 2010: Standardized Testing and Reporting 2010: Standardized Testing and Reporting
(STAR) (STAR)
2014: Field test Smarter Balanced 2014: Field test Smarter Balanced
2015: Smarter Balanced 2015: Smarter Balanced

Colorado 2010: Colorado Student Assessment Program  2010: Colorado Student Assessment Program

(CSAP)

2012: Transitional Colorado Assessment Pro-
gram (TCAP)

2014: Field test PARCC

(CSAP)

2012: Transitional Colorado Assessment Pro-
gram (TCAP)

2014: Field test PARCC

2015: PARCC 2015: PARCC
2016: PSAT, ACT
2017: SAT
Connecticut 2010: Connecticut Mastery Test (CMT) 2010: Connecticut Academic Performance
2014: Field test Smarter Balanced Test (CAPT)

2015: Smarter Balanced

2014: Field test Smarter Balanced
2015: Smarter Balanced
2016: SAT

Delaware

2010: Delaware Comprehensive Assessment
System (DCAS)

2014: Field test Smarter Balanced

2015: Smarter Balanced

2010: Delaware Comprehensive Assessment
System (DCAS)

2014: Field test Smarter Balanced

2015: Smarter Balanced

2016: SAT

District of Columbia

2010: District of Columbia Comprehensive As-
sessment System (DC CAS)

2012: DC CAS revised (transitional test)
2013: DC CAS revised

2014: Field test PARCC

2010: District of Columbia Comprehensive As-
sessment System (DC CAS)

2012: DC CAS revised (transitional test)
2013: DC CAS revised

2014: Field test PARCC

2015: PARCC 2015: PARCC
Florida 2010: Florida Comprehensive Assessment 2010: FCAT
Test (FCAT) 2011: Florida End-of-Course (EOC) Assess-
2011: FCAT 2.0 ments
2014: Florida Standards Assessment (FSA) 2014: FSA or Next Generation Sunshine State
Standards (NGSSS)
2016: FSA
Georgia 2010: Criterion-Referenced Competency 2010: End of Course Test (EOCT)
Tests (CRCT) 2015: GMAS
2015: Georgia Milestones Assessment System
(GMAS)
Hawaii 2010: Hawaii State Assessment (HSA) 2010: Hawaii State Assessment (HSA)

2014: Part-HAS Part-Smarter Balanced (tran-
sition test)

2014: Field test Smarter Balanced

2015: Smarter Balanced

2014: Part-HAS Part-Smarter Balanced (tran-
sition test)

2014: Field test Smarter Balanced

2015: Smarter Balanced
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Table A4.18 - Aligned Testing Details (continued)

State 3-8 grades High school
Idaho 2010: Idaho Standards Achievement Test 2010: Idaho Standards Achievement Test
(ISAT) (ISAT)
2013-14: Field test Smarter Balanced 2013-14: Field test Smarter Balanced
2015: Smarter Balanced 2015: Smarter Balanced in 10th grade; Choice
of ACT, SAT or ACT Compass for 11th grade.
Illinois 2010: Illinois Standards Achievement Tests 2014: Field test PARCC
(ISAT) 2015: PARCC
2014: Field test PARCC 2016: SAT
2015: PARCC
Indiana 2010: Indiana Statewide Testing for Educa- 2010: ISTEP+, end-of-course tests
tional Progress Plus (ISTEP+)
lowa 2010: lowa Test of Basic Skills (ITBS) 2010: lowa Test of Educational Development
2011: lowa Assessments (ITED)
2014: Field test Smarter Balanced 2011: lowa Assessments
2014: Field test Smarter Balanced
Kansas 2014: No test 2014: No test
2015: Field test Kansas State Assessment 2015: Field test Kansas State Assessment
(KSA) (KSA)
2016: KSA 2016: KSA
Kentucky 2010: Kentucky Performance Rating for Edu- 2010: K-PREP, ACT QualityCore, ACT
cational Progress (K-PREP)
Louisiana 2006: Louisiana Educational Assessment Pro- 2010: End-of-course tests, ACT, ACT Plan
gram (LEAP) and iLEAP 2013-14: End-of-course revised (transitional
2013: LEAP and iLEAP revised (transitional test)
test) 2015: End-of-course revised
2014: Field test PARCC
2015: PARCC
2016: Mix of PARCC and LEAP
Maine 2010: New England Common AssessmentPro-  2010: SAT
gram (NECAP) 2014: Field test Smarter Balanced
2014: Field test Smarter Balanced 2015: Smarter Balanced
2015: Smarter Balanced 2015: SAT
2016: Maine Educational Assessments (MEA)
Maryland 2010: Maryland State Assessment (MSA) 2010: Maryland High School Assessment
2014: Field test PARCC (HSA)
2015: PARCC 2014: Field test PARCC
2015: PARCC
Massachusetts 2010: Massachusetts Comprehensive Assess- 2010: Massachusetts Comprehensive Assess-

ment System (MCAS)

2014: Field test PARCC

2014: Districts choose between PARCC or
MCAS

2016: Mix of PARCC and Next Generation
MCAS

2017: Next Generation MCAS

ment System (MCAS)

2014: Field test PARCC

2014: Districts choose between PARCC or
MCAS

2015: MCAS
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Table A4.18 - Aligned Testing Details (continued)

State 3-8 grades High school
Michigan 2010: Michigan Educational Assessment Pro- 2010: Michigan Merit Exam (MME: includes
gram (MEAP) SAT, WorkKeys)
2014: Field test Smarter Balanced 2015: MME, PSAT
2015: Michigan Student Test of Educational
Progress (M-STEP)
Minnesota 2010: Minnesota Comprehensive Assess- 2010: MCA
ments (MCA)
Mississippi 2010: Mississippi Curriculum Test (MCT) 2010: Subject Area Testing Program (SATP)
2014: Field test PARCC 2014: Field test PARCC
2015: PARCC 2015: PARCC
2016: Mississippi Academic Assessment Pro-  2016: ACT
gram (MAAP)
Missouri 2010: Missouri Assessment Program (MAP) 2010: Missouri End-of-Course Assessments
2014: MAP revised (transitional test) 2014: End of Course (EOC) revised (transi-
2014: Field test Smarter Balanced tional test)
2015: Smarter Balanced 2015: EOC revised, ACT
2016: MAP
Montana 2010: Montana’s Criterion Reference Test 2010: Montana’s CRT
(Montana’s CRT) 2014: Field test Smarter Balanced
2014: Field test Smarter Balanced 2015: Smarter Balanced
2015: Smarter Balanced 2016: ACT
Nebraska 2010: Nebraska State Accountability Tests 2010: NeSA
(NeSA) 2017: ACT
Nevada 2010: Nevada’s Criterion Reference Test 2010: High School Proficiency Examination
(Nevada’s CRT) (HSPE)
2014: Field test Smarter Balanced 2015: ACT
2015: Smarter Balanced
New Hampshire 2010: New England Common Assessment Pro-  2010: NECAP

gram (NECAP)

2013: NECAP revised (transitional test)
2014: Field test Smarter Balanced
2015: Smarter Balanced

2013: NECAP revised (transitional test)
2014: Field test Smarter Balanced
2015: Smarter Balanced

2016: PACE, SAT

New Jersey 2010: New Jersey Assessment of Skills and 2010: High School Proficiency Assessment
Knowledge (NJASK) 2014: Field test PARCC
2014: NJASK revised (transitional test) 2015: PARCC
2014: Field test PARCC
2015: PARCC
New Mexico 2010: New Mexico Standards-based Assess- 2010: NMSBA
ment (NMSBA) 2014: Field test PARCC
2014: Field test PARCC 2015: PARCC
2015: PARCC
New York 2012: Field test 2013: Regents Exams

2013: New York State English Language Arts
and Mathematics Tests

2014: Field test PARCC

2016: New York State Assessments

2014: Regents revised
2014: Field test PARCC
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Table A4.18 - Aligned Testing Details (continued)

State

3-8 grades

High school

North Carolina

2012: Field test
2013: End-of-grade tests
2014: Field test Smarter Balanced

2012: Field test

2013: End-of-course tests, ACT PLAN, ACT,
WorkKeys

2014: Field test Smarter Balanced

North Dakota

2014: Field test Smarter Balanced
2015: Smarter Balanced

2014: Field test Smarter Balanced
2015: Smarter Balanced

Ohio 2014: Ohio Achievement Assessments 2014: Ohio Graduation Tests

2014: Field Test PARCC 2014: Field Test PARCC

2015: PARCC 2015: PARCC

2016: Ohio State Tests (OST) 2016: OST, Ohio Graduation Test

2017: End-of-course tests, SAT/ACT

Oklahoma 2010: Oklahoma Core Curriculum Test (OCCT)  2010: End-of-course tests

2017: Oklahoma School Testing Program 2017: OSTP

(OSTP)
Oregon 2010: Oregon Assessment of Knowledge and  2010: Oregon Assessment of Knowledge and

Skills
2014: Field test Smarter Balanced
2015: Smarter Balanced

Skills
2014: Field test Smarter Balanced
2015: Smarter Balanced

Pennsylvania

2010: Pennsylvania System of School Assess-
ment (PSSA)

2013: Field test PSSA revised

2015: PSSA revised

2010: Pennsylvania System of School Assess-
ment (PSSA)
2013: Keystone Exams

Rhode Island

2010: New England Common Assessment Pro-
gram (NECAP)

2014: Field test PARCC

2015: PARCC

2010: New England Common Assessment Pro-
gram (NECAP)

2014: Field test PARCC

2015: PARCC

South Carolina

2010: South Carolina Palmetto Assessment
of State Standards (SCPASS)

2015: ACT Aspire

2016: SC Ready

2014: ACT Plus Writing, ACT WorkKeys
2015: End-of-course tests, ACT

South Dakota

2014: Field test Smarter Balanced
2015: Smarter Balanced

2014: Field test Smarter Balanced
2015: Smarter Balanced

Tennessee 2014: Tennessee Comprehensive Assessment  2014: Tennessee Comprehensive Assessment
Program (TCAP) Program (TCAP)
2014: Field test PARCC 2014: Field test PARCC
2015: TNReady 2015: TNReady

Texas 2015: State of Texas Assessments of Academic  2015: STARR
Readiness (STAAR)

Utah 2014: Field test Student Assessment of 2014: Field test Student Assessment of
Growth and Excellence (SAGE) Growth and Excellence (SAGE)
2015: SAGE 2015: SAGE, ACT

Vermont 2010: New England Common Assessment Pro-  2010: New England Common Assessment Pro-
gram (NECAP) gram (NECAP)
2014: Field test Smarter Balanced 2014: Field test Smarter Balanced
2015: Smarter Balanced 2015: Smarter Balanced

Virginia 2010: Standards of Learning (SOL) 2010: SOL
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Table A4.18 - Aligned Testing Details (continued)

State 3-8 grades High school
Washington 2014: Field test Smarter Balanced 2010: High School Proficiency Exam
2015: Smarter Balanced 2014: Field test Smarter Balanced
2015: Smarter Balanced
West Virginia 2014: Field test Smarter Balanced 2014: Field test Smarter Balanced
2015: Smarter Balanced 2015: Smarter Balanced
Wisconsin 2010: Wisconsin Knowledge and Concepts 2015: ACT, ACT Aspire
Exam (WKCE)
2014: Field test Smarter Balanced
2015: Smarter Balanced
2016: Wisconsin Forward
Wyoming 2010: Proficiency Assessments for Wyoming  2016: ACT Aspire (9-10), ACT (11)

Students (PAWS), Student Assessment of Writ-
ing Skills (SAWS)

2013: Field test PAWS revised

2014: PAWS revised, Field test Smarter Bal-
anced

2017: Wyoming Test of Proficiency and
Progress (WY-TOPP)

2017: Wyoming Test of Proficiency and
Progress (WY-TOPP), ACT
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5 Genetic Endowments, Educational Outcomes and the
Mediating Influence of School Investments

5.1 Introduction

Education is a core determinant of life outcomes, both for individuals and societies at large
(Krueger and Lindahl, 2001; Hanushek and Woessmann, 2008; Acemoglu and Autor, 2011).
Hence, improving equity and efficiency in education systems is a central policy goal in modern
societies. To achieve such improvements, it is important to understand the role of genetic
endowments for educational attainment: on the one hand, genetic endowments are strong
predictors of education; in heritability studies they account for 40% of the variation in years
of education (Branigan et al., 2013; Lee et al., 2018). On the other hand, the importance
of genetic endowments varies with social environments like families, neighborhoods, and
schools (Cesarini and Visscher, 2017; Koellinger and Harden, 2018). Therefore, the link be-
tween genetic endowments and life outcomes may be modified by policy interventions. This
observation raises important questions: can school reforms moderate the link between ge-
netic endowments and educational outcomes? If yes, which domains of school environments
are particularly effective in doing so? Answers to these questions are of utmost importance to
address equity and efficiency concerns in the production of educational attainment. Despite
this importance, current evidence is scant.

In this paper, we study the interaction of genetic endowments and school environments in the
production of educational attainment. We focus on two dimensions of school environments
that have been studied extensively in the literature on education economics: teacher quality
and class size (Angrist and Lavy, 1999; Rockoff, 2004; Rivkin et al., 2005; Fredriksson et al.,
2013; Chetty et al., 2014a,b; Jackson, 2018; Angrist et al., 2019; Leuven and Lakken, 2020).
Furthermore, these dimensions can be directly influenced by policymakers but their reform
applies to all children and does not presuppose any form of genetic screening—a practice
many of us would be uncomfortable with (Martschenko et al., 2019).

We use data from the National Longitudinal Study of Adolescent to Adult Health (Add Health)
to study the interaction of genetic endowments and school environments in a between-family
design. Add Health is a 5-wave panel study that follows a representative sample of US high
school students from 1994/95 until the present day. To the best of our knowledge, Add Health
is the only (publicly available) data set that offers detailed information on schooling environ-

" This chapter is joint work with Paul Hufe and Marc Stoeckli. It is based on the paper ‘Genetic Endowments,
Educational Outcomes and the Mediating Influence of School Investments’, mimeo.

School Curricula, Educational Trajectories, and Labor Market Outcomes 211



5 Genetic Endowments, Educational Outcomes and School Investments

ments from both survey and administrative sources for a genotyped sample of reasonable
size.

To measure genetic endowments, we leverage recent advances in molecular biology and use a
polygenic score for educational attainment (PGSEA, Dudbridge, 2013; Lee et al., 2018). PGS™ is
an individual measure for the genetic propensity to attain education.” It is fixed at conception
and cannot be modified by environmental interventions thereafter. Therefore, PGS™ confers
important advantages over traditional proxies for "innate ability", such as student test scores
and I1Q tests (Hanushek and Woessmann, 2008; Heckman et al., 2010; Brinch and Galloway,
2012; Hanushek and Woessmann, 2012). To measure the quality of school environments, we
use information from headmaster surveys and administrative data sources such as the Com-
mon Core of Data, and conduct a principal component analysis on the following school-level
characteristics: teacher experience, teacher turnover, teacher education, teacher diversity as
well as class sizes and student-teacher ratios. From this analysis, we extract two factors that
are indicative for the quality of teachers (lg,ait,) and the quantity of teachers relative to the
number of students (lgyantity), respectively.

