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INTRODUCTION

This dissertation consists of three self-contained chapters. Although they cover di-
verse fields, all three are concerned with social spillovers, i.e., externalities arising in
social interactions. Using (quasi-)experimental evidence – from two settings with ex-
plicit randomization and one natural experiment in German history – each chapter
sheds light on novel aspects about the role of social spillovers.1

Such externalities – frequently referred to as peer effects – are viewed as particularly
relevant in the human capital accumulation process and have received sustained at-
tention by social scientists and policymakers alike. A famous example is the Coleman
report that highlighted peer interactions as a major influence on educational equality
and has been widely influential for education policy in the United States (Coleman
1966; Hill 2017). Some authors go as far as arguing that even parents influence their
children’s outcomes predominantly by affecting the peer groups to which they are ex-
posed (Harris 2009). While this is likely an overstatement, a large body of research
in economics – summarized by Sacerdote (2011, 2014) – has shown that student char-
acteristics such as academic achievement or gender do indeed impact the academic
outcomes of others substantially. However, our understanding as to which peer char-
acteristics are primarily responsible for social spillovers is still incomplete; compre-
hending the nature of peer effects thus remains an important research agenda.

CHAPTER 1 aims to contribute to this agenda. I study whether individuals’ fundamen-
tal economic preferences – their patience, risk taking, and prosociality – produce external-
ities on the academic performance of their peers. Exploiting randomly matched study
groups I document that collaborating with more patient peers raises student perfor-
mance, while being matched with more prosocial peers, surprisingly, harms achieve-
ment. These effects are comparatively large and distinct from the impact of other

1I employ the term social spillovers as follows: first, I use it to refer to peer effects, i.e., cases in which
individuals‘ backgrounds, behavior, outcomes, or views generate externalities for others in their so-
cial environment. The limitation to externalities distinguishes peer effects (and social spillovers) from
market-based effects or deliberate attempts at influencing others, e.g., via persuasion, authority, or co-
ercion (Sacerdote 2011). Second, I use social spillovers to describe an analogous process playing out at
more aggregate levels, i.e., where peer interactions among one group of people produce externalities for
other – possibly large – groups of people, or even entire societies.

ix



x INTRODUCTION

peer characteristics including peer achievement and gender. Peer risk taking does not
significantly influence outcomes in my setting. As for the mechanisms behind these
results, I provide suggestive evidence that more patient peers raise students’ effort
levels and change effort timing, likely contributing to improved performance. Higher
levels of peer altruism, a component of peer prosociality, seem to be responsible for
students’ waning conviction that academic success is a function of effort. This possi-
bly results in behavioral changes reducing study effectiveness, such as free-riding on
altruistic team members’ efforts. Given the central role of patience, risk taking, and
prosociality in human decision making, it is perhaps no surprise that they would also
produce important externalities in people’s social environment. To my knowledge,
this paper is the first to provide causal evidence that they do.

A prominent body of literature on social pressure suggests that concerns about our
social image are a key mechanism often responsible for the occurrence of peer effects:
in such situations, our mere beliefs about the views of our peers, or about the pre-
vailing social norms, are sufficient to substantially alter our behavior. Recent field ex-
perimental evidence – summarized by Bursztyn and Jensen (2017) – documents that
social image concerns are indeed a powerful motive when our decisions are observ-
able to others. This holds in a wide range of decision making contexts: students alter
educational effort when it is “cool to be smart” (Bursztyn, Egorov, and Jensen 2018),
households engage in conspicuous consumption to signal their wealth (Bertrand and
Morse 2016), and individuals donate – in part – out of social pressure to appear gen-
erous (DellaVigna, List, and Malmendier 2012).

CHAPTER 2, co-authored with Emilio Esguerra and Johannes Wimmer, is inspired by
this experimental literature and adds a simple point: when behavior is observable to
others, people do not just care about how their actions are perceived (social image); in
some situations, individuals also anticipate that their own behavior may set an exam-
ple for others and actively incorporate this into their decision making. Such anticipated
peer effects may be particularly relevant in situations where our actions generate posi-
tive externalities if those around us follow suit: examples range from signing up early
for a health screening to nudge our more present-biased friends, to wearing an “I
voted” button to signal the importance of voting to others.

We examine the role of anticipated peer effects in the context of Germany’s COVID-19
vaccination campaign in early 2021, studying individuals’ willingness to register for
a vaccination with their central and sole vaccination supplier. We find that individu-
als’ willingness to register for the vaccination almost doubles when they realize that
they can influence a peer’s registration decision. Our contribution consists in separat-
ing anticipated peer effects – conceptually and empirically – from social image effects,
as distinct motivators of prosocial behavior. Moreover, our experimental setting al-
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lows us to rule out other potential confounders such as experimenter demand and
strategic lying by participants. Our findings thus suggest that individuals are indeed
more inclined to act prosocially if they anticipate that they can lead by example. More
generally, anticipated peer effects may be a relevant propagation mechanism for social
change: a desire to lead by example may motivate individuals to bear the private costs
of prosocial behavior, such as participating in a protest for civil liberties.2

Finally, CHAPTER 3, which is the product of joint work with Mathias Bühler and Jo-
hannes Wimmer, addresses social change directly. Recent contributions in the eco-
nomics literature on social change have emphasized the important roles of technology
(Garcia-Jimeno, Iglesias, and Yildirim 2020; Melander 2020; Zhuravskaya, Petrova,
and Enikolopov 2020) and civic leadership (Dippel and Heblich 2021) for the success
of existing social movements. We contribute to this literature by investigating how
social movements, and their leaders, emerge in the first place.

To do so, we examine the role of education in the context of Germany’s women’s rights
movement. The movement started to form in the second half of the nineteenth century
and subsequently contributed substantially to changing women’s role in society, e.g.,
by successfully contending for female suffrage (achieved in 1919). To isolate the effect
of education on the emergence and success of the movement, we study the arrival of
finishing schools, Germany’s first institutions offering secondary education and teacher
training to women, established from the seventeenth century onwards. Using newly
collected historical microdata, we demonstrate the impact of finishing schools at three
key milestones of the movement’s history: first, the establishment of finishing schools
increased women’s representation among Germany’s political, intellectual, and eco-
nomic elite (“human capital elite”), from which the activist nucleus of the women’s
rights movement later emerged. Second, cities that had established finishing schools
by 1850 exhibited stronger support for the women’s cause in the movements’ early
phase, which we measure using letters to the editor of Frauen-Zeitung, one of Ger-
many’s first feminist newspapers. Third, places with a legacy of finishing schools
hosted more and larger women’s rights organizations in the early twentieth century,
which were pivotal in carrying demands for women’s empowerment into society at
large. We argue that finishing schools facilitated the exchange of critical ideas about
women’s role in society and the formation of activist networks. These early activists
disseminated critical ideas among a wider public and converted their nascent move-
ment into a successful social force. Ultimately, not only those women directly exposed
to finishing schools were affected, but society as a whole. This paper thus suggests
that substantial social spillovers can arise from educational institutions that foster the
exchange of critical ideas and provide the space to form networks.

2Similarly, peer effects themselves are likely catalysts for social change, since they are responsible for
one person’s behavior being transmitted to the next.





CHAPTER 1

PEER PREFERENCES AND PERFORMANCE

1.1 Introduction

Economic theory suggests that patience, risk taking, and prosociality – individuals’ pref-
erences over the timing of payoffs, risk, and the payoffs of others – are fundamental
determinants of behavior. A thriving empirical literature confirms the remarkable rel-
evance of these economic preferences for individuals’ life outcomes, including educa-
tional attainment, income, and health.1 Given their central role in decision making, it
seems likely that these preferences – or their behavioral corollaries – would also pro-
duce important externalities in people’s social environment. Although a large body
of literature has documented the peer effects associated with individual character-
istics such as gender and academic achievement, evidence on whether individuals’
fundamental economic preferences produce social spillovers is surprisingly scarce. A
notable exception is recent research by Golsteyn, Non, and Zölitz (2021), who have
documented a novel aspect of peer effects by identifying externalities arising from
specific personality traits. However, since psychological concepts of personality and
economic preferences are complements rather than substitutes in explaining human
behavior (A. Becker et al. 2012), I start from the premise that they likely also comple-
ment each other in terms of the social spillovers they generate.2

1Falk et al. (2021) provide an extensive overview of the empirical literature. The importance of pa-
tience for individuals’ life trajectory is highlighted, among others, by Åkerlund et al. (2016), Epper et al.
(2020), Falk, Kosse, and Pinger (2020), Golsteyn, Grönqvist, and Lindahl (2014), and Mischel, Shoda,
and Rodriguez (1989); for risk taking see Anderson and Mellor (2008), Dohmen et al. (2011), and Kim-
ball, Sahm, and Shapiro (2008); the relevance of prosociality is discussed by Deming (2017), Dohmen et
al. (2009), Kosse et al. (2020), and Weidmann and Deming (forthcoming). Falk et al. (2018), Hanushek
et al. (2021), and Sunde et al. (forthcoming) document the importance of economic preferences at more
aggregate levels.

2With the exception of risk taking, Golsteyn, Non, and Zölitz (2021) focus on psychological person-
ality measures rather than economic preferences. Due to the closeness of the topics studied and since
their paper represents the state of the art in this literature, I adopt many of its insights. This includes, to a
large degree, the structure in which I present my evidence as well as the selection of analyses I conduct.

1



2 PEER PREFERENCES AND PERFORMANCE

This paper examines whether peer preferences influence students’ academic perfor-
mance, by exploiting the randomized composition of study groups during an intro-
ductory economics course at a German university. Several institutional features facil-
itate the occurrence of peer effects within this setting: first, the course is a compul-
sory core module and an important milestone for students in their first two semesters,
where study behavior is malleable and peers are likely to leave their mark. Second,
within study groups of five to six individuals, students collaborate on the course’s
weekly assignments, implying frequent and substantive peer interactions. Moreover,
for the cohorts I study, all teaching took place online due to the COVID-19 pandemic.
This reduced the scope for endogenous peer group formation, raising the relative im-
portance of the randomly matched study groups.

I measure fundamental economic preferences of students using the Preference Survey
Module developed by Falk et al. (2018, forthcoming). To estimate the impact of peer
preferences on student performance, I combine the preference measures with admin-
istrative data on student grades across two cohorts. For my analysis of underlying
mechanisms I draw on measures of peer interaction as well as student expectations
and effort, elicited in surveys after student interactions have occurred. In addition,
the specific distance learning setting allows me to collect a unique revealed preference
measure of student effort, by exploiting data on student attendance in the course’s
weekly online lectures – students’ Zoom hours.

Results show that students who were randomly matched with more patient group
members improve their exam performance substantially: in my preferred specifica-
tion, a one standard deviation increase in mean peer patience boosts students’ exam
grade by 0.11 standard deviations (significant at the 5 percent level). Surprisingly, col-
laborating with more prosocial peers harms student achievement. I find that a one
standard deviation increase in peer prosociality reduces exam performance by 0.11
standard deviations (significant at the 10 percent level). Peer risk taking does not af-
fect performance significantly in my setting. These findings suggest that peer patience
and peer prosociality causally impact student performance. However, despite the sub-
stantial effect sizes, they come with the caveat of only marginal statistical significance
and should thus be corroborated in a follow-up study with pre-specified hypotheses.

Are the observed effects truly due to peer preferences or do they merely pick up the
impact of other peer characteristics? To rule out this alternative explanation, I show
that the inclusion of peer academic achievement, peer gender and peer persistence
does not change the estimated effects of peer patience and peer prosociality. Inciden-
tally, this analysis confirms the result by Golsteyn, Non, and Zölitz (2021) that more
persistent students positively impact their peers’ academic performance: I find very
similar point estimates for peer persistence, which are, however, insignificant due to



SOCIAL SPILLOVERS 3

my smaller sample size. Similarly, my coefficient sizes for peer academic achievement
and peer gender are in line with those reported in the literature review by Sacerdote
(2011). Together, these results indicate that peer patience and peer prosociality have
an impact on student performance that is independent of the externalities arising from
other peer characteristics.3

To understand why peer preferences influence student performance, I start by investi-
gating to what extent each component of peer prosociality – peer altruism, peer trust,
and peer positive reciprocity – drives the results. Peer altruism emerges as the dom-
inant factor: a one standard deviation increase lowers student performance by 0.16
standard deviations, a result significant at the 1 percent level. Next, I examine (1)
the effect of peer preferences on study group interactions, (2) whether students’ grade
expectations are affected, and (3) how various measures of effort respond over time.
I find that neither interaction quality and intensity nor the number of assignments
that groups handed in are mechanisms linking peer preferences with student perfor-
mance. Students’ grade expectations, however, increase sharply in the presence of pa-
tient peers. This indicates that – insofar as expectations are accurate – students learn
from their patient peers what investments are needed to succeed academically. More-
over, students assigned to groups with more patient peers invest substantially more
hours per week on studying for the course and they are more likely to attend online
course meetings in the middle of the semester, thus likely avoiding a common mid-
semester effort slump. This suggests that peer patience affects student achievement
by changing both effort levels and timing. Moving on to the mechanisms for the ef-
fect of peer prosociality yields a mixed pattern: students working with more prosocial
peers exhibit a substantially weakened belief that grades are a function of effort, yet
they slightly increase their attendance of online lectures. However, more study time
does not imply higher study effectiveness. Given that higher peer altruism seems to
be responsible for students’ waning conviction that academic success is a function of
effort, behavioral changes resulting in lower study effectiveness, such as free-riding
on altruistic team members’ efforts, could play a role.

I further examine mechanism plausibility in hetereogeneity analyses asking which
type of students are affected by peer preferences. I document that students in the
lower half of the patience distribution profit particularly from collaborating with more
patient peers, suggestive of an adoption of more effective study behavior. Impatient
and impersistent students are also the ones (negatively) affected by prosocial peers,
which is, again, consistent with the interpretation that free-riding on altruistic team
members’ efforts – which impatient and impersistent students are perhaps more likely

3Additional analyses document that coefficient estimates remain virtually unchanged after winsoriz-
ing peer patience and peer prosociality, suggesting that the observed relationships are not artifacts of
influential outliers.
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to engage in – ultimately harms performance.

The key threat to identification in this paper arises from the fact that in one of the two
cohorts studied, preferences are elicited after student interactions have taken place.
This might lead to simultaneity and selection bias if peers influence each other’s sur-
vey participation, preferences, or the measurement thereof. I provide several analyses
alleviating these concerns: first, in tests of random assignment I document that in-
dividuals’ preference measures and other predetermined characteristics such as high
school grades or gender are not correlated with the preferences of their study group
peers. Second, peer preferences do not affect whether I observe exam grades nor
whether students participate in surveys, mitigating concerns of selective attrition.
Third, using data from the other cohort, where I elicited patience before and after
study group interactions, I show that peer patience measured at baseline does not im-
pact students’ patience measure elicited at endline. In sum, the evidence suggests that
peers do not influence each other’s preferences or the measurement thereof and that
selection into the estimation sample is of limited concern.

This study contributes to a large literature on peer effects in education. Existing work
typically studies how peer characteristics related to previous academic achievement,
gender, or race affect student outcomes. Important contributions on peer achieve-
ment effects include Booij, Leuven, and Oosterbeek (2016), Carrell, Fullerton, and West
(2009), Carrell, Sacerdote, and West (2013), De Giorgi and Pellizzari (2014), Duflo, Du-
pas, and Kremer (2011), Feld and Zölitz (2017), Whitmore (2005), and Zimmerman
(2003). The impacts of peer gender and race have been studied, among others, by An-
grist and Lang (2004), Hoxby (2000), Hoxby and Weingarth (2005), Lavy and Schlosser
(2011), Oosterbeek and Van Ewijk (2014), and Shan (2021). Much of the accumulated
evidence is summarized in the extensive surveys by Sacerdote (2011, 2014) and Win-
ston and Zimmerman (2004).

The paper most closely related, and which has inspired the present one, is Golsteyn,
Non, and Zölitz (2021), who were the first to document social spillovers arising from
specific personality traits. Their main focus is on persistence, a personality trait measur-
ing students’ perseverance in attempting to solve challenging problems. Exploiting a
similar setting, in which university students are randomly assigned to teaching sec-
tions, they show that students reap enduring benefits from being exposed to more
persistent peers.

What sets my paper apart from existing studies is that it analyzes the peer effects
arising from individuals’ fundamental economic preferences, rather than personality,
achievement, gender, or race. This paper provides the first causal evidence that eco-
nomic preferences – or their behavioral corollaries – produce substantial externalities
in people’s social environment. I show that the effects of peer preferences are com-
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plementary to those of peer persistence (and other peer characteristics). This indicates
that economic preferences and psychological personality measures are not only com-
plements in explaining peoples’ behavior (A. Becker et al. 2012) but also with regards
to the externalities they generate.

The article proceeds as follows. Section 1.2 details the institutional setting including
study group assignment. Section 1.3 describes the data and estimation sample. Sec-
tion 1.4 discusses the empirical strategy and assesses the random assignment of study
groups. In Section 1.5, I present the paper’s main results, followed by a discussion of
mechanisms in Section 1.6. Finally, Section 1.7 concludes.

1.2 Setting

I study peer interactions in small study groups of an introductory economics course
at a large German university. The course is offered every semester and is compulsory
for students majoring in economics, who are expected to take the course in their first
semester, as well as for students pursuing an economics minor, who should do so in
their second semester. I collect data on two consecutive cohorts: one consisting of
economics major (Semester 1) and one of economics minor students (Semester 2).4

In the semesters I study, all teaching took place online due to the COVID-19 pan-
demic. In each week, students were expected to engage with pre-recorded lectures,
solve assignments and participate in online lectures taking place via Zoom. The lat-
ter had the aim of enriching students’ understanding of key course contents through
interactive discussions, allowing them to ask questions accumulated over the week,
and discussing the solutions to the weekly assignments. All course materials could
be accessed via the online learning platform Moodle, which also served as the central
communication tool between academic staff and students. At the end of each semester,
students took an exam which determined their course grade.

To facilitate student interaction and collaboration despite the unusual distance learn-
ing conditions, students were offered the opportunity to participate in a study group.
These groups consisted of five to six randomly matched students, who were invited
to collaborate, online or in person – if official COVID regulations allowed –, on the
weekly assignments, which contained exam-style questions. Participation in these
groups was voluntary, but strongly encouraged by the teaching team and incentivized
via prizes awarded to the best groups.

Figure 1.1 shows a timeline of events and illustrates several differences in study group
allocation and data collection between the two semesters: first, in Semester 1, study

4The academic year at German universities is divided into a winter semester and a summer semester,
each comprising ca. 13 weeks of teaching.
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groups were re-shuffled every four weeks, implying that students could be part of up
to three groups, while in Semester 2, students remained in a single group through-
out. When analysing Semester 1 data, I focus on peer preference variation from group
phase 1, i.e. from students’ interactions with their peers during the – arguably very
formative – first four weeks of their student life.5

Time

Randomization group phase 1

Randomization group phase 2

Randomization group phase 3

Exam

Semester 1

Registration in Moodle

Assignments 1-4

Assignments 5-8

Assignments 9-12

Survey measuring preferences,
outcomes etc.

Time

Randomization into groups

Exam

Semester 2

Registration in signup survey
measuring preferences etc.

Assignments 1-11

Endline survey measuring
outcomes etc.

Figure 1.1: Semester timelines

Second, the determination of study group participation differed between the semesters:
in Semester 1, students had to actively opt out of study group participation – all stu-
dents who had registered for the course in Moodle were assigned to a group, unless
they asked the teaching team to be excluded. In contrast, in Semester 2, participation
in a study group was dependent on actively registering in a signup survey.

Third, in Semester 2, the signup survey measured student’s economic preferences and
baseline characteristics at the beginning of the semester, i.e. before any student inter-
action took place, while an endline survey administered before students learned their
grade collected outcomes and data on potential mechanisms. In Semester 1, on the
other hand, the same set of economic preferences, outcomes, and potential mecha-
nisms was measured in a single survey at the end of the semester.

The measurement of student preferences after student interactions have taken place
(as in Semester 1) is cause for concern if it gives rise to simultaneity or selection bias.
I address these concerns in various sections throughout the paper: in section 1.4, I
test for random assignment and document that individuals’ preference measures and

5I opt against using peer preferences averages from all three group phases since the implied mean
reversion reduces much of the variation in peer preferences key for answering my research questions.
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other predetermined characteristics are not correlated with the preferences of their
peers in the study groups. Section 1.C in the Appendix provides further evidence of
the stability of economic preferences in young adults.

In sum, the present setting exhibits several features that facilitate the occurrence of
peer effects within the randomly formed study groups: for instance, the lack of in-
person teaching due to the pandemic left less room for endogenous peer group for-
mation than usual. Moreover, the sample consists of students at the very start of their
university career, where study behavior in the new higher education context is still
malleable and peers are more likely to leave their mark.

1.3 Data

1.3.1 Sample and data overview

In Table 1.1, I summarize how the paper’s estimation sample is derived, separately for
each of the two cohorts. On first look, the figures seem to suggest very large dropout
rates; however, these are largely an artifact of several university regulations, which
make it difficult to ascertain at the beginning of each semester how many students are
truly determined to participate in the course: there is no official course registration list
and joining the course in Moodle is possible for every student enrolled at the univer-
sity. Since students can retake the exam several times, many potential re-takers join
the Moodle course at the beginning of the semester with the intention to improve their
grade but become inactive after a few weeks.

Table 1.1: Data overview

N individuals N groups

Semester 1
Randomized in group phase 1 400 82
Registered for exam 447 82
Exam taken 313 82
Completed survey 157 70
Exam taken, completed survey,

and peer preferences available
116 49

Semester 2
Randomized after taking signup survey 122 24
Registered for exam 207 24
Exam taken 135 24
Completed endline survey 56 20
Exam taken, completed endline survey,

and peer preferences available
36 20

Given these circumstances, all students registered in Moodle at the beginning of Se-
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mester 1 were informed that they could opt out of being assigned to a study group.
The remaining 400 students, who did not opt out, were randomly allocated to 82 study
groups.6 Semester 1 saw a total of 447 exam registrations – which have to be logged
relatively early during the semester and equally include many students later turning
inactive – and 313 students took the exam in the end. A total of 157 students – i.e., ca.
50% of those who took the exam – completed the online survey administered at the
end of the semester (but before the release of grades), in which economic preferences,
outcomes, and potential mechanisms were elicited. Ultimately, the Semester 1 cohort
contributes 116 observations to my main estimation sample; it contains those students,
which (i) took the exam, (ii) completed the survey at the end of the semester, and
(iii) for whom I can construct measures of peer preferences. The latter condition is
dependent on at least one of their study group members from group phase 1 also
completing the survey.

In Semester 2, 122 students were randomly allocated to one of 24 study groups. In
the study group signup survey almost all students also completed the elicitation of
economic preferences, allowing me to construct measures of peer preferences for all
122 students. 135 students took the exam. For 36 of these, I could also collect data on
potential mechanisms in the endline survey. These 36 observations add to the 116 from
Semester 1, resulting in a final estimation sample of 152 students.7

Table 1.2 reports summary statistics for this estimation sample. Panel A contains sum-
mary statistics of individual characteristics including students’ own economic prefer-
ences, previous educational achievements, and demographics. Panel B, on the other
hand, summarizes the peer characteristics encounted by students in their study groups,
including those capturing their peers’ economic preferences peer patience, peer risk tak-
ing, and peer prosociality, which are the main focus of this paper. Finally, Panel C de-
scribes outcomes and potential mechanisms: student performance, effort, study group
interaction, and beliefs.

1.3.2 Measurement of economic preferences and personality

To measure fundamental economic preferences at the individual level, I draw on the
Preference Survey Module developed by Falk et al. (2018, forthcoming). The module
offers an elicitation of economic preferences based on twelve survey items, which are
validated against behavior in standard incentivized choice experiments and predict
real-world behavior.

6Despite the call to opt out to avoid inactive group members, there was a non-negligible amount of
inactive students among the 400 assigned to a study group.

7I use larger samples to check for selective attrition with respect to taking the exam and participating
in the surveys in Section1.4.
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Table 1.2: Summary statistics

N Mean SD 5th pctl. 95th pctl.

A. Individual characteristics

Preferences/personality
Persistence 152 5.40 1.01 3.50 6.86
Patience 146 0.00 1.00 -1.79 1.22
Risk taking 136 0.00 1.00 -1.76 1.58
Prosociality 149 0.00 1.00 -1.54 1.56
Altruism 152 0.00 1.00 -1.66 1.60
Trust 152 0.00 1.00 -1.54 1.53
Positive reciprocity 149 0.00 1.00 -1.71 1.39
Negative reciprocity 152 0.00 1.00 -1.30 1.75

Education
High school grade 152 2.06 0.59 1.00 2.94
High school math grade 152 10.07 3.06 5.00 15.00
Exam re-taken 152 0.05 0.22 0.00 0.45

Demographics
Female 152 0.38 0.49 0.00 1.00
Year of birth 152 1999.73 3.68 1996.00 2002.00
Born in DE 152 0.87 0.34 0.00 1.00
Migration background 152 0.41 0.49 0.00 1.00

B. Group characteristics

Peer preferences/personality
Peer persistence 152 5.33 0.76 4.07 6.50
Peer patience 152 0.00 1.00 -1.86 1.34
Peer risk taking 152 0.00 1.00 -1.82 1.50
Peer prosociality 152 0.00 1.00 -1.53 1.51
Peer altruism 152 0.00 1.00 -1.58 1.56
Peer trust 152 0.00 1.00 -1.50 1.60
Peer positive reciprocity 152 0.00 1.00 -1.70 1.40
Peer negative reciprocity 152 0.00 1.00 -1.51 1.54

Peer education
Peer high school grade 152 2.10 0.44 1.30 2.80
Peer high school math grade 152 9.99 2.38 6.00 14.00
Peer share exam re-taken 152 0.13 0.19 0.00 0.50

Peer demographics
Peer share female 152 0.39 0.25 0.00 0.75
Peer birthyear 152 1999.71 2.17 1997.00 2002.00
Peer share born in DE 152 0.84 0.25 0.33 1.00
Peer share migration background 145 0.43 0.39 0.00 1.00

C. Student performance, effort, and further survey measures

Student performance and effort
Exam taken 152 1.00 0.00 1.00 1.00
Exam performance (grade) 152 3.10 1.26 1.30 5.00
Exam points 152 60.12 23.36 20.27 97.95
Assignments handed in 152 8.64 3.38 0.55 12.00
Zoom hours 152 13.91 8.97 0.36 26.15
Weekly study hours (self-reported) 152 8.97 4.83 3.55 16.45

Evaluation of peer interaction
“My study group has functioned well.” 148 3.91 1.26 1.00 5.00
“Collaborating in study groups aided my

understanding of the subject matter.”
147 3.78 1.09 2.00 5.00

“I have prepared/I plan to prepare for the
exam with my group members.”

152 0.16 0.37 0.00 1.00

“I have also exchanged privately
with my group members.”

152 0.57 0.50 0.00 1.00

Expectations and beliefs
Grade expectation 152 2.77 0.87 1.70 4.45
Grades depend on effort 152 6.30 0.81 5.00 7.00
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Table 1.3 gives an overview of how the fundamental economic preferences patience, risk
taking, altruism, trust, and positive reciprocity are elicited. In my main analyses below, I
follow Falk et al. (2018) and combine altruism, trust, and positive reciprocity into a single
measure of prosociality.8

To benchmark my results against the recent findings of positive externalities arising
from peer persistence in a similar setting by Golsteyn, Non, and Zölitz (2021), I also
elicit their measure of persistence, developed by Martin (2009), which is also described
in Table 1.3.

Table 1.3: Measurement of economic preferences and personality

Preference Item description

Patience Intertemporal choice sequence using staircase method
Self-assessment: willingness to wait

Risk taking Lottery choice sequence using staircase method
Self-assessment: willingness to take risks in general

Altruism Donation decision
Self-assessment: willingness to give to good causes

Trust Self-assessment: people have only the best intentions

Positive Gift in exchange for help
reciprocity Self-assessment: willingness to return a favor

Persistence Self-assessment: willingness to keep trying
to solve a challenging problem (4 items)

Based on Falk et al. (2018, p. 1653) and Golsteyn, Non, and Zölitz (2021, p. 1063).

1.3.3 Student performance and potential mechanisms

The main outcome of interest in this paper is students’ exam performance, i.e. the grade
achieved in the final exam at the end of the semester.9 Panel C of Table 1.2 shows
an average exam grade of 3.1 with a standard deviation of 1.26.10 For ease of inter-
pretation in the analyses below, I standardize the exam grade and refer to it as exam
performance, where a higher value implies a better performance.

The present setting allows me to collect a unique revealed-preference measure of stu-
dent effort: I aggregate each student’s time spent in all Zoom lectures of the semester
in the variable Zoom hours. Since there was no in-person teaching due to the pandemic
in both cohorts studied, all synchronous teaching took place via Zoom. Moreover,
these Zoom live sessions covered contents particularly relevant for students’ exam

8Specifically, prosociality is computed as the first principal component of altruism, trust and positive
reciprocity.

9I have access to the full administrative dataset of exam grades in both cohorts and thus observe this
measure for all students who took the exam, not just those who completed the surveys.

10The German grading scale ranges from 1 (excellent) to 5 (fail). The lowest passing grade is 4.
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performance, not least because they provided the only opportunity for students to
have their questions answered in real time. Additionally, the online sessions were
used to present solutions for the weekly assignments containing exam-style questions.

Further measures used in the analysis of potential mechanisms are derived from the
surveys administered among students at the end of each semester, but before students
learn their grade.11 First, I also collect a self-reported effort measure, namely average
weekly study hours. Second, following Golsteyn, Non, and Zölitz (2021), I create a peer
interaction index based on the survey items (i) “My study group has functioned well.”,
(ii) “Collaborating in study groups aided my understanding of the subject matter.”,
(iii) “I have prepared/I plan to prepare for the exam with my group members.”, and
(iv) “I have also exchanged privately with my group members.” I construct this index
by standardizing the responses to each of the four questions, computing their average,
and standardizing again. Finally, I also elicit students’ grade expectation using the Ger-
man grading scale described in the footnote above as well as students’ belief to what
extent they think that grades depend on effort.

1.4 Empirical strategy and balancing

1.4.1 Empirical strategy

The main goal of this paper is to identify whether students’ academic performance is
influenced by their peers’ fundamental economic preferences. The peer interactions I
exploit arise in randomly matched study groups in an introductory economics course.
I estimate the impact of peer preferences on performance using the following regres-
sion model:12

yigs = peer preferencesg−i β′ + Xi γ′ + ρs + ε igs (1.1)

yigs is the exam performance of student i in group g and semester s. The vector
peer preferencesg−i contains the leave-out mean economic preferences of students in
group g, i.e. the mean preferences in each study group calculated excluding student i.
Xi is a vector of predetermined individual controls, employed to reduce the standard
errors of the main estimates of interest, while ρs represents semester fixed effects.13

11For the technical implementation of the surveys I use the open-source software oTree (Chen,
Schonger, and Wickens 2016).

12This operationalization of the peer group setting closely follows Golsteyn, Non, and Zölitz (2021).
13The individual-level controls are: high school grade, high school math grade, female, year of birth,

born in DE, and migration background. I opt against controlling for student’s own economic prefer-
ences in the main specifications as this would reduce the effective sample size further; Table 1.B.2 in the
Appendix shows that results do not change substantially when individual-level economic preferences
are included. Additional specifications also control for group-level characteristics to test to what extent
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Following Abadie et al. (2017), I cluster standard errors at the level of treatment as-
signment, i.e., at the group level.

To investigate potential mechanisms underlying the effects of peer preferences on per-
formance I estimate versions of Equation 1.1, varying the independent variable yigs

(see Section 1.6). I shed further light on mechanisms and test which types of individu-
als are affected by peer preferences in heterogeneity analyses, by dividing the estima-
tion sample according to individuals’ predetermined characteristics such as their own
preferences, previous educational achievement and gender (see Section 1.6.5). To ease
interpretation and comparison of estimates, I standardize variables, where appropri-
ate, to have mean zero and standard deviation one.

1.4.2 Balancing

Identifying the peer effects of interest requires that the key peer preferences – peer pa-
tience, peer risk taking, and peer prosociality – are not systematically associated with
other potential determinants of student performance. Table 1.4 documents that peer
preferences are indeed unrelated to student characteristics: only two out of 66 esti-
mates reported are significant at the 5 or 10 percent level, suggesting that assignment
to study groups was indeed random and that potential selection into the identify-
ing sample is of limited concern.14 Importantly, neither of the three peer preference
variables are systematically related with students’ own patience, previous educational
achievement or gender – which are the individual characteristics most strongly asso-
ciated with exam performance in the present setting.15

This test of random assignment follows Guryan, Kroft, and Notowidigdo (2009), by
additionally controlling for the semester-level leave-out mean of the respective peer
preference to correct for the mechanical relationship between own and peer prefer-
ences, which is a consequence of the sampling of peers without replacement from a
finite set.

The present balancing results also help allay concerns regarding simultaneity and se-
lection bias. As section 1.2 explained, in Semester 1, students’ economic preferences
were elicited in a survey at the end of the semester, i.e. after student interactions had
already taken place. This ex-post measurement of preferences poses a threat to identi-
fication, e.g., if higher ability students somehow influenced how their group members

the peer economic preferences of interest pick up underlying effects from other peer characteristics (see
Sections 1.4.3 and 1.5.2).

14To further minimize the risk that pre-existing individual differences drive my results, I control for
the two variables that show significant differences: I control for year of birth as part of the individual
controls in my main specification and I test for the impact of negative reciprocity in Table 1.B.2 in the
Appendix.

15Table 1.B.1 in the Appendix reports which of the students’ own characteristics predict exam perfor-
mance best.
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responded to the survey items eliciting economic preferences or which type of group
members completed the surveys in the first place. In the presence of such a simul-
taneity bias, we would expect individuals’ preference measures and predetermined
characteristics to be systematically associated with the preferences of their peers in
the study groups; yet, Table 1.4 documents the opposite. In Appendix Section 1.C,
I provide further evidence of the stability of economic preferences in young adults,
using the Semester 2 sample, where I elicited preferences both before and after study
group interaction.