Clean causal identification of gene-environment interactions is challenging. In this study,
we rely on a between-family comparison in which we control for an extensive set of pre-
determined family background characteristics. We discuss the associated identification as-
sumptions in detail and provide tests for their satisfaction. First, while genetic endowments
are fixed at conception they are correlated with other family characteristics that co-determine
educational attainment. Therefore, our parameters of interest may be confounded by genetic
nurture effects. In response, we show that the relevant point estimates from the between-
family design replicate in a smaller sibling sample that allows us to control for genetic nurture
by including family fixed effects. Second, school characteristics may be correlated with other
family characteristics that co-determine educational attainment. Therefore, our parameters of
interest may be confounded by selection effects. In response, we show that our main findings
are robust to bounding exercises a la Oster (2019) and Cinelli and Hazlett (2020). Lastly, gene-
environment interactions can only be identified if genetic endowments and the environmental
variable of interest are distributed independently of each other. In response, we show that we
cannot reject the equality of PGS distributions in various school environments. In summary,
although the between-family design does not allow to cleanly identify causal effects, all our
empirical tests point towards the satisfaction of the relevant identification requirements. In
addition, our results withstand a series of empirical tests for competing mechanisms that we
discuss in detail below.

Our results can be summarized as follows. First, genetic endowments and teacher quality are
highly predictive for years of education: a one-standard-deviation increase in PGS™ (teacher

' In addition, PGS™ has been shown to be highly predictive for a number of life outcomes that are closely

related to educational attainment. These outcomes include earnings, wealth and (non-)cognitive skills (Lee
et al., 2018; Barth et al., 2020; Houmark et al., 2020; Muslimova et al., 2020; Papageorge and Thom, 2020; Buser
et al., 2021a; Demange et al., 2021).
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quality) increases educational attainment by = 0.37 (0.22) years. These increases can be
compared to a sample average of 14.81 years and correspond to 16.44% (9.8%) of a standard
deviation. Second, genetic endowments and teacher quality act as substitutes in the produc-
tion of educational attainment: a one-standard-deviation increase in teacher quality reduces
the positive association of educational attainment with PGSt by = 19%. This result implies
that improvements in the quality of teachers may reduce the genetic gradient in educational
attainment. Furthermore, it suggests that teacher quality may countervail the effects of family
socio-economic status—an environmental characteristic that tends to magnify the genetic
gradient in educational attainment (Papageorge and Thom, 2020; Ronda et al., forthcom-
ing).2 Third, in contrast to teacher quality, teacher quantity is not associated with educational
attainment—a null result that does not vary across the PGS™ distribution.

We perform a series of robustness checks to evaluate whether our results are conflated by
competing mechanisms. We begin by showing that our measures for teacher quality and
teacher quantity do not pick up the effects of other school characteristics that may correlate
with student outcomes. These characteristics comprise school peer characteristics, school-
level policies such as sanctions for academic misconduct, and overall school value-added.
Next, we demonstrate that our results are not driven by gene-environment interactions that
reflect family instead of school environments. To that end, we run a fully interacted model
controlling for all possible interactions between PGS™, lquality» lquantity, @and a broad set of
parental background characteristics (Keller, 2014). In addition, we show that there is no
differential association between PGS™ and parental time investments depending on school
quality.

We also analyze the mechanisms that underpin the substitutability of genetic endowments
and teacher quality. Educational attainment summarizes information from various educa-
tional stages, where each stage requires a different mix of skills (Cunha et al., 2006, 2010).
Therefore, we repeat our analysis by replacing total educational attainment with binary vari-
ables for whether or not respondents achieved a given educational degree. We find that the
substitutability of genetic endowments and teacher quality is largest at the stage of college
education. In contrast, we find little substitutability for the probability of graduating from high
school, and none for the probability of obtaining post-graduate degrees. These results provide
a notable contrast to Papageorge and Thom (2020), who find a growing complementarity of
parental background characteristics and genetic endowments as individuals progress through
the educational system. To uncover which type of skills drives our results, we analyze the
associations of PGS™ and teacher quality with a set of intermediate outcomes including sub-
jective and objective health, cognitive skills, economic preferences, and personality measures.
We find that substitutabilities of genetic endowments and teacher quality with respect to
subjective health, verbal intelligence, risk-aversion, and patience underpin our main result.

> Seealso our replication of their findings in section 5.5.
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Our study contributes to three strands of literature. First, we contribute to the literature
on gene-environment interactions. Existing evidence shows that the association between
socio-economic outcomes and genetic endowments varies with the socio-economic status
of parents (Houmark et al., 2020; Papageorge and Thom, 2020; Ronda et al., forthcoming).
Evidence on gene-environment interactions regarding school environments is more scant.
Barcellos et al. (2021) use a compulsory schooling reform to show that returns to schooling
are lower for genetically advantaged students. However, they focus on the length of education
and not the quality of school environments. Trejo et al. (2018) show a stronger genetic gradient
in schools with better educated parents. However, in the presence of endogenous sorting
the composition of schools is difficult to control. Therefore, we focus on margins that can be
directly targeted by policymakers: the quality and quantity of teachers.

Second, we contribute to the literature on teacher quality. The positive effects of teacher
quality on short- and long-term outcomes of students are well-documented (Rockoff, 2004;
Rivkin et al., 2005; Chetty et al., 2014a,b; Jackson, 2018). However, the literature is far less
conclusive about the equalizing effect of teacher quality across student subgroups. For
example, Aaronson et al. (2007) find that low achieving students benefit more from high-
quality teachers. In contrast, Chetty et al. (2014b) show that students from minority and
low-income backgrounds benefit less. While existing studies have evaluated heterogeneities
along dimensions that conflate genetic and social factors, we are able to measure the genetic
predisposition for educational success as fixed at conception. We show that investments in
the quality of teachers cushion the genetic gradient in educational attainment.

Third, we contribute to the literature on class size. Here, the average effects on students
outcomes are subject to academic debate. On the one hand, experimental studies on class
size reductions tend to find positive effects on student achievement (Krueger, 1999; Chetty
et al., 2011). On the other hand, quasi-experimental analyses exploiting maximum class-
size rules tend to find mixed results even if they analyse similar settings (Angrist and Lavy,
1999; Fredriksson et al., 2013; Angrist et al., 2019; Leuven and Lekken, 2020). Similarly, the
equalizing effects of class-size reductions are contested. For example, Krueger (1999) shows
that class size reductions are more beneficial to students from minority and low-income
background. In contrast, Fredriksson et al. (2013) document that wage increases following
class size reductions are more pronounced for students from high income backgrounds. Our
study is the first to evaluate heterogeneities along the genetic dimension. We show that
teacher quantity is not associated with gains in educational attainment irrespective of genetic
endowment.

Our results are policy relevant. First, we show that higher-quality teachers are conducive to
educational attainment in the lower tail of the PGS™ distribution but do not compromise
achievement in the upper tail. This finding suggests that policymakers do not face an equity-
efficiency trade-off when investing into the quality of teachers. Second, in contrast to teacher
quality, we find no effect of teacher quantity on the educational outcomes of students irre-
spective of their genetic endowments. This finding suggests that policymakers who are willing
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to address the equity and efficiency concerns related to genetic endowments do not face a
trade-off between investments into teacher quality and teacher quantity. This last finding
is economically relevant as salaries and employee benefits of teachers are by far the largest
cost factor in the US school system, accounting for about half of the expenditures in US public
primary and secondary schools (Figure A5.1).

The remainder of this paper is structured as follows. In section 5.2, we provide a primer on
the measurement of genetic endowments. In section 5.3, we detail our empirical strategy.
After introducing our data sources in section 5.4, we present results in section 5.5. Section 5.6
concludes the paper.

5.2 Measuring Genetic Endowment

The “First Law of Behavior Genetics” states that all human behavioral traits are heritable
(Turkheimer, 2000). That is, genetic endowments explain the expression of any trait at least to
some extent. The empirical challenge is to identify the specific sequences in the genome that
are related to the traits of interest.” Recent advances in molecular genetics have enabled a
novel method of genetic discovery: genome-wide association studies (GWAS). GWAS exploit
the most common type of genetic variation between humans, so-called single-nucleotide
polymorphisms (SNP). SNPs occur when a single nucleotide—the basic building block of DNA
molecules—differs at a specific position in the genome. Humans have between four and five
million SNPs. GWAS estimate separate linear regressions that relate a SNP of individual i at
genome location j to an outcome of interest y:

yi = V] SNP; + 6C; +&;. (5.1)

SNP;; € {0,1,2}is a count variable and indicates the number of minor allele that individ-
ual 7 possesses at location j. Minor alleles are the less frequent genetic variation within a
population. As humans inherit one of each chromosome from each parent, they possess
either zero, one, or two minor alleles at each location j. C; is a vector of control variables to
filter out spurious correlations due to non-biological differences across population groups. A
particular SNP coefficient 1/1;-’ is referred to as genome-wide significant if the null hypothesis
of non-association is rejected at a level of p < 5 X 107° (Chanock et al., 2007). The p-value is
deliberately low to adjust for multiple hypothesis testing.

The association of any single SNP with y is minuscule, but jointly they can explain a substantial
share of the observed outcome differences between individuals (Lee et al., 2018). In particular,
the estimated SNP coefficients can be used to construct polygenic scores (PGS). APGSis a
single quantitative measure of an individual’s genetic propensity toward an outcome relative

> Human genetic information is stored in 23 chromosome pairs that consist of deoxyribonucleic acid (DNA)
molecules. These chromosomes, in turn, contain 20,000 to 25,000 genes—specific DNA sequences that provide
instructions for building particular proteins. About 99% of the sequences are identical across humans.
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to the population. Formally, individual i’s PGS for outcome 35, PG'S; , is constructed by linearly
aggregating all SN P;; using w;’ as weighting factors:

PGS! =) ISNP, (5.2)

J

where 12;;/ is the estimated SNP coefficient from equation (5.1). To avoid overfitting, equation
(5.1) is estimated in a discovery sample, whereas the PGS is constructed in a hold-out sample
(Wray et al., 2014).

The predictive power of a PGS is broadly determined by two factors: the heritability of the
outcome, which serves as an upper bound of the variance the PGS can explain; and the size of
the discovery sample (Dudbridge, 2013). All else equal, the more heritable the outcome, or the
larger the discovery sample to estimate the aggregation weights {ﬁ;’, the higher the predictive
accuracy of the PGS. For example, the heritability of educational attainment is around 40%
(Branigan et al., 2013). The PGS for educational attainment constructed by Lee et al. (2018)
is based on information from 1.1 million individuals and explains 12.7% of the variance in
educational attainment.

The interpretation of PGS is non-trivial. First, PGS are not purely measures of biological influ-
ence. In particular, GWAS coefficients may capture environmental factors such as population
stratification across geographic regions (Abdellaoui et al., 2019). To this address this concern,
we follow standard practice and always control for the first 20 principal components of the
genetic data in our empirical analysis.” Second, the explanatory power of PGS is contingent
on the context of its application. If a PGS is applied in one context, whereas the underly-
ing GWAS was estimated in a very different context, the predictive power of the PGS will
be attenuated. In our context, this concern is limited: we apply PGS to a sample from the
United States, whereas the underlying GWAS predominantly draw on samples from other
industrialized countries with comparable education systems. Third, PGS are noisy measures
of genetic endowments. Due to current GWAS sample sizes, they do not capture all genetic
variation relevant for the outcome of interest. As a direct consequence, alternative PGS are
still predictive for educational attainment over and above PGS™. However, in Appendix Table
A5.4, we show that PGS™ is significantly more predictive than any plausible alternative PGS.
Therefore, it is the best among other noisy measures for genetic endowments.

PGS are now available for a wide variety of outcomes, including body mass index and height
(Yengo et al., 2018), attention deficit hyperactivity disorder (Demontis et al., 2019), major
depressive disorder (Howard et al., 2019), intelligence (Savage et al., 2018), smoking (Liu
et al., 2019), and sleep duration (Jansen et al., 2019). For our analysis, we rely on the PGS for
educational attainment by Lee et al. (2018).

* The first principal components of the full matrix of genetic data capture most of the geographical variation in
allele frequencies (see Mills et al., 2020, chapter 9.4, for a discussion). Therefore, they control for the geographic
correlation between allele frequencies and socio-economic status.
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5.3 Empirical Strategy

5.3.1 Empirical Model

Consider a model in which skills 8 of child 7 at age a are determined by prior skill levels 6;,_;,
parental investments IZ-IZ, school investments I{i, and genetic endowments G,.> There are
three phases of skill accumulation:

fa(GY) , for child age a = 0,
O = 3 fo(0ier, IH G)) , forchildagea =1,...,5
FulOsus IL 12 .G;) , forchildagea =6, ..., A

-
@

That is, skills at conception are determined by genetic endowments only. For child ages
a=1,..,5,i.e. prior to attending school, parents are the only source of investments into skills
in this model. Parental investments include monetary investments such as buying toys or
books but also time investments such as playing with or talking to the child. Fora = 6, ..., A,
schools are an additional source of investments into skills. School-based investments include
instruction by teachers or interactions with peers.

Furthermore, assume completed education Y to be a function of individual skills accumulated
by the end of childhood at age a = A:

Y; = g(6;4). (5.4)

Recursively substituting equations (5.3) and (5.4) across child agesa = 1, ..., A, we obtain a
model in which educational attainment is determined by initial genetic endowments, the
history of family inputs, and the history of schooling inputs:

We are interested in the complementarity of schooling inputs and genetic endowments at a
particular child age a:

ia) Tia—1s ***r Lil Liayr Lia—1>

OIS G,

COPR(IE TR IR IS IS TG

K (5.6)

> For the sake of simplicity, we abstract from other actors in the child development process.
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If k < 0, geneticendowments and school investments at age a are substitutes in the production
of educational attainment. School investments are then less productive for individuals with
high genetic endowments. Reversely, if x > 0, genetic endowments and school investments
at age a are complements in the production of educational attainment. School investments
are then more productive for individuals with high genetic endowments.

In this study, we focus on school investments during high school (14 < a < 18). We estimate
the complementarity parameter « from a linear regression model with an interaction term:

Y, = aG; + BI{Z + k(G X Ifl) + X;(a)y + ¢, (5.7)

where X;(a) denotes a vector of control variables to condition on the history of family and
schooling inputs until age a = 14.

5.3.2 ldentification

Unbiased estimation of « is based on the following set of requirements: (i) the effect of G, is
identified, (ii) the effect of Ifl is identified, and (iii) G; and Ifl are assigned independently from
each other (Almond and Mazumder, 2013; Nicoletti and Rabe, 2014; Johnson and Jackson,
2019). In the following, we will discuss each of these requirements, potential threats to their
satisfaction, and how we address them in the context of this paper.

(i) Absence of genetic nurture effects. Genetic endowments are fixed at conception, yet
they are not exogenous to family characteristics that co-determine educational attainment.
During meiosis, genetic endowments of children are randomly drawn from the genetic pool
of their biological parents.6 As a consequence, GG; is a function of maternal and paternal
genetic endowments. These parental endowments, however, may also correlate with parental
investments Iff, ey Ifz. Hence, in estimating equation (5.7), a and x may be confounded
by genetic nurture effects (Kong et al., 2018). Genetic nurture can be controlled either by
estimating a sibling fixed effects model that relies on within-family variation in G; only (Selzam
et al., 2019; Houmark et al., 2020; Kweon et al., 2020); in a non-transmitted genes design,
where one includes both maternal and paternal genetic endowments in control vector X;(a);
or in an adoption design, where offspring are biologically unrelated to their parents (see
Demange et al., 2020, for a detailed comparison of all three approaches). All approaches,
however, are very data demanding. For example, the sibling design requires the availability
of both a large set of siblings and individual measurements of GG;. Therefore, it can only be
applied in a very limited set of existing data sets.

In this study, we estimate a between-family model in which we use an extensive set of pre-
determined family background characteristics to control for genetic nurture effects. This

® Inthis process, chromosomes of fathers and mothers are re-combined to produce genetically distinct offspring.

Therefore, singleton children of the same parents are never genetically identical to their siblings. Furthermore,
conditional on the parents’ genome, the offspring’s set of genes is randomly distributed.
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approach is standard in the literature and intends to approximate requirement (i) while maxi-
mizing statistical power to detect the sought-after gene-environment interaction (Domingue
et al., 2020). Reassuringly, controlling for X;(a) in our between-family model, we obtain a
point estimate of « that replicates the corresponding estimate from a sibling fixed effects
model on a subsample of our data (N = 525).

(ii) Absence of selection effects. Parents choose schools based on school characteristics.
Therefore, the latter may not be exogenous to family characteristics that co-determine edu-
cational attainment (Altonji et al., 2005; Beuermann et al., 2018). As a consequence, Ifl isa
function of observed and unobserved family and child characteristics that may correlate with
parentalinvestments Iﬁ, s [ZZ. Hence, in estimation model (5.7), 5 and x may be confounded
by selection effects (Altonji et al., 2005; Altonji and Mansfield, 2018; Biasi, forthcoming). Selec-
tion into schools can be controlled in (quasi-)experimental settings, e.g. using variation based
on admission lotteries (Cullen et al., 2006; Angrist et al., 2016), or the geographic design of
catchment areas (Laliberte, 2021). Existing data sets that avail such variation, however, do

not contain sequenced DNA data that are required to measure G, at the individual level.

In this study, we use an extensive set of pre-determined family background characteristics
to control for selection into schools based on observables. To assess potential confounding
through selection based on unobservables we calculate bias-adjusted treatment effects along
thelines of Oster (2019) and Cinelliand Hazlett (2020). Both procedures assume that changesin
the coefficients of interest due to the introduction of observables are informative for the extent
of confounding due to unobservables. Reassuringly, applying these correction methods our
results for 5 and x remain qualitatively unaltered in comparison to our benchmark estimates.

(iii) Independent assignment of genetic endowments and school environments. Require-
ments (i) and (ii) must be combined such that GG; and Ifl are distributed independently of
each other. Strong correlation between G; and Ifl implies little overlap in the distributions
of GG; at different levels of I{Z and vice versa. As a consequence, two empirical challenges
arise. First, there may not be sufficient variation to identify «, 3, andx separately from each
other. Second, x would be identified from the tails in the respective distributions. One then
would always compare individuals with similar G, that score unusually high or low in their
school-quality specific distribution of genetic endowments and vice versa. Among others,
these concerns would be addressed in a setting that avails (quasi-)experimental variation in
]fl at the level of siblings from the same biological parents. However, as highlighted in our
previous discussion, such a setting is unlikely to be found in existing data sources.

To verify the satisfaction of requirement (iii), we present empirical evidence that G; and Ifl are
indeed distributed independently of each other. This conclusion holds both unconditionally
and controlling for X;(a).

In summary: in an ideal setting, one would estimate the complementarity parameter « by
combining a sibling fixed effects model with experimental variation in school characteristics
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among children of the same biological parents. To date, there is no single data set that
simultaneously avails genetic data at the individual level, a large set of siblings, and quasi-
experimental variation in school assignment. Therefore, we approximate the conditions of
such anideal setting with the best data available to us. Our estimates of o, 3, and x do not have
a strict causal interpretation. However, we demonstrate their robustness to a large battery of
potential confounders including school peer effects, school sanction policies, parental time
investments, and potential non-linearities of genetic effects by other individual characteristics.
Furthermore, we show that our baseline estimates of genetic effects are consistent with the
estimates from a sibling fixed effects model. Erring on the side of caution, we nevertheless
speak of associations instead causal effects in the remainder of the paper.

5.4 Data

We use data from the National Longitudinal Study of Adolescent to Adult Health (Add Health),
a 5-wave panel study that focuses on the determinants of health-related behaviors and health
outcomes. Add Health is a nationally representative sample of adolescents enrolled in grades
7-12in 1994/95. Initial information (wave 1, N = 20, 745) was collected from a stratified
sample of 80 high schools across the US as well as their associated feeder schools. In addition
to in-depth interviews with adolescents, questionnaires were administered to school repre-
sentatives, parents, and roughly 90,000 students of the sampled schools. Follow-up in-home
questionnaires were collected in 1996 (wave 2, N = 14, 738),2001/02 (wave 3, N = 15, 179),
and 2008/09 (wave 4, N = 15,701). In the most recent wave (wave 5,2016/18, N = 12, 300),
Add Health respondents are between 33 and 43 years old.

In the following, we describe our main variables of interest. Detailed descriptions of all
variables used in our analysis are disclosed in Supplementary Material A5.3.

Outcomes. We measure educational attainment Y; by total years of education. In each wave,
respondents were asked about their highest level of education at the time of the interview.
For each individual, we use the most recent information and transform education levels into
years of education following the mapping suggested by Domingue et al. (2015)."

To analyze the mechanisms behind our headline results, we additionally use a series of mea-
sures for academic degrees, health, and (non-)cognitive skills. First, academic degrees allow
us to investigate at which educational stage our results emerge. We focus on whether respon-
dents finished high school, obtained a college degree, or obtained a post-graduate degree.

" Numeric values in parentheses: eighth grade or less (8), some high school (10), high school graduate (12),
GED (12), some vocational/technical training (13), some community college (14), some college (14), completed
vocational/technical training (14), associate or junior college degree (14), completed college (16), some graduate
school (17), completed a master’s degree (18), some post-baccalaureate professional education (18), some
graduate training beyond a master’s degree (19), completed post-baccalaureate professional education (19),
completed a doctoral degree (20).
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Second, measures for health and (non-)cognitive skills serve as proxy variables of 6, , and
allow us to analyze the dimensions of skill development that drive the main findings on edu-
cational attainment. We proxy health by quality-adjusted life years (QALY) that we derive from
self-assessed health measures as well as a summary index of diagnosed health conditions.
We proxy cognitive skills by the Picture Vocabulary Test (PVT), a test for receptive hearing
vocabulary that is a widely-used proxy for verbal ability and scholastic aptitude. We proxy
non-cognitive skills by self-reported measures of general risk aversion and patience (Falk
et al., 2018) as well as self-reported information on the Big Five personality traits (Almlund
etal,, 2011).

Genetic endowments. Add Health obtained saliva samples from consenting participants in
wave 4. After quality control procedures, genotyped data is available for 9,974 individuals and
609,130 SNPs. Add Health uses this data to calculate different PGS using summary statistics
from existing GWAS. We use a PGS for educational attainment, denoted by PGSEA, thatis based
on the GWAS of Lee et al. (2018).8

Lee et al. (2018) perform a meta-analysis of 71 quality-controlled cohort-level GWAS. Their
meta-analysis produced association statistics for around 10 million SNPs, of which 1,271
reached genome-wide significance. Genes near these genome-wide significant SNPs are
relevant for the central nervous system, and many of them encode proteins that carry out
neurophysiological functions such as neurotransmitter secretion or synaptic plasticity. They
are relevant for brain-development processes prior to and after birth.

PGS™ is highly predictive for educational attainment and has been widely used in existing
studies. Lee et al. (2018) suggest that PGS™ is a better predictor for years of education than
household income. Including the score in a regression of years of education on a set of
controls yields an incremental R? 0f 0.127 in the Add Health sample. Among others, PGS™ has
been used to study the formation of early childhood skills (Belsky et al., 2016), educational
attainment (Domingue et al., 2015; Houmark et al., 2020), earnings (Papageorge and Thom,
2020), wealth accumulation (Barth et al., 2020), and social mobility (Belsky et al., 2018).

We standardize PGS™ on our analysis sample to have a mean of zero (¢ = 0) and a standard
deviation of one (o = 1).

School investments. In wave 1 and 2, Add Health administered detailed questionnaires to
headmasters of Add Health schools. The schools are also linked to administrative data from
the Common Core of Data (CCD) and the Private School Survey (PSS). We use these sources to
construct indicators for IZ using a principal component analysis that includes the following
school-level information: (i) average class size, (ii) average student-teacher ratio, (iii) share

 leeetal (2018) construct PGS for two prediction cohorts, Add Health and the Health and Retirement Study

(HRS). PGS™ is based on results from the meta-analysis that excluded these two cohorts from the discovery
sample. PGS™ was generated from HapMap3 SNPs using the software LDpred, a Bayesian method that weights
each SNP by the posterior mean of its conditional effect, given other SNPs.
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of teachers with a master degree, (iv) share of new teachers in the current school year, (v)
share of teachers with school-specific tenure of more than five years, and Herfindahl indices
measuring teacher diversity with respect to (vi) race and (vii) Hispanic background.

Many of these characteristics have been shown to predict teacher value-added. For example,
Ronfeldt et al. (2013) and Hanushek et al. (2016) show that a high teacher turnover, which we
proxy by the share of new teachers, harms the quality of instruction and student achievement.
Rockoff (2004) and Papay and Kraft (2015) show that teaching experience, which we proxy by
the share of teachers with more than five years of tenure, correlates with teacher performa nce.’
Finally, Clotfelter et al. (2010) and Jacob et al. (2018) show that academic credentials, which
we proxy by the share of teachers with a master degree, are positively associated with teacher
effectiveness.

Figure 5.1 shows the rotated loadings on the first two principal components. The first compo-
nent loads almost exclusively on average class size and average student-teacher ratio. Hence,
we interpret this component as an indicator for the “quantity” of teachers, denoted by lgantity
The second component loads positively on the percentage of teachers with a master degree
and the share of teachers with a tenure of more than five years; it loads negatively on the share
of new teachers in the current school year. We interpret this component as an indicator for the
“quality” of teachers, denoted by I, Both factors are coded such that higher values indicate
higher school investments, i.e. higher teacher “quantity” investments (smaller classes) and
higher teacher “quality” investments (better teachers), respectively. The calculated factors
are orthogonal to each other by construction and standardizedtou = 0 and o = 1.%°

Control variables. Add Health provides extensive information about the environments
that respondents were exposed to during childhood. We approximate the identification
pre-requisites discussed in section 5.3 by choosing a vector of pre-determined variables
X (a) to control for genetic nurture effects and selection into schools. Specifically, we control
for family background characteristics by including maternal and paternal education (in years),
the family’s religious affiliation (Christian/Non-Christian), and maternal age at birth (in years).
Furthermore, we include the mean and standard deviation of potential wages for both mother
and father across child ages 0-14." At the level of children, we control for age in months,

® These teachers have taught for at least five years in their life and hence do not suffer from a lack of basic

teaching experience. Since we measure tenure at the current school, the measure combines information about
teaching experience with information about teacher turnover.

10 Intuitively, one may expect a negative correlation between teacher quality and quantity: conditional on a
given budget, a school administrator may prefer to invest in teacher quality at the expense of average class sizes
or vice versa. However, this is not what we observe in the data. If quality and quantity were substitutes, we
would expect loadings on the two principal components to pull into diametrically opposed directions. To the
contrary, we find that the variables capturing the quality and quantity dimensions are orthogonal to each other
and almost exclusively load on one principal component only.

1 Note that Add Health contains information on actual income. However, actual income may be a bad control
as it reflects parental responses to both G; and Ifl. Therefore, we follow the procedure of Shenhav (2021) and
combine the 1970 Census and the March Current Population Survey (1975-2000) to construct potential wages
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sex as well as their interaction. We follow standard practice in the literature and account for
population stratification in genetic endowments by including the first 20 principal components
of the full matrix of genetic data. Lastly, all estimations include a vector of state fixed effects.

Note that we focus on pre-determined variables—variables that are fixed prior to the period of
observation—to avoid smearing through "bad controls" (Angrist and Pischke, 2009). However,
in robustness analyses we expand the vector of controls by potentially endogenous parental
time investments and family income. Our results remain unaffected.

Analysis sample. We apply the following sample selection criteria. First, we restrict our sam-
ple to genotyped respondents of European descent.”” Thisis common practice in the literature
because GWAS are predominantly conducted on this ancestry group. Conducting GWAS on
just one ancestry group yields low statistical power to account for population stratification
between grolglps, leading to biased estimates of genetic influence (Martin et al., 2017; Ware
etal., 2017).

Second, we retain the subsample of individuals who (i) visited an Add Health high school or
an associated feeder school in wave 1, and (ii) for whom the high school exit record indicates
that they had graduated from the same school. These sample selection criteria strike a
balance between sample size and the matching accuracy of individuals with our measures
for schooling environments. For example, imposing criterion (i) we assume that individuals
indeed transition from feeder schools to designated Add Health schools. Thereby, we increase
our sample but may erroneously assign information on IZ to individuals transitioning to
high schools out of the Add Health universe. Reversely, imposing criterion (ii) we exclude
individuals that may have moved to other high schools throughout grades 9-12. Thereby, we
reduce our sample size but minimize the risk of erroneously assigning information on IZ-SE to
movers. We note that neither strengthening (i) by excluding individuals from feeder schools,
nor relaxing (ii) by assuming that individuals remain at the same school across grades 9-12
overturns our main conclusions (Appendix Table A5.5).

Third, we drop all observations with missing information in Y}, G, If;, and X, (a) through
list-wise deletion.