Table 1.4: Balancing of individual characteristics

Variable Peer patience Peer risk-taking Peer prosociality

N Mean SD β̂∗∗∗ p-value β̂∗∗∗ p-value β̂∗∗∗ p-value

Preferences/personality
Persistence 152 0.00 1.00 0.01∗∗∗ 0.88 0.09∗∗∗ 0.22 -0.06∗∗∗ 0.43
Patience 146 0.00 1.00 0.10∗∗∗ 0.28 -0.06∗∗∗ 0.49 0.03∗∗∗ 0.73
Risk taking 136 0.00 1.00 0.00∗∗∗ 0.96 -0.07∗∗∗ 0.50 -0.04∗∗∗ 0.68
Prosociality 149 0.00 1.00 -0.05∗∗∗ 0.60 -0.10∗∗∗ 0.24 -0.04∗∗∗ 0.66
Altruism 152 0.00 1.00 -0.02∗∗∗ 0.84 -0.05∗∗∗ 0.51 0.05∗∗∗ 0.58
Trust 152 0.00 1.00 -0.04∗∗∗ 0.62 -0.12∗∗∗ 0.14 -0.04∗∗∗ 0.67
Positive reciprocity 149 0.00 1.00 0.00∗∗∗ 0.98 0.07∗∗∗ 0.46 -0.12∗∗∗ 0.17
Negative reciprocity 152 0.00 1.00 0.00∗∗∗ 0.96 0.14∗∗∗ 0.16 0.17∗∗∗ 0.02

Education
High school grade 152 0.00 1.00 0.00∗∗∗ 0.96 0.00∗∗∗ 0.98 0.02∗∗∗ 0.83
High school math grade 152 0.00 1.00 -0.04∗∗∗ 0.59 0.00∗∗∗ 0.97 -0.01∗∗∗ 0.89
Exam re-taken 152 0.05 0.22 0.02∗∗∗ 0.31 0.02∗∗∗ 0.15 0.00∗∗∗ 0.92

Demographics
Female 152 0.38 0.49 -0.01∗∗∗ 0.88 0.00∗∗∗ 0.90 0.03∗∗∗ 0.46
Year of birth 152 1999.73 3.68 -0.28∗∗∗ 0.05 0.20∗∗∗ 0.22 0.01∗∗∗ 0.92
Born in DE 152 0.87 0.34 -0.04∗∗∗ 0.12 -0.01∗∗∗ 0.87 0.03∗∗∗ 0.24
Migration background 152 0.41 0.49 -0.02∗∗∗ 0.65 -0.06∗∗∗ 0.14 0.02∗∗∗ 0.57

Family background
Father schooling 147 0.00 1.00 0.00∗∗∗ 0.99 0.02∗∗∗ 0.83 -0.04∗∗∗ 0.70
Mother schooling 147 0.00 1.00 0.00∗∗∗ 0.97 -0.03∗∗∗ 0.70 0.08∗∗∗ 0.30
Family support (EUR/month) 146 497.01 489.20 -5.55∗∗∗ 0.88 -43.93∗∗∗ 0.25 -21.92∗∗∗ 0.57
Federal grant (EUR/month) 151 35.21 137.20 6.30∗∗∗ 0.53 -7.87∗∗∗ 0.50 -3.20∗∗∗ 0.76

Selective attrition
Exam taken 406 0.64 0.48 -0.01∗∗∗ 0.76 -0.01∗∗∗ 0.75 -0.01∗∗∗ 0.79
Completed survey

(Semester 1)
284 0.35 0.48 -0.08∗∗∗ 0.15 0.02∗∗∗ 0.78 -0.05∗∗∗ 0.12

Completed endline survey
(Semester 2)

122 0.22 0.42 -0.03∗∗∗ 0.76 0.04∗∗∗ 0.68 -0.06∗∗∗ 0.38

The table reports β-coefficients from a regression of the form Variableigs = α + β · peer preferenceg−i + γ · peer preferences−i + εigs,

where peer preferenceg−i is the group-level leave-out mean for patience, risk taking, or prosociality. In the spirit of Guryan, Kroft,
and Notowidigdo (2009) these randomization checks control for the semester-level leave-out mean of the respective peer preference
(peer preferences−i) to correct for the mechanical relationship between own and peer preferences. P-values are robust and clustered at
the group-level. All peer preference variables are standardized.

A further requirement for identification is the absence of selective attrition. Selective
attrition would lead to biased estimates in my setting, e.g., if peer preferences affected
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whether high or low ability students took the exam or completed the surveys in the
first place. The last three lines of Table 1.4 document that peer preferences do not seem
to affect whether I observe exam grades, or whether students complete the surveys
eliciting the measures used in my analysis of mechanisms. These findings indicate
that selective attrition is unlikely to confound the paper’s results.

1.4.3 Peer preferences and other peer characteristics

Since economic preferences are correlated with other individual characteristics, a nat-
ural worry is whether regressions based on Equation 1.1 indeed identify the effects of
peer preferences on student performance or whether the former just proxy for other
peer characteristics such as peer math ability. Table 1.5 reports balancing results of
group characteristics, summarizing how they are related with the key peer preferences
studied in this paper: groups of more patient peers also exhibit significantly higher av-
erage levels of math achievement, which is unsurprising given that patience and math
ability are strongly correlated at the individual level. Risk-loving peer groups are char-
acterized by higher levels of negative reciprocity and have lower shares of women as
well as of students with a migration background. Finally, more prosocial peer groups
have higher average levels of persistence and higher shares of women.16

Table 1.5: Balancing of group characteristics

Variable Peer patience Peer risk-taking Peer prosociality

N Mean SD β̂∗∗∗ p-value β̂∗∗∗ p-value β̂∗∗∗ p-value

Peer preferences/personality
Peer persistence 152 0.00 1.00 0.12∗∗∗ 0.16 0.05∗∗∗ 0.57 0.25∗∗∗ 0.00
Peer patience 152 0.00 1.00 ∗∗∗ -0.09∗∗∗ 0.34 0.10∗∗∗ 0.25
Peer risk taking 152 0.00 1.00 -0.09∗∗∗ 0.34 ∗∗∗ -0.03∗∗∗ 0.77
Peer prosociality 152 0.00 1.00 0.10∗∗∗ 0.24 -0.03∗∗∗ 0.76 ∗∗∗

Peer altruism 152 0.00 1.00 -0.02∗∗∗ 0.88 -0.10∗∗∗ 0.24 0.62∗∗∗ 0.00
Peer trust 152 0.00 1.00 0.12∗∗∗ 0.17 0.02∗∗∗ 0.84 0.90∗∗∗ 0.00
Peer positive reciprocity 152 0.00 1.00 0.16∗∗∗ 0.15 0.02∗∗∗ 0.89 0.44∗∗∗ 0.00
Peer negative reciprocity 152 0.00 1.00 -0.09∗∗∗ 0.42 0.22∗∗∗ 0.00 0.16∗∗∗ 0.12

Peer education
Peer high school grade 152 0.00 1.00 0.14∗∗∗ 0.15 -0.02∗∗∗ 0.81 0.08∗∗∗ 0.42
Peer high school math grade 152 0.00 1.00 0.20∗∗∗ 0.02 0.03∗∗∗ 0.66 0.06∗∗∗ 0.48
Peer share exam re-taken 152 0.00 1.00 0.04∗∗∗ 0.59 -0.04∗∗∗ 0.52 0.02∗∗∗ 0.77

Peer demographics
Peer share female 152 0.00 1.00 -0.01∗∗∗ 0.91 -0.29∗∗∗ 0.00 0.18∗∗∗ 0.05
Peer birthyear 152 1999.71 2.17 -0.34∗∗∗ 0.05 -0.01∗∗∗ 0.93 -0.15∗∗∗ 0.34
Peer share born in DE 152 0.00 1.00 0.08∗∗∗ 0.45 -0.06∗∗∗ 0.52 0.14∗∗∗ 0.22
Peer share migration background 145 0.00 1.00 -0.10∗∗∗ 0.24 -0.19∗∗∗ 0.02 0.00∗∗∗ 1.00

See notes of Table 1.4.

16Since prosociality is computed as the first principal component of altruism, trust, and positive reci-
procity, the significant relationships between peer prosociality and the three respective peer preferences
in Table 1.5 are purely mechanical.
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Given these patterns, I assess the extent to which peer preferences merely pick up the
effects of other peer characteristics by estimating versions of Equation 1.1, in which I
control for several candidates of the latter, including previous academic achievement
(high school grades), gender, and persistence (Golsteyn, Non, and Zölitz 2021). The
results of this exercise are discussed in Section 1.5.2 and suggest that peer patience
and peer prosociality do indeed have an independent and sizeable impact on student
performance. Moreover, given that the economic preferences are likely measured with
a considerable amount of error – as previously discussed by Falk et al. (2021) – effect
sizes reported in the following sections likely suffer from attenuation bias and repre-
sent lower bounds.

1.5 Results

1.5.1 The impact of peer preferences on performance

Table 1.6 presents the main results, which indicate that peer preferences influence stu-
dent performance: a one standard deviation increase in peer patience improves exam
performance by 9-11% of a standard deviation.

Table 1.6: Peer preferences and exam performance

Exam performance

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

Peer patience 0.09 0.10∗ 0.10 0.11∗∗

(0.07) (0.06) (0.07) (0.06)
Peer risk taking −0.02 −0.02 −0.01 −0.01

(0.08) (0.06) (0.08) (0.06)
Peer prosociality −0.10∗ −0.10∗ −0.11∗ −0.11∗

(0.06) (0.06) (0.06) (0.06)

Mean outcome 0 0 0 0 0 0 0 0
SD outcome 1 1 1 1 1 1 1 1
No. clusters 69 69 69 69 69 69 69 69
Joint sign. (p-value) 0.31 0.14
Clustered Yes Yes Yes Yes Yes Yes Yes Yes
Semester FE Yes Yes Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Observations 152 152 152 152 152 152 152 152
R2 0.10 0.42 0.09 0.41 0.10 0.42 0.11 0.43

Joint sign. (p-value) is from an F-test for joint significance of peer patience, peer risk taking and peer prosociality.
Individual controls: high school grade, high school math grade, gender, year of birth, born in DE, and migration
background. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Being randomly matched with more prosocial peers, on the other hand, has a negative
impact: a one standard deviation increase in peer prosociality is associated with a
reduction in performance by 10-11% of a standard deviation. Coefficient estimates on
peer risk taking are an order of magnitude smaller than those on peer patience and
peer prosociality and are not statistically significant.

The impact of peer preferences is unchanged when I include individual-level controls
and when I estimate the impact of all three peer preferences jointly, both attesting
to coefficient stability: the inclusion of individual controls in columns 2, 4, 6, and 8
increases precision but does not alter coefficient estimates, as expected under random
assignment. The point estimates do not change in columns 7 and 8 either, where all
three peer preferences measures enter the model simultaneously, indicating mutually
distinct impacts on student performance. Section 1.5.2 provides further evidence of
coefficient stability, by documenting that coefficient estimates remain similar when I
additionally control for other peer characteristics.

While the estimated effect sizes are substantial, an important caveat is that the im-
pacts of both peer patience and peer prosociality are only marginally significant: the
coefficient on peer persistence, e.g., is significant at the 5 percent level in my preferred
specification in column 8 of Table 1.6, but only significant at the 10 percent level in
others. Correspondingly, an F-test for the joint significance of peer patience, peer risk
taking and peer prosociality in this specification has an implied p-value of 0.14.17 Fur-
ther, it is important to note that the standard errors reported here do not correct for
multiple comparisons. Given the small sample of this study and the fundamental con-
ceptual uncertainties of how to adequately correct for multiple testing, I refrain from
further investigating the multiple testing problem here and argue – in the spirit of
Althouse (2016) – that a follow-up study with pre-specified hypotheses would be the
most fruitful avenue for corroborating the present results.

Figure 1.2 illustrates the main findings and provides an informal assessment to what
extent outliers might be driving them. The three subfigures plot residualized exam
performance against the respective peer preference measure and thus depict the re-
gression results reported in column 8 of Table 1.6. To more formally account for po-
tentially influential outliers, I repeat the analysis with winsorized preference mea-
sures, where I replace all values below the 5th percentile and above the 95th percentile
with the level of the 5th percentile and the 95th percentile, respectively. Table 1.B.3
and Figure 1.A.1 in the Appendix document that coefficient estimates remain virtu-
ally unchanged after winsorization, suggesting that the observed relationships are not

17In other specifications, the p-value of this type of F-test is as low as 0.05, e.g. in column 2 of Ta-
ble 1.B.2 in the Appendix, where I also control for students’ own patience, which is a strong predictor
of exam performance and thus increases precision considerably. The p-value for the joint significance of
peer patience and peer prosociality (excluding peer risk taking) in column 8 of Table 1.6 is 0.07.
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artifacts of influential outliers.

In sum, the estimates presented in Table 1.6 and Figure 1.2 suggest that peer patience
and peer prosociality causally impact student performance, and that the effects are
distinct from one another. However, the abovementioned caveat of marginal statistical
significance applies.

Figure 1.2: Peer preferences and exam performance

Scatter plots corresponding to regression results in column 8 of Table 1.6. All 152 data points shown.

1.5.2 Comparison to other peer effects

Next, in Table 1.7, I investigate whether the observed effects are a product of peer
preferences or other peer characteristics. I focus on characteristics which have been
identified as relevant in the existing literature on peer effects in education, among
them academic achievement, gender, and persistence.

Columns 2 and 4 report coefficient estimates that are very similar to those found by
Golsteyn, Non, and Zölitz (2021), whose study encompasses peer effects of risk atti-
tudes as well as persistence, and who were the first to document peer effects arising
from specific personality traits. They find that a one standard deviation increase in
peer persistence improves performance by 1.9% of a standard deviation (here: perfor-
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Table 1.7: Comparison to other peer effects

Exam performance

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

Peer patience 0.10∗ 0.11∗

(0.06) (0.06)
Peer risk taking −0.02 −0.01

(0.06) (0.06)
Peer prosociality −0.10∗ −0.13∗∗

(0.06) (0.06)
Peer persistence 0.03 0.06

(0.07) (0.07)
Peer high school grade −0.01 −0.07

(0.05) (0.07)
Peer high school math grade 0.04 0.06

(0.06) (0.09)
Peer share female 0.03 0.05

(0.06) (0.06)

Mean outcome 0 0 0 0 0 0 0 0
SD outcome 1 1 1 1 1 1 1 1
No. clusters 69 69 69 69 69 69 69 69
Joint sign. (p-value) 0.11
Clustered Yes Yes Yes Yes Yes Yes Yes Yes
Semester FE Yes Yes Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes Yes Yes

Observations 152 152 152 152 152 152 152 152
R2 0.42 0.41 0.42 0.41 0.41 0.41 0.41 0.44

All variables are standardized to have mean zero and standard deviation one. Joint sign. (p-value) is from an F-test for
joint significance of peer patience, peer risk taking and peer prosociality. Individual controls: high school grade, high
school math grade, gender, year of birth, born in DE, and migration background. * p < 0.1, ** p < 0.05, *** p < 0.01.

mance improvement by 3-6%), while a one standard deviation increase in peer risk
tolerance lowers performance by 1.1% of a standard deviation (here: performance re-
duction by 1-2%). Similarly, coefficient sizes on peers’ previous academic achievement
and the female share are in line with those reported in the review article by Sacerdote
(2011).

Compared to these previously studied peer effects, coefficient sizes on peer patience
and peer prosociality in Table 1.7 are substantially larger. Notably, the estimates for
peer patience and peer prosociality change only marginally when I include all peer
characteristics simultaneously in one model (column 8); and they are the only ones
that are significantly different from zero, both in the separate estimations (columns
1-7) and in the joint estimation (column 8).18

Together, these results suggest that peer patience and peer prosociality have an impact
on student performance that is independent of the externalities arising from other peer
characteristics. A further interesting implication is that peer patience and peer persis-
tence seem to capture distinct peer characteristics. This is mirrored by regressions of

18Figure 1.A.2 in the Appendix provides a visualization of the results presented in Table 1.7.



SOCIAL SPILLOVERS 19

exam performance on students’ own characteristics, where patience and persistence
also exhibit separate effects (see Table 1.B.1 in the Appendix).

1.6 Mechanisms

This section investigates why peer preferences influence student performance. I begin
by decomposing the effect of peer prosociality, zooming in on the constituent parts of
the prosociality measure: altruism, trust, and positive reciprocity. Next, I investigate
study group interactions, student expectations, and student effort to find potential be-
havioral changes on the part of the affected students, that link variation in peer prefer-
ences to diverging exam performance. A final subsection studies effect heterogeneity
to further assess mechanism plausibility.

1.6.1 Components of peer prosociality

Perhaps the most surprising result of the previous section is the negative impact of
peer prosociality on students’ exam performance. To understand the underlying mech-
anisms, I start by investigating to what extent each component of peer prosociality –
peer altruism, peer trust, and peer positive reciprocity – contributes to the relation-
ship. Separate and joint estimations of the components’ impact in Table 1.8 reveal
peer altruism as the dominant factor: a one standard deviation increase in peer al-
truism decreases exam performance by 0.16 standard deviations, a result significant
at the 1 percent level. In contrast, peer trust and peer positive reciprocity have sta-
tistically insignificant and substantially smaller implications for student performance.
These results give us some clues as to the nature of potential mechanisms linking peer
prosociality and exam performance: they must be plausibly related to peer altruism –
or its behavioral correlates – as well as manifest in changes of students’ own behavior.

1.6.2 Peer interaction

Peer preferences might influence performance by shaping the interactions within study
groups. However, column 1 of Table 1.9 shows that neither of the three peer prefer-
ences substantially impacts perceptions of peer interaction quality and intensity, as
measured by the peer interaction index. This finding suggests that interaction quality
and intensity do not drive the effect of peer preferences on exam performance. In ad-
dition, column 2 of Table 1.9 documents that a potential implication of peer interaction
quality and intensity, namely the number of assignments handed in, is not responsible
for the observed effects.
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Table 1.8: Components of peer prosociality

Exam performance

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

Peer patience 0.11∗∗ 0.10∗ 0.11∗ 0.10∗ 0.09
(0.06) (0.06) (0.06) (0.06) (0.06)

Peer risk taking −0.01 −0.02 −0.01 −0.01 −0.02
(0.06) (0.06) (0.06) (0.06) (0.06)

Peer prosociality −0.11∗

(0.06)
Peer altruism −0.16∗∗∗ −0.16∗∗∗

(0.05) (0.05)
Peer trust −0.07 −0.03

(0.07) (0.07)
Peer positive reciprocity −0.01 0.05

(0.06) (0.06)

Mean outcome 0 0 0 0 0
SD outcome 1 1 1 1 1
No. clusters 69 69 69 69 69
Clustered Yes Yes Yes Yes Yes
Semester FE Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes

Observations 152 152 152 152 152
R2 0.43 0.44 0.43 0.42 0.45

All variables are standardized to have mean zero and standard deviation one. Individual
controls: high school grade, high school math grade, gender, year of birth, born in DE, and
migration background. * p < 0.1, ** p < 0.05, *** p < 0.01.

1.6.3 Expectations

Column 3 of Table 1.9 documents that being matched with more patient peers strongly
raises students’ expectations about their exam grade: a one standard deviation im-
provement in peer patience increases students’ grade expectations by 20% of a stan-
dard deviation. Changes in grade expectations add to our understanding of mech-
anisms since they are informative of students’ confidence in their ability to perform
well. To the extent that this confidence is warranted, this finding suggests that peer
patience may have raised students’ understanding which investments are needed to
reap the reward of a good exam grade. Peer prosociality, in contrast, has no impact on
expectations.

1.6.4 Effort

Peer preferences might influence student outcomes if students adapt their level of
effort in response to being exposed to more patient or prosocial peers. This section ex-
amines how peer patience and peer prosociality impact various measures of student
effort. Column 5 of Table 1.9 documents that students who collaborated with more pa-
tient peers reported significantly higher average weekly study hours: a one standard
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deviation increase in peer patience is associated with approximately one additional
hour of studying for the course per week – corresponding to 0.26 standard deviations.
Peer patience also increases the aggregate time spent in Zoom lectures throughout the
semester (column 6), although the effect is not significant. These findings suggests that
increased effort may be one channel linking peer patience and student performance.

Table 1.9: Mechanisms

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

interaction
index

Assignments
handed in

Grade
expectation

Grades
depend
on effort

Study
hours

Zoom
hours

Peer patience −0.03 0.09 0.20∗∗ −0.04 1.09∗∗∗ 0.74
(0.09) (0.30) (0.09) (0.07) (0.39) (0.68)

Peer risk taking 0.13 0.06 0.03 −0.01 0.14 1.01
(0.08) (0.23) (0.07) (0.09) (0.31) (0.62)

Peer prosociality 0.02 −0.01 0.00 −0.16∗∗ −0.18 1.25∗

(0.09) (0.29) (0.09) (0.07) (0.35) (0.65)

Mean outcome 0 8.64 0 0 8.97 13.91
SD outcome 1 3.38 1 1 4.83 8.97
No. clusters 69 69 69 69 69 69
Semester FE Yes Yes Yes Yes Yes Yes
Clustered Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes

Observations 146 152 152 152 152 152
R2 0.05 0.13 0.17 0.12 0.17 0.19

Specifications as in column 8 of Table 1.6. Peer interaction index is based on four survey items capturing
interaction quality and intensity and construced as described in Section 1.3.3. Assignments handed in are the
number of assignments handed in throughout the entire semester. Grade expectation is students’ expected
grade elicited on the prevalent grade scale, then standardized. Grades depend on effort is a belief elicited on a
1-7 Likert scale, then standardized. Study hours are average weekly study hours, self-reported; Zoom hours is
time spent in all Zoom lectures of the semester. * p < 0.1, ** p < 0.05, *** p < 0.01.

Figure 1.3 explores the temporal dimension of student participation in Zoom lectures
in more detail. It plots coefficient estimates and 95-percent confidence intervals for
each of the three peer preference measures from regressions of the form specified in
Equation 1.1. The independent variables in these models are the minutes spent in each
of the 13 Zoom lectures of the respective semester.

The top panel of Figure 1.3 depicts the resulting pattern for peer patience which indi-
cates that working with more patient peers seems to have a positive effect on Zoom
lecture participation in the middle of the semester, but not at the semester’s beginning
and end, where student motivation is generally high. Peer patience thus might con-
tribute to avoiding a mid-semester dip in effort, for which students are often unable
to compensate when only raising their effort levels right before the exam.19

19More consistent levels of effort have been identified as superior to “cramming” in several studies
including Geller et al. (2018) and McIntyre and Munson (2008). Being matched with more risk loving
peers seems to be associated with the higher risk strategy of placing heavy emphasis on attendance at
the end of the semester (see middle panel of Figure 1.3).
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Having analyzed the impact of peer patience on effort, I now turn to peer prosociality:
column 4 of Table 1.9 shows that peer prosociality substantially lowers students’ belief
that grades are a function of effort. This belief change might, in turn, lead students to
reduce effort or it might impact their study effectiveness. Peer prosociality does not,
however, reduce students’ self-reported study time or the time spent in Zoom lectures;
in fact, the latter significantly increases in the aggregate (column 6 of Table 1.9) and
during the middle of the semester (bottom panel of Figure 1.3).

Figure 1.3: Peer preferences and minutes spent in Zoom lectures
Results from regressions of minutes spent in each of the 13 Zoom lectures per
semester on peer preferences and controls as laid out in Equation 1.1. Coefficient
estimates and 95-percent confidence intervals reported.
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To make sense of these findings, it must be noted that neither self-reported study hours
nor Zoom hours are perfect proxies for effort; and that they cannot capture study
effectiveness fully: e.g., just being present in a Zoom lecture neither requires as much
effort nor is it as effective as actively engaging in it and extracting strategies how to
best approach exam problems. The pattern of a weakened belief in the importance
of study effort despite increased presence in Zoom lectures resulting in lower student
performance, could suggest that peer prosociality led students to re-adjust their time
investments in a way that reduced study effectiveness. Given that peer altruism is the
driving component of prosociality in these results (see Table 1.8), the above findings
are consistent with an interpretation whereby students free-riding on their altruistic
peers’ efforts fall behind in the exam because they acquire the knowledge and skills
necessary to succeed in the exam only to a lesser extent.

1.6.5 Effect heterogeneity

Who benefits or loses out from being randomly matched with more patient or proso-
cial peers? To investigate effect heterogeneity, I split my estimation sample based
on individuals’ own characteristics and then run regressions of the form specified in
Equation 1.1 separately in the resulting subsamples: e.g., I create a subsample of stu-
dents with above median patience and one of students exhibiting below median pa-
tience and then compare the estimated impacts of peer preferences between the two
subsamples. Figure 1.4 illustrates the results from this exercise.

Students in the lower half of the patience distribution profit particularly from col-
laborating with more patient peers, suggesting that comparatively impatient students
adopt beneficial behaviors from their patient peers. Furthermore, the results show that
more persistent students and those with better high school grades benefit strongly
from being matched with patient peers. These findings are consistent with the idea
that patient study group members relay strategies enhancing study effectiveness –
perhaps related to effort timing – also to those peers which are more likely to succeed
in academic contexts to begin with.

Prosocial peers, on the other hand, especially affect impatient and impersistent stu-
dents negatively, while e.g., persistent students seem to not be affected at all. This
finding is, again, consistent with the hypothesis that free-riding on altruistic team
members’ efforts – which impatient and impersistent students are perhaps more likely
to engage in – ultimately harms student performance.
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Figure 1.4: Effect heterogeneity
Results from regressions of the form specified in Equation 1.1, estimated in various
subsamples created by splitting the full estimation sample based on predetermined
student characteristics. Coefficient estimates and 95-percent confidence intervals
reported.
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1.7 Conclusion

This paper exploits interactions in randomly matched student groups to document
that individuals’ fundamental economic preferences generate social spillovers among
their peers. I find that collaboration with more patient peers raises student perfor-
mance, while being matched with prosocial peers harms achievement. These effects
are comparatively large and distinct from the impact of other peer characteristics in-
cluding peer achievement, gender and persistence. Peer risk taking does not signif-
icantly influence outcomes in my setting. Given the central role of these preferences
in human decision making, it is plausible that they would also produce important ex-
ternalities in people’s social environment. To my knowledge, this paper is the first to
provide causal evidence that they do.

I present suggestive evidence of the following mechanisms: more patient peers seem
to raise students’ effort levels and change effort timing, likely contributing to im-
proved performance. Higher levels of peer altruism seem to be responsible for stu-
dents’ waning conviction that academic success is a function of effort. This possibly
results in behavioral changes reducing study effectiveness, such as free-riding on al-
truistic team members’ efforts.

These findings are of potential policy relevance if the spillovers documented here gen-
eralize: first, the overall benefits of early childhood interventions aiming to raise pa-
tience, or those of parental investments therein (Falk et al. 2021), risk being underval-
ued if spillovers are not considered. Second, there may be unintended consequences
of altruistic behavior in the human capital accumulation process when group collabo-
ration is involved. Possibly, these are easily remedied, e.g., via information provision.

Finally, this study has clear limitations: although the effect sizes estimated are sub-
stantial, they come from a comparatively small sample and are, depending on specifi-
cation, only marginally significant. Future research could stress-test these findings in
different settings and further investigate underlying mechanisms, critically assessing
the ones suggested here.





APPENDIX 1

1.A Additional figures

Figure 1.A.1: Winsorized peer preferences and exam performance

Scatter plots corresponding to regression results in column 8 of Table 1.B.3. All 152 data points shown.

27



28 PEER PREFERENCES AND PERFORMANCE

Figure 1.A.2: Comparison to other peer effects
Coefficient estimates and 95-percent confidence intervals corresponding to results
in Table 1.7. Separate estimations refer to columns 1-7, while joint estimation refers
to column 8, where all peer characteristics enter the model simultaneously. All vari-
ables are standardized to have mean zero and standard deviation one.

1.B Additional tables

Table 1.B.1: Students’ own characteristics and performance

Exam performance

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

Patience 0.26∗∗∗ 0.20∗∗

(0.08) (0.08)
Risk taking −0.03 −0.05

(0.10) (0.07)
Prosociality 0.07 0.07

(0.08) (0.08)
Persistence 0.17∗∗ 0.11

(0.08) (0.08)
High school grade 0.43∗∗∗ 0.27∗∗

(0.06) (0.12)
High school math grade 0.41∗∗∗ 0.12

(0.06) (0.12)
Female −0.56∗∗∗ −0.52∗∗∗

(0.17) (0.15)

Mean outcome 0 0 0 0 0 0 0 0
SD outcome 1 1 1 1 1 1 1 1
No. clusters 69 69 69 69 69 69 69 69
Clustered Yes Yes Yes Yes Yes Yes Yes Yes
Semester FE Yes Yes Yes Yes Yes Yes Yes Yes

Observations 146 136 149 152 152 152 152 130
R2 0.17 0.08 0.09 0.12 0.28 0.26 0.16 0.41

All variables (except Female) are standardized to have mean zero and standard deviation one. * p < 0.1, **
p < 0.05, *** p < 0.01.



SOCIAL SPILLOVERS 29

Table 1.B.2: Peer preferences and exam performance
controlling for own preferences

Exam performance

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

Peer patience 0.11∗∗ 0.11∗∗ 0.12∗∗ 0.10∗ 0.11∗ 0.09
(0.06) (0.05) (0.06) (0.06) (0.06) (0.06)

Peer risk taking −0.01 −0.01 −0.03 0.00 −0.01 −0.01
(0.06) (0.06) (0.06) (0.06) (0.06) (0.06)

Peer prosociality −0.11∗ −0.15∗∗ −0.13∗∗ −0.11∗ −0.10 −0.12∗

(0.06) (0.06) (0.06) (0.06) (0.07) (0.06)
Patience 0.11∗ 0.13∗

(0.07) (0.07)
Risk taking −0.04 −0.03

(0.08) (0.07)
Prosociality 0.05 0.04

(0.06) (0.06)
Negative reciprocity −0.05 −0.06

(0.08) (0.09)

Mean outcome 0 0.03 0 -0.01 0 0.01
SD outcome 1 0.99 0.99 1 1 0.99
No. clusters 69 67 65 69 69 63
Joint sign. (p-value) 0.14 0.05 0.08 0.17 0.21 0.22
Clustered Yes Yes Yes Yes Yes Yes
Semester FE Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes Yes Yes

Observations 152 146 136 149 152 130
R2 0.43 0.47 0.43 0.44 0.43 0.47

Joint sign. (p-value) is from an F-test for joint significance of peer patience, peer risk
taking and peer prosociality. Individual controls: high school grade, high school math
grade, gender, year of birth, born in DE, and migration background. * p < 0.1, **
p < 0.05, *** p < 0.01.

Table 1.B.3: Winsorized peer preferences and exam performance

Exam performance

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

Peer patience (winsorized) 0.11 0.11∗ 0.12 0.13∗∗

(0.08) (0.06) (0.08) (0.06)
Peer risk taking (winsorized) −0.01 −0.01 −0.01 −0.01

(0.09) (0.07) (0.09) (0.07)
Peer prosociality (winsorized) −0.08 −0.10 −0.10 −0.11∗

(0.07) (0.07) (0.07) (0.07)

Mean outcome 0 0 0 0 0 0 0 0
SD outcome 1 1 1 1 1 1 1 1
No. clusters 69 69 69 69 69 69 69 69
Joint sign. (p-value) 0.31 0.16
Clustered Yes Yes Yes Yes Yes Yes Yes Yes
Semester FE Yes Yes Yes Yes Yes Yes Yes Yes
Individual controls Yes Yes Yes Yes

Observations 152 152 152 152 152 152 152 152
R2 0.10 0.42 0.09 0.41 0.10 0.42 0.11 0.43

Peer preferences values < 5th and > 95th pctl. winsorized. Joint sign. (p-value) is from an F-test for joint
significance of peer patience, peer risk taking and peer prosociality. Individual controls: high school grade,
high school math grade, gender, year of birth, born in DE, and migration background. * p < 0.1, ** p < 0.05,
*** p < 0.01.
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1.C Stability of preferences

The key threat to identification in my setting stems from the measurement of prefer-
ences after student interactions have taken place in the Semester 1 subsample. This
ex-post measurement of preferences in principle opens the door to simultaneity bias,
which arises if peers influence each other’s preferences or the measurement thereof.
This section presents additional evidence to alleviate this concern.

I exploit data from the Semester 2 subsample, where I elicited individuals’ measures
of patience and persistence both in the signup survey and the endline survey, i.e. before
and after peer interactions took place.20 Within this subsample, I can directly test the
stability of the two measures.

I conduct two types of analysis: in the first, I calculate test-retest correlations between
the measures elicited at baseline and at endline, which are shown in Table 1.C.1. The
test-retest Spearman correlation of 0.57 for patience is very similar to the one in the
online appendix of Falk et al. (2021): they report a test-retest Spearman correlation of
0.67 for two measurements of patience in a sample of young adults taken only one
week apart. As Falk et al. (2021) argue, it is unlikely that preferences changed within a
one-week interval in that sample, implying that the observed instability is likely due
to measurement error rather than changing preferences. The comparable results in
Table 1.C.1 are thus reassuring evidence of the stability of patience in my sample of
young adults, where the interval between the two measurements was three months,
in between which the study group interactions took place.

Table 1.C.1: Test-retest correlations for patience and persistence

Patience Persistence

Pearson correlation 0.499 0.569
Spearman rank correlation 0.572 0.539

N 29 36

Based on a three-month interval between test (in the signup
survey) and retest (in the endline survey).

The second analysis directly tests whether peer patience (based on the patience mea-
sure elicited at baseline) had an impact on the patience measure elicited at endline. I
thus regress endline patience on peer patience, controlling for individuals’ baseline
patience, to maximize precision. The results in column 2 of Table 1.C.2 document that
there is no significant effect of peer patience on the patience measure elicited at end-
line. The coefficient is not exactly zero, but the very large standard error suggests

20I did not re-elicit all preferences from the GPS in the endline survey as this would have likely im-
pacted the completion rate negatively.
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random residual variation in a small sample rather than a systematic relationship.

Table 1.C.2: Baseline and endline preferences

Patience (endline) Persistence (endline)

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

Patience 0.52∗∗ 0.51∗∗

(0.21) (0.21)
Peer patience 0.08

(0.22)
Persistence 0.57∗∗∗ 0.61∗∗∗

(0.12) (0.15)
Peer persistence −0.15

(0.13)

Mean outcome 0 0 0 0
SD outcome 1 1 1 1
No. clusters 19 19 20 20
Clustered Yes Yes Yes Yes

Observations 29 29 36 36
R2 0.25 0.25 0.32 0.34

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

In sum, the present evidence suggests that peers do not influence each other’s pref-
erences or the measurement thereof. It thus complements the balancing results in
Section 1.4 and further mitigates the concern that simultaneity bias might confound
the main findings of this paper.





CHAPTER 2

ANTICIPATED PEER EFFECTS

2.1 Introduction

What motivates us to act prosocially? A prominent literature in economics has docu-
mented that individuals are more likely to act prosocially if their behavior is observ-
able to others and that social image effects are an important motive explaining these
behavioral responses.1 In this paper, we propose a complementary explanation as to
why individuals are more inclined to act prosocially under observability: anticipated
peer effects. While social image effects imply that individuals care about how their be-
havior is perceived by others, anticipated peer effects capture the idea that individuals
are also motivated by an anticipation that their own (prosocial) behavior may exhibit
a peer effect on others.

We argue that anticipated peer effects are a relevant motive for decision making in
many situations where our actions generate positive externalities if those around us
follow suit: examples range from signing up early for a health screening to nudge
our more present-biased friends, to ordering vegetarian food during a group meal
or wearing an “I voted” button to signal the importance of eco-friendly behavior or
voting, respectively. In all these situations other motives such as social and self image
concerns clearly play important roles, but anticipated peer effects frequently push the
benefits of a prosocial action above its costs, such as when we stop at a red traffic light
to be a role model to younger observers. Despite their potential importance, empirical
evidence on the existence of anticipated peer effects in prosocial settings is scarce,
largely due to the difficulty of disentangling them from social image effects.

In this paper, we causally identify anticipated peer effects in the decision whether

1Bénabou and Tirole (2006) provide the seminal theoretical exposition of social signaling in the con-
text of prosocial behavior. Bursztyn and Jensen (2017) offer an extensive review of experimental evidence
on how observability shapes behavior in various domains including voting, donations to charity, finan-
cial decision making, or schooling decisions.
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to register for a COVID-19 vaccination, separating them conceptually and empirically
from social image effects. Using a survey-based online field experiment, we document
that individuals’ willingness to register for the vaccination increases sharply when re-
alizing that they can influence a peer’s decision. Our results highlight that individuals
anticipate and internalize their potential to lead by example in consequential decision
environments.

Our experimental design groups survey participants into pairs, where one participant
takes on the role of “Sender” (she) and the other acts as “Receiver” (he). To isolate
anticipated peer effects, we experimentally vary (1) the observability of the Sender’s
decision to her Receiver and (2) the timing when the Receiver is informed. In the
baseline condition “not informing partner”, we told Senders that their decision whether
to register for a vaccination would not be reported to their partner. In the “informing
partner after” condition, Senders learned that their decision would be shared with their
Receiver, but only after the Receiver himself had already decided whether to register.
Finally, in the “informing partner before” condition, we told Senders that their Receiver
would be informed before his own registration decision. We expect anticipated peer
effects to influence the behavior of Senders in the “informing partner before” condition,
while the “informing partner after” condition serves as a control group which holds
other behavioral factors – in particular social image effects – constant.