Applying these restrictions, we obtain a sample of 3, 081 individuals from 77 high schools
across the US for which we provide summary statistics in Table 5.1. 55% are female, and the
average age measured at wave 1 equals = 16 years (194 months). The average educational
attainment in our sample is 14.8 years which exceeds the average educational attainment
in the parental generation by = 1.1 years. Almost all individuals graduate from high school,

for gender/education/census region/race/ethnicity cells and match these potential wages to parents at each
childagea =1, ..., 14.

12 Ancestry groups in Add Health are identified by principal component analysis on all unrelated members of the
full Add Health genotyped sample.

13 See also the discussion on genetic nurture effects in section 5.3.

School Curricula, Educational Trajectories, and Labor Market Outcomes 223



5 Genetic Endowments, Educational Outcomes and School Investments

which is not surprising given our sample restriction to individuals of European descent who
stayed at the same high school in grades 9-12. The college completion rate equals = 50%.

To assess the sample representativity, we compare our analysis sample to the 1974-1983
birth cohorts of Non-Hispanic Whites in the American Community Survey (ACS) and the Cur-
rent Population Survey (CPS) (Appendix Table A5.1). This comparison shows a slight over-
representation of females and children from young mothers in our sample. Otherwise, our
sampleis by-and-large comparable to the corresponding groups in ACS and CPS. In robustness
analyses we re-weight our analysis sample to match ACS and CPS with respect to gender
composition, educational attainment of parents, and the age of mothers at birth. Our results
remain unaffected (Appendix Table A5.5).

5.5 Results

We present our results in four steps. In section 5.5.1, we discuss the association of educa-
tional attainment, genetic endowments, and school investments in light of the identification
requirements discussed in section 5.3. In section 5.5.2, we present our estimates for the
complementarity parameter . After a robustness analysis in section 5.5.3, we conclude with
an analysis of mechanisms in section 5.5.4.

5.5.1 The Association of Educational Attainment with Genetic Endowments and
School Investments

Figure 5.2 visualizes the association of educational attainment with our measures for genetic
endowments GG; and school investments ]{Z. In the left column we show raw correlations that
do not account for the control variables X;(a). In the right column, we show associations
conditional on X;(a).

First, PGS™ is highly predictive of educational attainment. Without controls, a one-standard-
deviation (1 SD) increase in PGS™ is associated with an increase in educational attainment of
0.608 years. This association does not have a causal interpretation as it may be confounded by
genetic nurture effects. When we control for pre-determined child and family characteristics,
a 1SD increase in PGS™ is associated with an increase in educational attainment of 0.380
years. Sibling studies show that genetic nurture effects usually account for 40-50% of the
raw association between PGS™ and educational attainment (Selzam et al., 2019; Kweon et al.,
2020; Muslimova et al., 2020; Ronda et al., forthcoming). In our case, the association decreases
by 38% when we control for child and family background characteristics. This result suggests
that X;(a) is indeed able to account for genetic nurture effects as confounding factors. This
conclusion is further bolstered by a comparison of our between-family model with a sibling
fixed effects model that we estimate on a subsample of our data (V= 525). In the within-
family comparison, which allows us to perfectly control for genetic nurture effects, we obtain
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a point estimate of 0.458 that is significant at the 1%-level (Appendix Table A5.2). This point
estimate is very close to the result of the between-family comparison controlling for X;(a),
and lends further credence to our research design.

Second, lgality is highly predictive of educational attainment. Without controls, a 1 SD increase
in lquality is associated with an increase in educational attainment of 0.541 years. This associa-
tion does not have a causal interpretation as it may be confounded by selection effects. When
we control for pre-determined child and family characteristics, a 1 SD increase in lgyajity iS as-
sociated with an increase in educational attainment of 0.256 years. This 53% decrease reflects
positive selection into schools based on "teacher quality"—a pattern that has been thoroughly
documented in existing literature for the US (Biasi, forthcoming). Nevertheless, even when
accounting for selection, the association of ly,jiy and educational attainment remains strong
and positive. This result confirms prior literature, which has repeatedly demonstrated positive
effects of teacher quality on students’ educational success (Hanushek and Rivkin, 2010; Chetty
etal., 2014a).

Third, lguantity is Not significantly associated with educational attainment. The weakly positive
correlation is imprecisely estimated and does not attain statistical significance at conven-
tional levels. Furthermore, this result does not change when accounting for selection effects
through the introduction of control vector X;(a). This finding is in line with prior literature,
which has not been able to establish consistent effects of teacher quantity on students’ ed-
ucational success (Fredriksson et al., 2013; Angrist et al., 2019; Leuven and Lgkken, 2020).
However, this average association may mask heterogeneity across students with different
genetic endowments—a hypothesis that we will test in the following subsection.

Next to genetic nurture effects and selection effects, a high correlation between GG, and I;Z
would pose another threat to identification of the gene-environment interaction. Figure
5.3 suggests that this threat is not operational in our setting. In this figure, we plot the un-
conditional PGS distribution by tercile of lgyaiity and lguantity, respectively. Visual inspection
suggests that PGS™ distributions are almost congruent to each other within each tercile of
the two indicators. In Appendix Table A5.3 we present formal statistical tests for this obser-
vation. In particular, we residualize PGS™, lquatity @Nd lguantity Using control vector X;(a). We
then perform two-sample Kolmogorov-Smirnov tests for the equality of PGS™ distributions
within the terciles of lgy,iity and lguantity, respectively. We do not reject the null hypothesis of
equal distributions for any of the comparisons at conventional levels of statistical significance.
Hence, we conclude that PGS™, lquality @nd lguantity @re indeed assigned independently of each
other.
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5.5.2 The Interplay of Genetic Endowments and School Investments in the
Production of Educational Attainment

Table 5.2 shows our baseline estimates for the interaction of genetic endowments and school
investments. In all regressions, we include the vector X; () to control for genetic nurture and
selection into schools.

In column (1), we focus on the teacher quality indicator lgy,iy. The point estimates for
PGS™ and lquality replicate the findings from Figure 5.2 and indicate a strong and positive
association of PGS™ and lquality With educational attainment." A1 SD increase in PGS™ (lquality
increases educational attainment by = 0.37 (= 0.23) years.

PGS™ x lquality is our estimate for the complementarity parameter x. The negative coefficient
of the interaction term indicates that genetic endowments and teacher quality act as substi-
tutes in the production of educational attainment. A 1 SD increase in teacher quality reduces
the positive association of educational attainment with PGS™ by = 19% (= 0.07/0.37). This
result provides a notable contrast to existing literature investigating the gene-environment
interaction between PGS™ and parental socio-economic status which tend to act as comple-
ments in the production of educational attainment (Papageorge and Thom, 2020; Ronda et al.,
forthcoming).

In column (2), we focus on lgyanit,. The point estimate for lgyanity is again statistically indis-
tinguishable from zero. The estimate for PGS™ x lquantity indicates that this null result is not
driven by heterogeneity along the PGS™ distribution. Our estimate for the complementarity
parameter « is small and not statistically different from zero.

In column (3), we estimate both complementarity parameters in the same model and show that
our results remain virtually unchanged. This stability is expected since lgyaiity and lguantity are
distributed independently of each other by construction.

In column (4), we assess the potential for confounding due to unobserved differences across
individuals. In spite of the rich control set X;(a), our results may still reflect genetic nurture
effects and selection effects due to unobservables. We follow Oster (2019) and calculate
bias-adjusted treatment effects to account for this issue. The procedure assumes that changes
in the coefficients of interest due to the introduction of X;(a) are informative for the extent
of confounding due to unobservables. The estimator requires two key inputs. The first input
is R>,,,—the R” from a hypothetical regression of educational attainment on our variables of
interest as well as observed and unobserved controls. The second input is é—a measure for
the relative degree of confounding through observed and unobserved controls. We follow
the suggestion of Oster (2019) and specify Riax as 1.3 times the empirical R* from column

™ In comparison to Figure 5.2, there are minor changes in coefficients due to the correlation of PGS™ and
lquality- This correlation, however, is small and does not threaten the identification of the gene-environment
interaction—see our discussion in section 5.5.1.
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(3),and § = 1. Intuitively, = 1 assumes that observed and unobserved confounders are
equally related to the treatment.” The results remain qualitatively unaltered in comparison to
column (3), yet the point estimates of PGS™ and lquality drop significantly. For example, under
the maintained assumptions of Rﬁm and ) = 1, the point estimate of PGS™ drops by almost
half in comparison to our baseline estimate. However, note that it is also ~ 50% lower than in
a sibling fixed effect estimation (Appendix Table A5.2). The latter controls perfectly for genetic
nurture effects. Hence, in view of our rich controls for family socio-economic background, the
assumption of 6 = 1is likely too conservative.'®

In Appendix Figure A5.2, we provide further sensitivity analyses with respect to the influence
of unobserved confounding variables. Following the procedure of Cinelli and Hazlett (2020),
we show that our results for PGS™ and its interaction with lquality remain statistically significant
at the 5%-level even if the set of unobserved confounding variables were more than ten times
as strong as paternal education. Similarly, our results for lg,,ir, would remain statistically
significant at the 5%-level if the set of unobserved confounding variables were more than five
times as strong as paternal education. In view of the strong correlation of parental education
with genetic endowments, its decisive role for school choices, and its strong predictive power
for educational outcomes of children, these results bestow further confidence into the fact
that our results are not just a reflection of genetic nurture effects and selection into schools
by family background.

In principle, the negative gene-environment interaction between PGS™ and lquality could be
driven by low PGS™ students gaining from higher-quality teachers, or high PGS™ students
losing from higher-quality teachers. In Figure 5.4, we provide evidence for the former, but
not the latter. In this figure, we show years of education as predicted from the estimates in
column (3) of Table 5.2. Moving horizontally from left to right at a given PGS™ level, we see
that predicted education increases strongly in the lower parts of the PGS™ distribution. To the
contrary, in the upper parts of the PGS™ distribution, predicted education remains virtually
unchanged regardless of the quality of teachers at a given school. This pattern is encouraging
as it suggests that investments into teacher quality mitigate inequity in educational outcomes
without compromising the attainment of genetically advantaged students.

> Cinelli and Hazlett (2020) question this interpretation of ¢ as it is a function of (i) the association of the
treatment variable with observed and unobserved confounders and (ii) the association of the outcome variable
with observed and unobserved confounders. Therefore, Cinelli and Hazlett (2020) propose a bounding procedure
based on parameter kp that varies with (i) but not with (ii). Implementing their alternative procedure, our main
conclusions remain unaffected—see our discussion in the following.

16 Another popular way of reporting the results from sensitivity analyses a la Oster (2019) is to calculate the
level of § required to make coefficients equal to zero. We report these levels and associated bootstrapped
standard errors for PGS™, lquality» @nd their interaction in the following: PGS™ (1.989 [0.358]), lQuality (1.263
[0.503]), PGS™ x lQuality (-7.731[-37.409]). Note that PGS x lquality is very insensitive to the inclusion of controls.
Therefore, standard errors are large and the corresponding point estimate for § cannot be reliably calculated.
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5.5.3 Robustness Analysis

We probe the robustness of our results in two steps. First, we investigate whether ly,jiy and
lquantity Pick up the effect of other school characteristics that may correlate with student
outcomes. Second, we test whether our estimates of the complementarity parameter x are
confounded by interactions between genetic endowments and family environments.

Other school characteristics. First, in Figure 5.2 we document positive sorting into schools
based on lg,iity AS @ consequence, students in schools with high-quality teachers may addi-
tionally be exposed to a more favorable composition of their peer group. Abroad literature has
documented that skill formation is influenced by school peers (Sacerdote, 2014; Bietenbeck,
2019; Isphording and Zélitz, 2020)."" Hence, our results for lquality Mmay reflect both the quality
of teachers and peer group composition. To test this hypothesis, we make use of Add Health’s
in-school questionnaire that elicits background information from a total of 90,000 students in
the sampled schools. Based on this questionnaire, we calculate proxy indicators for the quality
of the student’s peers. In particular, we calculate (i) average years of paternal education, (ii)
the share of single parent families, and (iii) student’s average self-assessment with respect
to the likelihood of attaining a college degree.18 Then, we include these indicators as well as
their interaction with PGS™ into our estimation model.

Table 5.3 displays the results. Column (1) replicates our baseline estimates. In columns (2)-(4),
we sequentially introduce the peer quality indicators as well as their interaction with PGS™
Each proxy for the quality of peers is highly predictive of educational attainment. For example,
a 1 SD increase in average paternal education of peers is associated with a 0.26 increase
in years of education. Importantly, however, for all considered peer quality indicators our
conclusions with respect to lgyaiitys lquantity, and their interaction with genetic endowments
remain unaffected.

Second, lquaiity and lguantity May be correlated with school rules and sanction policies. Existing
literature suggests that school rules may promote educational attainment (Bacher-Hicks et al.,
2019). For example, the success of charter schools has been attributed to strict “no excuses”
policies (Angrist et al., 2013). Hence, our results for lo,,iry may reflect both the quality of
teachers and the effect of school rules. To test this hypothesis, we exploit information from
headmaster questionnaires and conduct a principal component analysis on various school

7 Sotoudeh et al. (2019) show genetic endowments of peers are also associated with individual outcomes.

'® To avoid mechanical relationships between individual characteristics and peer group composition we calculate
leave-one-out (jackknife) indicators. A detailed description of these variables is disclosed in Supplementary
Material A5.3.
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policies.19 We extract three components that reflect the school’s strictness regarding (i) drug
use, (ii) social misconduct, and (iii) academic misconduct.

In columns (5)-(7) of Table 5.3, we sequentially introduce the strictness indicators as well as
their interaction with PGS™. Neither of the indicators is predictive of educational attainment,
nor is there an interaction with genetic endowments. Our conclusions with respect to loality,
lquantityy @nd their interaction with genetic endowments remain unaffected.

Third, there may be unobservable school characteristics that drive the relationship between
lquality lquantity @and educational attainment. To address this concern, we use transcript records
across grades 9-12 of roughly 12,000 Add Health respondents to calculate cohort-specific
measures of school value-added in GPAs for Science, Math, and English. In the extant literature,
value-added measures are mostly calculated with respect to test scores that are unaffected
by evaluation biases of teachers. To the contrary, GPAs capture student progress in cognitive
and behavioral outcomes as well as teacher perceptions (Jackson, 2018). In spite of these
intricacies, GPAs are highly predictive of long-term student outcomes (Borghans et al., 2016;
Kirkebgen, 2021). Therefore, GPA-based value-added measures provide a good way to capture
the quality of schooling environments beyond the measures reported headmaster surveys
and administrative data. Specifically, we follow the indirect calculation procedures suggested
in Chetty et al. (2014a) and Jackson et al. (2020): we residualize subject-specific GPAs from
lagged GPAs in English, Math, and Science, lagged and contemporaneous measures of tracks
in these subjects as well as a rich set of individual background characteristics. In turn, we sum
residuals to calculate school-times-cohort fixed effects. To avoid mechanical relationships
betweenindividual outcomes and cohort-specific school effects, we calculate leave-cohort-out
predictions while giving greater weight to neighboring cohorts. We calculate these measures
separately for each subject but summarize the school-specific information by extracting the
first principal component from the three value-added measures (see Supplementary Material
A5.3 for details).

In column (8) of Table 5.3, we introduce school value-added as well as its interaction with
PGS™ as additional controls. While school value-added is indeed predictive of educational
attainment, there is no effect heterogeneity across the PGS distribution. Furthermore, the
associations of lgyaiity, lquantity, @and PGS™ with educational attainment remain unaffected.
Hence, we find no evidence that our relationships of interest are confounded by unobservable
school characteristics.

Family environments. In our baseline analysis, we control for a rich set of parental back-
ground characteristics to control for genetic nurture effects and selection into schools. How-

' In wave 1, headmasters were asked about the school’s policy in the following domains of behavior: cheating,
fighting with or injuring another student, alcohol or drug possession, drinking alcohol or using illegal drugs,
smoking, verbally or physically abusing a teacher, and stealing school property. Possible policies are (i) no policy,
(ii) verbal warning, (iii) minor action, (iv) in-school suspension, (v) out-of-school suspension, and (vi) expulsion.
A detailed description of these variables is disclosed in Supplementary Material A5.3.
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ever, even if we were able to perfectly control for these confounding factors, the complemen-
tarity parameter for genetic endowments and school investments may still be confounded by
interactions between genetic endowments and family socio-economic status (Keller, 2014;
Domingue et al., 2020). To test this hypothesis, we enrich our estimation model by interacting
genetic endowments and school environments with the entire control vector X;(a). There-
fore, we allow for the possibility that family socio-economic status interacts with both genetic
endowments and school investments.

Table 5.4 displays the results. Column (1) replicates our baseline estimates. Column (2) dis-
plays the enriched estimation model. In spite of a slight decrease in precision, our conclusions
with respect to lgyaiity lquantity @nd their interaction with PGS™ remain unaffected.

In addition, we assess whether lg,ity, lquantity @and their interaction with genetic endowments
predict parental investments.”® A positive association of PGS™ and lquality With parental invest-
ments may suggest that X, (a) does not fully account for genetic nurture effects and selection
into schools. Therefore, we collect information on a series of activities that the child has
conducted with her mother or father in the last four weeks.”" Following Kling et al. (2007)
and Anderson (2008) we standardize each response dimensionto x = 0and o = 1, and sum
them linearly by parent to obtain aggregate indexes of time investment. We then use resulting
indexes for parental time investment as the outcome of interest, respectively.

The results are shown in columns (3)-(4) of Table 5.4. PGS™ and parental investments are in-
deed positively associated. However, this association does not necessarily imply the existence
of genetic nurture effects. Instead they could also reflect evocative gene-environment correla-
tions, i.e. that children select into environments depending on their genetic endowments G;
(Smith-Woolley et al., 2018). If we were to follow this interpretation, the observed association
is not indicative for a third factor confounding the relationship of interest, but rather speaks to
a particular mechanism of how genetic endowments influence child outcomes. Importantly,
there is no differential association between PGS™ and parental time investments depending
on school quality.

Lastly, in column (5) of Table 5.4, we again estimate a fully interacted but also incorporate
controls for family environments that are potentially endogenous to PGS™ and schooling
environments. In particular, we include the indexes for maternal and paternal time invest-
ments as well as the log of annual family income. Despite a decrease in sample size and the
associated loss in precision, our results remain unaffected.

%% Note that parental investments may reflect responses to PGSEA, lQuality @and lguantity Therefore, we analyze them
as separate outcomes instead of including them in X;(a).

*! These activities include shopping, playing sports, church attendance, talking about dates, going to movies
and similar events, talking about personal problems, having an argument, talking about school work, working
together on school work, and talking about other things at school. See Supplementary Material A5.3 for details.
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Overall, these results bolster confidence that our estimates for the complementarity parameter
r are not confounded by interactions between genetic endowments and family environments.

5.5.4 Mechanisms

In this section, we analyze mechanisms that underpin the substitutability of genetic endow-
ments and teacher quality. We abstract from lgaqtity in view of its robust non-association with
educational outcomes (see sections 5.5.1-5.5.3).

Educational Degrees. Total years of education summarizes information from various educa-
tional stages, where each stage requires a different mix of skills #; (Cunha et al., 2006, 2010).
Therefore, we repeat our analysis by replacing total years of education with binary variables for
whether respondents achieved (i) at least a high school degree or GED, (ii) completed a 2-year
college degree, (iii) completed a 4-year college degree, and (iv) completed a post-graduate
degree.

In Figure 5.5 we display the resulting point estimates for the complementarity parameter «
and the associated 95% confidence bands.

The series in circles indicates that the compensating effect of teacher quality has a U-shaped
pattern throughout the educational life-cycle. There is a small reduction of the probability to
drop out of high school, followed by larger substitutability with respect to 2-year and 4-year
college degrees. The substitutability of high-quality teachers and genetic endowments levels
off at the post-graduate level. This pattern is consistent with the following interpretation.
High school graduation is a relatively "inclusive" educational outcome that is accessible for
most, including low PGS™ students in low-quality schooling environments. Evidence to this
effect is provided by a high school graduation rate of 97% in our sample (Table 5.1). To the
contrary, post-graduate education is a relatively "exclusive" educational outcome that is acces-
sible for only few students, and where a certain level of genetic endowments and conducive
environments is relevant. In both cases, there is limited scope for high-quality teachers to
make a difference for low PGS™ students. College education, however, takes a middle ground
between these two polar outcomes and therefore offers scope for disadvantageous genetic
endowments to be offset by conducive school environments and vice versa.”

The series in triangles indicates analogous complementarity parameters for genetic endow-
ments and a summary index of family socio-economic status (SES).”> Consistent with Pa-

22 Gene-environment interactions on binary outcomes may be misinterpreted when estimated in a linear proba-
bility model. As a remedy Domingue et al. (2020) recommend to present results for the underlying continuous
variable, i.e. years of education in the case of this paper. Reassuringly, our results for years of education are in
line with our results for educational degrees.

21n particular we use the "social origins score" from Belsky et al. (2018) measured at wave 1. Results for
alternative measures of family SES such as family income or potential wages of either parent are similar and
available upon request.
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pageorge and Thom (2020) and Buser et al. (2021a), the complementarity between genetic
endowments and family SES increases across the educational life-cycle of individuals. The
differential complementarity patterns of school investment and family SES point to the com-
plexity of the skill production function where endowments and different investments interact
in distinct and time-variant ways across the life-cycle of individuals.

Skill Formation. In section 5.3, we formulated educational attainment Y; as a function of child
skills 6, at the end of childhood. Skills that influence educational attainment are multidimen-
sional and comprise a broad set of health indicators and (non-)cognitive skills (Almlund et al.,
2011; Heckman and Mosso, 2014). Furthermore, an emerging literature provides evidence for
each of these skill dimensions being partially shaped by genetic influence (Demange et al.,
2020; Buser et al., 2021a; Demange et al., 2021).

We evaluate these potential channels by analyzing the associations of PGS™ and lQuality With a
set of intermediate outcomes. In terms of health outcomes, we focus on subjective health
as measured by quality-adjusted life years (QALY) and objective health as measured by an
index that comprises information about whether the respondent is obese, afflicted by stage
one hypertension, or has high cholesterol. In terms of cognitive skills, we use the Picture
Vocabulary Test (PVT) as a measure for verbal intelligence. Lastly, we focus on personality
and preferences as two distinct conceptualizations of non-cognitive skills (Becker et al., 2012;
Humphries and Kosse, 2017). In particular, we focus on risk aversion and patience, and the
Big Five personality traits. All measures are collected in waves 3 and 4 of Add Health, and
hence after respondents had left high school but potentially before they had concluded their
highest level of education (see Supplementary Material A5.3 for details).

Health, cognitive skills, risk aversion, and patience have been shown to be strong predic-
tors of educational attainment (Jackson, 2009; Burks et al., 2015; Castillo et al., 2018a,b).
Furthermore, openness and emotional stability—the inverse of neuroticism—are positively
associated with educational attainment (Becker et al., 2012; Buser et al., 2021b). Based on
this evidence, we expect positives association of both PGS™ and lquality With each of these
intermediate outcomes. The sign of the gene-environment interaction is a priori unclear.
However, in view of the substitutability of PGS™ and lquality in the production of educational
attainment, we expect similar substitutability patterns for a subset of these intermediate
outcomes as well.

Table 5.5 summarizes the results. In column (1)-(2) of Panel (a), we focus on health outcomes.
In line with expectations, our results show a positive association of PGS™ with both su bjective
and objective health. A 1 SD increase in PGS™ increases subjective (objective) health by
0.069 SD (0.043 SD). Furthermore, the negative coefficient on the interaction of PGS™ and
lquality SUggests that this increase is particularly pronounced for low PGS™ students: a1 SD
increase in teacher quality reduces the positive association of subjective health with the
PGS™ by ~ 41% (= 0.028/0.069).
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In column (3) of Panel (a), we focus on the PVT as a measure of cognitive skills. In line with
expectations, our results show positive associations of both PGS™ and lquality With the PVT.
A 1SD increase in PGS™ (Iquality) is associated with a 0.181 SD (0.102 SD) increase in the PVT.
Furthermore, both factors are substitutes for each other. A1 SD increase in teacher quality
reduces the positive association of PVT and PGS™ by = 19% (= 0.034/0.181).

In columns (4)-(5) of Panel (a), we focus on economic preferences. In line with expectations, we
find strong positive associations of PGS™ with both risk aversion and patience. A1SD increase
in PGS™ is associated with a 0.038 SD (0.074 SD) increase in risk aversion (patience). Further-
more, PGS™ and lquality @re substitutes for each other. A 1 SD increase in lgy,iiy reduces the
positive associations of risk aversion and patience with the PGS™ by ~ 124% (= 0.046/0.037)
and = 59% (= 0.044/0.074), respectively.

In Panel (b), we focus on personality traits. In line with expectations, we find a positive
association of PGS™ with openness and a negative association of PGS™ with neuroticism.
However, gty is Not predictive of any of the Big Five dimensions. Furthermore, we do not
find evidence for complementarity of PGS™ and lquality in the production of personality traits.

To summarize: we find negative gene-environment interactions of genetic endowments and
teacher quality in the production of subjective health, cognitive skills, risk aversion and pa-
tience. Given their predictive power for educational attainment, these intermediate outcomes
are plausible channels to explain the substitutability of genetic endowments and teacher
quality in the production of educational attainment.

5.6 Conclusion

The question of how natural endowments and environmental factors determine life outcomes
has a long history of inquiry in philosophy and science (Descartes, 1641; Locke, 1690; Lamarck,
1838; Darwin, 1859). The assumption that life outcomes are the result of genetic and en-
vironmental factors initially led to the so-called "nature versus nurture" debate. However,
current research has moved beyond this simplistic dichotomy and recognizes that individual
life outcomes are the result of a complex interplay between nature and nurture. Importantly,
this insight illustrates that the importance of genetic endowments for life outcomes is not
immutable. Instead, it opens an avenue for policy interventions that shape the relevant
environment.

In this paper, we contribute to this research agenda by studying the interplay of genetic
endowments and schooling environments in the production of educational outcomes. Making
use of recent advances in molecular genetics, we link an individual-level index of genetic
predispositions for educational success with measures of our environmental factors of interest,
namely teacher "quality" and "quantity" during high school. In turn, we can investigate directly
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whether the importance of genetic endowments varies by the quality of their high school
environments.

Our findings suggest that school investments have the potential to cushion the genetic gradi-
ent in educational attainment. However, this conclusion depends on the particular type of
investment. On the one hand, increases in "teacher quality" offset genetic disadvantages. On
the other hand, we do not find any substitutability with respect to "teacher quantity." Our
findings furthermore suggest that increased gains in educational attainment for students of
low genetic endowments are mediated by gains in subjective health, cognitive skills and risk
aversion, and patience.

Genes are important co-determinants of many life outcomes, including education. However,
although they are fixed at conception, their importance can be mediated by suitable policy
intervention. In the case of education, increasing the quality of teachers in high schools may
provide an important step to leveling the playing field for all students regardless of their draw
in the genetic lottery.
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Figure 5.1: Rotated loadings on factors for school characteristics
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Notes: Own Calculations. This figure shows the rotated factor loadings on lgyaiity and lguantity - The principal
component analysis is conducted using the following school-level information: (i) average class size, (ii) average
student-teacher ratio, (iii) share of teachers with a Master degree, (iv) share of new teachers in the current school
year, (v) share of teachers with school-specific tenure of more than five years, and Herfindahl indices to measure
teacher diversity with respect to (vi) race and (vii) Hispanic background. Data source: National Longitudinal
Study of Adolescent to Adult Health.
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Figure 5.2: Association of educational attainment with PGS > lqualityy aNd lguantity
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Notes: Own Calculations. This figure visualizes the correlation of completed years of education with PGS » lQuality
and lguantity, respectively. We bin scatterplots using 20 quantiles of the variable of interest. Gray bars indicate
density distributions of the (residualized) variable of interest. Black lines are fitted from linear regressions of
educational attainment on the variable of interest. In the left-column we control for state fixed effects, only. In the
right column we introduce the full set of control variables. Child Controls: Gender times birth cohort dummies,
20 principal components of the full matrix of genetic data. Family Controls: Age of mother at birth, years of
education of both mother and father, average potential wages of both mother and father, the standard deviation
of potential wages of both mother and father, a dummy for Christian religion, state fixed effects. Significance
Levels: *p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors are clustered at the school level. Data source:
National Longitudinal Study of Adolescent to Adult Health
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Figure 5.3: PGS® distribution by lquality and lguantity
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Notes: Own Calculations. This figure shows unconditional PGS™ distribution by terciles of both lgyaiiyy and
lquantity The central point indicates the median, the bar indicates the interquartile range. The density is represents
the estimated Epanechnikov kernel density. Data: National Longitudinal Study of Adolescent to Adult Health

238 School Curricula, Educational Trajectories, and Labor Market Outcomes



5 Genetic Endowments, Educational Outcomes and School Investments

Figure 5.4: Association of PGS™ with years of education by lgyaiity
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Notes: Own Calculations. This figure shows a prediction of completed years of education by PGS and lquatity cell.
Predictions are calculated from the model estimated in column (3) of Table 5.2. Data source: National Longitudinal
Study of Adolescent to Adult Health
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Figure 5.5: Association of PGS™ and school/family environments with degree attainment
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Notes: Own Calculations. This figure shows point estimates and 95% confidence bands of interaction associ-
ations between PGS™ and school/family environments during childhood with completed education degrees.
Estimates follow the specification of equation (5.7). Child Controls: Gender times birth cohort dummies, 20
principal components of the full matrix of genetic data. Family Controls: Age of mother at birth, years of education
of both mother and father, average potential wages of both mother and father, the standard deviation of potential
wages of both mother and father, a dummy for Christian religion, state fixed effects. Standard errors are clustered
at the school level. Data source: National Longitudinal Study of Adolescent to Adult Health
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Table 5.1: Summary statistics