Anticipated peer effects almost double Senders’ likelihood of registering for a COVID-
19 vaccination: 9 percent of Senders in the “informing partner before” condition com-
pleted the official registration process during our online experiment compared to 5
percent in the “informing partner after” condition. We exploit the official state-wide on-
line registration and appointment allocation system for COVID-19 vaccinations in the
German state of Bavaria, which constituted the only pathway to receiving a COVID-
19 vaccination for Bavarian citizens at the time of the experiment in early April 2021.
This allowed us to elicit a verifiable revealed preference measure of individuals’ will-
ingness to register for a vaccination. We also document that Senders in the “informing
partner before” condition were substantially more likely to believe that their registra-
tion decision could influence their partner’s decision. These Senders arguably inter-
nalized that their registration decision might generate externalities – with respect to
their partner’s personal health as well as herd immunity – if their partners followed
their lead.2

The interaction between Senders and Receivers in our experimental design is explic-
itly designed to be anonymous and to rule out future interactions between partners

2An alternative two-stage least squares (2SLS) estimation supports this interpretation: if we use our
key experimental manipulation as an instrument for Senders’ beliefs about the likelihood of exerting a
peer effect on their partner, we find statistically significant effects of this belief on Senders’ likelihood to
sign up for a COVID-19 vaccination.
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to further minimize the influence of social image effects. We recruited participants
for our online survey using a professional online panel provider sampling from the
adult population of Bavaria. After an elicitation of baseline beliefs and attitudes (e.g.,
regarding vaccination safety and efficacy) participants learn that they will be grouped
into pairs to collaborate on a brief joint problem solving task, where they can interact
via chat but merely learn each other’s nickname, age, gender and state of residence.
As intended, the joint task is successful in inducing social proximity, i.e., in estab-
lishing the Receiver as a relevant – if temporary – peer to the Sender. However, the
interaction between Senders and Receivers is limited to the brief exchange in the joint
task and the anonymous online survey setting forestalls future interactions outside
of the experiment, which precludes Senders from influencing their partner after the
experiment.3 After the joint task and an elicitation of social proximity, participants
proceed to the treatment stage where we vary the observability of the Sender’s decision
and the timing of when the Receiver is informed about it. Subsequently, we begin by
eliciting stated preference outcomes, e.g., asking participants whether they would like
to register for a COVID-19 vaccination. We elicit our main revealed preference outcome
by giving participants the option of actually registering for a COVID-19 vaccination
using Bavaria’s official online registration platform and subsequently return to our
survey, where we verify their registration.4

Our experimental setting allows us to rule out various alternative explanations in-
cluding (i) social image effects, (ii) experimenter demand, (iii) strategic lying, and (iv)
cheating. First, we can hold social image effects constant since we identify anticipated
peer effects by comparing the share of participants who registered for a COVID-19
vaccination between the “informing partner before” and the “informing partner after” con-
ditions. Senders in both conditions are subject to being judged by their partner, but
only Senders in the “informing partner before” condition should infer that they can in-
fluence their partner during the experiment. Moreover, a comparison of the “informing
partner after” condition with the baseline condition “not informing partner” reveals no

3In a related lab experiment, Karlan and McConnell (2014) use a similar set of experimental manip-
ulations to tease out the impact of leading by example on prosocial behavior. Yet, in their experiment
neither the interaction between Senders and Receivers nor the decision taken by Senders is one-shot in
nature. This limits the ex-ante potential for identifying anticipated peer effects since Senders in the "in-
forming partner after" condition may also anticipate that they will influence their partner’s behavior after
the experiment.

4We verify registrations by asking participants to provide us with specific information from the of-
ficial confirmation email they would have received from the Bavarian health authorities. To motivate
participants to take on these additional time costs, we incentivized the verification via a lottery of Ama-
zon vouchers. An analysis of timing patterns reveals that participants whose registration we verify in
this way did not complete the registration process only after they learned that they could win a voucher:
on average they were inactive in our survey for six minutes at the stage where we expected them to
register (before learning about the incentive) – a realistic duration for completing the official online reg-
istration – while they were much faster in providing the verifiable information. These timing patterns did
not differ between the relevant treatment conditions as documented in Figure 2.6 and the corresponding
Table 2.B.5 in the Appendix.
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difference in registration shares between those two groups, suggesting that social im-
age effects only play a minor role in our setting, as expected due to our experiment’s
highly anonymous and one-shot peer interaction. Second, experimenter demand is
unlikely to play a major role in our setting: we show that stated registration willingness
does not differ between the “informing partner before” and the “informing partner after”
conditions, while actual (verified) registration willingness clearly does. This renders it
unlikely that an “informing partner before”-specific experimenter demand effect biases
our main result on the revealed-preference outcome; instead, moving from stated to
actual willingness seems to weed out a general experimenter demand effect regarding
registration willingness present in all experimental conditions. Third, this compari-
son between stated and actual registration willingness shows that strategic lying does
not drive our results: Senders in the “informing partner before” condition do not merely
pretend to register; instead, they actually follow through, arguably to signal the bene-
fits of taking the vaccine to their partner. Finally, we show that differential incentives
to cheat are unlikely to explain our findings, addressing two variants of this concern:
either Senders in the “informing partner before” condition only signed up after they
had learned about the monetary incentives for verifying their registration status; or,
Senders in this condition were more likely to tap other sources, e.g., the internet, to
pass our verification procedure. Using data on how much time Senders spent on each
survey page, we demonstrate that neither of these alternative explanations challenge
our findings.

Heterogeneity analyses further support our interpretation that Senders in the “inform-
ing partner before” condition internalize an anticipated peer effect and that this con-
stitutes a prosocial motive: our main treatment effect of interest – the difference in
registration shares between Senders in the “informing partner before” and the “inform-
ing partner after” conditions – is positive and significant for Senders who have a strong
pre-treatment belief in the safety and efficacy of COVID-19 vaccines, while it is nega-
tive among those who do not believe in the vaccines’ safety and efficacy. This result
suggests that Senders who can influence their partner indeed choose to lead by exam-
ple, signalling what they believe is best for the other.5 This interpretation is further
reinforced by the finding that the strength of the treatment effect seems to increase
with the level of social proximity between Sender and Receiver: Senders who can in-
fluence their partner are slightly more likely to sign up for a vaccination when they
“feel closer” to their partner.

In a final set of results, we document that Senders are not successful in influenc-
ing their partners – contrary to their own anticipation. Receivers who are informed

5In our specific vaccination registration setting, Senders’ beliefs about the vaccination certainly in-
fluence their view as to which decision – to register or not – would entail a positive versus a negative
externality if their partner followed suit.



SOCIAL SPILLOVERS 37

about their Sender’s registration decision before they can decide themselves are no
more likely to make the same choice as their partner than those who learn about their
Sender’s choice only after their own decision. This finding can be explained by our
specific setting in which Senders do not observe Receivers’ decisions, implying that
Senders cannot verify whether they indeed exert a peer effect. Moreover, social im-
age effects – a potential channel for conformity – play no role on the Receivers’ side,
as Senders do not observe their decision. We can learn from this result, however, that
there are important decision environments in which individuals overestimate their an-
ticipated peer effect; hence, the materialization of an ‘actual’ peer effect is not always
necessary to activate people’s desire to lead by example.6

In sum, our findings indicate that anticipated peer effects can play a substantial role in
decision settings with a prosocial component, i.e., where our actions generate positive
externalities if those around us follow suit. This has implications for policy: where
anticipated peer effects are a meaningful behavioral motive, policymakers wishing
to encourage prosocial behavior may have another “social carrot” at their disposal –
leveraging our desire to lead by example – and need not revert to “social sticks”. For
example, as an alternative to imposing a fine on citizens who miss their vaccination
appointment, governments may also target people’s willingness to set a good example
in order to increase vaccination rates.7 At a more general level, our findings suggest
that anticipated peer effects may constitute one potential channel through which social
change propagates: if a desire to lead by example – perhaps based on an overestima-
tion of our impact on others – motivates us to bear the private costs of prosocial be-
havior, such as participating in a protest for civil liberties in an autocracy, anticipated
peer effects may add to our understanding of why people, despite the low chances of
being pivotal, are willing to accept these private costs.

The idea that individuals incorporate into their decision making an anticipation of
how their behavior might influence others has been an implicit theme in a wide variety
of papers in economics. To our knowledge, however, the present paper is the first to
offer field experimental evidence that people act upon a desire to lead by example in a
prosocial setting. The paper most closely related to ours is a lab experiment by Karlan
and McConnell (2014), who hypothesize – in a similar vein as we do – that a desire to
influence others might be one reason why donations are higher under observability.
Based on a comparable design they find that a desire to influence others does not

6That anticipated peer effects influence Senders’ behavior despite their partners not following suit
implies that Senders have out-of-equilibrium beliefs. Due to reasons of statistical power we have to limit
ourselves to documenting these misperceptions in this paper. However, we believe that the endogenous
formation of such misperceptions constitutes an interesting avenue for future research.

7Recently, policy makers in Germany discussed whether to introduce fines for citizens who missed
their COVID-19 vaccination appointments (see, e.g., media coverage by Süddeutsche Zeitung: https://bit.
ly/3zuoQO9, last accessed 2021-09-10).

https://bit.ly/3zuoQO9
https://bit.ly/3zuoQO9
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seem to increase donations. As the authors point out themselves, however, their study
does not offer “dispositive evidence” due to a lack of precise null effects as well as
concerns regarding the external validity and particular features of their lab setting,
e.g., the difficulty of ruling out future interactions between subjects drawn from the
same peer group. We benefit from these insights and explicitly design our experiment
as a one-shot interaction between two anonymous partners in a consequential decision
environment, thereby limiting Senders’ ability to influence their partner to one specific
moment.

Our research also relates to a large body of literature that studies whether and under
which conditions leading by example is successful in increasing contributions in pub-
lic goods games played in the lab.8 For example, Potters, Sefton, and Vesterlund (2007)
show that leading by example increases public goods contribution under asymmetric
information, i.e., when an informed leader can signal information about the value
of contributing to an uninformed follower, a result consistent with earlier theoretical
work (e.g., Hermalin 1998 and Vesterlund 2003). Leading by example ‘works’ since
followers are very likely to copy the decisions of leaders and leaders tend to correctly
anticipate followers’ responses, contributing more themselves. Our paper shares with
this literature the idea that leaders anticipate that their behavior might influence the
behavior of followers. A key difference in these public goods games is, however, that
leaders always have a first-order monetary incentive to lead by example: their own
monetary payoff is higher if they convince others to follow. We complement this liter-
ature by abstracting from such first-order incentives and adding an explicit focus on
studying the desire to lead by example in a prosocial field setting.

Finally, we speak to a prominent literature on social signaling in the context of proso-
cial behavior. At least since the seminal contribution by Bénabou and Tirole (2006),
a large body of literature in economics has highlighted that individuals’ prosocial
behavior depends on the visibility of their actions to others and that social image
effects are an important motive explaining these behavioral responses.9 Early theo-
retical predictions have been confirmed by a series of field experiments investigat-
ing social image effects (Bursztyn and Jensen 2017; Bursztyn, Fujiwara, and Pallais
2017; DellaVigna, List, and Malmendier 2012; DellaVigna et al. 2017; Perez-Truglia
and Cruces 2017). We add to this literature by highlighting a social signaling motive
that is distinct from social image concerns, insofar as it depends on the anticipation
that our behavior can have a peer effect on others. Our paper is thus also related
to the study of social signaling in the context of childhood immunization by Karing

8Important contributions include Arbak and Villeval (2013), Cappelen et al. (2016), Dannenberg
(2015), Drouvelis and Nosenzo (2013), Gächter et al. (2012), Gächter and Renner (2018), Güth et al. (2007),
Haigner and Wakolbinger (2010), and Potters, Sefton, and Vesterlund (2007).

9In a related earlier model, Bernheim (1994) argues that people’s status concerns can generate con-
formity of behavior.
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(2021), in which she highlights the distinction between social signals as transmitters of
information about others’ actions on the one hand and as a means to signal one’s type
on the other. Our results have a similar potential for informing policymakers aiming
to promote prosocial behavior, e.g., by increasing timely vaccination take-up. The re-
sults from our anonymous setting indicate that such policies need not conflict with
privacy concerns: revealing anonymous information may suffice to facilitate prosocial
behavior via anticipated peer effects.

This paper is organized as follows: in Section 2.2, we discuss our experimental de-
sign employed to identify anticipated peer effects in a prosocial setting. Then, in
Section 2.3, we present our main results from the experiment and address potential
concerns about our findings. Section 2.4 concludes the paper.

2.2 Experimental setup

The objective of our experimental design is to separate two complementary motives
why people are more inclined to act prosocially if they are observed by others: an-
ticipated peer effects and social image effects. In this section, we illustrate our ex-
periment’s setting and the sample employed and discuss the main features of our
experimental design. In the final subsection, we show that Senders’ predetermined
characteristics are balanced across treatment conditions.10

2.2.1 Setting and sample

We conduct a survey-based online field experiment studying decision making in the
context of COVID-19 vaccinations in the German state of Bavaria. We examine indi-
viduals‘ willingness to register for a COVID-19 vaccination via the state-wide central
appointment allocation system BayIMCO, which at the time of the experiment in April
2021 constituted the only pathway for obtaining a vaccination in Bavaria.11 Owing to
vaccine supply shortages, which prevailed until ca. July 2021, the official vaccination
regulations categorized individuals into several priority groups depending on their
age and pre-existing health conditions. However, all Bavarian residents had the possi-
bility to register online12 from January 2021 onwards, regardless of their prioritization

10We pre-registered all features of our experimental design at the AEA RCT registry under ID
AEARCTR-0007437 before the experiment commenced. The experiment described here was approved by
the Ethics Committee of the Department of Economics at LMU Munich, protocol 2021-01. For the techni-
cal implementation of our online experiment, we used the open-source software oTree (Chen, Schonger,
and Wickens 2016).

11Later in the vaccination campaign, the central system was complemented by a decentralized system
relying on local doctors’ offices. However, as of July 2021, the central system still accounts for roughly
60 percent of all vaccinations in Germany (Bundesministerium für Gesundheit 2021).

12Only in exceptional cases was registration via phone also possible.
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status. Once vaccine supply and their prioritization status allowed, registered resi-
dents received a vaccination appointment through the central system.

We recruited the participants for our survey from the online panel provider CINT.
During our experiment’s field time, approximately 15 percent of the Bavarian pop-
ulation had already received at least one vaccination and a further 30 percent had
registered in the central system. We exclude both of these groups from our exper-
iment by screening them out at the start of our survey. In total, 1,857 participants
completed our experiment. We report summary statistics on participant characteris-
tics in Table 2.1: 51 percent of our participants were willing to get vaccinated (elicited
pre-treatment), which is – due to our exclusion of already vaccinated and registered
individuals – somewhat lower than the vaccination willingness of 65 percent elicited
in a nationally representative study at the same point in time (COSMO – COVID-19
Snapshot Monitoring 2021; Betsch, Wieler, and Habersaat 2020). With respect to other
key characteristics such as gender, age, and income, our study participants are suitably
representative of the Bavarian population as a whole.13

Table 2.1: Summary statistics for full sample (Senders and Receivers)

Statistic Mean St. Dev. Min Max N

Demographics
Age 40.90 14.35 18.00 79.00 1, 857
Female 0.55 0.50 0.00 1.00 1, 857
Monthly household income (net) 2, 907.78 1, 597.37 1, 100.00 7, 500.00 1, 857
Upper secondary degree 0.39 0.49 0.00 1.00 1, 857

Local characteristics*
Mean incidence rate (second wave) 138.73 40.67 65.64 301.07 1, 857
Population in zip 14.81 9.85 0.60 48.05 1, 857
Lives in urban area (≥100k) 0.29 0.46 0.00 1.00 1, 857
Turnout in 2017 77.52 4.31 59.90 90.20 1, 857
AfD vote share in 2017 12.23 3.07 5.49 26.42 1, 857
Unemployment rate 2.37 0.93 0.05 5.50 1, 857

Beliefs about vaccine
Safety 3.41 1.96 1.00 7.00 1, 857
Efficacy 3.77 1.96 1.00 7.00 1, 857
Social desirability 3.62 2.25 1.00 7.00 1, 857
Severity of freerider problem 3.26 2.07 1.00 7.00 1, 857
Willingness to take vaccine in state (%) 59.11 20.16 0.00 100.00 1, 857

Preferences
Own willingness to take vaccine (%) 51.31 37.09 0.00 100.00 1, 857
Altruism 0.01 0.83 −1.96 2.25 1, 857
Desire to influence 0.08 0.98 −2.90 1.72 1, 857
Social image concern 0.03 1.00 −1.81 2.34 1, 857

Social proximity
Social proximity 0.02 1.00 −1.04 2.27 1, 526

Variables marked with ∗ vary on the zip code, county ("Landkreis"), or town ("Gemeinde") of residence level and not on
the individual level.

13Roughly half of our sample is female; mean age and monthly net income are 40.9 years and
2,907EUR, respectively, compared to the official state averages of 43.7 years in 2017 (Bayerisches Lan-
desamt für Statistik 2019) and 2,549 EUR in 2018 (GESIS – Leibniz-Institut für Sozialwissenschaften 2019).
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2.2.2 Experimental design

Our experiment revolves around the interaction within teams consisting of one Sender
and one Receiver and aims to isolate anticipated peer effects from social image effects.
It evolves over seven stages, which we detail below.14

1. Introduction. We begin by screening out all subjects who had already been vacci-
nated or registered for a COVID-19 vaccination. From all remaining participants we
collect basic demographic information as well as a rich set of attitudes, beliefs, and
preferences related to the vaccination (e.g., beliefs about vaccine safety and efficacy).

2. Joint problem solving task. Subsequently, we build teams consisting of two ran-
domly paired participants. Within teams, subjects are randomly assigned either to the
role of Sender (she) or Receiver (he). Before teams enter the main stage of the exper-
iment, they work on a joint problem solving task adopted from Goette and Tripodi
(2020), which we use to induce social proximity between the partners, i.e., to establish
the Receiver as a relevant peer to the Sender. The task consists of four consecutive
questions, in which teams are presented with historical paintings and are asked to
select the corresponding artist from a list. Each correct answer increases participants’
probability of winning an Amazon voucher, but only if their partner selects the correct
artist as well. To allow for coordination between partners, we provide them with the
option to exchange text messages.15 Participants are informed as to whether they won
any of the vouchers on the final page of the survey.

3. Social proximity. After the joint task, we elicit a measure of social proximity be-
tween partners using the “oneness” scale (Cialdini et al. 1997; Gächter, Starmer, and
Tufano 2015), again following Goette and Tripodi (2020).16 We find that the joint prob-
lem solving task performs well in establishing social proximity between partners: ac-
cording to this scale, at least half of the participants perceive their partner in the exper-
iment as an “acquaintance” and 25 percent even think of their partner as a “non-close
friend” (for details on the scale, see Gächter, Starmer, and Tufano 2015).

4. Treatment. Next, teams enter the experiment’s treatment stage, where we use
two experimental manipulations to isolate the impact of anticipated peer effects on
Senders’ decisions to sign up for a vaccination: we vary (1) the observability of the

14We provide the English translation of the complete survey instrument in Section 2.D in the Ap-
pendix.

15We provide a screenshot of the joint problem solving task showing the chat window in Figure 2.C.1
in the Appendix.

16The oneness scale is computed as the unweighted mean of the “Inclusion of Other in the Self” (IOS)
scale (A. Aron, E. N. Aron, and Smollan 1992) and the “WE” scale (Cialdini et al. 1997). We provide
screenshots of how we elicited the oneness scale in Figure 2.C.2 in the Appendix.
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Sender’s decision to her partner and (2) the timing of when the partner is informed
about the Sender’s decision.

The main intuition of our design is illustrated in Figure 2.1. For each treatment condi-
tion, we report the key treatment message shown to the Sender and the corresponding
decision sequence as implemented in the experiment. Irrespective of the condition to
which we assigned teams, Senders were always offered the opportunity to sign up for
the vaccination before the Receiver and no Sender learned about the decision of the
Receiver.

In the “not informing partner” condition, we inform Senders that their decision on
whether to register for a vaccination will not be reported to their partner. As a re-
sult, neither anticipated peer effects nor social image effects affect Senders’ decisions.

In the “informing partner after” condition, Senders learn that their decision will be
shared with their partner. However, we highlight to Senders that their partner will
only be informed about their decision once he (the partner) has himself already de-
cided whether to register. Therefore, while social image effects might arise, Senders
cannot influence their partner’s decision within the experiment and, consequently,
anticipated peer effects should play no role in this condition.

In the third and final condition, “informing partner before”, we inform Senders that their
partner will learn about their decision before he is given the opportunity to register for
a vaccination. As above, Senders in this condition are subject to social image effects.
In addition, however, they should infer that they can now influence their partner’s
decision. More formally, in the present condition Senders’ beliefs about the likelihood
of exerting a peer effect on their partner should, in expectation, be higher than in the
“informing partner after” condition. Hence, by comparing Senders’ willingness to sign
up for the vaccination between Senders who can and those who cannot influence their
partner, we can isolate anticipated peer effects from social image effects.

5. First stage. As laid out above, the strength of anticipated peer effects is governed
by Senders’ beliefs about how likely it is that they can influence their partner’s de-
cision. As such, changes in this particular belief constitute the “first stage” of our
experiment. To measure whether our experimental manipulations indeed induce an
upward shift in this first stage belief, we ask Senders how likely they think it is that
they can influence their partner’s decision of whether to sign up for the vaccination.
To elicit this belief, we use a slider ranging from 0 to 100. We pose this question to
Senders after the treatment module and before eliciting the main outcome.

6. Main outcome. Next, we elicit our main outcome by asking participants whether
they wished to sign up for a COVID-19 vaccination right away. If participants an-
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swered “yes”, they were forwarded to the BayIMCO website outside of our survey.17

Participants who responded “no” were forwarded to the next page of our survey. On
average, it took participants in our experiment five to six minutes to complete the on-
line registration form. Once participants completed the form, they obtained an email
from BayIMCO officially confirming their registration. We use this confirmation email
to verify whether participants indeed registered for a vaccination by asking them to
enter the sending address and the subject line of the confirmation email in a survey
form.18

The timing of the steps we used to elicit whether participants actually signed up for
the vaccination is crucial in this context: when we offered participants the opportunity
to sign up for the vaccination, participants did not know that we would ask them to
provide proof of their registration. We only informed participants about the confir-
mation and the corresponding remuneration after they had reported to us that they
successfully completed the registration. Hence, participants did not have an incentive
to misreport their registration in order to qualify for one of the vouchers. Still, one
may worry that participants misreporting their registration status tried to find out
the address and the subject line of the confirmation email to nevertheless qualify for
one of the vouchers. It is, however, very unlikely that participants successfully man-
aged to cheat, since the address from which the confirmation email was sent changed
over time. Thus, even if participants found a screenshot of the confirmation email
by searching the internet, the screenshot had to be fairly recent to keep up with the
changes of the confirmation email over time.19

7. Further outcomes. Finally, we collect post-treatment attitudes and beliefs related
to the COVID-19 vaccination, including participants’ stated willingness to take the
vaccine alongside with their beliefs regarding the safety and efficacy of the vaccine,
its social desirability, and associated free riding problems.20 In addition, we collected
further demographic information including income and education as well as partici-
pants’ county and zip code of residence. On the final page of the survey, we revealed

17The official registration website (BayIMCO) provided by the Bavarian Ministry of Health can be
accessed at https://impfzentren.bayern/citizen/ (last accessed 2021-09-11). We provide screenshots il-
lustrating how we elicit and verify the registration decision in Section 2.C.3 in the Appendix.

18We incentivized participants by informing them that by reporting both pieces of information cor-
rectly they would qualify for one of 30 additional 20 EUR Amazon vouchers. Once participants had
entered their information, their responses were checked by our system. If both answers were correct, a
lottery determined whether participants obtained one of the Amazon vouchers. Participants only learned
whether they had won any of the Amazon vouchers after they had answered all questions, i.e., on the
final page of the survey.

19As we detail in Section 2.3.4, we find no differential indication of Senders successfully bypassing
our verification process or completing their registration only after they had learned about the vouchers
between experimental conditions.

20We also collect the same set of beliefs before the treatment to analyze within-individual changes
arising from the treatment.

https://impfzentren.bayern/citizen/


SOCIAL SPILLOVERS 45

payoffs to participants and provided them with the opportunity to comment on the
survey.

2.2.3 Additional steps taken to identify anticipated peer effects

In order to identify anticipated peer effects, our design aims to maximize the differ-
ence in Senders’ beliefs about their ability to influence their partner between the “in-
forming partner before” and “informing partner after” conditions. To achieve this, we
designed both the decision Senders take as well as the interaction with their partner
to be “one-shot”. To ensure that the interaction is one-shot in nature, we paired indi-
viduals who had never met before and upheld anonymity throughout the experiment.
Anonymity facilitates identifying anticipated peer effects as it limits Senders’ chances
of influencing their partner to that particular encounter: Senders in the “informing part-
ner before” condition should realize that their opportunity to influence their partner’s
decision is either now, by sending a signal in the experiment, or never. Of course,
Senders’ decisions within the experiment may influence Receivers’ behavior after the
experiment has ended, as Receivers may contemplate their partner’s decision in the
experiment for a while and register for a vaccination at some later point in time. In
principle, Senders in the “informing partner after” condition may realize as well that
their actions during the experiment might influence Receivers’ behavior after the ex-
periment. If that was the case, anticipated peer effects would also motivate Senders in
this condition, potentially attenuating behavioral differences relative to the “informing
partner before” condition.21

As a further step towards identifying anticipated peer effects, we deliberately lim-
ited the scope for social image effects from the onset. To this end, Senders in our
experiment interacted with individuals they had never met before and not with their
neighbors (as in Bursztyn, González, and Yanagizawa-Drott 2020) or classmates (as in
Bursztyn and Jensen 2015). Our design further limits the potential impact of social
image effects by informing only one individual about the Sender’s decision. In exist-
ing paradigms, the number of Receivers is usually much larger (e.g., in Perez-Truglia
and Cruces 2017). Ultimately, by upholding anonymity throughout the experiment,
we rule out future interactions between partners and thereby shut down most instru-

21Moreover, the fact that the decision itself – and thus its potential externality on the Receiver – is
one-shot, may render it more salient from the perspective of the Sender. Combined, the one-shot de-
cision and the one-shot interaction help us identify anticipated peer effects. The role of these design
features also suggests a reason why Karlan and McConnell (2014) – who used a similar set of experimen-
tal manipulations – did not find evidence for anticipated peer effects: to conduct their experiment, they
recruited participants from the same peer group (college students from the same university). As a result,
Senders might have already known Receivers and might have anticipated to meet them again in the fu-
ture, reducing the relative importance of the signal sent within the experiment. A similar logic applies
to the decision they studied: they asked Senders to decide about a donation to a university institution, a
decision which Senders could take multiple times in the future.
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mental motives underlying social image effects.22 Taken together, we expect only a
weak impact of social image effects on Senders’ behavior in this particular context.

2.2.4 Experimental assignment and sample balancing

We used a two-stage random procedure to assign participants into treatment condi-
tions: first, we assigned teams to one of the three treatment conditions “not informing
partner”, “informing partner after”, or “informing partner before”. Second, within the
teams, we further randomized who was assigned the role of Sender and Receiver,
respectively. We report the resulting assignment into experimental conditions in Ta-
ble 2.2.23

Table 2.2: Number of Senders and Receivers assigned to each group

Condition Treatments Senders Receivers

(1) Not informing partner Observability = 0 328 –

(2) Informing partner after
Observability = 1
Informed before = 0

554 236

(3) Informing partner before
Observability = 1
Informed before = 1

519 220

Since we are primarily interested in Senders’ decisions, we opted for an implemen-
tation using fewer Receivers than Senders in each group: in some teams a Sender’s
partner was another Sender and not a Receiver. To avoid deception, the experimental
instructions thus involved a degree of uncertainty regarding whether a participant’s
decision would be shared with their partner. Therefore, we could use the same ex-
perimental instructions for all Senders in the same condition irrespective of whether
a Sender’s partner was another Sender or an “actual” Receiver, while still only em-
ploying factually true information.24 To further reduce the number of Receivers in our
experiment, we paired Senders in the “not informing partner” condition always with
other Senders. Since Senders’ decisions in this condition were not shared with their
partner from the joint problem solving task anyways, these Senders’ partners could
also be other Senders without introducing deception.

22See Bursztyn and Jensen (2017) for a discussion of the distinction between instrumental and hedonic
motives underlying social image effects.

23The discrepancy between the number of participants in the “informing partner after” and “informing
partner before” conditions is an artifact of the specific randomization procedure used. We used “on the
fly” randomization to assign participants into experimental conditions as they entered the survey. Due
to the random nature of the assignment process, the effective share in each condition slightly deviates
from the target shares we specified in our pre-analysis plan.

24To be precise, we informed Senders that their partner would learn about their decision only “with
high probability”.
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To assess whether Senders’ predetermined characteristics are balanced across exper-
imental conditions, we conducted pairwise comparisons of 21 predetermined char-
acteristics across all three conditions using bivariate regressions.25 In Table 2.3, we
report the group means separately for each condition alongside the p-values obtained
from these regressions.26 Out of the 63 estimates reported in Table 2.3, only one is sig-
nificant at the 5 percent level, suggesting that Senders’ predetermined characteristics
are well balanced across treatment conditions.27 These results thus minimize the risk
of wrongly attributing potential treatment effects to our experimental manipulations.

Table 2.3: Senders’ predetermined characteristics compared
across treatment conditions

Group means Test for equal means: p-values

Before After Not
Before vs.

After
Before vs.

Not
After vs.

Not
N

Attrition
Completed survey 0.73 0.74 0.76 0.87 0.24 0.30 1892

Demographics
Age 40.67 41.36 40.43 0.43 0.82 0.36 1401
Female 0.56 0.54 0.52 0.42 0.23 0.61 1401
Monthly household income (net) 2846.82 2850.90 2990.55 0.97 0.21 0.21 1401
Upper secondary degree 0.37 0.40 0.40 0.43 0.41 0.88 1401

Local characteristics
Avg. incidence rate (during second wave) 138.37 140.61 136.96 0.37 0.61 0.20 1401
Population in zip 14.21 15.17 14.91 0.11 0.29 0.71 1401
Lives in urban area (≥100k) 0.29 0.32 0.31 0.31 0.44 0.91 1401
Turnout (%) 77.42 77.60 77.52 0.50 0.74 0.79 1401
AfD vote share (%) 12.29 12.17 12.18 0.55 0.64 0.96 1401
Unemployment rate (%) 2.36 2.41 2.37 0.40 0.91 0.53 1401

Beliefs
Safety 3.37 3.40 3.42 0.80 0.69 0.86 1401
Efficacy 3.76 3.73 3.76 0.84 0.99 0.87 1401
Social desirability 3.58 3.64 3.62 0.69 0.81 0.92 1401
Severity of freerider problem 3.29 3.10 3.40 0.12 0.46 0.03∗∗ 1401
Willingness to take vaccine in state (%) 58.37 58.41 59.83 0.97 0.30 0.30 1401

Preferences
Own willingness to take vaccine (%) 50.78 51.40 49.57 0.78 0.65 0.48 1401
Altruism -0.01 0.04 -0.01 0.34 0.97 0.39 1401
Desire to influence 0.10 0.03 0.10 0.24 0.99 0.30 1401
Social image concerns 0.04 0.02 0.02 0.77 0.80 0.99 1401

Social proximity
Oneness -0.03 0.07 -0.04 0.13 0.92 0.14 1140

Test for joint significance 0.59 0.93 0.44

Group means of Senders’ predetermined characteristics, reported alongside p-values of tests for equal means. Results are based on the following
model: characteristici = α + β · treati + εi, where treati is a dummy variable corresponding to either the “informing partner after” or the “informing
partner before” condition, and where we omit one condition from our sample for every pair-wise comparison. Not refers to the not informing partner
condition, Before and After are defined analogously. All variables classified as “local characteristics” do not vary on the individual level but on the
zip code or town (“Gemeinde”) of residence level.

25We use regressions of the following form to compare predetermined characteristics between pairs of
conditions: characteristici = α + β · treati + εi, where treati is a dummy variable corresponding to either
the “informing partner after” or the “informing partner before” condition, and where we omit one condition
from our sample for every pair-wise comparison.

26We report the corresponding balancing results for Receivers in Table 2.B.6 in the Appendix.
27This is supported by the p-values obtained from tests for joint significance of all predetermined

characteristics reported at the bottom of the table.
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2.3 Empirical analysis

In this section, we first discuss our empirical strategy to separate anticipated peer ef-
fects from social image and other behavioral motives. Subsequently, we document
that our experimental variation generated the desired first-stage effect, i.e., it manip-
ulated Senders’ beliefs about the likelihood of exerting a peer effect. After discussing
our main result – that anticipated peer effects more than doubled Senders’ likelihood
of signing up for a COVID-19 vaccination – we move on to addressing several poten-
tial concerns including experimenter demand, strategic lying and cheating. We also
corroborate our interpretation that Senders acted upon a prosocial anticipated peer
effect, mediated by the possibility of influencing their partner, in a heterogeneity anal-
ysis and a 2SLS estimation. We end this section by documenting that Senders’ antici-
pated peer effects did not translate into “actual” peer effects, i.e., behavioral changes
among Receivers.

2.3.1 Regression specification

To identify experimental treatment effects, we estimate regression models of the fol-
lowing form:

yi = β0 + β1 · informing partneri + β2 · informing partner beforei + Xi γ′ + εi (2.1)

yi corresponds to the relevant outcome of interest for Sender i. In our main specifica-
tions, yi is a dummy variable indicating whether Sender i registered for a COVID-19
vaccination and could provide proof of her registration. When testing for the first-
stage effect of our experiment, we instead use Sender i’s belief about the likelihood
of her being able to influence her partner as the outcome variable yi. In alternative
specifications, we also consider Sender i’s self-reported registration status and will-
ingness to take the vaccine as well as further measures of her decision to sign up for
the vaccination, such as whether Sender i clicked on the link forwarding participants
to the BayIMCO website, as dependent variables.

The variables informing partneri and informing partner beforei capture the impact of our
two experimental manipulations. First, informing partneri is an indicator variable tak-
ing value 1 if Sender i learned that we would report her registration decision to her
partner in the experiment. Second, informing partner beforei takes value 1 if Sender i
learned that her partner would be informed about her registration decision before her
partner himself would have the opportunity to sign up for the vaccination. When us-
ing both indicators, informing partneri and informing partner beforei, simultaneously as
specified in Equation 2.1, β1 captures the social image effect and β2 the additional an-
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ticipated peer effect that only occurs if a Sender’s partner was informed before rather
than after his own registration decision. Finally, in some specifications we include con-
trol variables: Xi is a vector that includes Senders’ predetermined characteristics.28

2.3.2 First stage

We first test for the presence of the intended first-stage effect: are Senders’ beliefs
about the likelihood of exerting a peer effect on their partner shifted upwards if they
learn that we will inform their partner before rather than after the partner has the op-
portunity to register for the COVID-19 vaccination? The left-hand panel of Figure 2.2
reports the mean belief in each of the three experimental conditions. When we com-
pare the upper (“not informing partner”) to the middle bar (“informing partner after”),
we find that Senders in the latter group are slightly more likely to think that they can
influence their partner. This is consistent with the idea that these Senders anticipate
that their decision in the experiment might influence Receivers’ registration behavior
after the survey, even though their signal arrives too late for Receivers’ decisions within
the experiment.29 More importantly, however, when contrasting the middle with the
lower bar (“informing partner before”), we discover that Senders who learned that their
partner was informed before rather than after are significantly more likely to believe
that they can exert a peer effect on their partner.

(a) Conditional means (b) Coefficient estimates

Figure 2.2: Treatment effects on first stage beliefs
Panel (a) plots Senders’ mean stated likelihood of influencing their partner, in percent, for each
treatment condition. Error bars indicate 95 percent confidence intervals of the mean. Panel (b) plots
coefficient estimates and 95 percent confidence intervals from regressions as laid out in Equation 2.1.

28We use all Sender characteristics reported in Table 2.1 with the exception of our measure of social
proximity as control variables. We exclude social proximity due to a number of missing observations for
this measure from participants who have skipped the corresponding survey items. Our results do not
change when including it as an additional control variable.

29Arguably, however, if all Senders in the “not informing partner” condition had fully understood the
experimental instructions, they should have reported that they cannot influence their partner at all. That
this belief is not zero is likely explained by some degree of inattention among participants which is not
uncommon for this type of online experiment.