N=3, 081; Siblings=525; High Schools=77

Mean SD Min Max
Educational Attainment
Years Education 14.81 2.25 8.00 20.00
High School Degree 0.97 0.18 0.00 1.00
2-year College Degree 0.53 0.50 0.00 1.00
4-year College Degree 0.42 0.49 0.00 1.00
Post-Graduate Degree 0.15 0.36 0.00 1.00
Variables of Interest
PGS™ 0.00 1.00 -4.18 3.35
| quality 0.00 1.00 -3.41 1.91
| Quantity 0.00 1.00 -3.25 3.21
Child Background Characteristics
Female 0.55 0.50 0.00 1.00
Age in Months (Wave 1) 193.64 19.76 144.00 256.00
Maternal Age at Birth 25.49 4.83 16.00 44.33
Christian 0.82 0.38 0.00 1.00
Education Mother (in Years) 13.63 2.50 8.00 19.00
Education Father (in Years) 13.67 2.68 8.00 19.00
Potential Wage/Hour Mother 12.61 1.38 9.45 14.27
Potential Wage/Hour Father 15.48 1.31 11.14 17.11

Notes: Own Calculations. This table shows summary statistics for the core analysis sample. The sample is
restricted to genotyped individuals of (i) European descent, (ii) who visited an Add Health high school or an
associated feeder school in wave 1, and (iii) who graduated from the same school. Observations with missing
information in any of the displayed variables are dropped by list-wise deletion. Data source: National Longitudinal
Study of Adolescent to Adult Health
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Table 5.2: Association of PGS™ and school environments with years of education

Baseline Oster (2019)
Outcome:
Years of Education (1) (2) (3) (4)
pGSEA 0.374™"" 0.376"*" 0.371""" 0.202°**
(0.033) (0.037) (0.033) (0.044)

o 0.227*** 0.222*** 0.047
Quality (0.081) (0.083) (0.078)

EA -0.073™" -0.072™" -0.082""
PGS™ X lquaiit (0.033) (0.033) (0.035)
. ) 0.064 0.062 -0.012
Quantity (0.068) (0.058) (0.066)

EA 0.036 0.026 -0.031
PGS™ X lquantity (0.035) (0.031) (0.040)
Child Controls v v v v
Family Controls v v v v
N 3,081 3,081 3,081 3,081
R’ 0.335 0.332 0.335 -
Roax = = - 0.436
Outcome Mean 14.810 14.810 14.810 14.810
Outcome SD 2.250 2.250 2.250 2.250

Notes: Own Calculations. This table shows the joint association of PGSEA, Iquatity @nd lguantity With completed
years of education. The first panel establishes our baseline estimates. The second panel displays bias-adjusted
treatment effects following the procedure of Oster (2019). We impose R%ax by multiplying R? from column (3)
with 1.3. Child Controls: Gender times birth cohort dummies, 20 principal components of the full matrix of genetic
data. Family Controls: Age of mother at birth, years of education of both mother and father, average potential
wages of both mother and father, the standard deviation of potential wages of both mother and father, a dummy
for Christian religion, state fixed effects. All non-binary variables are standardized on the estimation sample to
have i, = 0, 0 = 1. Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors (in parentheses) are
clustered at the school level. Standard errors of bias adjusted treatment effects are bootstrapped based on 200
draws. Data source: National Longitudinal Study of Adolescent to Adult Health

242 School Curricula, Educational Trajectories, and Labor Market Outcomes



5 Genetic Endowments, Educational Outcomes and School Investments

YijesH NPy 03 JUSIS3|0pY Jo ApN3S jeuipni3uoT |eUOIIeN :924N0S B1e( |9A3] [00YDS 3U3 3B paJalsn)d aJe (sasayjusied ul) s1044 piepuels
TO0 > d 4y ‘GO0 > d ., ‘0T°0 > d, :S]9AT DURIHIUSBIS T = 0 ‘) = 17 aneYy 03 djdwes uoj3ew IS 9y} UO PazipJepue)s ale sajgelien Aleuig-uou ||y 'S}0a4d paxiy
93e)s ‘uoi3ija) uensyD 40y Awwinp e 4ayie; pue Jsyjow yiod jo sadem |eiuajod o UoI3eIASP pJepue)s ay3 Uayie} pue Jayjow yiog jo sadem jeipuajod a3esane
19Y3e} pue J9Yjow Yy3oq JO UOI3eINPa JO Siedk ‘YMiq 1e Jayjow Jo a3y :5]0J3u0) Ajiwp ‘ejep 2139uad Jo Xi43ew |)nj ay3 jo syusuodwod jedpuud g ‘ssiwwnp
MOY0D Yuig Sawl} J2puan :j0/3u0) pjiyD Japesy UWN|od ayj ul pajedipul aJe s3saloeleyd |00Yds JUBAS|a) BYL | SO YIM UOIIdRISIUL IISY) pue SoiisLIa)oeleyd
]OOU2S |RUOI}IPPE 10} |0JIUOD S\ "UOIIRINPS JO SIeak pa3ajdwod yym MHuend| pye Anend| “<mmon_ Jo uonedosse julof ay3 SMoys a)gey Siy | 'suolejndjed umQ :SajoN

STE0 8EE0 6€€°0 8€€°0 EVE0 EVE0 vrE0 GEE0 24
€LL°T 666 ‘C 666 ‘C 666 ‘C 696G €96 ‘T €96 ‘C 180°¢ N
A A A A A A A A sj043u03 Aj1wey
A A A A A A A YA $]043U0D PJIYD
(1€0°0) (6£0°0) (0£0°0) (T70°0) (5€0°0) (6£0°0) (cv00) _ dRsuspeIey) j0oydS
910°0- 620°0 ¥20°0 2000 9%0°0- 1€0°0 10°0- X 359d
(290°0) (cL00) (920°0) (z50°0) (5¥0°0) (60°0) (s50°0) ~ SSLIIEIRYD 00U
L60T°0 1,00 80T°0- €00°0 wnCIT0 exx TOT0" R CTA
(¥€0°0) (ze00) (ze00) (z€0°0) (0€0°0) (ze00) (820°0) (1€0°0) Rnuend) ey
0£0°0 7200 9200 1700 ¥20°0 0£0°0 LT0°0 9200 v
(890°0) (190°0) (250°0) (€90°0) (950°0) (950°0) (650°0) (850°0) Ranuend
¥10°0 0£0°0 8€0°0 §50°0 LT0°0- 110°0- €€0°0- 790°0
(5€0°0) (s€0°0) (s€0°0) (5€0°0) (¥€0°0) (€€0°0) (9€0°0) (€€0°0) R % oy
12070 469070 1 £20°0- 44 CL0°0- 24 9L0°0- 4+ £L0°0- 4y L2070 £ CLO0 v
(580°0) (€60°0) (880°0) (160°0) (€£0°0) (z80°0) (cL00) (€80°0) farend
L ILT°0 H1ET0 ++S6T°0 6000 R A Al exx 1200 «0ST°0 exxCCT0
(g€0°0) (s€0°0) (s€0°0) (5€0°0) (#€0°0) (5€0°0) (s€0°0) (€€0°0) <94
exxL9E0 4 #489€°0 «xx89€°0 +xx0LE0 +xx09E°0 4wy x0LE0 erx TOE0 exn TLEO v
(8) (L) (9) (S) (¥) (€) (@ (T) uo13edNPF JO SIedA
dsy sjualied Jayle4 :9WO01N0
‘pesy Jenos s3niq 239110 9)8uls onp3
(Vd9) VA saljod sanspseIRY) sulpseq
Jooyos + uolpues jooyods + J99d |00YoS +

So13s119)oeIRYD |00YDS |RUOI}IPPE 0} SSBUISNQOY :€°S dqel

243

School Curricula, Educational Trajectories, and Labor Market Outcomes



5 Genetic Endowments, Educational Outcomes and School Investments

Table 5.4: Robustness to family environments

Outcome:
Years of Education

Outcome:
Parental Investment

Outcome:
Years of Education

Baseline Full Mother Father Endogenous
Interaction Controls
(1) (2) 3) (4) (5)
pGsE 0.371°** 0.414*** 0.044™* 0.058"** 0.339"**
(0.033) (0.086) (0.017) (0.017) (0.099)
. 0.222*** 0.198" 0.004 0.034 0.219"
Quality (0.083) (0.116) (0.043) (0.042) (0.126)
pGSE x | -0.072"" -0.092*** -0.013 -0.009 -0.098™*
Quality (0.033) (0.035) (0.014) (0.016) (0.040)
. 0.062 0.064 0.015 -0.013 0.061
Quantity (0.058) (0.093) (0.040) (0.036) (0.112)
pGSE x| 0.026 0.008 -0.019 -0.031" 0.014
Quantity (0.031) (0.032) (0.018) (0.016) (0.037)
Child Controls v v v v v
Family Controls v v v v v
Full Interaction X v X X v
Endogenous Controls X X X X v
N 3,081 3,081 3,081 2,541 2,125
R? 0.335 0.354 0.101 0.078 0.379

Notes: Own Calculations. The first panel of this table shows the joint association of PGS™, lquality @and lguantity With
completed years of education. In column (2) we control for all possible interactions between PGS™ IQuality @and
Iquantity and the control variables. The second panel of this table shows the joint association of PGSEA, lQuality and
lquantity With an index of parental time investments. The third panel of this table shows the joint association of
PGSEA, lquality @nd lguantity With completed years of education while accounting for endogenous control variables.
Endogenous control variables include the index for maternal time investments, the index for paternal time
investments, and log family income. Child Controls: Gender times birth cohort dummies, 20 principal components
of the full matrix of genetic data. Family Controls: Age of mother at birth, years of education of both mother and
father, average potential wages of both mother and father, the standard deviation of potential wages of both
mother and father, a dummy for Christian religion, state fixed effects. All non-binary variables are standardized
on the estimation sample to have . = 0, 0 = 1. Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
Standard errors (in parentheses) are clustered at the school level. Data source: National Longitudinal Study of
Adolescent to Adult Health
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Table 5.5: Association of PGS™ and school environments with skill measures

Health Cognitive Preferences
Panel(a) Subjective Objective PVT Risk Patience
(1) (2) 3) (4) (5)
pGSEA 0.069™** 0.043"* 0.181*** 0.038™* 0.074™**
(0.017) (0.018) (0.017) (0.015) (0.017)
L 0.021 0.032 0.102"** 0.047 0.045
Quality (0.042) (0.036) (0.039) (0.030) (0.038)
PGSE x 1. - -0.028™" -0.000 -0.034" -0.046™"" -0.044™""
Quality (0.014) (0.020) (0.018) (0.015) (0.013)
Child Controls v v v v v
Family Controls v v v v v
N 3,081 3,081 3,001 3,077 3,077
R? 0.078 0.054 0.207 0.112 0.096
Personality
Panel (b) Open- Conscient- Extra- Agree- Neuro-
ness iousness version ableness ticism
(1) (2) 3) (4) (5)
pGSE 0.073"** -0.017 -0.006 0.038" -0.084***
(0.017) (0.017) (0.019) (0.020) (0.019)
Lo 0.038 -0.031 -0.043 0.057 -0.018
Quality (0.033) (0.036) (0.030) (0.037) (0.033)
PGSEA x o 0.012 -0.007 -0.001 -0.007 0.023
Quality (0.013) (0.015) (0.023) (0.019) (0.019)
Child Controls v v v v v
Family Controls v v v v v
N 3,059 3,079 3,075 3,077 3,077
R2 0.084 0.041 0.031 0.133 0.092

Notes: Own Calculations. This table shows the joint association of PGSEA, lQuatity @nd lguantity With health, cognitive
skills, preferences, and personality. Child Controls: Gender times birth cohort dummies, 20 principal components
of the full matrix of genetic data. Family Controls: Age of mother at birth, years of education of both mother and
father, average potential wages of both mother and father, the standard deviation of potential wages of both
mother and father, a dummy for Christian religion, state fixed effects. All non-binary variables are standardized
on the estimation sample to have y = 0, 0 = 1. Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
Standard errors (in parentheses) are clustered at the school level. Data source: National Longitudinal Study of
Adolescent to Adult Health
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Appendix
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A5.1 Supplementary Tables
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Table A5.1: Sample representativeness

Population (Cohorts 1974-1983) Analysis Sample
All Non-Hispanic White Unweighted Re-Weighted

Gender

Male 0.498 0.503 0.453 0.503

Female 0.502 0.497 0.547 0.497
Education Mother

< High School 0.536 0.489 0.494 0.489

> High School; < College Degree 0.281 0.302 0.217 0.301

> College Degree 0.183 0.209 0.289 0.210
Education Father

< High School 0.472 0.425 0.491 0.425

> High School; < College Degree 0.255 0.271 0.196 0.271

> College Degree 0.273 0.304 0.312 0.303
Age Mother at Birth

< 25 Years 0.353 0.330 0.485 0.330

= 25 Years 0.647 0.670 0.515 0.670
Parental Income

< $50,000 0.557 0.491 0.531 0.516

> $50,000; < $100,000 0.352 0.403 0.390 0.401

> $100,000 0.091 0.106 0.079 0.083
Education Respondent

< High School 0.301 0.225 0.181 0.173

> High School; < College Degree 0.327 0.344 0.399 0.402

> College Degree 0.372 0.431 0.419 0.425

Notes: Own Calculations. This table shows summary statistics of the core analysis sample in comparison to
other population samples. It shows respondents’ characteristics for the following samples: (i) the US population
from birth cohorts 1974-1983, (ii) the Non-Hispanic White US population from birth cohorts 1974-1983, (iii)
the core estimation sample, and (iv) the core estimation sample re-weighted to match (ii) with respect to
Gender, Education Mother, Education Father, and Age Mother at Birth. Population data on Gender and Education
Respondent from IPUMS ACS 2019 (Ruggles et al., 2020). Population data on Education Mother, Education Father,
Age Mother at Birth, and Parental Income from IPUMS CPS 1994 (Flood et al., 2020). Data source: National
Longitudinal Study of Adolescent to Adult Health, American Community Survey (ACS), Current Population Survey
(CPS)
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Table A5.2: Association of PGS and years of education: Comparing between-family and
within-family models

Between-Family Within-Family
Outcome:
Years of Education (1) (2)
Pos™ Py P
oty 0.226"** B
(0.083)
luantiy 0.063 ~
(0.057)
Child Controls v v
Family Controls v v
Sibling Fixed Effect X v
N 3,081 525
R? 0.334 0.785
Outcome Mean 14.810 14.928
Outcome SD 2.250 2.262

Notes: Own Calculations. This table shows the joint association of PGSEA, Iquatity @nd lguantity With completed
years of education. The first panel establishes our baseline estimates based on a between-family model. The
second panel displays results from a family fixed effect model using within-family variation only. Child Controls:
Gender times birth cohort dummies, 20 principal components of the full matrix of genetic data. Family Controls:
Age of mother at birth, years of education of both mother and father, average potential wages of both mother
and father, the standard deviation of potential wages of both mother and father, a dummy for Christian religion,
state fixed effects. All non-binary variables are standardized on the estimation sample to have , = 0,0 = 1.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors (in parentheses) are clustered at the
school level. Data source: National Longitudinal Study of Adolescent to Adult Health
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Table A5.3: Tests for equality of PGS® distributions

Terciles of lguality / lquantity

1 2 °
Panel (a): louqiity
1 ) ) _
) 0.66 g i
3 0.25 0.77 -
Panel (b): lgyantity
1 ) ) _
5 0.77 - )
3 1.00 0.70 -

Notes: Own Calculations. This table shows the results of pairwise Kolmogorov-Smirnov tests for the PGS™ dis-
tributions within different terciles of lgyaiity and lguantity, respectively. Results are summarized by the p-value for
the null hypothesis that the two PGS distributions are equal within the corresponding terciles of lg,jiy and
Iquantity. Data source: National Longitudinal Study of Adolescent to Adult Health
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Table A5.4: Alternative polygenic scores

+ Controls for

Baseline Other Polygenic Scores
Body Mass ADHD Depressive Intelligence Ever Sleep
Outcome: Index Symptoms Smoker  Duration
Years of Education (1) (2) (3) (4) (5) (6) (7
pGSE 0.371""*  0.357**" 0.346™™" 0.372"** 0.358™** 0.347"""  0.374™""
(0.033) (0.035) (0.032) (0.034) (0.039) (0.038) (0.033)
. 0222""  0.2277""  0.223""" 0226 0228""  0.225"""  0.227"""
Quality (0.083) (0.082) (0.081) (0.081) (0.081) (0.080) (0.081)
pGSE x 1. - -0.072"*  -0.084* -0.074™* -0.073** -0.079™* -0.080"*  -0.073"*
Quality (0.033) (0.036) (0.033) (0.034) (0.037) (0.037) (0.033)
-0.070**  -0.130"*" -0.024 0.029 -0.128™"*  -0.004
Other PGS - (0.032)  (0.034)  (0.032) (0.040) (0.041)  (0.032)
-0.037 0.019 0.007 0.011 -0.019 0.003
Other PGS X lguaiy } (0.037) (0.031) (0.030) (0.040) (0.039)  (0.034)
i ontrols
Child € [ v v v v v v v
Family Controls v v v v v v v
N 3,081 3,081 3,081 3,081 3,081 3,081 3,081
R? 0.335 0.336 0.338 0.335 0.335 0.338 0.335

Notes: Own Calculations. This table shows the joint association of PGSEA, Iquatity @nd lguantity With completed
years of education. We control for other PGS and their interaction with lguaiity and lguantity - The relevant PGS are
indicated in the column header. Child Controls: Gender times birth cohort dummies, 20 principal components of
the full matrix of genetic data. Family Controls: Age of mother at birth, years of education of both mother and
father, average potential wages of both mother and father, the standard deviation of potential wages of both
mother and father, a dummy for Christian religion, state fixed effects. All non-binary variables are standardized
on the estimation sample to have . = 0, 0 = 1. Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01.
Standard errors (in parentheses) are clustered at the school level. Data source: National Longitudinal Study of

Adolescent to Adult Health
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Table A5.5: Robustness to sample composition

Baseline Alternative Sample Composition
Re- Excl. all Inc. all
Outcome: 1) Weighted (Potential) Movers (Potential) Movers
Years of Education (2) (3) (4)
pGSEA 0.371%** 0.359*** 0.360"** 0.381**"
(0.033) (0.035) (0.040) (0.028)
. 0.222%** 0.198"* 0.154 0.217°**
Quality (0.083) (0.084) (0.099) (0.078)
pGSE x| - -0.072** -0.073%" -0.068™ -0.050"
Quality (0.033) (0.034) (0.039) (0.029)
- 0.062 0.049 0.067 0.050
Quantity (0.058) (0.062) (0.069) (0.075)
PGSE . 0.026 0.037 0.013 0.037
Quantity (0.031) (0.034) (0.035) (0.023)
Child Controls v v v v
Family Controls v v v v
N 3,081 3,027 2,526 4,185
R? 0.335 0.315 0.328 0.319

Notes: Own Calculations. This table shows the joint association of PGSEA, Iquatity @nd lguantity With completed
years of education. In column (2) we re-weight our analysis sample to match ACS and CPS with respect to gender
composition, educational attainment of parents, and the age of mothers at birth—see also Appendix Table
A5.1. In column (3) we exclude respondents that visit feeder schools in wave 1 and for whom we do not have
information on subsequent high schools. In column (4) we include respondents that are in Add Health high
schools in wave 1 and for whom we do not have information on subsequent high schools. Child Controls: Gender
times birth cohort dummies, 20 principal components of the full matrix of genetic data. Family Controls: Age
of mother at birth, years of education of both mother and father, average potential wages of both mother and
father, the standard deviation of potential wages of both mother and father, a dummy for Christian religion,
state fixed effects. All non-binary variables are standardized on the estimation sample to have 4 = 0,0 = 1.
Significance Levels: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors (in parentheses) are clustered at the
school level. Data source: National Longitudinal Study of Adolescent to Adult Health
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A5.2 Supplementary Figures

Figure A5.1: Top 3 school expenditure categories (in % of total)

.5
Teacher Instructional Expenditures
4
3
2
Capital Outlay

e \Operation and Maintenance

I I I I

2001/02 2005/06 2010/11 2015/16

Notes: Own Calculations. This figure shows per-pupil expenditures shares in public elementary and secondary
schools in the US. Teacher Instructional Expenditures includes teachers’ salaries and employee benefits. Capital
Outlay includes expenditures for property and for buildings and alterations completed by school district staff or
contractors. Operation and Maintenance includes expenditures for the supervision of operations and mainte-
nance, the operation of buildings, the care and upkeep of grounds and equipment, vehicle operations (other
than student transportation) and maintenance, and security. Data source: Common Core of Data (CCD), National
Public Education Financial Survey
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Figure A5.2: Sensitivity to unobserved confounders

Point Estimate

t-Statistic

1 a1
.08 .08
.06 - .06 -
.04+ .04+
« .02 ®.4x .02 ®.4x
% ®2x ® 2x
5 0-{ ¢ 0.371 (Baseline) 0-{ ¢ 10.544 (Baseline)
T T T T T T T T T T T
E 0 .02 .04 .06 .08 0 .02 .04 .06 .08 1
o
n
&
S‘j 1 N
- .08 - .08 -
=
2 .06 - .06 -
£ 04 04
)
Fg .02 .02
5 ®2x ®2x
8 0-{ ¢ 0.222 (Baseline) 0-{ ® 3.345 (Baseline)
T T T T T T T T T T T
8 0 .02 .04 .06 .08 0 .02 .04 .06 .08 1
8 IQuality
©)
o 1 N
~
= .08~ 08
B
"(g .06 - .06 -
o ® 10x (Paterna ® 10X (Paterna
.04 @8x 04 - ®8x
® 6X ® 6x
.02 - ®4x .02 -{ ®4x
[ A% ®2x
0 -  -0.072 (Baseline) 0-{ ¢ -2.215 (Baseline)
I I I I I I I I I I I
0 .02 .04 .06 .08 0 .02 .04 .06 .08 1
EA EA
PGS™ x IQuaIity PGS™ x IQuality

Notes: Own Calculations. This figure shows the sensitivity of the point estimates for PGSEA, lQuality, and their
interaction to unobserved confounding variables. Following the procedure of Cinelli and Hazlett (2020), we
calculate the bias-adjusted treatment effect of PGS™and lquality @nd their interaction under different assumptions
about the partial R? of confounding variables with the variables of interest and the partial R? of confounding
variables with years of education. Each contour line shows point estimates (left-hand panel) and t-statistics
(right-hand panel) for different combinations of the two partial R*. Each circle shows resulting values for different
multiples of confounders as strong as parental education. Diamonds show baseline estimates from Table 5.2.
Standard errors are clustered at the school level. Data source: National Longitudinal Study of Adolescent to
Adult Health
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A5.3 Data Appendix
Outcome Variables

Educational Attainment. We measure educational attainment by total years of education.
In each wave, respondents were asked about their highest level of education at the time
of the interview. For each respondent, we use the most recent information and transform
education levels into years of education following the mapping suggested by Domingue et al.
(2015). Numeric values in parentheses: eighth grade or less (8), some high school (10), high
school graduate (12), GED (12), some vocational/technical training (13), some community
college (14), some college (14), completed vocational/technical training (14), associate or
junior college degree (14), completed college (16), some graduate school (17), completed a
master’s degree (18), some postbaccalaureate professional education (18), some graduate
training beyond a master’s degree (19), completed post-baccalaureate professional education
(19), completed a doctoral degree (20).

We use the most recent available information to construct the following measures for educa-
tional degrees: High School (including GED), 2-year College, 4-year College, and Post-Graduate.
Two-year college degrees include associate and junior college degrees as well as vocational
and technical training after high school. Four-year college degrees include bachelor’s degrees.
Post-graduate degrees include master’s degrees, doctoral degrees, and post-baccalaureate
professional degrees. If available, information is taken from wave 5; otherwise we take it from
waves 4 or 3, respectively. We only include respondents for which we observe educational
degrees when they are at least 27 years old at the time of observation. We assume an ordinal
ranking of degrees (high school < 2-year college < 4-year college < post-graduate) and assign
the possession of a lower-ranked degree if a respondent obtained a higher-ranked degree.
For example, we assume that a respondent has finished high school if he or she has obtained
a college degree, even if we don’t have explicit information about high school graduation
status.

Health. We proxy subjective health by quality-adjusted life years (QALY) that we derive from
self-assessed health (SAH) measures. We use information from waves 3 and 4, where partici-
pants were asked “in general, how is your health?” We convert their (categorical) responses
into a continuous measure using a mapping proposed by Van Doorslaer and Jones (2003).
Using information about objective health—the Health Utility Index Mark [ll—Van Doorslaer
and Jones (2003) scale the intervals of the SAH categories. This approach yields “quality
weights” for health between 0 and 1. The values for each health status category are as follows
(quality weights in parentheses): “excellent” (0.9833), “very good” (0.9311), “good” (0.841),
“fair” (0.707), and “poor” (0.401)." We average resulting QALY measures across waves 3 and 4.

We construct an index of objective health based on information from wave 4. Specifically,
we sum the standardized values about whether a respondent (i) is obese, (ii) has stage one

! See Table 4 in Van Doorslaer and Jones (2003).
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hypertension, and (iii) has high cholesterol (as indicated by the respondent). Each item was
answered with either “yes” (= 1) or “no” (= 0). We reverse-code our measure of objective health
such that higher values indicate better health.

Cognitive Skills. The Picture Vocabulary Test (PVT) is a test for receptive hearing vocabulary
and is a widely-used proxy for verbal ability and scholastic aptitude. To administer the PVT,
an examiner presents a series of pictures to the respondent. There are four pictures per page,
and the examiner speaks a word describing one of the pictures. The respondent then has
to indicate the picture that the word describes. In our analysis we use age-adjusted PVT
percentile ranks from wave 3 (Harris, 2020).

Preferences. We construct two measures of preferences: risk aversion and patience. In waves
3 and 4, participants were asked (i) whether they like to take risks, and (ii) whether they live
their life without much thought for the future. Questions were answered on a five-point Likert
scale ranging from “strongly agree” to “strongly disagree.” We reverse-code both measures
and use averages from waves 3 and 4 in our analysis.

Personality. The Big Five personality traits are openness to experience, conscientiousness,
extraversion, agreeableness, and neuroticism (Almlund et al., 2011). We use information from
wave 4 to construct personality measures. Participants were asked a set of questions that
each relate to one of the five personality traits. Questions were answered on a five-point Likert
scale ranging from “strongly agree” to “strongly disagree.” We use averages of the following
questions in our analysis. Openness: (i) “l have a vivid imagination,” (ii) “I have difficulty
understanding abstract ideas” (reverse-coded), (iii) “l am not interested in abstract ideas”
(reverse-coded), (iv) “l do not have a good imagination” (reverse-coded). Conscientiousness:
(i) “I get chores done right away,” (ii) “I like order,” (iii) “I often forget to put things back in their
proper place” (reverse-coded), (iv) “I make a mess of things” (reverse-coded). Extraversion:
(i) “I am the life of the party,” (ii) “I talk to a lot of different people at parties,” (iii) “l don’t talk
a lot” (reverse-coded), (iv) “I keep in the background” (reverse-coded). Agreeableness: (i) “I
sympathize with others’ feelings,” (ii) “I feel others’ emotions,” (iii) “l am not interested in other
people’s problems” (reverse-coded), (iv) “I am not really interested in others” (reverse-coded).
Neuroticism: (i) “I have frequent mood swings,” (ii) “I get upset easily,” (iii) “ am relaxed most
of the time” (reverse-coded), (iv) “l seldom feel blue” (reverse-coded).

Parental Investment. To measure parental time investments, we use information on a series of
activities that children have done with their mother or father in the last four weeks. Specifically,
the child is asked whether he or she has (i) gone shopping, (ii) played a sport, (iii) gone to a
religious service or church-related event, (iv) talked about someone he or she is dating, or a
party he or she went to, (v) gone to a movie, play, museum, concert, or sports event, (vi) had a
talk about a personal problem he or she was having, (vii) had a serious argument about him
or her behavior, (viii) talked about his or her school work or grades, (ix) worked on a project
for school, (x) talked about other things he or she is doing in school. Questions were answered
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with “yes” (= 1) or “no” (= 0). We standardize each response to have mean zero and standard
deviation one and then sum by parent (Kling et al., 2007; Anderson, 2008).

Variables of Interest

Polygenic Scores. Add Health obtained saliva samples from consenting participants in wave
4. After quality control procedures, genotyped data is available for 9,974 individuals and
609,130 SNPs. Add Health uses this data and calculates a set of different PGS using summary
statistics from existing GWAS. Our baseline measure PGS™ is based on statistics from Lee et al.
(2018). In our analysis, we also use the PGS for body mass index (BM/) (Yengo et al., 2018),
attention deficit hyperactivity disorder (ADHD) (Demontis et al., 2019), depressive symptoms
(Howard et al., 2019), intelligence (Savage et al., 2018), smoking (Liu et al., 2019), and sleep
duration (Jansen et al., 2019). All polygenic scores are standardized to = 0 and 0 = 1 on the
full sample of genotyped Add Health respondents.