50 ANTICIPATED PEER EFFECTS

This finding is confirmed by our regression results depicted in the right-hand panel of
Figure 2.2. In this figure, we report coefficient estimates and the corresponding 95 per-
cent confidence intervals which we obtained from regressions following the specifica-
tion depicted in Equation 2.1. Here, we employ Senders’ beliefs about the likelihood
of exerting a peer effect on their partners as the dependent variable. We present results
from regressions both with and without controls.30 The upper pair of coefficients in
Figure 2.2 depicts our estimates for β1 which corresponds to the difference between
the upper and the middle bar in the left-hand panel of the figure. Our estimates for β1

range from 3.29 (with controls, se: 1.90) to 3.58 (without controls, se: 1.94) percentage
points and are both significant at the 10 percent level, corresponding to a 13 percent
increase over the likelihood stated by Senders whose partners were not informed.

We estimate even larger treatment effects for β2 (the lower pair of coefficients) which
correspond to the difference in first-stage beliefs between the middle and the lower
bar. Our estimates for β2 range from 5.39 (se: 1.69) to 5.57 (se: 1.79) percentage points
and are significant at the 1 percent level, irrespective of whether we include controls
or not, corresponding to a 20 percent increase over the “informing partner after” con-
dition. Taken together, these findings suggest that our experimental manipulations
successfully induced the desired shift in beliefs: making Senders’ decisions observ-
able to their partners increased Senders’ mean beliefs about the likelihood of being
able to influence their partners. Crucially, however, informing Senders’ partners be-
fore rather than after we offer them the opportunity to register induced a significant
wedge in Senders’ first-stage beliefs, which we leverage to isolate anticipated peer
effects from social image effects.

2.3.3 Separating anticipated peer effects from social image effects

Next, we present treatment effects on Senders’ likelihood to sign up for a COVID-
19 vaccination. The left-hand panel of Figure 2.3 displays the share of Senders who
verifiably registered across our three experimental conditions. We find that among
Senders in the “not informing partner” and “informing partner after” conditions, 5 per-
cent decided to sign up for a vaccination during our experiment. When contrasting
this with Senders in the “informing partner before” condition, we find that Senders in
this condition are roughly 80 percent more likely to register (9 vs. 5 percent).

We assess whether the differences in the share of Senders who signed up are statisti-
cally significant by running regressions of the form specified in Equation 2.1. We use
a dummy variable taking value 1 for Senders who verifiably registered for a COVID-
19 vaccination as the dependent variable. The upper pair of coefficients reported in
Figure 2.3, right panel, corresponds to β1 and as such captures the difference between

30Full regression results are reported in columns (3) and (4) of Table 2.B.1 in the Appendix.
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(a) Conditional means (b) Coefficient estimates

Figure 2.3: Treatment effects on Senders’ likelihood to register
for a COVID-19 vaccination

Panel (a) plots the share of Senders who registered for a vaccination in each treatment condition.
Error bars indicate 95 percent confidence intervals of the mean. Panel (b) plots coefficient estimates
and 95 percent confidence intervals from regressions as laid out in Equation 2.1.

the upper and the middle bar in the left-hand panel. Irrespective of whether we use
controls or not, we obtain precisely estimated zero effects for β1 (se: 0.01-0.02).31 This
implies that Senders who knew that their partner was informed after he had obtained
the opportunity to sign up for a vaccination (“informing partner after”) are not more
likely to register than Senders who knew that their partner was not informed at all
(“not informing partner”). In other words, Senders’ decisions on whether to sign up
for a COVID-19 vaccination seem not to be affected by social image concerns due to
being observed by their partner in the experiment. In stark contrast to this, we ob-
tain point estimates for β2 of approximately 4 percentage points (se: 0.01-0.02), both
with and without controls, which are highly significant (p < 0.02), implying that antic-
ipated peer effects significantly affect Senders’ likelihood to sign up.32 These finding
are confirmed by results from Fisher permutation tests summarized in Figure 2.A.1 in
the Appendix, which yield a p-value of 0.97 for β1 and of 0.02 for β2.33

Combined, our findings depicted in Figure 2.3 thus suggest that observability per se
does not induce a change in Senders’ behavior. However, once Senders can influence
their partners’ decision whether to sign up for a COVID-19 vaccination within the
experiment, they are almost twice as likely to register themselves. In other words, in
this particular setting, anticipated peer effects seem to explain why Senders are more

31We report full regression results in columns (3) and (4) of Table 2.B.2 in the Appendix.
32Given the absence of a difference in the share of Senders who signed up between the “informing

partner after” and the “not informing partner” condition, our estimates for β2 also correspond to an 80
percent increase over the mean in the “not informing partner” condition.

33We pre-specified both conventional t-statistics as well as permutation tests for statistical inference
in our pre-analysis plan. To derive Fisher p-values, we randomly assign “placebo treatment” status
to Senders in our experimental conditions in 5,000 iterations and calculate a distribution of “placebo
estimates” for both β1 and β2. We then compare the size of the treatment effects we find using the actual
treatment assignment (the “true” estimate) to the distribution of “placebo estimates”.
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likely to act prosocially if their behavior can be observed by others. The absence of
social image effects and the relative strength of anticipated peer effects in this context
results from the fact that the scope for social image effects was limited by design:
instead of leveraging a considerable number of individuals from the Senders’ peer
group as Receivers as in comparable studies interested in identifying social image
effects, we matched Senders with only one stranger and let them interact in a quasi-
anonymous online setting without the chance of future interactions.

2.3.4 Robustness

Experimenter demand

Taking a COVID-19 vaccine, and by extension also signing up for a vaccination, is
generally perceived as a socially desirable action. Thus, we expect a certain baseline
level of experimenter demand effects to be present in all experimental conditions. This
type of experimenter demand does, however, not constitute a potential threat to our
interpretation of the findings as long as the extent of experimenter demand is uniform
across conditions. Yet, if Senders in the “informing partner before” condition inferred
with a higher probability from our instructions that our experiment’s main hypoth-
esis was that a higher share of them would sign up for a COVID-19 vaccination, our
estimates could, at least partially, reflect stronger experimenter demand in the “inform-
ing partner before” condition.

Previous research by de Quidt, Haushofer, and Roth (2018) and Haaland, Roth, and
Wohlfart (forthcoming) found that self-reported outcomes are more prone to suffer
from experimenter demand effects than revealed preference outcomes since the latter
impose an actual economic cost on experimental subjects. We thus compare our es-
timates for β1 and β2 between regressions where we employ our revealed preference
outcome (verified registrations) as the dependent variable and those where we use
one of the following self-reported outcomes: first, a dummy taking value 1 if a Sender
reported that she signed up, which we elicit after participants were offered the oppor-
tunity to register for a COVID-19 vaccination via BayIMCO; second, a dummy taking
value 1 if a Sender clicked on the link forwarding her to the BayIMCO website; third,
a dummy taking value 1 if a Sender replied that she is planning to sign up, which we
elicit after Senders saw the treatment messages, yet before we offered them the oppor-
tunity to sign up; fourth, the change in a Sender’s self-reported willingness to take the
vaccine from before to after the treatment.

In Figure 2.4, we plot coefficient estimates and corresponding confidence intervals for
both β1 and β2 obtained from regressions as specified in Equation 2.1 using our full
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Figure 2.4: Comparing treatment effects across outcomes
Coefficient estimates from regressions as laid out in Equation 2.1. We use the following dependent
variables: (i) a Sender’s verified registration status; (ii) a dummy variable taking value 1 if a Sender
reports that she has registered (elicited before verification); (iii) a dummy variable taking value 1 if
a Sender clicked on the registration link forwarding her to BayIMCO; (iv) a dummy variable taking
value 1 if a Sender reported to be willing to register (elicited before verification); and (v) the change
in a Sender’s self-reported willingness to take the vaccine (pre vs. post treatment). All outcomes are
scaled using the corresponding mean in the “not informing partner” condition. 95 percent confidence
intervals reported.

set of controls.34 All outcomes are scaled using the corresponding mean in the “not
informing partner” condition to facilitate the interpretation of coefficient sizes. Irre-
spective of whether we look at self-reported or verified outcomes, we find fairly pre-
cisely estimated zero effects for β1. In contrast, while we find that our estimates for β2

are positive and highly statistically significant if we employ our revealed preference
outcome (verified registrations), we obtain insignificant and considerably smaller es-
timates when using self-reported outcomes. For example, when employing Senders’
self-reported registration status as an outcome, we estimate that β2 only corresponds to
about a 30 percent increase over the mean (compared to about an 80 percent increase
over the mean when using verified registrations as the dependent variable). We obtain
even smaller estimates for β2 for any of the other self-reported outcomes.35 The pat-
tern we observe in Figure 2.4 thus suggests that our experimental manipulations did
not generate additional experimenter demand in the “informing partner before” condi-
tion that goes beyond any baseline experimenter demand present in all conditions.

34Coefficients and confidence intervals are barely affected by using control variables. Yet, estimates
obtained from regressions using our full set of control variables are slightly more precise. Since smaller
confidence intervals would, in this particular exercise, work against us when looking at self-reported
outcomes, we decided to present results obtained from regressions with controls.

35We report full regression results in Table 2.B.3 in the Appendix.
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Strategic lying

A related alternative explanation is strategic lying, given that the decision of whether
to take the COVID-19 vaccine, and by extension whether to sign up for a vaccination,
represents a collective action problem. While the vaccine entails several important
benefits, including for society, it also comes with private costs for individuals, e.g., in
terms of potential side effects or opportunity costs. Therefore, Senders have an incen-
tive to state that they are willing to register – to nudge their partner to take the vaccine
– without actually following through with the registration themselves. Strategic lying
poses a threat to our interpretation if the extent of such behavior is more pronounced
among Senders in the “informing partner before” condition.

Figure 2.5: Treatment effects on strategic lying
Results from regressions of verified registration status, self-reported intent to register, and a mea-
sure of strategic lying on treatment indicators as laid out in Equation 2.1. Strategic lying is measured
as a dummy variable taking value 1 for Senders who report that they have signed up but who failed
to provide proof of their registration. We plot coefficient estimates and 95 percent confidence inter-
vals. All outcomes are scaled using the corresponding mean in the “not informing partner” condition.

In Figure 2.5, we construct a measure of strategic lying – a dummy variable taking
value 1 for Senders who reported that they had signed up but failed to provide proof
of their registration – and use it as dependent variable in regressions following the
general setup specified in Equation 2.1. We compare the coefficient estimates for β1

and β2 obtained for this measure of strategic lying with the corresponding estimates
for verified registrations and Senders’ self-reported intent to register.36 To facilitate
the comparison of effect sizes across outcomes, we scale all three outcomes with the
respective mean in the “not informing partner” condition. We find fairly precisely esti-
mated zero effects for β1, irrespective of whether we use controls or not. In contrast,

36For full regression results, please consult the corresponding Table 2.B.4 in the Appendix.
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we obtain positive and highly significant estimates for β2 when employing verified
registrations as the dependent variable, whereas we find no significant coefficients
when using our measure of strategic lying as the dependent variable. The estimate
for β2 is small, statistically indistinguishable from zero, and if anything, negative. It
is thus not the case that Senders in the “informing partner before” condition are merely
more likely to state that they would like to register, while failing to follow through
with their registration, than Senders in other conditions. Taken together, anticipated
peer effects seem to be a sufficiently strong behavioral motive which reflects a true
preference for prosociality rather than a strategic, and thus selfish, concern.

Cheating

A third potential threat concerns differential incentives to “cheat” which may arise
from differences in treatment instructions or survey items employed across experi-
mental conditions.37 There are two related variants of this concern: first, there may
exist differential incentives to sign up for a vaccination to qualify for the additional re-
muneration offered to participants passing our verification process. Second, Senders
may face differential incentives to search the internet for the information required to
qualify for the remuneration.

To address this type of concern, we exploit the fact that either variant should manifest
in similar patterns with respect to how much time Senders devote to each of the sur-
vey pages post treatment. We would expect Senders who cheat to spend only a short
time on the survey page where the registration should have taken place and consid-
erably more time on the survey page where they are asked to provide proof of their
registration: either because they need to register for the vaccination online ex post,
i.e., after we had offered them to start their registration from within the survey on the
previous page, or because they need to retrieve the address and the subject line of the
confirmation email from the internet.

We compare time spent on each survey page after receiving the treatment message in
Figure 2.6. We hereby focus only on Senders who could provide proof of their registra-
tion to assess the potential severity of (successful) cheating. We provide Senders with
the opportunity to sign up for a COVID-19 vaccination on the “Registration” page and
ask them to provide verifiable information on the next page (“Confirmation”), where
we also informed them about the additional remuneration.38 Therefore, any increase
in time spent due to cheating would manifest on the “Confirmation” page. Yet, con-
trary to the notion of differential incentives to cheat explaining our findings, we find

37In our particular setting, survey items were identical across the “informing partner before” and the
“informing partner after” conditions. Thus, differential incentives to cheat must arise from slight differ-
ences in the wording of experimental instructions.

38Note that there was no possibility to “return” to a previous page throughout the entire survey.
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that participants in both relevant groups spent ca. six minutes inactive on our “Reg-
istration” page, a realistic duration to switch to the websites of the Bavarian health
authorities and conduct the official registration there. Furthermore, as we document
in Figure 2.6 and Table 2.B.5 in the Appendix, Senders in the “informing partner be-
fore” condition did not spend significantly more (or less) time on any of the pages post
treatment than Senders in the “informing partner after” condition. Together, these re-
sults thus speak against the idea that differential incentives to cheat explain our main
finding.

Figure 2.6: Time spent on each page post treatment by experimental condition
Senders’ mean time spent on all survey pages after the treatment module, reported by treatment
condition and alongside 95 percent confidence intervals. Time spent on each page is measured in
seconds. The sample of Senders is limited to those who could provide proof of their registration.

2.3.5 Internal consistency

Heterogeneities

We now investigate potential explanations for why Senders are more willing to incur
the cost of signing up during the experiment when they know that they can influence
their partner. One such explanation is that Senders wish to send a signal about the
quality of the vaccine to their partner, who they may suspect to be less informed. To
assess this explanation, we analyze whether treatment effects depend on Senders’ own
beliefs about the quality of the vaccine. Specifically, we now limit our estimation sam-
ple to Senders in the “informing partner before” and “informing partner after” conditions
and estimate the following regression model:
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yi = γ0 + γ1 · beliefs qualityi + γ2 · informing partner beforei

+ γ3 · informing partner before× beliefs qualityi + Xi θ′ + εi
(2.2)

yi and informing partner beforei are defined as in Equation 2.1.39 To proxy Sender i’s
beliefs about the quality of the vaccine, we employ the average of her pre-treatment
beliefs about the safety and the efficacy of the vaccine.40 The interaction term between
our treatment indicator and Senders’ beliefs about the quality of the vaccine (γ3) cap-
tures whether the likelihood of registering due to anticipated peer effects becomes
stronger if Senders are more convinced about the quality of the vaccine.

Table 2.4: Treatment effects conditional on beliefs about vaccine quality

Verified registration

(1) (2)

Beliefs quality 0.05∗∗∗ 0.01
(0.01) (0.01)

Informing partner before 0.04∗∗∗ 0.04∗∗∗

(0.01) (0.01)

Informing partner before x Beliefs quality 0.05∗∗∗ 0.05∗∗∗

(0.02) (0.02)

Controls Yes
Mean ’Verified registration’ (control) 0.05 0.05
Mean ’Beliefs quality’ (control) 0 0
SD ’Beliefs quality’ (control) 1 1

Observations 1,073 1,073
R2 0.10 0.12

Results from regressions as laid out in Equation 2.2. Estimation sample limited
to Senders in the “informing partner before” and “informing partner after” conditions.
Thus, “control” refers to the “informing partner after” condition. Beliefs quality is stan-
dardized using the mean and standard deviation of the control group. Robust stan-
dard errors reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

We report the main results from this exercise in Table 2.4 and Figure 2.A.2 in the Ap-
pendix where we standardize Senders’ beliefs about the quality of the vaccine using
the mean and standard deviation in the control group. Our estimates for γ2 and γ3 are
positive and highly significant. Together, these estimates imply that Senders are more
likely to sign up for a vaccination once they can influence their partner if they indeed

39See Section 2.3.1 for a detailed description of these variables.
40For both survey items we employed a 1–7 scale, where higher numbers represent stronger beliefs in

the safety or efficacy of the vaccine.
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believe that the vaccine is safe and effective. Conversely, Senders with the lowest lev-
els of trust in the vaccine deliberately decided not to sign up during the experiment
if they knew that they could influence their partner. This finding underlines our in-
terpretation that anticipated peer effects constitute a prosocial motive in our setting:
Senders who can influence their partners indeed choose to lead by example, signalling
what they believe is best for their partner. Anticipated peer effects thus seem to arise
if people think that leading by example sends an informative signal about the desir-
ability of a certain action to observing individuals.

Table 2.5: Treatment effects conditional on social proximity between partners

Verified registration

(1) (2)

Social proximity 0.01 0.01
(0.01) (0.01)

Informing partner before 0.05∗∗∗ 0.05∗∗∗

(0.02) (0.02)

Informing partner before x Social proximity 0.02 0.01
(0.02) (0.02)

Controls Yes
Mean ’Verified registration’ (control) 0.05 0.05
Mean ’Social proximity’ (control) 0 0
SD ’Social proximity’ (control) 1 1

Observations 877 877
R2 0.02 0.13

Results from regressions as laid out in Equation 2.2. Estimation sample limited
to Senders in the “informing partner before” and “informing partner after” conditions.
Thus, ’control’ refers to the “informing partner after” condition. Social proximity is
standardized using the mean and standard deviation of the control group. Robust
standard errors reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

Naturally, one may expect that our desire to lead by good example is more pronounced
if observing individuals include friends and family or other individuals we care about.
To test whether perceived social proximity affects the strength of anticipated peer ef-
fects in a prosocial setting, we use a measure of Sender i’s perception of social proxim-
ity between herself and her partner (instead of her beliefs about the vaccine’s quality)
as the conditioning variable. Results from this exercise are summarized in Table 2.5
and in the corresponding Figure 2.A.3 in the Appendix, where we again standard-
ize the conditioning variable using its mean and standard deviation in the control
group. Although we find tentative evidence that anticipated peer effects increase in
perceived social proximity, the interaction term between the dummy variable indi-
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cating that Sender i was assigned to the “informing partner before” condition and the
perceived social proximity to her partner is not significant. However, in combination
with the fact that more than 50 percent of Senders perceive their partner at least as
an “acquaintance”41, this finding is nevertheless consistent with the notion that antici-
pated peer effects are more likely to matter for prosocial behavior if people care about
observing individuals.

2SLS estimates

The estimated impact of our experimental manipulations on Senders’ likelihood to
sign up for a COVID-19 vaccination we discussed so far constitutes a “reduced form”
effect. Yet, as argued in previous sections, Senders’ beliefs about the potential impact
of their own decision on their partners – their first-stage belief – may be particularly
important for the strength of anticipated peer effects. Therefore, we now investigate
the relationship between our experimental manipulations, Senders’ first-stage belief,
and their willingness to sign up for a COVID-19 vaccination more systematically: to
this end, we limit our estimation sample to Senders in the the “informing partner before”
and “informing partner after” conditions and leverage our experimental manipulation
as an instrument for Senders’ beliefs about the likelihood of being able to exert a peer
effect on their partner in a 2SLS framework. We thus estimate a local average treat-
ment effect on those Senders whose beliefs were actually shifted by the experimental
intervention.

We report the results from this exercise in Table 2.6. Columns (1) to (4) summarize
our findings discussed in previous sections: Senders in the “informing partner before”
condition exhibit a significantly higher probability to believe that they can influence
their partner (columns (1) and (2)) and are significantly more likely to sign up for a
COVID-19 vaccination (columns (3) and (4)) than Senders in the “informing partner af-
ter” condition. Then, in columns (5) and (6) we leverage our experimentally induced
variation in Senders’ beliefs about the likelihood of influencing their partner to com-
pute the 2SLS estimate of this belief on Senders’ likelihood to sign up for a COVID-19
vaccination. Irrespective of whether we use controls or not, we obtain positive and
significant estimates for Senders’ beliefs about the likelihood of exerting a peer effect
on their partner. This confirms our view that anticipated peer effects are governed by
Senders’ beliefs about their chances of influencing their partner.

41For an explanation of the social proximity scale, see Section 2.2.
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Table 2.6: Treatment effects estimated using 2SLS

First Stage Reduced Form Second Stage

Likelihood of
influencing partner

Verified registration

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

Informing partner before 5.57∗∗∗ 5.42∗∗∗ 0.05∗∗∗ 0.05∗∗∗

(1.78) (1.69) (0.02) (0.02)

Likelihood of influencing partner 0.01∗∗ 0.01∗∗

(0.00) (0.00)

Controls Yes Yes Yes
Mean ’Likelihood of influencing partner’ (control) 27.93 27.93 27.93 27.93 27.93 27.93
Mean ’Verified registration’ (control) 0.05 0.05 0.05 0.05 0.05 0.05
F-Statistic for 1st stage 9.74 10.29

Observations 911 911 911 911 911 911

Results from first-stage (columns (1) and (2)), reduced form (columns (3) and (4)), and 2SLS (columns (5) and (6)) es-
timations reported. The estimation sample is limited to Senders in the “informing partner before” and “informing partner
after” conditions. Thus, ’control’ refers to the “informing partner after” condition. Robust standard errors reported in
parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

2.3.6 “Actual” peer effects on Receivers

As we have documented in the previous subsection, Senders’ beliefs about the like-
lihood of exerting a peer effect on their partner play a central role in the strength of
anticipated peer effects. Yet, it remains an open question as to whether Senders cor-
rectly anticipate such a peer effect on their partner. To investigate this question, we
analyze whether Senders’ decision to sign up for a COVID-19 vaccination actually in-
fluenced Receivers’ behavior by running the following regression model with our full
sample of Receivers:42

yi = φ0 + φ1 · informed beforei + X i ζ′ + εi, (2.3)

yi is a dummy variable which equals 1 if the Receiver decides in the same way as
his partner and 0 otherwise. We use Receivers’ decision to sign up for a COVID-19
as our main outcome and complement it, among others, with Receivers’ self-reported
intention to register. Our main explanatory variable informed beforei is a dummy
which equals one if Receiver i was informed about his partner’s decision before we
offered him the opportunity to sign up for a vaccination. Finally, in some specifications
we include control variables which we denote by Xi.43

42As we document in Table 2.B.6 in the Appendix, Receivers’ predetermined characteristics are also
well balanced. The test for joint significance of all predetermined characteristics yields a p-value of 0.6.
Thus, we can be fairly confident that the treatment effects we estimate can actually be attributed to our
experimental manipulations and did not arise to differences in predetermined characteristics.

43We use the same set of control variables as for our analysis of anticipated peer effects, i.e., all char-
acteristics reported in Table 2.1 with the exception of our measure of social proximity.
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Figure 2.7: Comparing treatment effects on Receivers across
experimental conditions

Results from regressions as laid out in Equation 2.3. Outcomes are indicator variables taking value
1 if Receivers decide the same way as their Senders with respect to the measures indicated in the
legend. We plot coefficient estimates and 95 percent confidence intervals.

We present regression results in Figure 2.7.44 The dependent variable is a dummy
taking value 1 if the Receiver decided the same way as the Sender. Irrespective of
whether we consider revealed-preference or self-reported outcomes, we find small
and insignificant estimates throughout.45

Contrary to their own anticipation, Senders are thus not successful in influencing Re-
ceivers’ behavior and attitudes. The absence of actual peer effects can be explained by
the specific setting we study: Receivers learned about Senders’ decisions, yet not vice
versa. As a result, Senders could not verify whether they indeed exerted a peer effect
on their partner and Receivers were thus not subject to social image concerns which
could explain the missing conformity of Receivers’ behavior. At a more general level,
this suggests that in certain decision environments people might perceive themselves
as more pivotal than they actually are, such that anticipated peer effects can arise even
in absence of “actual” peer effects. Hence, leveraging people’s desire to lead by exam-
ple as a measure to promote prosocial behavior can work even if observing individuals
do not follow suit.

44Full regression results underlying Figure 2.7 can be found in Table 2.B.7 in the Appendix.
45The same pattern emerges when we look at changes in attitudes or beliefs, which we report in

Table 2.B.8 in the Appendix: three out of four coefficient estimates are statistically indistinguishable from
zero. Only for the change in Receivers’ beliefs about the severity of the freeriding problem in the roll-
out of the mass immunization program do we obtain a negative and statistically significant coefficient
(p-value < 0.1).
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2.4 Conclusion

We provide evidence that anticipated peer effects constitute a relevant motive for
prosocial behavior in a consequential decision environment. Leveraging a survey-
based online experiment in the context of the COVID-19 vaccination campaign in Ger-
many, we find that individuals’ willingness to register for the vaccination almost dou-
bles when informed that they can influence a peer’s decision. We further document
a strong first-stage effect of our treatment on subjects’ beliefs about the chances of in-
fluencing their peer’s decision, implying that individuals anticipate and internalize
their potential to lead by example. Anticipated peer effects constitute a complemen-
tary behavioral mechanism explaining why people are more inclined to act prosocially
if they can be observed by others, which operates independently of social image ef-
fects. Our findings further highlight that individuals are willing to incur considerable
costs to send an encouraging signal to observing peers to follow their lead if they are
convinced that an action can generate positive externalities. In line with this inter-
pretation, we find that anticipated peer effects only increase individuals’ willingness
to register for a vaccination if they are sufficiently convinced about the quality of the
vaccine.

The behavioral relevance of anticipated peer effects can hold relevant implications for
policy makers seeking to promote prosocial behavior: instead of having to resort to
“social sticks” in the form of enforcement or punishment (e.g., fines for missing vac-
cination appointments or maintenance of personal restrictions for unvaccinated peo-
ple), they might leverage people’s desire to lead by example as a “social carrot”, e.g.,
by encouraging people to publicly signal their decision to get vaccinated. Increasing
the benefits of behaving prosocially – rather than raising the costs of failing to do so –
is also likely also beneficial from a welfare perspective.

While in this paper we provided evidence for the existence and empirical relevance
of anticipated peer effects in a prosocial setting, future work could focus on explor-
ing the underlying mechanisms in more detail. We can think of at least two potential
drivers behind people’s willingness to lead by good example: first, individuals might
simply feel good about shaping the behavior of others and receive a hedonic payoff
from leading by example. Second, in the spirit of theories of pure altruism (Andreoni
1989; Bénabou and Tirole 2006), individuals might care about the total provision of a
public good (e.g., contributing to ending the pandemic). In that case, Senders could be
motivated by an observability-dependent form of altruism, pushing them to set an ex-
ample of prosocial behavior if they expect that others might follow suit and contribute
to the public good as well.
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Finally, our results have highlighted that anticipated peer effects can arise even with-
out translating into peer effects, i.e., without actually affecting the decision of ob-
serving individuals. This has two interesting implications: first, it indicates that in
some settings the mere potential of being able to influence others can be sufficient to
promote prosocial behavior. Second, it implies that individuals might hold out-of-
equilibrium beliefs about their impact on others. Understanding the sources of such
misperceptions as well as their potential importance in motivating people to assume
the responsibility of being social leaders – bearing the private costs of prosocial be-
havior without knowing that others might follow suit – constitutes another interesting
avenue for future research.





APPENDIX 2

2.A Additional figures

2.A.1 Randomization inference

Figure 2.A.1: Results from randomization inference
Distribution of placebo estimates derived from randomly assigning “placebo treatment” status to
Senders in 5,000 iterations and calculating the share of “placebo treatment effects” that exceed the
“true treatment effect” in (absolute) magnitude. Panel (a) reports the resulting distribution and
Fisher exact p-value for β1 and panel (b) for β2 as detailed in Equation 2.1. The outcome in both
panels is Senders’ verified registration status.

65
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2.A.2 Heterogeneities

Figure 2.A.2: Treatment effect for informing partner before conditional on
beliefs about vaccine quality

Treatment effect heterogeneity based on Equation 2.2. Beliefs about the quality of the vaccine are
employed as the conditioning variable and are measured as the standardized average of Senders’
beliefs about (i) the safety and (ii) the efficacy of the vaccine. The horizontal axis depicts the distri-
bution of this belief among Senders.

Figure 2.A.3: Treatment effect for informing partner before conditional on
perceived social proximity to partner

Treatment effect heterogeneity based on Equation 2.2. Social proximity to the partner is employed
as the conditioning variable and is measured using the “oneness” scale (see Section 2.2). The hori-
zontal axis depicts the distribution of social proximity among Senders.
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2.B Additional tables

2.B.1 First stage

Table 2.B.1: Treatment effects on first stage beliefs

Likelihood that partner
can be influenced (%)

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

Informing partner 6.26∗∗∗ 5.90∗∗∗ 3.58∗ 3.29∗

(1.77) (1.73) (1.94) (1.90)

Informing partner before 5.57∗∗∗ 5.39∗∗∗

(1.79) (1.69)

Controls Yes Yes
Mean, ’Not informing partner’ 24.36 24.36 24.36 24.36
Mean, ’Informing partner after’ 27.93 27.93 27.93 27.93

Observations 1,194 1,194 1,194 1,194
R2 0.01 0.11 0.02 0.12

Results derived from regressions as laid out in Equation 2.1 with Senders’ beliefs
about the likelihood that their partner can be influenced as dependent variable. Ro-
bust standard errors reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

2.B.2 Separating anticipated peer effects from social image effects

Table 2.B.2: Treatment effects on signing up for a COVID-19 vaccination

Verified registration

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

Informing partner 0.02 0.02 −0.00 −0.00
(0.01) (0.01) (0.02) (0.01)

Informing partner before 0.04∗∗ 0.04∗∗∗

(0.02) (0.01)

Controls Yes Yes
Mean, ’Not informing partner’ 0.05 0.05 0.05 0.05
Mean, ’Informing partner after’ 0.05 0.05 0.05 0.05

Observations 1,401 1,401 1,401 1,401
R2 0.00 0.10 0.01 0.11

Results derived from regressions as laid out in Equation 2.1 with Senders’ veri-
fied registration status as dependent variable. Robust standard errors reported
in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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2.B.3 Addressing potential concerns
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Table 2.B.4: Strategic lying

Self-reported intent
to register

Verified
registration

Self-reported
intent not verified

(1) (2) (3)

Informing partner 0.01 −0.001 0.01
(0.03) (0.01) (0.02)

Informing partner before 0.02 0.04∗∗∗ −0.02
(0.02) (0.01) (0.02)

Controls Yes Yes Yes
Mean, ’Not informing partner’ 0.198 0.049 0.149
Mean, ’Informing partner after 0.194 0.044 0.149

Observations 1,401 1,401 1,401
R2 0.21 0.11 0.11

Results derived from regressions as laid out in Equation 2.1. We employ the following dependent variables:
a dummy variable taking value 1 if a Sender reported to be willing to register, elicited before verification
(column 1); a dummy variable taking value 1 if a Sender reported that she registered for a vaccination and
could provide proof of her registration (column 2); a dummy variable taking value 1 if a Sender reported
that she had signed up but failed to provide proof of her registration (column 3). Robust standard errors
reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 2.B.5: Cheating (time spent on survey pages in seconds)

Before vs. After Before vs. Not After vs. Not

Diff. p-value Diff. p-value Diff. p-value

First Stage
First stage 6.57∗∗∗ 0.448 -9.3∗∗∗ 0.460 -15.87∗∗∗ 0.229

Main Outcomes
Intent 2.785∗∗∗ 0.165 5.815∗∗∗ 0.003 3.03∗∗∗ 0.169
Waitpage -0.104∗∗∗ 0.177 0.044∗∗∗ 0.160 0.148∗∗∗ 0.040
Registration 3.274∗∗∗ 0.959 140.311∗∗∗ 0.009 137.037∗∗∗ 0.040
Confirmation 82∗∗∗ 0.215 19.563∗∗∗ 0.814 -62.438∗∗∗ 0.388

Additional Outcomes
Beliefs -8.37∗∗∗ 0.378 -5.833∗∗∗ 0.624 2.537∗∗∗ 0.867
Vacc. Willingness -0.141∗∗∗ 0.942 3.732∗∗∗ 0.047 3.873∗∗∗ 0.042

Demographics
Demographics -8.156∗∗∗ 0.130 5.962∗∗∗ 0.118 14.118∗∗∗ 0.017

Feedback
Feedback -8.541∗∗∗ 0.779 34.387∗∗∗ 0.068 42.928∗∗∗ 0.155

Differences in Senders’ mean time spent (in seconds) on all pages after the treatment module, reported along-
side p-values of tests for equal means. Results are based on the following regression model: time spenti =
α+ β · treati + εi, where treati is a dummy variable corresponding to either the informing partner after (“After”)
or the informing partner before (“Before”) condition, omitting one condition for every pair-wise comparison.
“Not” refers to the not informing partner condition. Significance levels computed based on robust standard
errors. * p < 0.1, ** p < 0.05, *** p < 0.01.
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2.B.4 Balancing receivers

Table 2.B.6: Receivers’ predetermined characteristics
compared across treatment conditions

Group means p-value

Before After
Before vs.

After
N

Attrition
Completed survey 0.73 0.71 0.50 635

Demographics
Age 39.76 42.03 0.10 456
Female 0.56 0.56 0.86 456
Income 2861.59 3103.39 0.12 456
Upper secondary degree 0.37 0.37 0.92 456

Local characteristics
Avg. incidence rate (during second wave) 139.21 137.11 0.58 456
Population in zip 15.30 14.70 0.52 456
Lives in urban area (≥100k) 0.29 0.23 0.20 456
Turnout (%) 77.45 77.57 0.76 456
AfD vote share (%) 11.99 12.53 0.06∗ 456
Unemployment rate (%) 2.39 2.25 0.10 456

Beliefs
Safety 3.50 3.42 0.68 456
Efficacy 3.92 3.79 0.48 456
Social desirability 3.74 3.59 0.48 456
Severity of freerider problem 3.37 3.26 0.59 456
Willingness to take vaccine in state (%) 60.74 59.84 0.64 456

Preferences
Own willingness to take vaccine (%) 53.22 52.91 0.93 456
Altruism -0.01 -0.01 0.93 456
Desire to influence 0.06 0.15 0.31 456
Social image concerns 0.00 0.05 0.60 456

Social proximity
Oneness 0.16 -0.05 0.04∗∗ 386

Test for joint significance
0.6 456

Group means of Receivers’ predetermined characteristics, reported alongside p-values of tests for equal
means. Results are based on the following regression model: characteristici = α+ β · informed beforei + εi,
where informed beforei is a dummy taking value 1 for all Receivers in the informed before condition. All
variables classified as “local characteristic” do not vary on the individual but on the zip code or town
(“Gemeinde”) of residence level.
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2.B.5 ’Actual’ peer effects on Receivers

Table 2.B.7: Treatment effects on Receivers: Registration outcomes

I[Receiver decides like Sender]

Verified
registration

Self-reported intent
to register

Clicked
reg. link

Self-reported
registration status

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

Informed before −0.00 0.04 0.03 0.02
(0.02) (0.04) (0.03) (0.03)

Controls Yes Yes Yes Yes
Mean dependent variable, ’informed after’ 0.919 0.712 0.86 0.835

Observations 456 456 456 456
R2 0.03 0.07 0.06 0.03

Results derived from regressions as laid out in Equation 2.3. Outcomes are indicator variables taking value 1 if Receivers
decide the same way as their Senders with respect to the following measures: verified registration status (column 1);
self-reported intent to register (column 2); click on link forwarding participant to BayIMCO (column 3); and self-reported
registration status (column 4). Robust standard errors reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 2.B.8: Treatment effects on Receivers: Changes in attitudes and beliefs

Change in attitudes/beliefs

∆ Self-reported
willigness to
take vaccine

∆ Beliefs safety
& efficacy

∆ Beliefs
freeriding

∆ Beliefs
image

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

Informed before −0.00 −0.08 −0.19∗ −0.23
(0.01) (0.08) (0.10) (0.16)

Controls Yes Yes Yes Yes
Mean dependent variable, ’informed after’ 0.002 0.307 0.089 1.924

Observations 456 456 456 456
R2 0.02 0.06 0.04 0.39

Results derived from regressions as laid out in Equation 2.3. We consider the following dependent variables
which are all defined as changes from before to after the treatment: willingness to take the vaccine (column 1);
beliefs about safety and efficacy of the vaccine (column 2); beliefs about the severity of free-riding in the context
of the vaccination program (column 3); and beliefs about the social desirability of the vaccine (column 4). Robust
standard errors reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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2.C Screenshots

2.C.1 Joint problem solving task

Joint Task

26 percent

Painting 1

To communicate with your partner, please use the following chat tool.