School Characteristics. In wave 1 and 2, Add Health administered questionnaires to head-
masters of Add Health schools. We use this information to construct indicators for high school
investments using a principal components analysis that includes the following school-level
information: (i) average class size, (ii) share of teachers with a master degree, (iii) share of
new teachers in the current school year, (iv) share of teachers with school-specific tenure
of more than five years, and Herfindahl indices to measure teacher diversity with respect to
(v) race and (vi) Hispanic background.2 We also include school-level information about the
average student-teacher ratio (number of full-time students per full-time equivalent teach-
ers) in 1995/96 taken from the Common Core of Data (CCD) and the Private School Survey
(PSS). We apply a factor rotation for interpretability reasons (oblique oblimin rotation of the
Kaiser normalized matrix with v = 0; see Gorsuch, 1983). The first component loads almost
exclusively on average class size and average student-teacher ratio. Hence, we interpret this
component, /o,qnti, @S an indicator for the “quantity” of teachers. The second component
primarily loads positively on the percentage of teachers with a master degree and the share
of teachers with a tenure of more than five years; it loads negatively on the share of new
teachers in the current school year. We interpret this component, /o4, as an indicator for the
“quality” of teachers. Both factors are coded such that higher values indicate higher school
investments, i.e. higher teacher “quantity” investments (smaller classes) and higher teacher
“quality” investments (better teachers), respectively. The calculated factors are orthogonal to
each other by construction. They are standardized to ;x = 0 and o = 1 on the full sample of
Add Health high schools.’

% Herfindahlindices are calculated by first squaring the share of each component and then summing up resulting
values (i.e. H = Zf\il a?, where a; is the share of component i, and NV is the total number of components). For
the Herfindahl index for race, we include the schools’ share of full-time classroom teachers that are (i) White, (ii)
Black or African American, (iii) American Indian or Native American, (iv) and Asian or Pacific Islander. For the
Herfindahl index for Hispanic background, we include the schools’ share of full-time classroom teachers that are
(i) Hispanic or of Spanish origin, and (ii) neither Hispanic nor of Spanish origin.

* Notethatinan oblique rotation, factors may be slightly correlated.
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Table A5.6: Summary statistics (outcomes)

Obs. Mean SD Min Max

Educational Attainment

Years Education 3,081 14.81 2.25 8.00 20.00

High School Degree 3,081 0.97 0.18 0.00 1.00

2-year College Degree 3,081 0.53 0.50 0.00 1.00

4-year College Degree 3,081 0.42 0.49 0.00 1.00

Post-Graduate Degree 3,081 0.15 0.36 0.00 1.00
Health

Subjective 3,081 0.91 0.07 0.40 0.98

Obijective 3,081 0.03 1.94 -6.46 1.62
Cognitive Skills

Picture Vocabulary Test 3,001 59.94 25.94 0.00 100.00
Preferences

Risk Aversion 3,077 2.83 0.86 1.00 5.00

Patience 3,077 3.93 0.72 1.00 5.00
Personality

Openness 3,059 3.63 0.63 1.00 5.00

Conscientousness 3,079 3.65 0.70 1.25 5.00

Extraversion 3,075 3.33 0.77 1.00 5.00

Agreeableness 3,077 3.87 0.58 1.00 5.00

Neuroticism 3,077 2.56 0.70 1.00 5.00
Parental Time Investments

Mother 3,081 0.53 4.34 -8.51 14.89

Father 2,541 0.32 4,28 -6.47 16.74

Notes: Own Calculations. This table shows summary statistics for outcome variables in our core analysis sample.
The sample is restricted to genotyped individuals of (i) European descent, (ii) who visited an Add Health high
school or an associated feeder school in wave 1, and (iii) who graduated from the same school. Observations with
missing information in any of the displayed variables are dropped by list-wise deletion. Data source: National
Longitudinal Study of Adolescent to Adult Health
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Family Socio-Economic Status. We use the social origins factor score constructed by Belsky
et al. (2018). Their measure uses information about parental education, parental occupa-
tion, household income, and household receipt of public assistance in wave 1. The score is
standardized to ¢ = 0 and ¢ = 1 on the full sample of Add Health respondents in wave 1.

Table A5.7: Summary statistics (variables of interest)

Obs. Mean SD Min Max

Polygenic Scores

PGS™ 3,081 0.05 1.00 -4.13 3.39

BMI 3,081 -0.02 1.01 -3.42 3.56

ADHD 3,081 -0.05 1.00 -3.82 3.48

Depressive Symptoms 3,081 -0.02 1.01 -3.79 3.55

Intelligence 3,081 0.02 0.99 -3.30 4.06

Ever Smoker 3,081 -0.04 1.00 -4.25 4.25

Sleep Duration 3,081 0.02 0.99 -3.74 2.99
School Characteristics

| quality 3,081 0.07 1.17 -3.90 2.30

| Quantity 3,081 -0.03 1.02 -3.34 3.25
Family SES

Social Origins Factor Score 3,024 0.37 1.12 -4.40 3.51

Notes: Own Calculations. This table shows summary statistics for variables of interest in our core analysis sample.
The sample is restricted to genotyped individuals of (i) European descent, (ii) who visited an Add Health high
school or an associated feeder school in wave 1, and (iii) who graduated from the same school. Observations with
missing information in any of the displayed variables are dropped by list-wise deletion. Data source: National
Longitudinal Study of Adolescent to Adult Health

Control Variables

Child Characteristics. The child’s gender (female or male, as indicated by the interviewer) is
taken from the in-home questionnaire in wave 1.

We calculate the child’s age (in months) at each wave by subtracting the child’s birth date
from the date of interview. Because birth dates have minor inconsistencies across waves, we
take averages across waves 1 to 4.

We use the first 20 principal components of full matrix of the genetic data. The components
are obtained from a principal components analysis on the matrix of SNPs in Add Health (see
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Braudt and Harris, 2020, for a discussion). The principal components are standardized to
it = 0and o = 1on the full sample of genotyped Add Health respondents.

Family Socio-Economic Status. We use information from wave 1 to construct measures of
parents’ education. We transform parents’ highest degree into years of education following
the mapping suggested by Domingue et al. (2015). Numeric values in parentheses: never went
to school (0), eighth grade or less (8), some high school (10), completed vocational/technical
training instead of high school (10), went to school but level unknown (12), respondent doesn’t
know (12), high school graduate (12), GED (12), completed vocational/technical training after
high school (14), some college (14), completed college (16), professional training beyond a
master’s degree (19). Where available, mothers’ and fathers’ education refers to the resident
parent. If this information is not available, we use the biological parents’ education instead.

Information about mother’s age at birth (in years) is obtained from wave 1 if available, and
wave 2 otherwise. To calculate age at birth, we take information about mother’s age (as
indicated by the child) and subtract the age of the child at the respective wave.

Information about religion (Christian or not) is obtained from wave 1 (as indicated by the
child).

We calculate potential wages for population group ¢ in time period ¢ according to the following
formula (Shenhav, 2021):

A Ejg.1970 Eqjg,1970
w‘gt - - Eg71970 Eng1970 (T‘—O]ty_'r‘) X wO]t,—’I“7
J o
Ejg,1070 . - ) » Eojgt970
where describes the group-specific employment share of industry j in 1970, —=¢——=

Eg,1970 ’ E]'971970
describes the group- and industry-specific employment share of occupation o0 in 1970, 7, _,

describes the leave-region-out industry-specific employment growth in occupation o for year
t relative to 1970 (scaled by the overall employment growth in occupation o for year ¢ relative
t0 1970), and w,;; _; describes the leave-region-out average hourly wage paid in year ¢ for each
occupation/industry/region cell. We define groups ¢ by individuals that are homogeneous in
gender (male, female), educational attainment (< High School, High School, > High School),
and ethnicity (Non-Hispanic White, Hispanic, Non-Hispanic Black). We define regions r by
census regions (North-East, Midwest, South, West). Employment shares in 1970 are taken from
the 1970 decennial census. Employment shares and wages in periods ¢ are taken from the
March Supplements of the Current Population Survey (CPS) over the time period 1975-2000.
We match time series of w,, to the parents of respondents in Add Health based on information
about g. Then we calculate (i) mean potential wages across respondent ages 0-14, and (ii) the
standard deviation in potential wages across respondent ages 0-14.

School Characteristics. We use information about school peer characteristics from the in-
school questionnaire in wave 1. Specifically, for each school we calculate average years of
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education of students’ fathers, the share of single parents, and the average subjective like-
lihood of students to attend college. We transform the father’s highest degree into years of
education following the mapping suggested by Domingue et al. (2015). Numeric values in
parentheses: never went to school (0), eighth grade or less (8), some high school (10), went
to school but level unknown (12), respondent doesn’t know (12), high school graduate (12),
GED (12), completed vocational/technical training after high school (14), some college (14),
completed college (16), professional training beyond a four-year college (19). For college
aspiration, students indicate how likely it is that they will graduate from college. Responses
range from “no chance” (= 0) to “it will happen” (= 8). We define a student to have college
aspiration if his or her response is above “about 50-50” (= 4), and to have no college aspi-
ration otherwise. To prevent mechanical correlation between school peer characteristics
and respondent characteristics, we calculate averages and shares while excluding individual
respondents (leave-one-out).

We use information from the school administrator questionnaire in wave 1 to construct mea-
sures of sanction policies by means of a principal components analysis. School administrators
were asked what happens to a student who is caught in their school (i) cheating, (ii) fighting
with another student, (iii) injuring another student, (iv) possessing alcohol, (v) possessing an
illegal drug, (vi) possessing a weapon, (vii) drinking alcohol at school, (viii) using an illegal
drug at school, (ix) smoking at school, (x) verbally abusing a teacher, (xi) physically injur-
ing a teacher, and (xii) stealing school property. Responses are “minor action”, “in-school
suspension”, “out-of-school suspension”, and “expulsion.” Administrators were asked about
sanctions in response to both first and second occurrences. We apply a factor rotation for
interpretability reasons (oblique oblimin rotation of the Kaiser normalized matrix with v = 0;
see Gorsuch, 1983). The first three components load on variables reflecting the school’s
strictness regarding (i) drug use, (ii) social misconduct, and (iii) academic misconduct. The
calculated factors are orthogonal to each other by construction. They are standardized to
i = 0and o = 1on the full sample of Add Health high schools.”

We calculate value-added measures with respect to GPAs in subject s for cohort ¢ visiting high
school j following a two-step procedure (Chetty et al., 2014a):
GPA;,;. = BSZW + VA, + €

igjcy

= — Z(VA +E50)-

’LE]C

Z,4;c contains grade fixed effects 4., lagged GPAs from grade levels g — 1 for English, Math
and Science as well as current and lagged grade- and subject-specific indicators for academic
tracks in English, Math and Science (3 levels per grade times subject cell). To avoid mechanical
relationships, we predict \7A§c excluding data from cohort c and choosing a weighting vector

¢° = [¢._5,05qenes., ¢.,5] that minimizes the out-of-sample mean-squared error. Hence,

* Note thatin an oblique rotation, factors may be slightly correlated.
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\7A;C is our best prediction based on other cohorts of how much school j will increase GPAs
in subject s in one year of high school relative to the improvements of similar students at
other schools. We calculate \7Ajc for English, Math and Science. In turn, we run a principal
component analysis and use the first principal component as the aggregate measure of school
value-added. The principal component is standardized to 4 = 0 and o = 1 on the full sample
of high schools with available transcript data on Add Health respondents.
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Table A5.8: Summary statistics (controls)

Obs. Mean SD Min Max
Child Characteristics
Female 3,081 0.55 0.50 0.00 1.00
Age in Months (Wave 1) 3,081 193.64 19.76  144.00 256.00
Principal Component 1 3,081 0.00 0.01 -0.14 0.10
Principal Component 2 3,081 -0.00 0.01 -0.37 0.07
Principal Component 3 3,081 0.00 0.01 -0.10 0.02
Principal Component 4 3,081 0.00 0.01 -0.09 0.65
Principal Component 5 3,081 -0.00 0.01 -0.07 0.18
Principal Component 6 3,081 -0.00 0.01 -0.14 0.19
Principal Component 7 3,081 -0.00 0.01 -0.13 0.33
Principal Component 8 3,081 -0.00 0.01 -0.37 0.08
Principal Component 9 3,081 0.00 0.01 -0.06 0.07
Principal Component 10 3,081 -0.00 0.01 -0.58 0.26
Principal Component 11 3,081 0.00 0.01 -0.25 0.37
Principal Component 12 3,081 0.00 0.01 -0.39 0.18
Principal Component 13 3,081 -0.00 0.01 -0.35 0.18
Principal Component 14 3,081 -0.00 0.01 -0.12 0.23
Principal Component 15 3,081 0.00 0.01 -0.28 0.23
Principal Component 16 3,081 0.00 0.02 -0.15 0.66
Principal Component 17 3,081 -0.00 0.01 -0.50 0.24
Principal Component 18 3,081 -0.00 0.01 -0.29 0.20
Principal Component 19 3,081 0.00 0.01 -0.26 0.46
Principal Component 20 3,081 -0.00 0.01 -0.18 0.27
Family SES

Education Mother (in Years) 3,081 13.63 2.50 8.00 19.00
Education Father (in Years) 3,081 13.67 2.68 8.00 19.00
Maternal Age at Birth 3,081 25.49 4.83 16.00 44.33
Christian 3,081 0.82 0.38 0.00 1.00

Potential Wage/Hour Mother (Mean) 3,081 12.61 1.38 9.45 14.27
Potential Wage/Hour Father (Mean) 3,081 15.48 1.31 11.14 17.11
Potential Wage/Hour Mother (SD) 3,081 0.36 0.11 0.12 0.51
Potential Wage/Hour Father (SD) 3,081 0.40 0.08 0.20 0.65

School Characteristics
Peer Characteristics (Educ. Father) 2,965 13.57 1.05 10.90 17.84

Peer Characteristics (Single Parents) 2,965 0.24 0.08 0.00 0.60
Peer Characteristics (College Aspir.) 2,965 0.76 0.08 0.44 1.00
Sanction Policies (Drugs) 2,999 0.15 1.87 -5.71 9.06
Sanction Policies (Social) 2,999 0.25 1.61 -6.30 5.00
Sanction Policies (Acad.) 2,999 0.04 1.22 -3.41 2.38
Value-Added (GPA) 2,773 0.21 1.55 -4.18 441

Notes: Own Calculations. This table shows summary statistics for control variables in our core analysis sample.
The sample is restricted to genotyped individuals of (i) European descent, (ii) who visited an Add Health high
school or an associated feeder schoolin wave 1, and (iii) who graduated from the same school. Observations with
missing information in any of the displayed variables are dropped by list-wise deletion. Data source: National
Longitudinal Study of Adolescent to Adult Health
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