Live chat

Hello

Ready to work on the task?

Sure! Let's start

Type your answer here

Frage: Which artist crafted this painting?

Select the correct artist from this list

Next

Figure 2.C.1: Survey page showing chat window and historical painting
(placeholder)
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2.C.2 Oneness elicitation

Joint Task

30 percent

Option 1 Option 2 Option 3

Option 4 Option 5 Option 6 Option 7

Please select your answer here:

1 = I would under no circumstances refer to myself and my partner as "We".
2

3

4

5

6

7 = I would always refer to myself and my partner as "We".

Next

Question 1: Which of the following figures best reflects how close you feel to your partner?

Please note:

1. If you select Option 1 this implies that you do not feel close to your partner at all.
2. If you select Option 7 this implies that you feel very close to your partner.
3. Please use the remaining figures to indicate that your feelings towards your partner fall

inbetween.
4. To select either of the options, please select the option itself and not the figure.

Question 2: To what extent would you refer to yourself and your partner as "We"?

Plase note:

1. If you select Option 1 this implies that you would under no circumstances use the
term "We" to refer to yourself and your partner.

2. If you select Option 7 this implies that you would always refer to yourself and your
partner as "We".

3. Please feel free to use any of the options (1 to 7) for your answer.

Figure 2.C.2: Survey page showing oneness elicitation
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2.C.3 Registration for COVID-19 vaccination

Figure 2.C.3: Survey page measuring registration intent and providing link to
official registration website (BayIMCO)

Figure 2.C.4: Starting page of the official registration process (BayIMCO)
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Figure 2.C.5: Survey page explaining verification of registration

Figure 2.C.6: Confirmation email highlighting sending address and subject line
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2.D Survey instrument

I Basic demographic information

Question 1: Are you male or female?
Question 2: How old are you?
Question 3: In which federal state do you live?

new page

Since the end of last year (December 2020), vaccinations against the coronavirus (COVID-19
vaccinations) have been administered in Germany.

Question: Have you already received a COVID-19 vaccination? Reply options: Yes or No

new page

Did you know that?
In Bavaria, it is possible to register for a COVID-19 vaccination already, even though the actual
vaccination may not take place for a few months. Registration takes place either online or by
telephone at the Bavarian vaccination centres.

Question: Have you already registered for a COVID-19 vaccination? Reply options: Yes or No

new page

II Attitudes towards the COVID-19 vaccination

We would like to start by asking you a few basic questions regarding how you feel about
the COVID-19 vaccination.
There are now several vaccines against the coronavirus on the German market. Vaccination
is officially recommended for adults of all ages (exception: not during pregnancy and breast-
feeding for the time being, as no data on safety and efficacy are yet available).

To what extent do you agree with the following statements?

• Statement 1: I have full confidence that vaccination against COVID-19 is safe.
Reply options: Likert scale (1-7) with 1: do not agree at all, 7: agree completely.

• Statement 2: I have full confidence that vaccination against COVID-19 is effective.
Reply options: Likert scale (1-7) with 1: do not agree at all, 7: agree completely.

• Statement 3: I see vaccination as a collective effort against the spread of COVID-19.
Reply options: Likert scale (1-7) with 1: do not agree at all, 7: agree completely.

• Statement 4: If everyone is vaccinated against COVID-19, I don’t need to get vaccinated
too.
Reply options: Likert scale (1-7) with 1: do not agree at all, 7: agree completely.

Question 1: How likely is it that you will get vaccinated against COVID-19?
Instruction: Please use the bar/slider for your answer. Click on the bar at the bottom to reveal the slider.
Then move the slider to give your answer. 0 percent means "definitely not willing to get vaccinated".
100 percent means "definitely willing to get vaccinated".
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Question 2: What do you think? What proportion of people in Bavaria are willing to get
vaccinated against COVID-19?
Instruction: Please use the bar/slider for your answer. Click on the bar at the bottom to reveal the slider.
Then move the slider to give your answer. 0 percent means "no one is willing to get vaccinated". 100
percent means "everybody is willing to get vaccinated".

new page

III Broader set of attitudes

How well do the following statements apply to you as a person?

• Statement 1: I like it when people accept my suggestions.
Reply options: Likert scale (1-7) with 1: do not agree at all and 7: agree completely.

• Statement 2: I like it when my ideas and opinions have an impact on other people.
Reply options: Likert scale (1-7) with 1: do not agree at all and 7: agree completely.

• Statement 3: I would like the feeling of having influenced other people’s lives.
Reply options: Likert scale (1-7) with 1: do not agree at all and 7: agree completely.

new page

How well do the following statements apply to you as a person?

• Statement 1: It is important to me to impress others.
Reply options: Likert scale (1-7) with 1: do not agree at all and 7: agree completely.

• Statement 2: I think a lot about whether I am good enough compared to others.
Reply options: Likert scale (1-7) with 1: do not agree at all and 7: agree completely.

• Statement 3: It is important to me how I am perceived by others.
Reply options: Likert scale (1-7) with 1: do not agree at all and 7: agree completely.

new page

We now ask you about your behavior in certain situations.

Question: How much would you be willing to give to a good cause without expecting any-
thing in return?
Reply options: 0: Not at all willing, 10: Extremely willing

Imagine the following situation: Today you unexpectedly received 1,000 EUR.
Question: How much of the money would you donate to a good cause? Note: You can enter
whole numerical values from 0 to 1,000 here.

new page

IV Joint task

Please read the following instructions carefully before proceeding with the survey.
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• In the next section of our survey, we ask you to solve a short task together with another
participant of this survey.

• Your task is to match famous pieces of art to the respective artist together with your
partner.

• In this task, you can win one of 30 Amazon vouchers worth 10 EUR.

• You can communicate with your fellow player by means of a chat.

• To facilitate communication, please enter your first name or a nickname below.

Question: What is your first name or nickname?

Hint:

• In order to remain anonymous, please make sure to enter only your first name.

• You can also choose another name here. However, the name should correspond to your
gender.

new page

We ask you to solve the upcoming task together with your partner.
Your partner is: [name]

[He/she] is [xx] years old. [He/she] lives in Bavaria.

Task: Together with your partner, match the following four pieces of art with the correct artist.

Hints:

1. You and your partner have 60 seconds for each piece of art.

2. If you and your partner correctly match at least three pieces of art, you can win one of
30 Amazon vouchers worth 10 EUR.

3. You must complete the full survey to qualify for one of the vouchers.

4. To increase your chances of winning, it is important that you and your partner work
together.

5. You will receive points only if you both give the correct answer.

6. Use the chat window to communicate with your partner via text messages and coordi-
nate your answers. The chat window is available for the entire task.

7. Its a good idea to introduce yourself to your partner with a short message right away.

[Chat window]

Final hints before the tasks begins: You may have to wait for a moment until your partner
[name] has read the instructions and responds to you.
Reminder: You can win one of 30 Amazon vouchers worth 10 EUR.

new page

[Painting is shown for 1 Minute.]

Question: Which artist painted this piece of art?
Reply options: Participants can choose one artist from a drop-down menu.
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[This process is repeated four times. During this time the participants have the option to use the chat
window to communicate.]

new page

Question: Which of the following figures best reflects how connected you feel with your
partner [name]?

Hints:

1. Option 1 means that you do not feel connected to your partner [name] at all.

2. Option 7 means that you feel very close to your partner [name].

3. Use the remaining options (2-6) to grade your answer.

4. To select one, click on the option in the header and not on the image.

new page

Please still think of your partner [name].
Question: To what extent would you refer to yourself and your partner [name] as "we".

Hints:

1. Option 1 means that you would definitely not refer to the two of you as "we".

2. Option 7 means that you would definitely speak refer to the two of you as "we".

3. Use the remaining options (2-6) to grade your answer.

new page

V Explanations on the survey

Instructions: In the following, we would like to ask you about your willingness to get vac-
cinated against COVID-19. Specifically, we would like to know whether you are willing to
register for a COVID-19 vaccination right away. With that we are referring to the official reg-
istration process required for residents of Bavaria to be able to obtain an appointment at a
vaccination center. In this survey, we will provide you with the opportunity to switch to the
official registration website of the Bavarian Ministry of Health to complete the registration. Of
course, the registration is voluntary and you can also complete the survey without registering.

Task: Confirm that you have understood these instructions by selecting the correct answer
below.

Question: During this survey, will you be able to switch to the official registration website of
the Bavarian Ministry of Health to complete the registration for a COVID-19 vaccination?
Reply options: Yes or No

new page
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V.A Instructions Senders “not informing partner”

Instructions:
The survey proceeds as follows:

Step 1: You decide whether you want to register for a COVID-19 vaccination right away.
Step 2: Your partner [name] decides whether [he/she] wants to register for a COVID-19 vacci-
nation right away.

Important: We do not tell your partner [name] whether you want to register for a vaccination.

You do not find out about the decision of your partner [name].

Task: Confirm that you have understood the instructions by selecting the correct answer be-
low.
Question: Will your partner [name] find out whether you want to register?
Reply options: Yes/No

V.B Instructions Senders “informing partner after”

Instructions:
We will tell your partner [name] with a high probability whether you want to register for a
vaccination. This proceeds as follows:

Step 1: You decide whether you want to register for a COVID-19 vaccination right away.
Step 2: Your partner [name] decides whether [he/she] wants to register for a COVID-19 vacci-
nation right away.
Step 3: We tell your partner [name] whether you want to register for a vaccination.
Important: Your partner [name] will find out about your registration decision only after [he/she]
has already decided whether [he/she] wants to register.

You do not find out about the decision of your partner [name].

Task: Confirm that you have understood the instructions by selecting the correct answers
below.

Question 1: Will your partner [name] find out with a high probability whether you want to
register?
Reply options: Yes/No
Question 2: When will your partner [name] find out about your registration decision? Directly
before or only after [he/she] can register for a COVID-19 vaccination?
Reply options: Directly before/Only after

V.C Instructions Senders “informing partner before”

Instructions:
We will tell your partner [name] with a high probability whether you want to register for a
vaccination. This proceeds as follows:

Step 1: You decide whether you want to register for a COVID-19 vaccination right away.
Step 2: We tell your partner [name] whether you want to register for a vaccination.
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Important: Your partner [name] will find out about your registration decision directly before
[he/she] can decide whether [he/she] wants to register.
Step 3: Your partner [name] decides whether [he/she] wants to register for a COVID-19 vacci-
nation right away.

You do not find out about the decision of your partner [name].

Task: Confirm that you have understood the instructions by selecting the correct answers
below.

Question 1: Will your partner [name] find out with a high probability whether you want to
register?
Reply options: Yes/No
Question 2: When will your partner [name] find out about your registration decision? Directly
before or only after [he/she] can register for a COVID-19 vaccination?
Reply options: Directly before/Only after

V.D Instructions Receivers “informed before” and “informed after”

Instructions: The survey proceeds as follows:

Step 1: Your partner [name] decides whether [he/she] wants to register for a COVID-19 vacci-
nation right away.
Step 2: You decide whether you want to register for a vaccination now. Since you are the
second to decide you may have to wait for a moment.

We do not tell your partner [name] whether you want to register for a vaccination.

Task: Please confirm that you have understood these instructions by selecting the correct an-
swer below.
Question: Will your partner find out about your decision?
Reply options: Yes/No

new page

VI Vaccination willingness

VI.1.A First stage Senders “not informing partner”

Reminder: Below we will provide you and your partner [name] with the opportunity to go to
the official registration website of the Bavarian Ministry of Health to complete the registration
process.

Your partner [name] will not know whether you wish to register for a COVID-19 vaccination.

Remember: Your partner [name] will not learn about your registration decision.
Question 1: What do you think? How likely is it that your decision to register or not to register
will influence your partner’s decision?

Hints:

• Click on the bar at the bottom to reveal the slider.
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• Then move the slider to give your answer.

• 0 percent means "there is no way I can influence my partner with my decision".

• 100 percent means "I can definitely influence my partner with my decision".

Remember: Your partner [name] will not learn about your registration decision.
Question 2: What do you think? How likely is it that your partner will make the same decision
as you?

Hints:

• Click on the bar at the bottom to reveal the slider.

• Then move the slider to give your answer.

• 0 percent means “my partner will definitely not decide the same way I do”.

• 100 percent means “my partner will definitely decide like me” .

VI.1.B First stage Senders “informing partner after”

Reminder: Below we will provide you and your partner [name] with the opportunity to go to
the official registration website of the Bavarian Ministry of Health to complete the registration
process.

Your partner [name] will learn with a high probability whether you wish to register for a
COVID-19 vaccination.

Remember: Your partner [name] will learn about your registration decision only after [he/she]
has already decided whether to register for COVID-19 vaccination now.
Question 1: What do you think? How likely is it that your decision to register or not to register
will influence your partner’s decision?

Hints:

• Click on the bar at the bottom to reveal the slider.

• Then move the slider to give your answer.

• 0 percent means “there is no way I can influence my partner with my decision”.

• 100 percent means “I can definitely influence my partner with my decision”.

Remember: Your partner [name] will learn about your registration decision only after [he/she]
has already decided whether to register for COVID-19 vaccination now.
Question 2: What do you think? How likely is it that your partner will make the same decision
as you?

Hints:

• Click on the bar at the bottom to reveal the slider.

• Then move the slider to give your answer.

• 0 percent means “my partner will definitely not decide the same way I do”.

• 100 percent means “my partner will definitely decide like me” .
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VI.1.C First stage Senders ’informing partner before’

Reminder: Below we will provide you and your partner [name] with the opportunity to go to
the official registration website of the Bavarian Ministry of Health to complete the registration
process.

Your partner [name] will learn with a high probability whether you wish to register for a
COVID-19 vaccination.

Remember: Your partner [name] will learn about your registration decision right before [he/she]
decides whether to register for a COVID-19 vaccination.
Question 1: What do you think? How likely is it that your decision to register or not to register
will influence your partner’s decision?

Hints:

• Click on the bar at the bottom to reveal the slider.

• Then move the slider to give your answer.

• 0 percent means “there is no way I can influence my partner with my decision”.

• 100 percent means “I can definitely influence my partner with my decision”.

Remember: Your partner [name] will learn about your registration decision right before [he/she]
decides whether to register for a COVID-19 vaccination.
Question 2: What do you think? How likely is it that your partner will make the same decision
as you?

Hints:

• Click on the bar at the bottom to reveal the slider.

• Then move the slider to give your answer.

• 0 percent means “my partner will definitely not decide the same way I do”.

• 100 percent means “my partner will definitely decide like me” .

new page

VI.2.A Registration intent Senders “not informing partner”

Reminder: if you live in Bavaria and want to get vaccinated, this registration is required to get
a vaccination appointment at a Bavarian vaccination center.
Your partner [name] will not learn if you want to register for a COVID-19 vaccination.

Question: Would you like to register for a COVID-19 vaccination?
Reply options: Yes/No

VI.2.B Registration intent Senders ’informing partner after’

Reminder: if you live in Bavaria and want to get vaccinated, this registration is required to get
a vaccination appointment at a Bavarian vaccination center.
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Your partner [name] will learn with a high probability if you wish to register for a COVID-19
vaccination.

Important: Your partner [name] will learn about your registration decision only after [he/she]
has already decided whether to register for a COVID-19 vaccination.

Question: Would you like to register for a COVID-19 vaccination?
Reply options: Yes/No

VI.2.C Registration intent Senders ’informing partner before’

Reminder: if you live in Bavaria and want to get vaccinated, this registration is required to get
a vaccination appointment at a Bavarian vaccination center.
Your partner [name] will learn with a high probability if you wish to register for a COVID-19
vaccination.

Important: Your partner [name] will learn about your registration decision directly before
[he/she] decides whether to register for a COVID-19 vaccination.

Question: Would you like to register for a COVID-19 vaccination?
Reply options: Yes/No

VI.2.D Registration intent Receivers ’informed after’

Reminder: if you live in Bavaria and want to get vaccinated, this registration is required to get
a vaccination appointment at a Bavarian vaccination center.
Your partner will not know if you want to register.

Question: Would you like to register for a COVID-19 vaccination?
Reply options: Yes/No

VI.2.E Registration intent Receivers ’informed before’

Reminder: if you live in Bavaria and want to get vaccinated, this registration is required to get
a vaccination appointment at a Bavarian vaccination center.
Your partner will not know if you wish to register.

Important: Your partner [name] [would like/would not like] to register for a COVID-19 vacci-
nation.

Question: Would you like to register for a COVID-19 vaccination?
Reply options: Yes/No

new page
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VI.3 Registration for COVID-19 vaccine

Would you like to register now?
To register, please click on Yes, register now for a COVID-19 vaccination below.
This will open the official registration website of the Bavarian Ministry of Health in a new
browser window or tab. To successfully register for a COVID-19 vaccination, follow the in-
structions on the registration website.

Important: Please do not close the browser window or tab in which you are answering the
survey during registration.

Additional Notes: We do not have any access to the information you provide on the registra-
tion website. Registration is voluntary and it does not entail an obligation to get vaccinated.
Your reward for this survey is independent of whether you register.

Button: Yes, register for the COVID-19 vaccination right away.

[Opens the link to the official registration website.]

Have you successfully registered?

Here’s how to proceed: once you have registered, please continue with the survey by clicking
Yes, I have registered and would like to continue with the survey at the bottom of this page.

Don’t want to register now?
If you do not wish to register now, you will not be penalized in any way, for example by being
paid less for this survey. To continue with the survey, please click No, I have not registered
and would like to continue with the survey at the bottom of this page.

To continue with the survey, please answer the following question:
Question: have you just register for the COVID-19 vaccination?

Reply options:

• No, I have not registered and would like to continue with the survey

• Yes, I have registered and would like to continue with the survey

new page

VI.4 Confirmation of registration for COVID-19 vaccination

Now confirm your registration: You have indicated that you have just registered online for a
Corona vaccination.
You should have received a confirmation email after completing your registration.
Please provide the following two pieces of information from the confirmation email sent out
by the vaccination center:

1. Email Address

2. Subject
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Lottery: If both of your answers are correct, you can win one of 30 Amazon vouchers worth
20 EUR.

You must complete the survey to qualify for the lottery.

Further notes: Providing this information does not allow us to infer anything about you as a
person. You remain completely anonymous. You can also continue with the survey without
answering the questions. However, you will then not be able to participate in the lottery draw.

Question 1: What is the email address from which you received the confirmation email?
Question 2: What is the subject of the confirmation email you received from the vaccination
center?

new page

VI.5 What do you think about the COVID-19 vaccine?

Question 1: What do you think? How safe is the COVID-19 vaccination?
Reply option: Likert scale (1-7) with 1: not at all safe, 7: extremely safe.

Question 2: What do you think? How effective is the COVID-19 vaccination?
Reply option: Likert scale (1-7) with 1: not at all effective, 7: extremely effective.

Question 3: What do you think? To what extent is it socially desirable to get vaccinated against
COVID-19?
Reply option: Likert scale (1-7) with 1: not at all socially desirable, 7: extremely socially desirable

Question 4: To what extent do you agree with the following statement? Statement: if everyone
is vaccinated against COVID-19, I don’t need to get vaccinated too.
Reply option: 1: do not agree at all, 7: agree completely

new page

Question: How likely are you to get vaccinated against COVID-19?
Please use the bar/slider for your answer.

• Click on the bar at the bottom to reveal the slider.

• Then move the slider to make your selection.

• 0 percent means "definitely not willing to get vaccinated."

• 100 percent means "definitely willing to get vaccinated."

new page

VII Further demographic information

To conclude this survey, please provide some general information.

Question 1: What county do you live in?
Question 2: What is your zip code?
Question 3: What was your household’s monthly net income last year?
Note: We mean the sum that results from wages, salaries, income from self-employment, pen-
sions, income from public aid, income from letting, housing allowances, child benefits and all
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other incomes, after the deduction of taxes and social security contributions.
Reply options:

• Less than 1,100 EUR

• 1.100 - 1.500 EUR

• 1,501 - 2,000 EUR

• 2,001 - 2,600 EUR

• 2,601 - 4,000 EUR

• 4,001 - 7,500 EUR

• More than 7,500 EUR

Question 4: What is your highest educational degree (general or vocational)?

new page

VIII End of survey

Thank you for participating in our survey!

In the following, we list your performance in the task in which you had to assign artworks to
artists together with your partner and inform you whether you have won one of the Amazon
vouchers. Afterwards, we ask you to answer two more questions about this survey yourself
and give you the opportunity to give us feedback on the survey.

• Unfortunately, you have not won one of the raffled Amazon vouchers./Congratulations,
you have won one of the raffled Amazon vouchers.

• If you would like to know how you and your partner did on your shared task, please
click here. [Upon clicking the button, participants’ answers and the corresponding solutions
open in the same window.]

• For Receivers ’informed after’: Finally, we would like to inform you that your partner
[name] [registered/did not register] for a COVID-19 vaccination.

• Thank you again for participating in our survey.

Please answer the following questions to complete the survey:

Question 1: What do you think? What was the purpose of this survey?
Question 2: Where on the political spectrum would you place this survey?
Hints: Please use the slider to tell us the extent to which you felt this survey was leaning more
toward the political right or toward the political left.
Click on the bar below to reveal the slider. Then move the slider to make your selection.

Feedback If you would like to give us any feedback on the survey, please feel free to do so
here.

Would you like to close the survey now?

Click on Close survey





CHAPTER 3

EDUCATION AND THE

WOMEN’S RIGHTS MOVEMENT

3.1 Introduction

What determines the emergence and success of social movements? Historically, suc-
cessful movements often passed three key milestones in their development (Della
Porta and Mattoni 2016; Markoff 2015; Tilly, Castañeda, and Wood 2020): (i) a small
number of dedicated activists develop critical ideas that challenge the status quo and
begin forming networks; (ii) these activists then spread these ideas using available
mass media; and (iii) institutionalize their movement. From Dr. Martin Luther King
Jr. to Susan B. Anthony, from Nelson Mandela to V. I. Lenin, such leaders are often
considerably more educated than their peers. While their education is arguably cru-
cial in a movement’s emergence, the arrival of educational opportunities often coe-
volves with economic development and culture (Duflo 2012; Goldin 2006; Morris and
Staggenborg 2004). Thus, it remains unclear whether increasing educational attain-
ment can bring about societal change by facilitating the emergence and success of
social activists and movements.

In this paper, we isolate the role of education in the emergence of social movements by
studying the women’s rights movement in Germany, and its relation to the expansion
of educational opportunities for women. By 1919, German women achieved suffrage
largely due to the growing influence of women’s rights associations (Schraut 2019). By
1909, these associations were present in more than 320 cities, with the women teachers’
association alone organizing more than 23,000 female teachers. Much like women’s
rights movements in other countries at the time, early members utilized female-led
newspapers (e.g., Frauen-Zeitung, 1849–1852) to expand public support for their cause
beyond their own demographic of educated teachers, writers, and artists.

In many cases, these early leaders obtained their education at Germany’s first insti-
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tutions providing secondary education and teacher training to women: so-called fin-
ishing schools (Höhere Töchterschulen). Finishing schools only admitted women and
were present in more than 170 cities by 1850. The first finishing schools in Germany
were opened by foreign Catholic orders dedicated to female education: Ursuline nuns
(Aachen, 1626) and the Congregation of Jesus (Munich, 1627). Despite focusing on
religious teachings and manners, these nuns also critically engaged with the ecclesi-
astical and social discrimination against women and supported the educational and
sociopolitical principles of the Enlightenment in the early nineteenth century (Conrad
1996). Religious finishing schools complemented their curriculum with instructions
in foreign languages and arithmetic. In short, they represented the only possibility for
women to obtain secondary education or the necessary qualifications to work and live
independently as teachers.1

Against this background, we leverage the timing of finishing school establishment as
a positive shock to the availability of education for women. Using finishing schools,
we highlight the role of education at three stages in the history of the women’s rights
movement. First, in a panel of cities and notable individuals, women started to rep-
resent a larger share of the political, intellectual, and economic elite (“human capital
elite”) after cities established finishing schools. Second, women from these cities also
sent a disproportionate share of editorial letters to the first feminist newspaper in the
mid-nineteenth century. Third, cities with historical finishing schools had more, and
larger, women’s rights organizations by the beginning of the twentieth century. We ar-
gue that finishing schools facilitated the exchange of critical ideas about women’s role
in society and the formation of networks; thus contributing to the rise of a female hu-
man capital elite from which the nucleus of the women’s rights movement emerged.
Crucially, these pioneering women disseminated critical ideas among a wider public
and founded local chapters to convert their movement into a successful societal force.

We combine three sets of novel historical microdata, each representing one milestone
of the women’s rights movement in Germany, with data on the availability of educa-
tion for women across cities and time. Variation in the availability of education comes
from the opening date and city of 225 finishing schools constructed between 1626 and
1850 (Zymek, Neghabian, and Ziob 2005). Our measure of human capital in every
city and period is derived from the Neue Deutsche Biographie. This biographical collec-
tion reports the places of birth and occupation for more than 150,000 individuals born
between 800 CE and today. Its editors ignored local and time-bound personalities
and only included individuals in a high position of responsibility who impacted the

1As Albisetti (1988, p. xiv) hypothesizes, “the formal and informal curricula of these schools, when com-
pared to those of the classical Gymnasien attended by boys from the same social groups, could stimulate in young
girls an early awareness of, and a protest against, their ‘second-class citizenship’ rather than a submissive confor-
mity to the ‘German ideal of womanhood’.”



SOCIAL SPILLOVERS 91

general societal course. Thus, these data provide the most comprehensive historical
account of Germany’s political, intellectual, and economic elite. We measure the dis-
semination of critical ideas by digitizing all letters to the editor in one of the first, and
quickly banned, feminist newspapers in German history (Frauen-Zeitung, 1849–1852),
which contain the sender’s city of origin and first name. Finally, we obtain variation in
the institutionalization of the women’s rights movement in Germany from a compre-
hensive survey on more than 1,200 local chapters conducted by Germany’s Imperial
Statistical Office in 1909.

For the first milestone, an increased representation of women among the human cap-
ital elite, we merge the timing of finishing school opening and the birthplaces of no-
table individuals to a balanced panel of German cities. In an event-study design with
city and period fixed effects, we find that the share of women among the human capi-
tal elite rose from 1.8% prior to the opening of schools, to 4% within 50 years. Notably,
the share of unmarried women also increased from 2.2% to 3.6%, indicating that finish-
ing schools improved women’s opportunities to live independently and be recognized
for their achievements.

Cities that establish finishing schools may be selected on a wide range of characteris-
tics. Such a selection process would be of concern to our interpretation if it correlates
with women’s status in society or a city’s economic potential; then cities would ex-
hibit different trends prior to school establishment. However, we find no evidence for
differential pre-trends in women entering the human capital elite. Our findings are
robust to including city and period fixed effects, linear time trends, and flexibly con-
trolling for a rich set of predetermined educational, economic, and religious covariates
separately in each period.

Differential population growth between cities might affect our interpretation if larger
cities disproportionately attracted individuals from the human capital elite. We ad-
dress this potential concern by dividing our main outcome variable by the total num-
ber of notable individuals born, thus controlling for the size of the elite in every city
and period.2 In addition, we use women from the nobility, a demographic educated
by private tutors, as a placebo to capture potentially different population growth rates.
We find no evidence that population trends confound our estimates.

If cities establish finishing schools in response to changes in (local) attitudes towards
women, we would wrongly attribute the effect of social change to the expansion of
education. Thus, to distinguish the impact of education from other social changes, we
test whether other important economic and cultural events predict a similar increase
in the representation of women among the human capital elite. To this end, we em-

2Our estimated effect is then identified within a city’s elite, net of population growth, if the share of
the elite relative to a city’s population remains constant over time.
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ploy a series of placebo exercises and test whether nonlinear changes in (i) economic
activity, (ii) the returns to education, and (iii) gender-specific changes in culture pre-
dict a similar increase in the emergence of notable women. First, using construction
data from Cantoni, Dittmar, and Yuchtman (2018), we find that the establishment of
finishing schools did not coincide with a surge in economic activity. Second, we docu-
ment that the staggered introduction of male schools does not predict women entering
the human capital elite; similarly, finishing schools have no impact on men entering
the human capital elite. Third, to alleviate concerns about nonlinear gender-specific
changes, we employ four markers of gender-specific cultural change as placebo treat-
ments and find that none coincide with a rise in the female human capital elite. Fi-
nally, we show that our results are not driven by the Protestant Reformation arriving
in cities.

In a final step, we take a different approach to deal with the potentially endogenous
adoption of finishing schools. We first show point estimates from a classical difference-
in-differences design, adopting recent advances in Baker, Larcker, and Wang (2021),
and second, report estimates from an instrumental variables strategy: first, we define
sets of cities based on whether they established a finishing school by 1850 (treatment
group) or not (control group), and compare the shares of women entering the human
capital elite after the opening of the first finishing school in 1626 (post period). Sec-
ond, we instrument our treatment group using monasteries constructed before 1300
coupled with religious competition near the religious divide. Throughout all speci-
fications, we find no differential pre-trends, but a significant increase in women en-
tering the human capital elite after the first finishing school was constructed. These
findings carry over when analyzing every treatment period separately: even finishing
schools established in the nineteenth century, when women were already more com-
mon among the human capital elite, significantly increase women’s representation
among the human capital elite.

We thus argue that finishing schools had an independent impact on women’s repre-
sentation among the human capital elite. The increased representation is driven by
the very demographic that represented the core of the women’s rights movement: the
share of female teachers and writers increased from 1.9 to 3.6% post finishing school
opening (compared to male teachers and writers). Further, using their biographies to
identify activists campaigning for equal rights and women’s suffrage, we show that
the likelihood of an activist being born in a city increased from 1.6% to 6.9%.

This activist nucleus started to form networks early on. We find that after the open-
ing of finishing schools, the probability that a notable woman is mentioned in another
woman’s biography from the same city increased threefold.3 To show that these net-

3These connections are only recorded if they were substantial: for example, if women collaborated on
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works, and not finishing schools per se, matter for increased human capital represen-
tation, we identify 500 women who migrated during their lifetime. While cities do
not differentially attract women before the establishment of finishing schools, women
start migrating to cities in which a native notable woman has already established a
network.4

After leaders of successful social movements have developed critical ideas and formed
an early network, they begin spreading their ideas using available mass media and in-
stitutionalize their movement. We document this second historical milestone of the
German women’s rights movement by linking the presence of finishing schools to
letters to the editor of an early feminist newspaper (Frauen-Zeitung, 1849–1852) in a
cross-sectional analysis. Compared to cities without finishing schools, cities with fin-
ishing schools are three times as likely to send a letter to Frauen-Zeitung in support of
the women’s cause, indicating a more successful propagation of critical ideas.

The third historical milestone of the women’s rights movement we study is its insti-
tutionalization. Local chapters of the German women’s rights movement sprung up
from 1848, with the first organization specifically targeting female education being
founded in the 1880s. Yet by 1909, only 37% of cities without finishing schools had
established a women’s rights organization, compared to 78% of cities with finishing
schools founded by 1850. This difference is even more pronounced for educational
organizations, at 5% and 29% respectively; these organizations also have an order of
magnitude more members when located in a city with finishing schools.

In these cross-sectional results, unobserved differences between cities, previously cap-
tured by fixed effects, might reemerge and bias our estimates. We thus control for eco-
nomic, religious, and educational covariates throughout to mitigate the threat from
differential attitudes towards women. In addition, bias-adjusted point estimates (Oster
2019), estimates from an instrumental variables strategy using monasteries in 1300
coupled with religious competition as an instrument, as well as estimates using propen-
sity score matching show a robust and stable impact of finishing schools on all cross-
sectional outcomes.

In sum, our findings indicate that educational institutions, which foster the exchange
of critical ideas and provide the space to form networks, can function as important
catalysts for the emergence of a group of leading activists. Using newspapers to dis-

the foundation of a local chapter of a women’s rights association. An example is the connection between
Helene Lange and Gertrud Bäumer who jointly published the feminist newspaper Die Frau from 1893
onwards.

4These migrating women are a subset that – in our main results – are assigned to their cities of
birth. We only assign them to their city of death to identify whether finishing schools were a pull factor
in their migration decision. Our results are not the result of a violation of the stable unit treatment
value assumption (SUTVA), and are robust to excluding these women, excluding neighboring cities and
choosing a larger unit of observation (Appendix 3.D).
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seminate critical ideas and founding local chapters to institutionalize their movement,
these leading activists turned an initially upper-class movement into a broad soci-
etal force. Their legacy is still felt today, as cities with finishing schools in 1850 have
brought forth a higher number of female members of parliament in any democratically
elected parliament since 1919.

Our paper expands upon a thriving literature in economics studying the increasing
representation of women starting in the late nineteenth century (Bertocchi and Boz-
zano 2016; Fernández 2013; Goldin 1990, 2006; Nekoei and Sinn 2021). First, by dis-
entangling the availability of secondary education from other cultural and societal
changes, we show that education was a key driver behind the women’s rights move-
ment and the increasing status of women in society. Second, and at a more general
level, our results indicate that the positive effects of education are not limited to stu-
dents themselves. In the case at hand, women from various backgrounds benefited
from extending education to an initially limited number of women. Thus, our pa-
per also informs a large body of literature in development economics studying the
effects of interventions targeted at reducing gender inequality in education (Beaman
et al. 2009; Chattopadhyay and Duflo 2004). By providing evidence on the effects of
secondary education for women from the historical case of Germany, our paper high-
lights the potential long-run benefits of such interventions for society at large.

This paper also complements a recent literature in economics, which has highlighted
the importance of civic leadership (Dippel and Heblich 2021) and technology (Eni-
kolopov, Makarin, and Petrova 2020; Garcia-Jimeno, Iglesias, and Yildirim 2020; Me-
lander 2020) in promoting the success of existing social movements. We extend this
literature by studying how social movements, and their leaders, emerge in the first
place. A prominent theory in sociology holds that educational capital is the key re-
source for leaders, even when leaders arise from poorer segments of society (Morris
and Staggenborg 2004). By leveraging data spanning several centuries, we can study
the emergence of the women’s rights movement from before its very beginning until
it reached key milestones, such as women’s suffrage in 1919. Our findings support
the notion that educational institutions that foster the exchange of critical ideas and
network formation can serve as important catalysts of the emergence and success of
social movements.

Finally, our findings also speak to the literature studying the role of an emerging
human capital elite in early-modern Europe and beyond. Here, the human capital
elite constituted a herald of economic change in the lead-up to the Industrial Rev-
olution (Diebolt and Perrin 2013; Mokyr, Vickers, and Ziebarth 2015; Squicciarini
and Voigtländer 2015). The dispersion of this upper-tail human capital over space
and time was shaped by the institutional environment including welfare and edu-
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cational policies (Dittmar and Meisenzahl 2019; Squicciarini 2020; Tabellini and Ser-
afinelli 2020). Countries with highly educated leaders showed higher rates of eco-
nomic growth (Besley, Montalvo, and Reynal-Querol 2011) and democratic participa-
tion (Glaeser, Ponzetto, and Shleifer 2007). We extend these existing studies in two
dimensions: first, we explicitly focus on the female human capital elite; second, we
show that in the context of the emergence of the German women’s rights movement,
this female human capital elite – through early activists’ efforts to disseminate critical
ideas and institutionalize the movement – constituted an important determinant of
social change in and of itself.

The paper is structured as follows: In Section 3.2, we discuss the historical link be-
tween finishing schools and the women’s rights movement. We discuss our data
sources and dataset construction in Section 3.3, before discussing the identification as-
sumptions of our empirical strategy in Section 3.4. In Section 3.5 we present our main
findings on finishing schools’ impact on female representation among the human cap-
ital elite. In Section 3.6, we conduct several placebo exercises to rule out confounding
economic and cultural changes. In Section 3.7, we show that finishing schools facili-
tated network formation and immigration of women. We discuss the long-run results
on the dissemination of critical ideas, the organization of the women’s rights move-
ment, and modern-day representation in parliaments in Section 3.8. Finally, Section
3.9 concludes.

3.2 Historical background

We begin by illustrating the links between the women’s rights movement in the late
nineteenth century and the emergence of religious finishing schools. In the aftermath
of the Protestant Reformation, foreign Catholic women’s orders began establishing fin-
ishing schools that focused on religious teachings but also included limited aspects of
secular secondary education. At these finishing schools, students and teachers alike
found access to critical ideas and a network of like-minded women. Several gradu-
ates eventually disseminated critical ideas in feminist newspapers and founded the
women’s rights movement. Religious finishing schools thus contributed to the forma-
tion of a group of pioneering women among the human capital elite, who acted as
catalysts for social change.

3.2.1 Finishing schools

For the largest part of German history, only daughters from privileged families could
obtain secondary education in the form of private tutoring. Access to secondary edu-
cation for women improved when the orders of the Ursulines and the Congregation of
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Jesus, founded in Italy 1535 and Flanders 1609 respectively, expanded into Germany.
In the aftermath of the Protestant Reformation, these orders aimed to strengthen wo-
men’s adherence to Catholicism in religiously competitive areas of Germany: Ursu-
lines founded one of the first finishing schools in Cologne with the explicit goal of cre-
ating a “bulwark against emerging Protestantism” (Lewejohann 2014, p. 57), while the
Congregation of Jesus established their school near Munich to educate young women
in “good Christian manners, virtues and other studies [Wissenschaften]” (Riedl-Valder
2020, p. 2). In response, Pietists opened the first school in 1698, to combine biblical
doctrine with a similar focus on Christian life and piety. Some ruling families took
pride in sponsoring finishing schools in their territory, but compared to Catholic rulers
of Bavaria and Württemberg, “Prussian monarchs did not move as vigorously as oth-
ers to support secondary schools for girls” (Albisetti 1988, p. 29). By and large, city
governments and Prussian rulers only became active in the field of female secondary
education in the nineteenth century.5

Finishing schools’ primary goal was to strengthen women’s adherence to the respec-
tive faith, while parents sent their girls to finishing schools to improve marriage op-
portunities. This focus on religious teachings and marketable housekeeping skills em-
phasizes that religious finishing schools were not established with the explicit aim
of empowering women. However, these finishing schools also included limited in-
struction in German, foreign languages, and arithmetic, and were among the first in
German history to provide education at the secondary level to women. In contrast
to the rollout of secondary education in the United States (Goldin and Katz 2003),
women generally received lower-quality education than men as female teachers were
denied the same quality of education as male teachers. By 1850, more than 200 finish-
ing schools provided secondary education to thousands of young women.

3.2.2 The German women’s rights movement

Starting in 1848, early women’s rights activists around Louise Otto-Peters publicly
demanded equal access to education, equal occupational opportunities and the right
to vote (Berndt 2019; Gerhard 1990; Nagelschmidt and Ludwig 1996). Similar in spirit
to the agenda of contemporary women’s rights movements in the United States or
Great Britain, they particularly emphasized the necessity of obtaining equal access to
education as a key enabling factor for securing the other two central demands, the
right to vote and equal occupational opportunities (Schötz 2019).

5The establishment of finishing schools in Protestant areas only gained momentum after 1750, by
which time 40 finishing schools had already been established in Catholic regions. When including co-
variates, we always control for religion and ruler fixed effects to capture these different tendencies. In
addition, we provide a specification separating schools into ‘Early’ and ‘Late’ schools, to assess the sever-
ity of this potentially demand-driven bias.



SOCIAL SPILLOVERS 97

Initially, only women from the upper class formed the nucleus of the German women’s
rights movement. To gain broader support and turn the movement into a societal
force, early women’s rights activists pursued two complementary strategies: the dis-
semination of critical ideas about women’s role in society and an institutionalization
of the movement (Berndt 2019; Gerhard 1990; Nagelschmidt and Ludwig 1996). First,
the movement started to publish a newspaper in 1849, Frauen-Zeitung, to disseminate
critical ideas about the role of women in society among interested women and the
general public alike; Frauen-Zeitung remained the main relay of the German women’s
rights movement until World War I (Schötz 2019).6 Second, to coordinate its members,
the movement started to establish associations with an increasing number of local
chapters throughout Germany.

The first of these women’s rights associations, Allgemeiner Deutscher Frauenverein (Ger-
man Association of Female Citizens), was founded in Leipzig in 1865 and soon orga-
nized more than 20,000 women in 48 local chapters (Kaiserliches Statistisches Amt
1909). An important part of the local chapters’ activity was to file petitions to (state)
governments: they demanded the equality of women and men in the civil code (1876),
the admission of women to universities (1876), and the improvement of the quality of
teacher training for women (1887) (Schraut 2019). Reflecting the central importance of
teachers, the Allgemeiner Deutscher Lehrerinnenverein (German Association of Female
Teachers), founded in 1890 to advocate for equal access to education for women and
adequate training for female teachers, quickly grew to a membership of more than
23,000 teachers spread across 108 local chapters by 1909.

In total, more than one million women joined women’s rights associations by 1909
(Kaiserliches Statistisches Amt 1909, p. 17); many also joining political parties when
the ban on female entry was lifted in 1908 (Evans 1980). In the first democratically
elected parliament of the Weimar Republic (1919), at least 40% of female members of
parliament had attended a finishing school and more than 50% had actively fought for
women’s rights in one of more than 1,200 women’s rights associations in Germany.

3.2.3 Finishing schools and the women’s rights movement

Several accounts by historians and the biographies of leading women’s rights activists,
such as the teacher Helene Lange, indicate the importance of finishing schools for
the emergence of the women’s rights movement in Germany (Albisetti 1988; Ringer
1987; Schaser 2000; Schötz 2019). Based on these accounts, we discuss two mecha-
nisms that link the establishment of finishing schools to the emergence of the women’s

6Frauen-Zeitung (translated: Women’s Newspaper) was renamed Neue Bahnen (translated: New
Ways) after it was banned by the Prussian government. However, the editorial staff and the ideolog-
ical orientation remained.
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rights movement: access to critical ideas about women’s role in society, and reduced
cost to form and access networks of like-minded peers. In this way, finishing schools
provided the “foundations upon which the whole breadth and force of the women’s
movement were to depend” (Strachey (1928), p. 124, as quoted in Albisetti (1988), p.
xiii).

First, despite their general focus on religious piety, Ursuline nuns and Mary Ward
sisters also critically engaged with the ecclesiastical and social discrimination against
women and demanded the ’spiritual’ recognition of the equality of the sexes. They
also actively supported the educational and socio-political principles of the Enlight-
enment in the early nineteenth century and augmented their religious teachings with
secular subjects such as arithmetic and foreign languages.7 Knowledge of English
and French allowed women to access the critical writings of early feminist thinkers
(e.g. Olympe de Gouge), which influenced the formation of the women’s rights move-
ment in Germany (Hauch 2019). Their ideas likely stimulated a critical questioning of
women’s role in society among the young women and teachers at finishing schools, es-
pecially when contrasting their opportunities with those afforded to their male coun-
terparts (Albisetti 1988).

Second, finishing schools reduced the costs to form and access networks of like-minded
women. In contrast to life outside schools, students at finishing schools lived together
without the supervision of their families, being taught by female teachers who pur-
sued an independent lifestyle unthinkable outside the teaching profession. This pro-
vided young women at a formative stage in life with access to a network of students
and teachers which could strengthen opposition to their status as second-class citi-
zens (Albisetti 1988; Ringer 1987). Finishing schools thus facilitated the exchange of
ideas between teachers and fueled the rapid spread of local women’s rights associ-
ations across Germany, as illustrated by the more than 23,000 teachers active in the
Allgemeiner Deutscher Lehrerinnenverein (German Association of Female Teachers) in
1909.

More than any other profession, female teachers at finishing schools shaped the di-
rection and force of the women’s rights movement in Germany by influencing the
lives of generations of women. This does not stand in contrast to the achievements
of the working-class women’s movement (Evans 1980), but complements the views of
Albisetti (1988) and Wolff (2018, p. 19), who emphasize the importance of the “asso-
ciation and print media structures built since the 1860s” in carrying the demand for
women’s suffrage into society at large.8

7Authors’ translation, adapted from Conrad (1996) p. 256 and p. 262.
8Our findings are consistent with the idea that both the bourgeois and the working-class women’s

movement made important contributions to improving women’s opportunities in general and to gaining
suffrage in particular. Both, female leaders of the SPD such as Clara Zetkin and leaders of the “radical
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Without finishing schools, neither teachers nor students would have had comparable
access to critical ideas and a network of like-minded women. Thus, they contributed to
the formation of a group of pioneering women among the human capital elite, united
by their opposition against women’s status as second-class citizens. Crucially, these
pioneering women disseminated their ideas to the broader public and institutional-
ized their movement, thus acting as catalysts for societal change.

3.3 Data

We assemble a novel dataset to study the role of secondary education in promoting
the emergence of a female human capital elite. Our main outcome variable is derived
from the biographies of all notable individuals born between 800 and 1950 CE within
modern-day boundaries of Germany. Our explanatory variable finishing schools cap-
tures the availability of secondary education for women between 1626 and 1850 in all
German cities. We combine these data to a balanced panel of cities in half-century peri-
ods, indicating the birth of notable women and the availability of secondary education
at the nearest city.

Biographies of notable women. We obtain detailed microdata on the universe of no-
table German women and men for the period 800 to 1950 CE from the Neue Deutsche
Biographie (NDB) to construct measures of women’s representation among the human
capital elite. The NDB is “considered the single most relevant biographic encyclo-
pedia of the German language” and includes biographies detailing the professions
and nobility of historically relevant men and women (Bayerische Akademie der Wis-
senschaften, Historische Kommission 1953).9 It incorporates its direct predecessor,
the Allgemeine Deutsche Biographie (ADB) (Königliche Academie der Wissenschaften,
Historische Commission 1875), and in scope is comparable to the Dictionary of Na-
tional Biography for British notable men and women.10 We link 2,363 non-noble secular

wing” of the bourgeois women’s movement such as Anita Augspurg, Minna Cauer, Lida Gustava Hey-
mann, Gertrud Bäumer, either studied, received teacher training or taught at a finishing school at one
point in their life.

9“Those personalities are to be included whose deeds and works reflect the development of Ger-
man history in science, art, trade, and commerce; in short in every branch of political, intellectual and
economic life.” (Bayerische Akademie der Wissenschaften, Historische Kommission 1953, pp. VII-VIII).
There is no evidence that editors or experts are selected based on the existence of finishing schools: “[t]he
editors don’t just rely on their own judgment; [the collection] bases its decisions on the advice of experts,
on the advice of scientific institutes, and professional organizations. Essentially, it is assumed that the
local and time-bound personalities have to be eliminated. In the areas of intellectual culture, it is primar-
ily the independent, forward-looking achievement that decides, in the case of persons in a high position
of responsibility, the impact on the general social course.” (Bayerische Akademie der Wissenschaften,
Historische Kommission 1953, p. IX, authors’ own translation).

10The contents of NDB and ADB are freely available online (Bayerische Akademie der Wissenschaften,
Historische Kommission 2019).
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women to cities of birth within in the modern-day boundaries of Germany after 800
CE, as well as 261 women from the nobility, who we use as a placebo to ensure our
estimates are not affected by differential population growth between cities. Thus, for
each city and period, our data records the number of women born who later became
recognized for their achievements. Of all 2,624 women, 32% became notable for being
an artist, 21% for being a writer, 10% for being born into nobility, and 6% each for be-
ing an academic or a politician (Table 3.1). We use the place and date of birth of notable
women alongside the reported biographical information to trace women’s represen-
tation among the human capital elite across cities and periods. Our main dependent
variables are (i) an indicator for whether at least one woman was born in a given city
and period who became notable later in life, (ii) the log number of notable women, (iii)
and the share of notable women among all notable individuals. These variables mea-
sure the extensive and intensive margin of women’s representation among the human
capital elite.

Finishing schools. We link the birthplaces of all notable women to the historical
emergence of finishing schools providing secondary education obtained from the Data
Handbook of German Education History. This handbook covers traditional female finish-
ing schools constructed between 1626–1850 and their location as shown in Figure 3.1
(Zymek, Neghabian, and Ziob 2005).11 We match finishing schools to our data on
notable women based on their location and opening date. The first finishing schools
were established by female orders of the Catholic church who, following invitations
by ruling houses, often settled near existing monasteries to educate and “protect the
women’s mind from the falsities of their time”.12 Protestant or city schools started to
emerge in significant numbers only after 1750. In total we record 209 school open-
ings in 129 cities between 1626 and 1850, without a clear spatial pattern in location or
timing (Figure 3.1).13

11We focus on these schools with continuous operation selected by Zymek, Neghabian, and Ziob
(2005) as the most comprehensive data on finishing schools (Höhere Töchterschulen) in Germany before the
emergence of the women’s rights movement. Other schools existed, especially in later years, but Zymek,
Neghabian, and Ziob (2005) do not include these schools for two main reasons: first, these schools often
operated only for a few years and closed down quickly for unknown reasons. Second, it is often unclear
whether these schools provided curricula that extended beyond primary education. Since such other
schools are more likely to appear in the later years of our dataset, we divide the data into ‘Early Schools’
prior to 1750, and ‘Late Schools’ post 1750 in Table 3.C.5. We find no differential impact, and thus no
evidence for a bias arising from the omission of these temporary existing schools.

12“. . . vor allem den unteren Volksschichten das religiöse Leben (zu) heben und den Frauen Ansichten und
Grundsätze (zu) vermitteln, durch die sie gegen Irrtümer ihrer Zeit gesichert und für eine gesunde Erweiterung
ihres Lebensinhaltes befähigen würden". Source: https://bit.ly/2WGKe4I, cited from Festschrift der Ursuli-
nenschule, Köln 2014, S. 261, last accessed 2021-02-09.

13Some later schools might have been a response to local demand of the population. We report the
same results when distinguishing between schools constructed in the period 1650–1750 and those con-
structed 1750–1850 in Table 3.C.5. We also report no differential pre-trends and similar-sized point es-
timates for every treatment period in Figure 3.F.2 and Table 3.F.2. Schools are not spatially correlated

https://bit.ly/2WGKe4I
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Table 3.1: Summary statistics: Finishing schools and notable women

Cities

Without finishing
schools

With finishing
schools Percent of sample

(N=259) (N=129)

Data: Female finishing schools in Germany
Finishing schools 0 1.620

Data: Neue Deutsche Biographie
Non-Noble Secular (NNS)

Academic 33 131 0.063
Artists 139 712 0.324
Founders 2 9 0.004
Medicine 17 56 0.028
Not assigned 45 146 0.073
Occupations 39 136 0.067
Politics 43 122 0.063
Sports 0 5 0.002

Teachers and Writers (also NNS)
Teacher 27 59 0.033
Writers, Publishers 146 416 0.214

Activists (also NNS)
Activists 36 94 0.050

Unmarried women
Unmarried 492 1666 0.822

Nobility
Royals, Wifes, Relatives 91 170 0.099

Nuns
Religion 25 55 0.030

Population (Bairoch, Batou and Chèvre 1988)
Population in 1600 5.3 10.4

Notes: The first row reports the average number of schools in cities without historical finishing schools (259) and with
historical finishing schools (129). The average number of finishing schools in cities with schools is 1.62, with 85 cities
having one school, 29 cities having two schools, and 15 cities having three or more schools. The subsequent rows
detail the absolute number of notable women in each sub-group and their share of the total. Activists and unmarried
women are separately coded and could belong to all other groups as well. The last row indicates the average city size
in thousands. Cities that have a finishing school by 1850 are nearly twice the size in 1600. While this ratio is very
similar for women from the Nobility (factor 1.9) and Nuns (factor 2.2), Non-Noble Secular (unmarried) women are
3.6 (3.3) times more likely to appear in cities with finishing schools. We control for the difference in population by
interacting ’Population in 1600’ with period fixed effects in all regression with control variables.

Cities. Since birthplaces of notable women and the location of finishing schools do
not overlap perfectly, we utilize data from Voigtländer and Voth (2012) to construct
a balanced panel of 388 German cities that existed in 1300.14 For each city, we cre-

(Moran’s I: 0.002, p-value 0.156), yet we follow two additional strategies to deal with any remaining
spatial autocorrelation. First, we report standard errors corrected for spatial correlation in Table 3.D.1.
Second, we randomly distribute the actual number of schools build in every period across Germany and
show the distribution of point estimates in Figure 3.D.1.

14The “extended sample” of Voigtländer and Voth (2012) includes 1,428 “towns and cities”, 739 of
which were mentioned before 1300. Many of these “towns and cities” are close to a major city. For
example, Voigtländer and Voth (2012) link three suburban towns to Aachen: AACHEN L, town_ids
1,3,4, mentioned in 930, 1118, and 870 CE which are close to the original city of Aachen (AACHEN S,
town_id 5, mentioned in 400 CE). We use the latter as our reference city if it lies in present-day borders of
Germany to control for spillovers from suburban towns to cities. Results are robust to changing the set
of cities to those that existed already in 800 (Table 3.C.1), changing to 25 year periods (Table 3.C.2), and
including city×period fixed effects in a panel setting with gender×city×period as the unit of observation
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Figure 3.1: Spatial distribution of finishing schools in Germany by opening year
Notes: This figure shows the location of finishing schools by their opening period. In Figure 3.C.1, we ad-
ditionally illustrate the variation of notable women across cities. We depict finishing schools by opening
period and religious denomination in Figure 3.J.1.

ate 50 year periods from 800 until 1950 CE to ensure a sufficient overlap between the
opening of a finishing school and its effect on women becoming recognized for their
achievements in our biographical database. We then merge the biographies of women
and the emergence of finishing schools to the nearest city and period in our sample,
thus covering all of modern Germany. This procedure has two advantages: First, it
does not rely on any political or geographical boundary as the matching procedure is
solely based on distance.15 Second, we can use the rich set of covariates from Voigtlän-
der and Voth (2012) to flexibly capture economic, religious, and educational factors, as
measured in 1300, in every period.

3.4 Empirical strategy

We study the role of secondary education in promoting the emergence of a female hu-
man capital elite that later formed the nucleus of the German women’s rights move-

(Table 3.3).
15In an alternative approach explored in Appendix 3.C.2, we instead use administrative boundaries

of territories in 1618 and merge all data based on whether city ‘y’ was in territory ‘x’. As our results
remain qualitatively unchanged, we argue that sample selection does not introduce a bias in our setting.
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ment. Our empirical strategy combines the staggered introduction of religious finish-
ing schools and unique biographical microdata on the universe of notable women in
German history to a balanced panel of 388 cities between 800 and 1950 CE. The key
empirical challenge is then to isolate the impact of finishing schools from potential
confounders that are correlated with both finishing school opening and the increase
in women’s representation among the human capital elite.

Cities that establish finishing schools may be selected on a wide range of characteris-
tics. Even if these schools were established for reasons that are arguably uncorrelated
with local economic conditions or the demand for education, a causal interpretation
of the impact of finishing schools requires that all unobservable factors that influence
women’s representation among the human capital elite must be orthogonal to finish-
ing school opening. However, as production technologies change, increased returns
to education induce a rise in the demand for education. Similarly, wars or natural
catastrophes that disproportionately affect the male population increase the demand
for female labor and thus the demand for educated women. These local, often un-
observable, factors can increase the adoption of educational policies and thus change
the relative wages between cities. Under such conditions, cross-sectional evidence or
failing to control for local factors risks overstating the true effect of finishing schools
on women’s representation among the human capital elite.

3.4.1 Specification

We address local differences between cities by including city and period fixed effects
in a two-way-fixed-effects (TWFE) setup, capturing all observable and unobservable
time-invariant factors that vary between cities and periods in our sample.

Yc,t = β Finishing schoolc,t + αc + αt + αc × t+ (Baseline)

+
T=1950

∑
τ=800

[
Xe,c α′e,τ + Xr,c α′r,τ + Xs,c α′s,τ

]
+ εc,t (Additional Controls)

In our baseline specification, we regress a binary outcome of whether a woman who
became notable later in life was born in city c and period t, on an indicator of the pres-
ence of a finishing school. We use two definitions of this indicator Finishing schoolc,t:
In our main specification, this indicates whether a finishing school is present in city
c at time t. In Appendix 3.F, we abstract from the variation in timing and define this
variable as the classical difference-in-differences estimator, comparing 129 cities with
finishing schools to 259 cities without after 1650: Finishing schoolc × 1(t ≥ 1650).16

16Using this classical difference-in-differences design we find no evidence for pre-trends (Figure 3.F.1)
and similar point estimates (Table 3.F.1). Further, we find no evidence of differential pre-trends or het-
erogeneous treatment effects across treatment periods (Figure 3.F.2 and Table 3.F.2).
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We include city αc and period αt fixed effects as well as city-specific linear time trends
αc × t. This baseline set of fixed effects captures all unobservable city-specific trends
that evolve linearly over time. We cluster our standard errors at the city level c and
report standard errors corrected for spatial correlation in Appendix 3.D, Table 3.D.1.

To identify the impact of finishing schools on women’s representation among the hu-
man capital elite, we must argue that conditional on our set of fixed effects, either
school assignment is as good as random or that observed increases in women’s rep-
resentation among the human capital elite can only be attributed to finishing schools.
Since the former is unlikely, the latter requires us to relate the increase in the number of
notable women being born after the opening of the first finishing school to the long-
term trends that determine women’s representation among the human capital elite
and finishing schools. Then, to identify the impact of finishing schools, cities need not
exhibit different trends prior to the establishing of the first finishing school. In addi-
tion, since our baseline specification already captures differences between cities that
grow linearly over time (e.g. population growth), our identifying assumption necessi-
tates sufficiently capturing all remaining nonlinear, city-specific, confounding factors.

With our additional controls we capture three sets of potential confounders that might
nonlinearly predict women’s representation among the human capital elite and the
opening of finishing schools: economic, religious, and educational characteristics. The
first set of covariates capture the potential direct effects of economic characteristics
that influence the decision to open finishing schools (Xe,c). We proxy for the economic
and financial development using membership in the Hanseatic League, Jewish settle-
ments and pogroms against Jews (Voigtländer and Voth 2012). We complement these
covariates with population data in 1600 from Bairoch, Batou, and Chèvre (1988), fe-
male specific labor demand as proxied by religious battles during the Thirty Years’
War affecting sex-ratios and local weather conditions affecting agricultural produc-
tion from Leeson and Russ (2017). Combined, these covariates, measured before the
opening of the first school, capture demand factors of productivity and relative wages
that may impact the decision to establish a finishing school.

The second set of covariates capture the potential influence of religion on school open-
ing and women’s representation among the human capital elite. Since almost all early
finishing schools were established by religious orders, this set of covariates captures
any direct effects of religious differences across cities (Xr,c). We include whether the
city was a bishopric seat (Voigtländer and Voth 2012) and distance to Wittenberg to
proxy for the diffusion of Protestantism (S. O. Becker and Woessmann 2009; Cantoni
2015). We determine which cities were Protestant or Catholic in 1618 by digitizing car-
tographic material in Engel and Zeeden (1995), and include the distance to the inner-
German denominational boundary to capture religious competition between the ma-
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jor religious denominations. In combination, our religious controls thus address two
major concerns regarding the comparison between Protestant and Catholic cities: first,
early finishing schools were built by Catholic orders and Protestant cities did not es-
tablish secondary educational institutions in significant numbers until 1750. Second,
as highlighted in S. O. Becker and Woessmann (2009), since Protestantism is generally
associated with a greater proportion of women receiving (limited) primary education,
we might wrongly attribute an effect of Protestantism to finishing schools.

Finally, we address the direct effects of differential returns to education across cities
(Xs,c) by determining whether a city had a university or provided higher male educa-
tion in 1650.17 In addition, we control for different educational preferences of different
heads of state by controlling for the ruling house of each city as of 1618 using Engel
and Zeeden (1995).18 Combined, male schools, universities and the educational pref-
erences of ruling houses capture local returns to education across all genders at the
time the first finishing schools were established in Germany.19

We interact all covariates with period fixed effects to isolate the effects of finishing
schools from these confounding factors.20 Our identifying variation is thus limited
to within-city, off the linear time trend of any unobservable confounding factor and
the nonlinear evolution of observable economic, religious, and educational differences
across time. Hence, all remaining violations of the main identifying assumption must
arise from unobservable nonlinear confounding factors which explain both the open-
ing of a finishing school as well as the subsequent increase in women’s representation
among the human capital elite.

3.4.2 Evaluating pre-trends

We evaluate the validity of our empirical design by testing for differential pre-trends
in the event-study graph of Figure 3.2.21 Here, we limit our sample to all cities in
which a finishing school has ever been established and estimate the impact of the

17Obtained from https://bit.ly/2OHH4tp and https://bit.ly/3mG9mRr, last accessed 2021-02-09.
18An example is Prince Bishop Ferdinand of Bavaria who, in response to the religious competition,

pushed for female education to win over the minds of women.
19In the spirit of Galor and Weil (1996) we assume that local returns to education are not impacted by

directed technical change that would increase the returns to education for one specific gender. However,
estimating a panel with city × year fixed effects and gender × year fixed effects in Table 3.3 captures this
variation and the point estimates are not statistically different from our baseline.

20We explore heterogeneity along all covariates and find no heterogeneous impacts nor changes to
our main coefficient.

21We estimate the event-study equivalent of our baseline equation with and without covariates:

Yc,t = αc + αt + ∑
s

βs1{t− Ec = s}+ εc,t

{t− Ec = s} denote relative time periods to opening of the finishing schools. Cities enter this sample 400
years prior to the establishing the first school and leave it 150 years after.

https://bit.ly/2OHH4tp
https://bit.ly/3mG9mRr
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first finishing school four centuries before and two centuries after its opening. In Fig-
ure 3.2, we provide evidence in favor of our identification assumption as finishing
schools have a precisely estimated zero impact in all periods prior to opening. We es-
timate the impact of finishing schools on two subgroups of women: non-noble secular
women (solid line) and the nobility (dashed line). We use women from the nobility
as a placebo group and separate them from the remaining notable women, since they
likely had access to private tutoring and thus should not be affected by the opening of
finishing schools.22 If the establishment of finishing schools is correlated with an un-
observed change in the overall likelihood of being recorded as notable (e.g. population
growth or local political change), the point estimate on nobility would be significant
in post periods. However, while we find no impact of finishing schools on women
from the nobility, the probability of a non-noble secular woman being born in the city
and becoming notable later in life increases immediately after the first school opened.
This relationship remains robust when including all control variables nonlinearly in
the right panel of Figure 3.2a.

In the remaining panels of Figure 3.2, we document the absence of pre-trends when
using the number of women born (Figure 3.2b) and the share of women among all
notable individuals born in the same city and period (Figure 3.2c). We observe a sig-
nificant treatment effect in the first period after opening that is slightly increasing in
the right panels when controlling for covariates.

If this slight increase is driven by cohort-specific treatment effects, our TWFE estimator
might produce biased estimates. This problem is most pressing in settings without a
never-treated control group: Here, later-treated cohorts function as the control-group
for earlier-treated cohorts, potentially creating negative treatment weights biasing the
estimate (Goodman-Bacon forthcoming). Using the suggested decomposition, we
find non-negative weights and point estimates that result from the difference between
never-treated cities and cities with finishing schools. We thus leverage cities that never
establish a finishing schools as a pure control group in our setting and follow Baker,
Larcker, and Wang (2021) in providing three sets of evidence against heterogeneous
treatment effects biasing our estimates: first, we provide the main event-study graph
with and without controls (Figure 3.2). Second, we provide an assessment of pre-
trends by treatment cohort (Figure 3.F.2) and provide estimates for each treatment-
cohort (Table 3.F.2). Third, in Appendix 3.E we implement the aggregation methods
suggested by Chaisemartin and D’Haultfœuille (2020) and Callaway and Sant’Anna
(forthcoming), as well as include never-treated cities in the event-study design. We
find no evidence of treatment-effect heterogeneity or differential pre-trends and re-
port similar point estimates for all treatment groups and methods.

22We separate this group not to discredit the efforts and successes of many noble women advocating
women’s rights, but merely to reflect historical differences in the provision of secondary education.
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(a) Indicator: Notable woman born in city

(b) Log. number of notable women born in city

(c) Female share of notable individuals born in city

Figure 3.2: Event-study:
Impact of finishing school establishment on notable women

Notes: Zero is the normalized opening period of the first finishing school in a city. The vertical line marks
the reference period, which we choose to be 50 years prior to establishment of the first finishing school.
City and period fixed effects included in the left figure and full economic, religious, and educational
controls added in the right; 95%-confidence intervals shown only for non-noble secular women, the im-
pact on notable women from the nobility is indistinguishable from zero in all periods and specifications.
Alternative approaches are discussed in Section 3.E.
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Lastly, choices when compiling our dataset might affect the observability of pre-trends.
In our dataset, we merge women and finishing schools to a balanced panel of 388
cities, including never-treated cities, and 50-year periods. This, however, does not
fully utilize the exact treatment period of each school. In Appendix 3.C.3, we instead
construct 10, 20, 25, and 50 year intervals around each exact opening year of finish-
ing schools and show the resulting event-study graphs. Again, we find no evidence
for a pre-trend in any specification, a significant uptick after opening, and point esti-
mates that are not statistically different from our baseline. Thus, we use our balanced
panel of cities, allowing us to include never-treated cities and control variables in a
TWFE estimation, and take this result as additional evidence against pre-trends or
heterogeneous effects biasing our estimates.

3.5 Finishing schools and the human capital elite

Our hypothesis is that the opening of finishing schools increased women’s represen-
tation among the human capital elite. Women belong to the human capital elite of
their city of birth if their names were recorded in the Neue Deutsche Biographie. Using
data on notable women from 800 to 1950 CE, we document a sustained impact of the
opening of finishing schools on an indicator of whether a notable woman was born,
the number of notable women, and the share of notable women relative to their male
counterparts. Using detailed occupational and biographical data, we provide addi-
tional evidence that finishing schools contributed to women entering the human cap-
ital elite as teachers and activists. These women later formed the core demographic of
the women’s rights movement, spreading their ideas in outlets such as Frauen-Zeitung,
and organizing in women’s rights associations throughout the country.

We present our main results in Table 3.2, using our baseline empirical specification
including all cities and periods. We report estimates from three different specifica-
tions of our dependent variable to address the sparsity in our outcome variable. In
columns (1) and (2), we regress an indicator variable of whether a notable woman
was born in city c at period t on our indicator variable for finishing schools that turns
on after the opening of the first finishing school in city c and period t. Our baseline
estimate is reported in column (1) of panel A and suggests a 23-percentage point in-
crease (s.e. 0.029) in the propensity to observe a woman being born and becoming
notable later after the establishment of the finishing school. To capture the impact of
city-specific differences on the establishment of finishing schools and notable women,
we interact economic, religious, and educational covariates with period fixed effects in
column (2). The point estimate of 0.164 (s.e. 0.033) suggests a stable impact of finish-
ing schools on women’s representation among the human capital elite, with finishing
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schools doubling the likelihood of observing a notable woman in periods after their
establishment.23

Table 3.2: Fixed-effects results on the importance of finishing schools

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.230∗∗∗ 0.164∗∗∗ 0.355∗∗∗ 0.204∗∗∗ 0.019∗∗∗ 0.021∗∗∗

(0.029) (0.033) (0.053) (0.045) (0.004) (0.005)
Mean, untreated 0.150 0.149 0.272 0.272 0.018 0.018

Panel B: Unmarried women
Finishing schoolit 0.194∗∗∗ 0.147∗∗∗ 0.302∗∗∗ 0.173∗∗∗ 0.011∗∗ 0.014∗∗

(0.030) (0.034) (0.049) (0.043) (0.005) (0.006)
Mean, untreated 0.155 0.153 0.275 0.274 0.022 0.022

Panel C: Teachers & Writers
Finishing schoolit 0.151∗∗∗ 0.104∗∗∗ 0.174∗∗∗ 0.103∗∗∗ 0.019∗∗∗ 0.017∗∗∗

(0.027) (0.026) (0.034) (0.029) (0.006) (0.006)
Mean, untreated 0.076 0.075 0.096 0.096 0.019 0.019

Panel D: Activists
Finishing schoolit 0.076∗∗∗ 0.053∗∗∗ 0.064∗∗∗ 0.043∗∗∗ 0.013∗∗∗ 0.011∗∗

(0.018) (0.018) (0.017) (0.015) (0.004) (0.005)
Mean, untreated 0.016 0.016 0.018 0.018 0.005 0.005

Panel E: Nobility
Finishing schoolit -0.018 -0.013 -0.009 -0.007 -0.002 -0.002

(0.016) (0.017) (0.015) (0.018) (0.008) (0.009)
Mean, untreated 0.039 0.038 0.050 0.050 0.018 0.018

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 9,312 9,240 9,312 9,240 9,312 9,240

Notes: Main results using a TWFE estimation based on all cities in all periods. We consider three types of depen-
dent variables to capture the extensive and intensive margin of the birth of notable women. I[Women > 0] is
an indicator equal to one if a city had at least one notable woman born in this period. ‘log Women’ constitutes
the natural logarithm of the number of women born plus one. ‘Share Women’ divides the number of women by
the number of women and men in the respective category, except for Activists, where we use the number of male
politicians instead. We regress the number of non-noble secular women, teachers and writers, and women from
the nobility born in a city, as defined in the top row, on our finishing school variable. Columns (1), (3), and (5)
constitute the baseline and include city and period fixed effects as well as city specific linear trends. In columns
(2), (4), and (6) we additionally interact city controls with period fixed effects to capture variation from economic,
religious, and educational differences. We include the following controls measured in the 13th century: Hanseatic
League and bishopric indicators as well as indicators for having a Jewish presence and for pogroms. Additionally,
we include the following controls from 1600: distance to Wittenberg, an indicator for confessional battles in the
vicinity, distance to the denominational divide, and a Catholicism indicator (as of 1618) to capture religious differ-
ences. In addition, we control for the average temperature in 1650 to capture differential agricultural productivity,
and hence income. City-level population in 1600 is included to capture different population effects; pre-existing
male schools, universities in 1650, and a ruling house indicator are included to capture differential educational
preferences. Standard errors clustered by city reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

23If our sample of finishing schools suffered from survival bias, and assuming a positive impact of
schools, our estimates would be downward biased as control observations would be treated, too. In
addition, we report reduced form estimates, unaffected by survival bias, using monasteries in 1300 as an
instrument around 10 km of the denominational divide in Figure 3.F.4.
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In the remaining columns (3)–(6) we explore the intensive margin of the effect of fin-
ishing schools on women’s representation among the human capital elite. Using the
log number of women born in city c at period t, we find that the number of notable
women increases by 20%, even when extensively controlling for economic, religious,
and educational factors.24

Population in 1650 interacted with period fixed effects might not adequately capture
the heterogeneous growth paths of German cities.25 By using the number of notable
men born in each city and period, we are able to capture differential growth in popu-
lation, prosperity, and creativity, that might lead to the adoption of finishing schools
and an increased representation of women among the human capital elite. In columns
(5) and (6), we thus divide the number of notable women born by the total num-
ber of notable men and women in the same category and period. If the number of
notable women in our sample only increased due to a discontinuous change in popu-
lation, prosperity, or creativity, happening at the same time, this would increase in the
number of notable men in the same category, too.26 Relative to cities without finish-
ing schools in which 1.8% of all notable individuals are women, the share of women
among the human capital elite increased to 4% after the establishment of finishing
schools.27 The robust estimates suggest that finishing schools increased women’s rep-
resentation among the human capital elite and did not affect a city’s population or its
elite’s size in particular.

Similarly to other countries (Goldin 2006), the majority of notable women were un-
married and independent. The share of unmarried women, relative to all unmarried
men and women, increases from 2.2% to 3.6% after the opening of finishing schools
(Table 3.2, panel B, Column 6). While it is possible that measurement error in the
data biases this point estimate, the measurement error would have to be correlated to
finishing school opening to bias the point estimate upwards. Our results thus sup-
port the notion that finishing schools facilitated the emergence of a greater number of
women pursuing a more independent lifestyle, free from the constraints of marriage
in a patriarchal society.

24Using the logarithm of a variable with a large amount of zeros is problematic as the log(y + 1)
transformation might introduce a bias. We are aware of this and thus refer to columns (1) and (2) as our
preferred specification and report all figures using the binary definition (columns 1 and 2) as the outcome
variable.

25While Aachen and Trier were some of the most important cities at the beginning of our sample
period, they have been outpaced by Munich and Berlin at the end. This pattern is not predicted by initial
population size or ruling houses in the 17th century.

26The number of notable men is equally obtained from the Neue Deutsche Biographie.
27We address the possibility that people move to neighboring towns with schools, and thus spillovers

are impacting our interpretation, in two tables: We increase the catchment area of each city by only using
101 cities that already existed in 800 and show the same effect sizes (Table 3.C.1); In Table 3.D.2 we restrict
our sample to 129 cities with schools and 27 non-neighboring cities in 1300. All results are robust and
indistinguishable from the baseline empirical specification.
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In the remaining panels (C)–(E) of Table 3.2 we explore the effects of finishing schools
on different subcategories of notable women based on their professions and the placebo
group, women from the nobility. First, we confirm historical accounts arguing that
many students went on to become teachers and writers by showing that the likeli-
hood of a female teacher or writer being born and recorded in our data is substantially
higher after the opening of a finishing school. Second, we analyze the biographies of
all notable women and use keywords to identify women’s rights activism.28 While
we record markedly fewer women than in other categories, the relationship is robust
and stable in all specifications and suggests a threefold increase in the likelihood of
observing an activist after the opening of a finishing school (panel D, columns (2) and
(4)).

Finally, we estimate the impact on the subgroup of noble women in panel E. Again, we
treat the nobility as a placebo group since the likelihood of being recorded in the Neue
Deutsche Biographie should not benefit from the establishment of a finishing school.
This subgroup captures overall trends in population growth that should equally affect
all notable individuals of either category. In line with our argument that the relation-
ship between finishing schools and women’s representation among the human capital
elite is not mechanically driven by population growth, we find robustly estimated
insignificant null effects of finishing schools on the nobility throughout all specifica-
tions.29

We take the strong and robust results on non-noble secular women, and the non-
existent impact on women from the nobility, as evidence that finishing schools in-
deed increased women’s representation among the human capital elite in Germany.
We conduct numerous further robustness tests in the Appendix. In Appendix 3.B,
we show that our results remain qualitatively unaffected when omitting the linear
time-trend, using different covariates (Table 3.B.1), or omitting outliers (Figure 3.B.1).
In Appendix 3.C, we gather additional evidence against dataset construction choices
biasing our estimates: our results remain unchanged when using alternative sets of
cities (Table 3.C.1) or alternative lengths of periods (Table 3.C.2). The estimated ef-
fect does not vary greatly by occupation (Table 3.C.3) or the timing of school opening
(Table 3.C.5). We dedicate Appendix 3.D to showing that the results are unlikely to
be the result of systematic SUTVA violations. To assess whether spillovers affect our
interpretation, we create 200 placebo datasets using the true spatial correlation and
temporal assignment and find p-values of 0.000 for all outcomes except activists (p-

28The top five keywords are (in order): “Frauenrecht” (women’s rights), “Frauenbewegung”
(women’s movement), “Frauenverein” (women’s clubs), “Emanzipation” (emancipation), and “Femi-
nistin” (feminist). The share of activists is constructed using the number of male politicians as a proxy
for the politically active male population.

29Controlling for construction activity does not impact our results (Table 3.B.3) and construction ac-
tivity is not predicted by school establishment (Figure 3.4).



112 EDUCATION AND THE WOMEN’S RIGHTS MOVEMENT

value: 0.020). In Appendix 3.E, we show that our point estimates are also robust to
varying weighting techniques from the recent literature on the validity of event-study
designs. In Appendix 3.F, we report similar estimates from a classical difference-in-
differences setting, dividing cities into those that had established a finishing school
by 1850 and those that had not (Table 3.F.1). There is no discernible pre-trend when
using all treatment periods jointly (Figure 3.F.1) or when separately identifying pre-
trends by school opening period (Figure 3.F.2). We regard the robustness of our results
as evidence against a mechanical relationship between finishing schools and notable
women which could arise simply due to finishing schools improving record keeping
of influential women or increasing the demand for teachers.

3.6 Placebo exercises

To rightfully attribute the increase in women’s representation among the human cap-
ital elite to the emergence of finishing schools, we discuss whether changes in the
returns to education, culture, or economic activity predict a similar increase. To iden-
tify such potential confouding factors, we exploit the following city- and time-specific
placebo events: in Section 3.6.1, we use the opening of secondary schools for men to
capture an increase in the overall returns to education. In Section 3.6.2 we use con-
struction activity as a proxy for economic activity; and in Section 3.6.3, we exploit the
end of witch trials, the opening of female monasteries, the consecration of churches
to a female saint, and the arrival of the Reformation, to capture gender-specific cul-
tural changes at the local level. No placebo event predicts a subsequent increase in
the number of notable women.30 Unobservable nonlinear and city-specific factors are
thus unlikely to confound our finding that finishing schools increase women’s repre-
sentation among the human capital elite.

3.6.1 Returns to education

In our first placebo exercise, we assess whether finishing schools merely capture local
changes to the returns to education. We exploit cross-gender variation and show that
the number of notable men and women is only affected by the opening of male and
female schools, respectively. We thus argue that finishing schools are unlikely to reflect
local changes in the returns to education.

To assess the importance of changes in the returns to education, we correlate the occur-
rence of non-noble secular men, unmarried men, and male teachers and writers, with
the opening of male schools. Following Galor and Weil (1996), we interpret schools

30These changes are however, correlated to the establishing of finishing schools, suggesting that they
are relevant cultural and educational proxies to consider.
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for men as an endogenous response to increased returns to education following an in-
creased demand for skilled labor. As such, the estimated effect of male schools on the
occurrence of notable men is a combination of (i) increased returns to education and
(ii) education itself. By the same token, if female finishing schools were also a result
of increased returns to education common to both genders, we would expect to see an
increase in the number of notable men in response to the establishment of finishing
schools.31

Table 3.3: Placebo estimates on the importance of finishing schools:
Differential returns to education

Non-Noble
Secular

Unmarried
Teachers &

Writers

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Female Male Panel Female Male Panel Female Male Panel

Panel A: Impact of Finishing Schools
Finishing schoolit 0.096∗ -0.002 0.087∗ 0.003 0.115∗∗ -0.081

(0.054) (0.039) (0.052) (0.037) (0.049) (0.061)
Finishing schoolit × women 0.145∗∗ 0.100∗ 0.123∗

(0.059) (0.058) (0.066)

Panel B: Impact of Male Schools
Male schoolit 0.005 0.066 0.015 0.012 0.000 0.075∗∗

(0.012) (0.040) (0.021) (0.041) (0.005) (0.034)
Male schoolit ×men 0.088∗∗ 0.072∗∗ 0.110∗∗∗

(0.038) (0.036) (0.030)

City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
City × period FE Yes Yes Yes
Gender × period FE Yes Yes Yes

Notes: Testing a panel specification in a window of four centuries before and two centuries after the establishment of finishing schools
(N=1,421) or male schools (N=2,161). The outcomes are indicators for the birth of notable women or men. In columns (3), (6), and (9) we
construct a panel in which every city × period cell has two observations: one for women and one for men. This allows us to control for city
× period fixed effects and period fixed effects of the other gender. We include full economic and religious covariates as defined in Table
3.2 in all regressions. Due to collinearity with the ‘Male school’-treatment variable, we exclude the educational controls. Standard errors
clustered by city reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

In panel A of Table 3.3, we limit our sample to 129 cities that ever constructed a fin-
ishing school, in a window of four centuries before and two after establishing the first
school. In columns (1), (4), and (7) we estimate the impact of finishing schools on
notable women, unmarried women and teachers and writers. Despite the reduction
in sample size and the omission of educational covariates, the estimated coefficients
in this event-study design are close to those of the fixed-effects estimation reported
in Table 3.2. Finishing schools do, however, have no impact on the likelihood of ob-
serving notable men in our data (columns (2), (5), and (8)). In columns (3), (6), and
(9), we construct a panel in which every city-period cell has two observations: one for
women and one for men. In this setup, we are able to control for city-by-period fixed

31In support of this argument we find that in cities that had both finishing and male schools, the male
school was always constructed before the finishing school.
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effects and gender-by-period fixed effects to estimate the impact of finishing schools
on women, while nonlinearly controlling for the trends in men and city characteristics
at any point in time. Our results confirm the pattern observed previously as finishing
schools increase the likelihood of a notable woman being born in the city.

In the second panel of Table 3.3, we turn to the impact of male schools on notable
women and men. The opening of a male school in a city increases the likelihood
of observing a notable man (Columns (2), (5) and (8)), but the impact on women in
the same city is a precisely estimated zero (Columns (1), (4), and (7)). Repeating the
panel exercise and nonlinearly controlling for city characteristics confirms this pattern
and suggests that male schools only had an impact on notable men in the city.

Figure 3.3: Cross-gender impact of male and female schools
Notes: The outcome in the two panels on the left (right) is an indicator equal to one if a notable man
(woman) was born in a given city and period. Zero is the normalized opening period of the first finish-
ing school (top panels) or of the first male school (bottom panels) in a city. The vertical line marks the
reference period, which we choose to be 50 years prior to establishment of the first school for the respec-
tive gender. All figures include full economic and religious controls; educational controls are omitted.
95%-confidence intervals reported.

This evidence is summarized graphically in Figure 3.3. The validity of our point es-
timates is supported by the absence of pre-trends and the increase in notable women
and men after the opening of finishing and male schools, respectively (top right and
bottom left). If finishing schools captured local returns to education, in the same way
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male schools likely do, we would observe a significant increase in the number of men
as well (top left). Similarly, if we observed more notable women purely because the
returns to education increased, we should observe a similar increase in women when
using male schools as the source of variation (bottom right). Since we observe neither,
we conclude that differential returns to education are unlikely to explain the increase
in the number of notable women after the opening of a finishing school.

3.6.2 Economic growth

In the second placebo exercise, we test whether cities with a steeper growth trajectory
established finishing schools earlier. Then, finishing schools might merely reflect the
underlying growth potential that attracted the human capital elite.

Under this alternative hypothesis, the increase in notable women born is not a re-
sponse to the emergence of finishing schools, but a response to increasing income. We
identify local economic activity in our panel using city-level construction data by Can-
toni, Dittmar, and Yuchtman (2018). If finishing schools are merely a manifestation of
increased economic growth, the establishment of finishing schools should be a good
predictor of future construction activity. However, this is not borne out in our data:
even when defining a subset of growth-specific construction that excludes religious,
military, and palace buildings, we find no impact of finishing schools on economic
activity in Table 3.4, nor in any period around the opening of finishing schools (Fig-
ure 3.4).

Table 3.4: Placebo estimates on the importance of finishing schools:
Construction Activity

I[> 0] Number log

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

Finishing schoolit -0.043 -0.017 1.805 0.939 0.034 0.133
(0.034) (0.066) (1.236) (0.644) (0.108) (0.111)

City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes

Notes: Main results using a fixed-effects estimation in a window of four centuries before and two centuries af-
ter the establishment of a finishing school (N= 1,421). All regressions include a full set of city and period fixed
effects. We include full religious and educational covariates as defined in Table 3.2. As outcomes we consider
all construction activity (“Any”) in odd columns as well as growth-related construction activity (“Growth”)
in even columns, which excludes religious, military and palace buildings. In addition, we consider three
transformations of these outcomes, namely indicators for building construction (columns 1 and 2), the raw
number of buildings constructed (columns 3 and 4) and the log number of buildings constructed (columns 5
and 6). Standard errors clustered by city reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Figure 3.4: Impact of finishing schools on economic growth
Notes: The correlation between finishing schools and building construction. The outcome in the left
panel is an indicator variable capturing construction activity in a given city and period, while the out-
come in the right panel is the log number of buildings constructed plus one. Zero is the normalized
opening period of the first finishing school in a city. The vertical line marks the reference period, which
we choose to be 50 years prior to establishment of the first finishing school. Full set of controls included
in both figures. 95%-confidence intervals reported.

3.6.3 Cultural change

In the last set of placebo exercises, we provide evidence against the premise that fin-
ishing schools are a reflection of broader cultural changes in society. To assess this
alternative hypothesis, we exploit city and gender-specific changes in culture: the end
of witch trials; the opening of female monasteries; the consecration of churches to a
female saint; and the Protestant Reformation. Using event-study designs analogous
to our analysis of finishing schools, we find no significant impacts on the prevalence
of notable women from any of these cultural changes (Table 3.5 and Figure 3.5).

In panel A of Table 3.5, we use data on the end of witch trials in Germany from Lee-
son and Russ (2017). Witch trials disproportionately targeted widows living a more
independent life as well as midwives and female folk healers (Ehrenreich and English
1973; Oster 2004).32 We thus argue that the ‘end of witch trials’ in a city is informative
of a change in local culture away from one of the most violent forms of discrimination
against women. The threat of the stake forced midwives and folk healers to practice in
secrecy. Then, the end of witch trials might have increased their likelihood of entering
our sample. However, we see no impact of the end of witch trials on women becoming

32Leeson and Russ (2017) collect data on 3,080 witch trials in 121 German cities, with the first and
last trials recorded in 1300 and 1792, respectively. Our inclusion is motivated by the fact that 76% of
witch trials were conducted before 1648 and 23.5% of women were trialed between 1627–1633; a period
in which finishing schools for girls first sprung up.
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recognized for their achievements.

In panel B of Table 3.5, we exploit the opening of female monasteries taken from Can-
toni, Dittmar, and Yuchtman (2018) as proxies for gender-specific cultural change. Fe-
male monasteries presented women with one of the few alternatives to “traditionally
advocated marriage” (Frigo and Fernandez 2019) and household roles. The establish-
ment of such monasteries could thus be considered reflective of local culture becom-
ing more accepting towards women choosing a comparatively independent lifestyle.33

However, we do not find significant impacts of the establishment of female monaster-
ies on the number of notable women once we add economic, religious, and educa-
tional controls.

Table 3.5: Placebo estimates on the importance of finishing schools:
Changing culture

Non-Noble
Secular

Unmarried
women

Teachers &
Writers Royals

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

Panel A: End of witch trials
End of Witch Trialit 0.002 0.052 0.059∗ 0.062 0.014 0.005 0.031 -0.016

(0.028) (0.040) (0.031) (0.044) (0.020) (0.025) (0.025) (0.030)
Religious covariates × period FE Yes Yes Yes Yes

Panel B: Creation of a female monastery
Female monastery opensit 0.020∗∗ 0.012 0.027∗∗ 0.018 0.000 -0.004 -0.001 -0.006

(0.009) (0.008) (0.012) (0.012) (0.003) (0.004) (0.007) (0.010)
Religious covariates × period FE Yes Yes Yes Yes

Panel C: Church consecration to a female Saint
Consecration to a female saintit 0.047 0.031 0.019 -0.005 0.040∗ 0.041 -0.007 0.006

(0.031) (0.036) (0.039) (0.043) (0.021) (0.026) (0.033) (0.034)
Religious covariates × period FE Yes Yes Yes Yes

Panel D: Reformation happening in city
Reformation in Cityit 0.017 -0.028 0.069∗∗ 0.020 0.015 -0.009 0.030 0.036

(0.025) (0.019) (0.027) (0.033) (0.015) (0.016) (0.033) (0.041)
Religious covariates × period FE

City covariates × period FE Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes

Notes: Main results using a fixed-effects estimation in a window of four centuries before and two centuries after the end of witch
trials (panel A), the creation of a female monastery (panel B), a church consecration to a female Saint after 1650 (panel C), and
the arrival of the Protestant reformation in a city (panel D). All outcomes are indicators equal to one if a notable woman from
the respective group was born in a given city and period. All regressions include a full set of city and period fixed effects. Cities
that ever had witch trials: 112; cities with a female monastery: 221; cities with a female church consecration: 152; cities that
turned Protestant: 146. We include covariates as defined in Table 3.2 where indicated. We omit religious covariates in panel D,
as our ruler fixed effects, the Catholicism (as of 1618) indicator, and the distance to Germany’s denominational divide predict
whether a city becomes Protestant. Difference-in-differences estimates confirm this picture and are presented in Table 3.F.3.
Standard errors clustered by city reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.

Next, we turn to the consecration of churches to female saints in panel C of Table
3.5. We utilize data by Cantoni, Dittmar, and Yuchtman (2018) on 12,334 church con-
struction events in Germany, and identify 1,610 events in which a church was conse-

33Cantoni, Dittmar, and Yuchtman (2018) have 414 female monasteries in Germany with the average
year of foundation being 1275.
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crated to honor a female saint.34 We argue that since churches could be consecrated to
any saint, using a female saint might indicate a cultural shift towards the inclusion of
women and thus could be correlated with a higher status of women in society. Yet, we
identify a precisely estimated null effect throughout all specifications.

Figure 3.5: Impact of cultural change on notable women
Notes: The correlation between notable women and cultural change. The outcome in all panels is an
indicator equal to one if a non-noble secular woman was born in a given city and period. The vertical
line marks the reference period, which we choose to be 50 years prior to the respective event. Economic
and educational controls included in all figures. Religious controls are omitted when identifying the
impact of the Protestant Reformation. 95%-confidence intervals reported.

In panel D of Table 3.5, we use the timing of the Protestant Reformation in each city
as an indicator of a potential shift in the status of women. We follow S. O. Becker and
Woessmann (2008, 2009) who argue that, since Martin Luther suggested that women
needed to be able to read, Protestantism had a positive impact on female education.35

We utilize data by Cantoni (2015) on the timing of the Reformation in cities, to proxy
for a cultural shift towards the inclusion and primary education of women following
Luther’s teachings. Our findings suggest that Protestantism, and the associated po-
tential shift in gender roles, cannot explain the increase in notable women, teachers,
or any other subcategory.36

34The average year of consecration in the data of Cantoni, Dittmar, and Yuchtman (2018) is 1452 in
260 cities.

35Note that this requirement to read was interpreted as providing basic primary schooling. Finishing
schools provided secondary education that included French, arithmetic, and literature classes.

36We have 146 cities turning to Protestantism, 129 of which switched by the end of the sixteenth
century. We substantiate our finding in Table 3.F.3 in which we use those cities in a standard difference-
in-differences setup, and find weak results on non-noble secular women, but no results on teachers,
activists, or nobility. We use the log distance to Wittenberg as an instrument (S. O. Becker and Woessmann
2009) and report insignificant reduced form impacts on notable women. The OLS estimates however,
suffer from a pre-trend in which cities with more notable women are more likely to become Protestant.
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The results presented in the event-study graph in Figure 3.5 support the findings from
Table 3.5: it is unlikely that gender-specific cultural change contributed to the estab-
lishment of finishing schools and the following increase in notable women. We con-
clude that unobserved economic or cultural change is unlikely to bias our estimates
on finishing schools. Instead, it is more likely that finishing schools were established
by religious orders in response to religious competition or idiosyncratic shocks. Thus,
finishing schools, conditional on fixed effects, can be interpreted as an exogenous shift
in the supply of secondary education for women.

3.7 Mechanism

Based on the historical literature on finishing schools (Albisetti 1988) and the women’s
rights movement (Schraut 2019), we derive two complementary mechanisms that link
the establishment of finishing schools to an emerging nucleus of the women’s rights
movement: access to critical ideas about women’s role in society, and reduced costs of
forming and accessing networks of like-minded peers. We interpret our results thus
far as critical ideas about women’s role in society taking hold in cities with finishing
schools, as more unmarried women entered the human capital elite as teachers, writ-
ers and women’s rights activists. In this section, we shed light on the second mecha-
nism: finishing schools reducing the cost of forming and accessing networks of like-
minded women. We document that the establishment of finishing schools positively
impacted the emergence and size of networks between notable women and increased
the immigration of notable women, further contributing to network formation.

3.7.1 Networks between notable women

We construct our measure of networks between women by analyzing their biogra-
phies in the Neue Deutsche Biographie. Here, we define a connection between two
women if one is mentioned in the biographical text of the other, and the younger was
at least 16 years old when the older woman died. A network thus exists in a city if at
least one local woman is connected to another notable woman.37 The size of a city’s
network in period t is then defined as the sum of notable women being mentioned in
the biographies of all other women born in that city in period t.

In Table 3.6, we analyze the impact of finishing schools on networks between notable
women. We find that finishing schools increase the likelihood of observing a network

37An example is Gertrud Bäumer: she attended the finishing school in Halle and became a teacher in
Magdeburg. She was introduced to Helene Lange by an older colleague and joined the Allgemeiner Deut-
schen Lehrerinnenverein in Berlin 1898. Throughout their career, Bäumer and Lange closely collaborated
on promoting women’s rights, in particular women’s access to education.
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and its size four-fold (panel A). The estimated effect, however, predictably varies by
the type of network constructed: in stark contrast to networks between non-noble
secular (panel B) or politically active women (panel C), connections between religious
or noble networks are unaffected by establishing a finishing school (panel D). The
results on networks between notable women echo our main results: finishing schools
increase networks only for politically active women, but not for the placebo group of
the nobility.

Table 3.6: Fixed-effects results on the importance of finishing schools:
Network formation within cities

I[Connections > 0] log Connections

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

Panel A: Any network in city
Finishing schoolit 0.060∗∗∗ 0.043∗∗∗ 0.069∗∗∗ 0.052∗∗

(0.016) (0.016) (0.021) (0.021)
Mean, untreated 0.015 0.015 0.020 0.020

Panel B: Network between non-noble secular women
Finishing schoolit 0.060∗∗∗ 0.043∗∗∗ 0.067∗∗∗ 0.052∗∗∗

(0.016) (0.016) (0.021) (0.020)
Mean, untreated 0.012 0.012 0.016 0.016

Panel C: Network between politically active women
Finishing schoolit 0.016∗∗ 0.012 0.018∗∗ 0.015∗

(0.007) (0.009) (0.008) (0.009)
Mean, untreated 0.003 0.003 0.003 0.003

Panel D: Network between religious women
Finishing schoolit 0.006 0.005 0.005 0.004

(0.005) (0.007) (0.004) (0.005)
Mean, untreated 0.004 0.004 0.004 0.004

Unit trend Yes Yes Yes Yes
City covariates × period FE Yes Yes
Religious covariates × period FE Yes Yes
Educational covariates × period FE Yes Yes
Observations 9,312 9,240 9,312 9,240

Notes: Main results using a fixed-effects estimation and all cities in all periods. All regressions include a full set of
city and period fixed effects. We consider two types of dependent variables to capture the extensive and intensive
margin of connections among notable women. I[Connections > 0] is an indicator equal to one if a city had at least
one connected women born in this period, while ‘log Connections’ constitutes the natural logarithm of the number
of women with connections plus one. We regress the number of connections between any women, non-noble secular
women, politically active women, and religious women, as defined in the top row of each Panel, on our finishing
school variable. We include covariates as defined in Table 3.2 where indicated. Standard errors clustered by city
shown in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01

3.7.2 Immigration of notable women

We provide further evidence on the formation of networks using the immigration of
notable women. If finishing schools facilitated women to form and access networks
of like-minded women, presumably they also increased the likelihood that women
migrated to the city, acting as a pull factor. We document migration patterns using the
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difference between women’s places of birth and death as recorded in the Neue Deutsche
Biographie. A total of 507 women in our data have migrated at least 10 km between
birth and death. We repeat our event-study for these immigrated non-noble secular
women in Figure 3.6. Again, we observe no pre-trends and a distinct increase in the
likelihood of immigration after the opening of the first finishing school (left panel); a
finding robust to including control variables (right panel).

Figure 3.6: Impact of finishing school establishment on migrated women
Notes: Main results for women who migrated during their lifetimes, focusing on cities that ever estab-
lished a finishing school. Zero is the normalized opening period of the first finishing school in a city. The
vertical line marks the reference period, which we choose to be 50 years prior to establishment of the
first finishing school. Full economic, religious, and educational controls added in the right panel. Point
estimates reported in Table 3.G.1. 95%-confidence intervals reported.

To identify whether finishing schools attracted notable women, or the immigration of
notable women instead facilitated the foundation of finishing schools (reverse causal-
ity), we provide two pieces of evidence: first, if immigration of notable women in-
creased the likelihood of finishing school opening, Figure 3.6 would show differential
pre-trends. The absence of such pre-trends suggests that finishing schools had a sim-
ilar effect on immigrated women as on native women, and that finishing schools are
likely not a result of immigration.

Second, we build on this result and provide further support for the idea of increased
networking activity using the timing of immigration, or birth, of the first notable
women as our source of variation. If finishing schools increased women’s representa-
tion among the human capital elite, which in turn attracted notable women from other
cities, we would observe that the first native notable woman increases immigration.
If, however, immigration led to the opening of finishing schools, and therewith to the
formation of a female human capital elite, the first immigration event would increase
the number of notable women born in a city.
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We explore these alternative hypotheses in Figure 3.7, using either the first woman
who migrated to a city (left panel) or the first notable woman born in a city (right
panel) as a shifter in the likelihood of observing future notable women being born.
Using the first migration event as the ‘treatment period’ in the left panel, we report
no impact on future non-noble secular women being born. In contrast, the right hand
side of Figure 3.7 reveals that the first native-born notable woman induces a strong
increase in immigration of other notable women from elsewhere.

Figure 3.7: Impact of native and migrated women on subsequent notable women
Notes: The impact of the first notable female migrant on the birth of “native” notable women in a city is
shown in the left panel. Conversely, the right panel shows the impact of the first “native” notable woman
born in a city on the migration of notable women into the city. Zero is the normalized period of either the
first migrated notable woman (left) or the first notable woman born in a city (right). Correspondingly,
the outcome in the left panel is an indicator equal to one if a notable woman was born in a given city and
period, while the outcome in the right panel is an indicator equal to one if at least one notable woman
migrated to a city in a given period. The vertical line marks the reference period, which we choose to be
50 years prior to the respective event. Full controls included in both figures. 95%-confidence intervals
reported.

Our results thus indicate that finishing schools increased women’s representation among
the human capital elite: women became teachers, writers and early activists, indicat-
ing that critical ideas about women’s role in society took hold in cities with finishing
schools. These women would eventually form networks with other women from the
human capital elite and attracted other like-minded women from other cities. These
early networks laid the foundation for the further dissemination of critical ideas and
the institutionalization of the women’s rights movement.
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3.8 Finishing schools and the women’s rights movement

When Dr. Martin Luther King Jr. and Susan B. Anthony spread their ideas and institu-
tionalized their movement, they provided the social acceptance required for the civil
rights and suffrage movements to succeed. German activists from the early phase
of the women’s rights movement pursued similar strategies to gain broader public
appeal and turn their movement into a societal force (Berndt 2019; Nagelschmidt
and Ludwig 1996; Schraut 2019). We measure the dissemination of critical ideas by
digitizing all letters to the editor of the feminist newspaper Frauen-Zeitung, in which
women’s role in society was critically discussed. To capture the increasing institution-
alization, we use establishment and membership data of local chapters of the women’s
rights movement in 1909. Lastly, we provide evidence that finishing schools, via accu-
mulating human capital, disseminating critical ideas, and institutionalizing the move-
ment, increased female representation in parliaments once suffrage was achieved.

3.8.1 Empirical approach

We document the link between finishing schools and the success of the women’s rights
movement in a cross-sectional setting. Specifically, we show that cities c with finishing
schools in 1850 send more letters to the Frauen-Zeitung and have more local chapters
of the women’s rights movement in 1909. In doing so, we estimate cross-sectional
regressions using specifications of the following type:

Yc = α + β finishing schoolsc + Xc γ′ + εc (3.1)

In this cross-sectional setting, unobservable factors, previously captured by city fixed
effects and linear time trends, potentially impact our interpretation. Even controlling
for economic, religious and educational covariates (Xc), unobservable factors could be
correlated with the establishment of finishing schools and the women’s rights move-
ment. When schools were built in areas with greater appreciation of women’s role
in society or women’s education, our point estimate would overstate the impact of
finishing schools. We assess the magnitude of this potential bias using three comple-
mentary strategies: first, we report the bias-adjusted point estimate from a bounding
exercise in the spirit of Oster (2019), comparing coefficients from a regression without
any controls and restrictions to a regression with a full set of controls in areas of reli-
gious competition. Second, in Appendix 3.H we corroborate these findings and report
point estimates from an instrumental variables strategy using monasteries in 1300 and
religious competition as a shifter in the likelihood of establishing finishing schools.
Third, we compare the effect of finishing schools using propensity score matching on
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all covariates in Appendix 3.H.1. All strategies reveal, if anything, a downward bias
of our point estimates.

The historical literature on finishing schools suggests that religious competition was
one determinant of the location of early finishing schools (Lewejohann 2014). Yet,
religious competition may exhibit a direct effect on our measures, even when control-
ling for the distance to the denominational boundary. Thus, we limit our sample to
cities within 10 km of the borders marking the religious divide in 1618, i.e. to regions
where religious competition was particularly pronounced in the early phases of fin-
ishing school openings. Limiting our sample to cities within 10 km of the religious
divide also enhances the comparability of cities. For instance, rather than comparing
Berlin to Munich (600km due south), our strategy compares the neighboring cities of
Hanover and Hildesheim.

We present our results linking finishing schools with the emergence of the women’s
rights movement in the late nineteenth century and with political representation of
women throughout the twentieth century in Table 3.7. We start by examining the
link between historical finishing schools established by 1850 and the dissemination
of critical ideas of women’s role in society to the general public (panel A), and the
institutionalization of the women’s rights movement by founding local chapters and
recruiting female members (panels B and C). We then turn to an important outcome
of the women’s rights movement, female representation in parliaments after women
achieved the right to both vote and stand for parliament in 1919 (panels D and E).

3.8.2 Dissemination of ideas

To measure dissemination of critical ideas, we digitize all letters to the editor of one
of the first feminist newspapers in Germany, Frauen-Zeitung (1849-52), in panel A. We
use the place of residence of all letter writers and link this to the presence of finishing
schools in the nearest city. In Table 3.7 column (1), we estimate a bivariate regression
without controls and restrictions, documenting an increase in the likelihood of send-
ing a letter of 0.100 (s.e. 0.017), a 150% increase over the mean. Only 6.2% of cities
without finishing schools by 1850 sent letters to Frauen-Zeitung, compared to 16.2% of
cities with finishing schools. We interpret this increase as evidence that critical ideas
are more common in cities with finishing schools.

To assess the potential severity of selection on unobservables, we report the bias-
adjusted point estimate from a restricted estimation in column (2). Here, we include
all previously defined controls and limit the sample to areas that, 200 years prior to
the foundation of Frauen-Zeitung, had been religiously competitive. We estimate a
similar point estimate of 0.122 (s.e. 0.037), a four-fold increase over the likelihood of
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Table 3.7: Long-term impact of finishing schools on
the women’s rights movement and political representation

I[> 0] log Number

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

Panel A: Leserbriefe, Frauenzeitung, 1849–1852
Finishing schools 0.100∗∗∗ 0.122∗∗∗ 0.192∗∗∗ 0.241∗∗

(0.017) (0.037) (0.051) (0.097)
R-squared 0.121 0.370 0.151 0.353
Mean, untreated 0.062 0.038 0.104 0.061
Bias-Adjusted β 0.132 0.266

Panel B: All women’s rights organizations
Finishing schools 0.150∗∗∗ 0.137∗∗∗ 1.419∗∗∗ 1.157∗∗∗

(0.027) (0.050) (0.179) (0.306)
R-squared 0.101 0.362 0.211 0.483
Mean, untreated 0.367 0.275 444.355 155.802
Bias-Adjusted β 0.132 1.021

Panel C: Women’s rights organizations to promote equal access to education
Finishing schools 0.128∗∗∗ 0.074∗∗ 0.779∗∗∗ 0.496∗∗

(0.017) (0.036) (0.112) (0.217)
R-squared 0.165 0.399 0.198 0.426
Mean, untreated 0.046 0.038 12.973 13.023
Bias-Adjusted β 0.046 0.337

Panel D: Member Parliament, 1919–1933
Finishing schools 0.103∗∗∗ 0.101∗∗∗ 0.133∗∗∗ 0.105∗∗∗

(0.017) (0.034) (0.027) (0.035)
R-squared 0.107 0.418 0.195 0.472
Mean, untreated 0.066 0.038 0.073 0.053
Bias-Adjusted β 0.100 0.091

Panel E: Member Parliament, 1949–2019
Finishing schools 0.099∗∗∗ 0.091∗ 0.312∗∗∗ 0.268∗∗∗

(0.020) (0.047) (0.036) (0.071)
R-squared 0.048 0.282 0.203 0.402
Mean, untreated 0.556 0.527 1.170 1.031
Bias-Adjusted β 0.088 0.241

City Covariates Yes Yes
Religious covariates Yes Yes
Educational covariates Yes Yes
Observations 388 183 388 183
Bandwidth 10 10

Notes: Cross-sectional results using all observations in odd columns and a sample limited to cities within
10 km of the denominational boundary as of 1618 in even columns. We use two transformations of our
outcomes – an indicator version (columns 1 and 2) as well as a logarithmized version (columns 3 and 4)
– and regress them on the number of finishing schools in a city. We include covariates as defined in Table
3.2 where indicated. “Bias-Adjusted β” is calculated following the procedure laid out in Oster (2019),
assuming Rmax = 1.3R̃ and δ = 1. Standard errors clustered by city shown in parentheses. * p < 0.1, **
p < 0.05, *** p < 0.01.

sending a letter in cities without a finishing schools (0.038 in this sample). The bias-
adjusted point estimate is of a similar magnitude to the baseline (0.132), indicating a
slight downward bias stemming from selection on unobservable factors. In columns
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(3) and (4) of Table 3.7, we repeat this exercise with the number of letters sent. Again,
the bias-adjusted point estimate confirms the OLS point estimate and suggests a 24%
increase in the number of letters sent to Frauen-Zeitung.38

3.8.3 Institutionalization of the movement

Next, we turn to studying the institutionalization of the German women’s rights move-
ment. To measure the institutionalization of networks in the second half of the nine-
teenth and the early twentieth century, we digitize novel data on local chapters of
women’s rights associations from the Imperial Statistical Office (Kaiserliches Statisti-
sches Amt 1909). This source provides detailed establishment and membership data
on more than 1,200 local chapters in 1909. The average local chapter in our dataset
was established in 1898 and counted approximately 1,600 members. This source also
allows us to differentiate between different types of associations – for example, female
suffrage associations and associations dedicated to improving women’s educational
opportunities.

We exploit this unique micro data in panels B and C of Table 3.7. Controlling for co-
variates in column (2), we find that an additional finishing school by 1850 increases
the likelihood that a city has any local women’s rights association by 14 percentage
points (panel B), equivalent to a 50% increase over the mean in cities without finish-
ing schools. In particular, associations dedicated to promoting equal access to educa-
tion for women exhibited stronger public support: if cities had established finishing
schools by 1850, the number of members in these organizations exceeded that in cities
without schools by 50% (panel C, column 4).39

3.8.4 Female representation in parliament

Our results suggest that critical ideas took hold in cities with finishing schools, leading
to more members in women’s rights organizations than in cities without finishing
schools. First, the increasing representation of women among the human capital elite
(Table 3.2) contributed to the creation of networks between cities that attracted other
notable women (Figure 3.7). Second, these women were up to three times more likely
to disseminate their critical ideas using the first female-led newspaper, the Frauen-
Zeitung, as an outlet (Table 3.7, panel A). Finally, they organized in women’s rights

38We use the transformation log(y + 1) in columns (3) and (4). Due to the sparsity of our outcome
data, we refer to columns (1) and (2) for inference. We only record 242 letters from 40 cities, with five
cities sending over half of the letters.

39In Appendix 3.I, we directly correlate the number of non-noble secular women in 1850 with political
activity at the turn of the century: a 10% increase in the number of notable women increases political
activity by 15%.
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groups (Table 3.7, panel B) and jointly lobbied for the core demands of the women’s
rights movement: equal access to education and female suffrage.

Thus, by educating young women and teachers, finishing schools contributed to the
formation of a human capital elite that ultimately succeeded in achieving suffrage
in 1919. Once suffrage was gained, this larger representation of women among the
human capital elite should have translated into greater female political representation
in parliaments.

We explore this hypothesis in panels D and E of Table 3.7. To measure political rep-
resentation, we collect the place of birth of all female members of parliament in the
Weimar Republic (1919–1933, panel D) and the Federal Republic of Germany (1949–
2019, panel E).40 We report positive and significant coefficients when regressing an
indicator for and the number of female politicians in all parliamentary elections since
1919 on the number of finishing schools in 1850.41

While during the Weimar Republic, only 4% of cities without finishing schools sent
women to parliament, this figure rose to 53% in the Federal Republic of Germany
(panel D, column 2). In contrast, cities with historical finishing schools were 10 per-
centage points more likely to have sent women to parliament, equivalent to a 250%
increase during the Weimar Republic and a 25% increase during the Federal Repub-
lic. panel D and E thus highlight cities’ historical advantage as early movers towards
a more gender-equal society, gained by the establishment of finishing schools more
than 300 years earlier.42

3.9 Conclusion

We set out to determine conditions for the emergence and success of social move-
ments using the example of the women’s rights movement in Germany. Following the
literature on social movements (Markoff 2015; Tilly, Castañeda, and Wood 2020) and
the history of successful movements (Dr. Martin Luther King Jr. for the civil rights
movement or Susan B. Anthony for the suffrage movement) we identify three key
milestones. First, future leaders are educated and develop critical ideas. Second, these
leaders disseminate their ideas using available mass media. Third, leaders institution-

40Germany uses a list-based electoral system in which voters vote for a party list. Thus, female repre-
sentation on this list is relatively more likely driven by a woman’s preference to be nominated, than by
her electorate’s preference, compared to a system where voters directly choose their representative.

41The findings are robust to estimating the impact in every period separately or jointly. The findings
are not driven by large cities as the top 5 cities with the most finishing schools are Munich, Berlin, Ober-
taunuskreis, Landshut, and Dresden. Estimates increase without the largest 10 percent of the sample in
1600.

42We explore this early movers hypothesis in more detail in Appendix Table 3.H.2. Here, a city with
50 more years of exposure to finishing schools would imply 14% more letters to Frauen-Zeitung, twice the
number of women’s rights organizations in 1909 and 23% more women in parliament today.
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alize their movement as their ideas take root in society.

We study the importance of one form of educational institution at these three mile-
stones, using the example of the arrival of finishing schools and the women’s rights
movement in Germany. In this setting, newly collected panel and cross-sectional data
allow us to draw out the effect of education on the success of social movements at ev-
ery step of their development. First, after cities established finishing schools, women
started to represent a larger share of the political, intellectual, and economic elite (“hu-
man capital elite”), forming an activist nucleus of the women’s rights movement. Sec-
ond, women born in such cities also sent a disproportionate share of editorial letters to
female-led newspapers, important platforms for early women’s rights activism. Third,
cities with historical finishing schools hosted more and larger women’s rights organi-
zations, key forces in the advancement of women’s empowerment.

Using a wide range of empirical specifications our paper highlights the role of edu-
cation in contributing to the emergence and success of the German women’s rights
movement. Further, our empirical results suggest that a world without educational
institutions but significant economic and cultural changes would not see the level or
pace of social change we observe throughout history.

Taken together, our findings indicate that educational institutions, which foster the
exchange of critical ideas and provide the space to form networks, can function as
important catalysts for the formation of a human capital elite critical of their status
quo. Yet, education does not only benefit those receiving it; to the contrary, society as
a whole can benefit when committed activists fight for and bring about social change.



APPENDIX 3

3.A Record keeping in the Neue Deutsche Biographie (NDB)

Our main results show an increase in the representation of women among the human
capital elite – as measured by notable women recorded in the NDB – following the es-
tablishment of finishing schools. In this Appendix we explore whether this increased
representation of women is driven by changes in reporting. If women’s inclusion in
the NDB increased disproportionately over time, estimates of the impact of finishing
schools might be confounded by a general time effect. In Figure 3.A.1, we provide
direct evidence against this concern: the recording of notable women and men in the
NDB followed the same trend, which is, moreover, in line with general population
growth. This motivates our use of the share of notable women among all notable indi-
viduals as dependent variable and our interpretation of the data in the main text.

In Figure 3.A.1, we compare the trends of total population in Germany based on
McEvedy and Jones (1978) to the trends in the number of men and women recorded
in the NDB. While the levels are different, all time series follow the same trend over
time suggesting no change in reporting that could affect our data. The right panel
in Figure in 3.A.1 shows that also the fraction of non-noble secular women among
all women in our data increased similar to the corresponding increase among notable
men: women’s non-noble secular shares went up from 10% to 80% with the men’s in-
crease being 35% to 90%. Again, the pattern closely follows population, so that calcu-
lating the share of women born in each city and period, relative to all notable women
and men in that city and period, provides a good measure of women’s representation
among the human capital elite as it explicitly controls for trends.

A related concern is differential reporting between cities with and cities without fin-
ishing schools in the NDB. Specifically, finishing schools may have improved record
keeping on notable women rather than increased women’s share among the human
capital elite. We offer two arguments against this interpretation: first, as shown in
Figure 3.2 in the main text, we find no impact of finishing schools on notable women
from the nobility; if finishing schools merely improved record keeping on notable
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women, one might reasonably expect this to manifest also in an increased representa-
tion of women from the nobility. Second, if finishing schools merely improved record
keeping in the NDB, this ought to show up in differential pre-trends, as a purported
record-keeping effect would presumably also extend to the women who contributed
to the founding of finishing schools. However, as shown in Figure 3.2 and as empha-
sized in Appendix 3.E we find strong evidence against differential pre-trends.

(a) Women and men in our data.
(b) Share of non-noble secular women

and men.

Figure 3.A.1: Number of women and men in the NDB relative to total population
Notes: The left panel depicts the population of Germany in its modern boundaries (solid line), the number
of notable men (right axis, dashed line), and the number of notable women born in each period (right
axis, dotted line). All lines follow the same trend, suggesting that our estimated impacts are not driven by
a change in reporting. The right panel again depicts the population of Germany in its modern boundaries
as well as the share of all non-noble secular women (men) among all notable women (men) born in each
period. This indicates that also in the subcategory of non-noble secular individuals the NDB exhibits no
differential time trends in reporting between women and men.

3.B Alternative empirical specifications and economic growth

We continue by documenting the robustness of our results presented in Table 3.2 in
the main text. To this end, we start by the most basic two-way fixed effect design, only
including period and city fixed effects in column (1) of Table 3.B.1. In the four subse-
quent columns we individually add and remove a city-specific trend as well as city,
educational, and religious covariates. As expected, the largest drop originates from
city covariates, and specifically, controlling for population. These covariates are re-
sponsible for almost the entire difference between the baseline and full specifications.
This effect is largely an extensive margin effect, as when we drop all cities without
population figures in 1600, we do not observe a change in the point estimates. The
city-specific trend, while changing the point estimate significantly between columns
(1) and (2), does not affect the point estimates when already controlling for covariates
(columns (6) vs (7)). We thus conclude that our estimates do not rely on the inclusion
of city-specific trends or a specific specification.
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Table 3.B.1: Fixed-effects results on the importance of finishing schools -
Sensitivity to covariates

Baseline with trends with covariates Full

(1) (2) (3) (4) (5) (6) (7)

Panel A: Non-Noble Seculars, I[Women > 0]
Finishing schoolit 0.300∗∗∗ 0.230∗∗∗ 0.177∗∗∗ 0.298∗∗∗ 0.274∗∗∗ 0.181∗∗∗ 0.164∗∗∗

(0.029) (0.029) (0.030) (0.030) (0.031) (0.032) (0.033)

Panel B: Non-Noble Seculars, log Women
Finishing schoolit 0.464∗∗∗ 0.355∗∗∗ 0.235∗∗∗ 0.460∗∗∗ 0.423∗∗∗ 0.246∗∗∗ 0.204∗∗∗

(0.063) (0.053) (0.046) (0.063) (0.063) (0.048) (0.045)

Panel C: Non-Noble Seculars, Share Women
Finishing schoolit 0.022∗∗∗ 0.019∗∗∗ 0.019∗∗∗ 0.022∗∗∗ 0.023∗∗∗ 0.021∗∗∗ 0.021∗∗∗

(0.004) (0.004) (0.005) (0.004) (0.004) (0.005) (0.005)

Panel D: Unmarried women, I[Women > 0]
Finishing schoolit 0.276∗∗∗ 0.194∗∗∗ 0.167∗∗∗ 0.272∗∗∗ 0.260∗∗∗ 0.173∗∗∗ 0.147∗∗∗

(0.029) (0.030) (0.031) (0.029) (0.031) (0.032) (0.034)

Panel E: Unmarried women, log Women
Finishing schoolit 0.422∗∗∗ 0.302∗∗∗ 0.215∗∗∗ 0.415∗∗∗ 0.388∗∗∗ 0.226∗∗∗ 0.173∗∗∗

(0.060) (0.049) (0.045) (0.061) (0.060) (0.047) (0.043)

Panel F: Unmarried women, Share Women
Finishing schoolit 0.015∗∗∗ 0.011∗∗ 0.015∗∗∗ 0.015∗∗∗ 0.017∗∗∗ 0.016∗∗∗ 0.014∗∗

(0.004) (0.005) (0.005) (0.004) (0.004) (0.005) (0.006)

Panel G: Teachers & Writers, I[Women > 0]
Finishing schoolit 0.196∗∗∗ 0.151∗∗∗ 0.111∗∗∗ 0.196∗∗∗ 0.176∗∗∗ 0.117∗∗∗ 0.104∗∗∗

(0.026) (0.027) (0.024) (0.026) (0.026) (0.024) (0.026)

Panel H: Teachers & Writers, log Women
Finishing schoolit 0.220∗∗∗ 0.174∗∗∗ 0.116∗∗∗ 0.220∗∗∗ 0.194∗∗∗ 0.120∗∗∗ 0.103∗∗∗

(0.037) (0.034) (0.027) (0.037) (0.035) (0.028) (0.029)

Panel I: Teachers & Writers, Share Women
Finishing schoolit 0.024∗∗∗ 0.019∗∗∗ 0.018∗∗∗ 0.024∗∗∗ 0.023∗∗∗ 0.019∗∗∗ 0.017∗∗∗

(0.005) (0.006) (0.005) (0.005) (0.005) (0.005) (0.006)

Panel J: Activists, I[Women > 0]
Finishing schoolit 0.077∗∗∗ 0.076∗∗∗ 0.044∗∗∗ 0.077∗∗∗ 0.078∗∗∗ 0.051∗∗∗ 0.053∗∗∗

(0.017) (0.018) (0.016) (0.017) (0.017) (0.017) (0.018)

Panel K: Activists, log Women
Finishing schoolit 0.066∗∗∗ 0.064∗∗∗ 0.038∗∗∗ 0.067∗∗∗ 0.066∗∗∗ 0.043∗∗∗ 0.043∗∗∗

(0.017) (0.017) (0.014) (0.018) (0.017) (0.015) (0.015)

Panel L: Activists, Share Women
Finishing schoolit 0.011∗∗∗ 0.013∗∗∗ 0.008∗∗ 0.011∗∗∗ 0.012∗∗∗ 0.009∗∗ 0.011∗∗

(0.004) (0.004) (0.004) (0.004) (0.004) (0.004) (0.005)

Unit trend Yes Yes
City covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Observations 9,312 9,312 9,312 9,288 9,264 9,240 9,240

Notes: Results from fixed-effects estimations using all cities and periods reported. We consider three types of depen-
dent variables for several categories of notable women: (i) I[Women > 0] is an indicator taking value 1 if a city had
at least one notable woman born in this period; (ii) “log Women” constitutes the natural logarithm of the number of
women born plus one; (iii) “Share Women” divides the number of women by the number of men and women in the
same category, except for Activists, where we use the number of male politicians instead. We regress our dependent
variables on a dummy taking value 1 if a finishing school existed in a given city and period. Column (1) denotes the
absolute baseline, only including period and city fixed effects. Column (2) adds linear time trends to ascertain their
impact on the point estimate. In columns (3)-(6), we add our full set of controls (as defined in Table 3.2) interacted with
period fixed effects, first individually then jointly, without the linear time trends. In column (7), we then add linear
time trends to show that linear time-trends do not impact the precision of our estimates. Standard errors clustered by
city reported in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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In a final step, we try to identify pairs of cities that only differ in the presence of
finishing schools. Instead of classical matching procedures, which are usually done in
cross-sectional settings, we employ increasingly parsimonious fixed effects to create
smaller and smaller “cells” for cities in Table 3.B.2. We start with the full-specification
including city-specific trends and all covariates interacted with period fixed effects. In
column (2), we include fixed effects grouping cities into 3,244 cells according to their
similarity regarding population, membership in the Hanseatic League, occurrence of
anti-Jewish pogroms and religious battles within a given period. In columns (3) and
(4) we slowly add similar cells for religious and educational covariates, before exactly
matching on educational and economic covariates resulting in 6,580 different cells for
cities to fall into. The results remain robust throughout the entire set of specifications.

Table 3.B.2: Fixed-effects results on the importance of finishing schools -
Exactly matching on covariates in 1600

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

Panel A: I[Women > 0]
Finishing schoolit 0.164∗∗∗ 0.203∗∗∗ 0.214∗∗∗ 0.159∗∗∗ 0.164∗∗∗ 0.171∗∗∗

(0.033) (0.038) (0.040) (0.045) (0.050) (0.047)

Panel B: log Women
Finishing schoolit 0.204∗∗∗ 0.224∗∗∗ 0.238∗∗∗ 0.163∗∗∗ 0.167∗∗∗ 0.175∗∗∗

(0.045) (0.047) (0.050) (0.055) (0.059) (0.058)

Panel C: Share Women
Finishing schoolit 0.021∗∗∗ 0.021∗∗∗ 0.021∗∗∗ 0.014∗∗ 0.015∗ 0.015∗∗

(0.005) (0.007) (0.007) (0.007) (0.008) (0.007)

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes
Exact match on economic covariates Yes Yes Yes Yes Yes
Exact match on religious covariates Yes Yes Yes Yes
Exact match on educational covariates Yes Yes Yes
Exact match on educational and economic covariates Yes Yes
Exact match on educational and religious covariates Yes
Observations 9,312 9,312 9,312 9,312 9,312 9,312
Number of Fixed Effects 1,300 3,244 3,484 5,284 6,580 5,956

Notes: Results from fixed-effects regressions reported. We consider three types of dependent variables: (i) I[Women >
0] is an indicator taking value 1 if a city had at least one notable woman born in this period; (ii) “log Women” consti-
tutes the natural logarithm of the number of women born plus 1; (iii) “Share Women” divides the number of women by
the number of men and women in the same category, except for Activists, where we use the number of male politicians
instead. We regress our dependent variables on a dummy taking value 1 if a finishing school existed in a given city
and period. We include controls as defined in Table 3.2. In column (2) we interact all economic covariates with each
other to compare cities within one population/Hanseatic League/Jewish presence/anti-Jewish pogrom/confessional
battle/period cell. In column (3) we additionally interact all religious covariates with each other. In column (4) we
additionally interact all educational covariates with each other. In column (5) we additionally control for the interac-
tion of (2) and (4). In column (6) we additionally control for the interaction of (2) and (3). All covariates are interacted
with period fixed effects. * p < 0.1, ** p < 0.05, *** p < 0.01.

3.B.1 Sensitivity to dropping observations

In a recent paper, Broderick, Giordano, and Meager (2020) stressed the importance
of assessing the validity of results by analyzing their robustness to outliers. We im-
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plement this robustness test as follows: we drop entire sets of cities belonging to one
ruling house rather than dropping individual cities (1 out of 388). With this proce-
dure, we drop on average 18 cities, with the two largest sets of cities being ruled by
the Catholic clergy (114) and the House of Hohenzollern (52). Since these two sets of
cities also capture the distinction between Catholic and Protestant cities almost per-
fectly, the results of this analysis also document that our findings are not driven by
cities from either denomination alone.

Figure 3.B.1: Senstivity to dropping sets of cities: Panel outcomes

Notes: The x-axis measures the ratio between the restricted point estimate when dropping one of 22 sets
of cities and the corresponding original estimate in Table 3.2. This ratio is one if the restricted estimate
is unchanged, 1.5 if the restricted estimate is 50% larger than the original, and 0.5 if the restricted es-
timate is 50% smaller than the original. We present all outcomes (rows) in all specifications (columns)
corresponding to Table 3.2. The sum of all bars is 100%.

In Figure 3.B.1 and 3.B.2, we present all outcomes (rows) in all specifications (columns)
corresponding to Tables 3.2 and 3.7. The x-axis measures the ratio between a restricted
estimate when a set of cities is dropped and the original estimate from the correspond-
ing table. If the restricted estimate remains unchanged, this ratio is one. It is 1.5 if the
restricted estimate is 50% larger than the original, and 0.5 if the restricted estimate
is 50% smaller than the original. We do this for 22 sets of cities belonging to different
rulers and find a minimum of 0.7 (for the share of unmarried women) and a maximum
of 1.3 (for the log number of activists) in the panel setting. These figures suggest that
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our panel estimates are highly robust to potential outliers as they only vary within
30% of the original effect size. The corresponding numbers for the cross-sectional re-
gressions are 0.7 (for the log number of educational women’s rights associations, with
controls) and 1.6 (for the members of parliament 1949-2017, with controls).

Overall, the density plots reveal a stable pattern around the estimated mean, suggest-
ing that our results are not driven by individual cities or sample selection.

Figure 3.B.2: Senstivity to dropping sets of cities: Long-run outcomes

Notes: The x-axis measures the ratio between the restricted point estimate when dropping one of 22 sets
of cities and the corresponding original estimate in Table 3.7. This ratio is one if the restricted estimate is
unchanged, 1.5 if the restricted estimate is 50% larger than the original, and 0.5 if the restricted estimate
is 50% smaller than the original. We present all outcomes (rows) in all specifications (columns) corre-
sponding to Table 3.7. The sum of all bars is 100%. “WRO” in the third row stands for women’s rights
organization. “MP” stands for Member of Parliament.
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3.B.2 The role of economic growth: flexibly controlling for construction

Finally, we address the possibility that our city covariates do not adequately capture
economic growth by including construction data from Cantoni, Dittmar, and Yucht-
man (2018). Neither using construction activity in 1650 (prior to the establishment of
the first finishing school), nor the potentially endogeneous time-varying construction
activity data change the point estimates significantly, as shown in Table 3.B.3. We thus
conclude our identification is robust to including or excluding different sets of cities,
city-specific trends, or economic activity.

Table 3.B.3: Fixed-effects results on the importance of finishing schools -
Controlling for construction

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.161∗∗∗ 0.169∗∗∗ 0.208∗∗∗ 0.214∗∗∗ 0.020∗∗∗ 0.021∗∗∗

(0.034) (0.034) (0.045) (0.045) (0.006) (0.005)
Mean, untreated 0.148 0.147 0.138 0.137 0.018 0.018

Panel B: Unmarried women
Finishing schoolit 0.150∗∗∗ 0.149∗∗∗ 0.182∗∗∗ 0.183∗∗∗ 0.014∗∗ 0.014∗∗

(0.035) (0.035) (0.042) (0.042) (0.006) (0.006)
Mean, untreated 0.152 0.152 0.142 0.141 0.022 0.022

Panel C: Teachers & Writers
Finishing schoolit 0.104∗∗∗ 0.109∗∗∗ 0.106∗∗∗ 0.112∗∗∗ 0.018∗∗∗ 0.019∗∗∗

(0.027) (0.027) (0.027) (0.028) (0.006) (0.006)
Mean, untreated 0.075 0.075 0.059 0.059 0.019 0.019

Panel D: Activists
Finishing schoolit 0.065∗∗∗ 0.053∗∗∗ 0.049∗∗∗ 0.044∗∗∗ 0.015∗∗∗ 0.012∗∗

(0.018) (0.018) (0.015) (0.016) (0.005) (0.005)
Mean, untreated 0.016 0.016 0.012 0.012 0.005 0.005

Panel E: Nobility
Finishing schoolit -0.017 -0.015 -0.007 -0.006 -0.002 -0.002

(0.017) (0.016) (0.017) (0.015) (0.009) (0.008)
Mean, untreated 0.038 0.037 0.030 0.030 0.017 0.017

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes
Construction in 1650 × period FE Yes Yes Yes
Construction in every period × period FE Yes Yes Yes
Observations 9,096 9,144 9,096 9,144 9,096 9,144

Notes: Results from fixed-effects regressions reported. We consider three types of dependent variables: (i) I[Women > 0]
is an indicator taking value 1 if a city observed the birth of at least one notable woman in a given period; (ii) “log Women”
constitutes the natural logarithm of the number of women born plus 1; (iii) “Share Women” divides the number of women
by the number of men and women in the same category, except for Activists, where we use the number of male politicians
instead. We regress our dependent variables on a dummy taking value 1 if a finishing school existed in a given city and
period. All columns control for city and period fixed effects as well as city-specific linear trends in addition to interacting
our full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from economic,
religious, and educational differences. Standard errors clustered at the city level reported in parentheses. * p < 0.1, **
p < 0.05, *** p < 0.01.
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3.C Dataset construction choices and timing of school estab-
lishment

In this Appendix, we discuss the construction of the Thiessen Polygons around each
city that existed in 1300 CE, as taken from from Voigtländer and Voth (2012), and show
that the results are robust to only using cities that already existed in 800 CE (Appendix
3.C.1). As the cities in Voigtländer and Voth (2012) might have oversampled cities with
a Jewish presence, we instead use the territories and rulers in 1618 as our baseline and
reproduce the main findings of the paper, concluding that neither dataset construction
nor sample selection introduced a bias into our estimates (Appendix 3.C.2). We then
highlight the impact of different school establishment periods (Appendix 3.C.3).

3.C.1 Structure of the data

We take the city-level data by Voigtländer and Voth (2012) as a starting point and con-
struct Thiessen Polygons around the center of each city in their dataset. Thiessen Poly-
gons are constructed such that every village or town inside the polygon around city i
is closer to city i than to any other city j 6= i. Figure 3.C.1 shows the resulting poly-
gons alongside the location of finishing schools and the number of notable women
born within each area. By construction, the city lies in the center of its polygon.

We use this data structure and the set of cities used by Voigtländer and Voth (2012)
to include their rich city-level covariates and to avoid relying on county boundaries.
From the entire set of cities in Voigtländer and Voth (2012), we only select those cities
that are mentioned before 1300 and are the oldest towns within a region. For ex-
ample: Aachen has four recorded ‘cities’ in Voigtländer and Voth (2012): town_id 1,
mentioned in 830, 13.45 km from Aachen; town_id 3, mentioned in 1118, 10.74 km
from Aachen; town_id 4, mentioned in 870, 5.12 km from Aachen; and Aachen itself
(town_id 5, mentioned in 400). Since these other cities are likely suburbs or depen-
dent on Aachen’s existence, we use the location of Aachen and merge all variables to
Aachen. This has the advantage that our estimates are not biased by a potential rural-
urban bias when including suburbs. We arrive at 388 cities by only using the oldest
city within each region that lies in present-day Germany.

As the NDB starts recording notable individuals born from the year 800 onwards,
using cities with recorded population levels by 800 is a natural alternative, which,
however, reduces the sample of cities to 101. In Table 3.C.1 we document that results
for both choices (1300 vs. 800) are similar across all specifications and outcomes.

The next choice concerns the length of periods. We choose to assign notable individ-
uals to 50-year periods based on their year of birth. There are two reasons for our
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50-year period choice: first, by choosing 50-years, we ensure that on average a woman
that is born in this period either did or did not have access to a finishing school. Sec-
ond, the scarce number of women recorded in the NDB prior to the 15th century im-
plies a trade-off between statistical power and assignment accuracy. If we used every
birth year separately, and thus matched schools most precisely, we would end up with
no variation within most city by birth-year cells. Thus, to increase power, we rely on
50-year periods, and show robustness to using 25 year intervals in Table 3.C.2. Again,
our point estimates remain unaffected.

Figure 3.C.1: Thiessen Polygons, finishing schools and notable women

Notes: This figure shows our unit of observation, Thiessen polygons created around cities included in
the data by Voigtländer and Voth (2012). By construction, the cities lie in the center of each Thiessen
polygon. For simplicity we continue to refer to our unit of observation as “city”. The figure also shows
the location of finishing schools as well as the number of notable women born in each city.

The final choice concerns the classification of notable women into different (occupa-
tional) groups: Non-Noble Seculars, Unmarried, Teachers & Writers, Activists, and the
Nobility. We grouped women together to ensure enough variation within every city-
period-occupation-cell. In Table 3.C.3, we show the consistent impact across most oc-
cupational groups. In addition to our baseline results, we show that finishing schools
increase the share of unmarried women (Panel A), artists (Panel D), writers (Panel
E), politicians (Panel G), academics (H), but not the share of nuns (Panel J). This evi-
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dence, especially the impact on academics, artists, and writers, reinforces the notion
that finishing schools increased the share of women among the human capital elite.

Table 3.C.1: Fixed-effects results on the importance of finishing schools -
Changing the unit of observation to cities that existed in 800

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.251∗∗∗ 0.230∗∗∗ 0.465∗∗∗ 0.356∗∗∗ 0.016∗∗∗ 0.017∗

(0.049) (0.064) (0.098) (0.100) (0.005) (0.009)
Mean, untreated 0.201 0.180 0.214 0.189 0.020 0.018

Panel B: Unmarried women
Finishing schoolit 0.134∗∗∗ 0.142∗∗ 0.356∗∗∗ 0.272∗∗∗ 0.007 0.010

(0.048) (0.067) (0.086) (0.097) (0.007) (0.009)
Mean, untreated 0.242 0.226 0.252 0.227 0.024 0.023

Panel B: Teachers & Writers
Finishing schoolit 0.183∗∗∗ 0.154∗∗ 0.257∗∗∗ 0.179∗∗ 0.019∗∗ 0.016

(0.048) (0.062) (0.067) (0.072) (0.008) (0.011)
Mean, untreated 0.103 0.090 0.091 0.076 0.019 0.016

Panel C: Activists
Finishing schoolit 0.104∗∗∗ 0.077∗ 0.100∗∗∗ 0.058 0.016∗∗ 0.016∗

(0.032) (0.046) (0.031) (0.039) (0.006) (0.009)
Mean, untreated 0.029 0.026 0.023 0.020 0.005 0.005

Panel D: Nobility
Finishing schoolit -0.018 -0.056 -0.001 -0.036 0.002 -0.033

(0.037) (0.044) (0.039) (0.043) (0.019) (0.023)
Mean, untreated 0.105 0.098 0.092 0.083 0.045 0.041

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 2,424 2,232 2,424 2,232 2,424 2,232

Notes: Results from fixed-effects regressions reported. Instead of building our dataset from cities that
existed by 1300, we now consider all cities that exist in 800, resulting in a drop in the number of cities
from 388 to 101. We consider three types of dependent variables: I[Women > 0] is an indicator equal to
one if a city observed the birth of at least one notable woman in a given period. “log Women” constitutes
the natural logarithm of the number of women born plus one. “Share Women” denotes the number of
women by the number of men and women in the same category, except for Activists, where we use the
number of male politicians. We regress our dependent variables on a dummy taking value 1 if a finishing
school existed in a given city and period. Columns (1), (3), and (5) constitute the baseline and include
city and period fixed effects as well as city-specific linear trends. In columns (2), (4), and (6) we interact
our full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from
economic, religious, and educational differences. Standard errors clustered at the city level reported in
parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 3.C.2: Fixed-effects results on the importance of finishing schools -
Changing the Unit of observation to 25 year intervals

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.149∗∗∗ 0.096∗∗∗ 0.212∗∗∗ 0.110∗∗∗ 0.016∗∗∗ 0.014∗∗∗

(0.021) (0.021) (0.038) (0.030) (0.003) (0.004)
Mean, untreated 0.094 0.093 0.142 0.142 0.015 0.015

Panel B: Unmarried women
Finishing schoolit 0.124∗∗∗ 0.088∗∗∗ 0.182∗∗∗ 0.097∗∗∗ 0.011∗∗∗ 0.012∗∗∗

(0.020) (0.022) (0.034) (0.028) (0.003) (0.004)
Mean, untreated 0.097 0.097 0.143 0.142 0.017 0.017

Panel C: Teachers & Writers
Finishing schoolit 0.088∗∗∗ 0.059∗∗∗ 0.096∗∗∗ 0.057∗∗∗ 0.015∗∗∗ 0.013∗∗∗

(0.017) (0.016) (0.022) (0.019) (0.004) (0.004)
Mean, untreated 0.044 0.043 0.050 0.050 0.013 0.013

Panel D: Activists
Finishing schoolit 0.042∗∗∗ 0.030∗∗∗ 0.034∗∗∗ 0.023∗∗∗ 0.008∗∗∗ 0.007∗∗

(0.011) (0.011) (0.010) (0.009) (0.003) (0.003)
Mean, untreated 0.009 0.009 0.009 0.009 0.003 0.003

Panel E: Royals
Finishing schoolit -0.014∗ -0.009 -0.007 -0.005 -0.003 -0.002

(0.008) (0.009) (0.008) (0.010) (0.004) (0.005)
Mean, untreated 0.021 0.021 0.025 0.025 0.010 0.010

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 18,624 18,480 18,624 18,480 18,624 18,480

Notes: Results from fixed-effects regressions reported. Instead of 50-year periods, we now employ 25-
year periods. We consider three types of dependent variables: I[Women > 0] is an indicator equal to one
if a city observed the birth of at least one notable woman in a given period. “log Women” constitutes
the natural logarithm of the number of women born plus one. “Share Women” denotes the number of
women by the number of men and women in the same category, except for Activists, where we use the
number of male politicians. We regress our dependent variables on a dummy taking value 1 if a finishing
school existed in a given city and period. Columns (1), (3), and (5) constitute the baseline and include
city and period fixed effects as well as city-specific linear trends. In columns (2), (4), and (6) we interact
our full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from
economic, religious, and educational differences. Standard errors clustered at the city level reported in
parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 3.C.3: Fixed-effects results on the importance of finishing schools -
All occupations

I[Women > 0] log Women Share Women

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

Panel A: Unmarried women
Finishing schoolit 0.194∗∗∗ 0.147∗∗∗ 0.302∗∗∗ 0.173∗∗∗ 0.011∗∗ 0.014∗∗

(0.030) (0.034) (0.049) (0.043) (0.005) (0.006)
Mean, untreated 0.155 0.153 0.275 0.274 0.022 0.022

Panel B: Non-Royal women
Finishing schoolit 0.224∗∗∗ 0.164∗∗∗ 0.350∗∗∗ 0.201∗∗∗ 0.018∗∗∗ 0.018∗∗∗

(0.030) (0.034) (0.053) (0.045) (0.004) (0.005)
Mean, untreated 0.156 0.154 0.285 0.284 0.018 0.018

Panel C: Occupation
Finishing schoolit 0.055∗∗∗ 0.025 0.058∗∗∗ 0.021 0.004 0.004

(0.017) (0.018) (0.018) (0.016) (0.003) (0.004)
Mean, untreated 0.019 0.019 0.020 0.020 0.004 0.004

Panel D: Artists
Finishing schoolit 0.137∗∗∗ 0.062∗∗ 0.187∗∗∗ 0.071∗∗ 0.027∗∗∗ 0.016∗∗

(0.027) (0.028) (0.043) (0.033) (0.007) (0.007)
Mean, untreated 0.056 0.056 0.085 0.085 0.013 0.013

Panel E: Writers
Finishing schoolit 0.147∗∗∗ 0.099∗∗∗ 0.159∗∗∗ 0.096∗∗∗ 0.023∗∗∗ 0.020∗∗∗

(0.025) (0.025) (0.032) (0.027) (0.006) (0.006)
Mean, untreated 0.067 0.067 0.084 0.083 0.020 0.020

Panel F: Doctors
Finishing schoolit 0.021∗ -0.003 0.020∗∗ -0.003 0.003 -0.000

(0.011) (0.011) (0.009) (0.009) (0.003) (0.003)
Mean, untreated 0.009 0.009 0.009 0.009 0.003 0.003

Panel G: Politicians
Finishing schoolit 0.058∗∗∗ 0.025 0.054∗∗∗ 0.018 0.011∗∗ 0.007

(0.017) (0.018) (0.016) (0.015) (0.004) (0.005)
Mean, untreated 0.018 0.018 0.020 0.020 0.005 0.005

Panel H: Academics
Finishing schoolit 0.080∗∗∗ 0.056∗∗∗ 0.069∗∗∗ 0.037∗∗∗ 0.009∗∗∗ 0.009∗∗

(0.015) (0.016) (0.014) (0.014) (0.003) (0.004)
Mean, untreated 0.014 0.014 0.016 0.016 0.003 0.003

Panel I: Teachers
Finishing schoolit 0.041∗∗∗ 0.018 0.036∗∗∗ 0.014 0.006∗ 0.005

(0.014) (0.012) (0.012) (0.010) (0.003) (0.003)
Mean, untreated 0.011 0.011 0.012 0.012 0.003 0.003

Panel J: Nuns
Finishing schoolit 0.001 0.002 0.001 0.000 -0.002 -0.000

(0.011) (0.013) (0.008) (0.009) (0.003) (0.004)
Mean, untreated 0.012 0.012 0.012 0.013 0.004 0.004

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 9,312 9,240 9,312 9,240 9,312 9,240

Notes: Results from fixed-effects regressions using all cities and periods reported. We consider three types of depen-
dent variables: I[Women > 0] is an indicator equal to one if a city observed the birth of at least one notable woman
in a given period. “log Women” constitutes the natural logarithm of the number of women born plus one. “Share
Women” denotes the number of women by the number of men and women in the same category, except for Activists,
where we use the number of male politicians. We regress our dependent variables on a dummy taking value 1 if a
finishing school existed in a given city and period. Columns (1), (3), and (5) constitute the baseline and include city
and period fixed effects as well as city-specific linear trends. In columns (2), (4), and (6) we interact our full set of
control variables (as defined in Table 3.2) with period fixed effects to capture variation from economic, religious, and
educational differences. Standard errors clustered at the city level reported in parentheses.∗ p < 0.10, ∗∗ p < 0.05,
∗ ∗ ∗ p < 0.01.
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3.C.2 Sample selection: Using a different starting point for the analysis

In our baseline data, we created a balanced panel for each city in Voigtländer and
Voth (2012) using Thiessen Polygons as a starting point (see 3.C.1 above). This proce-
dure has the advantage that it does not rely on any administrative boundary, past or
present, and any covariate from Voigtländer and Voth (2012) can easily be used. How-
ever, as the focus of their paper was on historical roots of antisemitism, the original
data might have oversampled cities with occurrences of the Black Death and pogroms.
We thus show the robustness of our results to using an alternative baseline source to
create a balanced panel: the territories of Germany in 1619.

In Figure 3.C.2, we depict the territories of 21 different rulers, 91 ecclesiastical cities,
96 free cities and 57 imperial cities in Germany on the eve of the Thirty Years’ war.
We then use these administrative boundaries to create a balanced panel from 800 until
1950. The implicit assumption here is that people migrate disporporitonately within a
ruler’s territory and only rarely migrate between competing territories. We avoid this
assumption using the Voigtländer and Voth (2012) cities in combination with Thiessen
polygons.

The event-study results in Figure 3.C.3 and the fixed effects results in Table 3.C.4, how-
ever, confirm our initial results. We conclude that choosing the cities from Voigtländer
and Voth (2012) to create Thiessen polygons did not introduce a bias into our setting.

Figure 3.C.2: German territorial belongings and rulers in 1618
Notes: This figure shows the territories of rulers, ecclesiastical cities, free cities, and imperial cities in 1618,
which we use as a baseline for the results in this section. License notice: Sir Iain. This W3C-unspecified
vector image was created with Inkscape. (https://bit.ly/3LwzRos), https://bit.ly/3GQx06h.

https://bit.ly/3LwzRos
https://bit.ly/3GQx06h
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(a) Indicator: Notable woman born in city

(b) Log. number of notable women born in city

(c) Female share of notable individuals born in city

Figure 3.C.3: Event-study: Impact of finishing school establishment on notable
women using territories as of 1619 as the unit of observation

Notes: Event study results for non-noble secular women and women from the nobility. In Figure a, the
outcome is an indicator equal to one if a notable woman from the respective group was born in a given
city and period. Figure b uses the natural logarithm of number of women born plus one. Figure c
denotes the number of notable women by the number of notable individuals of all genders. Zero is the
normalized opening period of the first finishing school in a city. The vertical line marks the reference
period, which we choose to be 50 years prior to establishment of the school. City and period fixed effects
included in the left figure and full economic, religious, and educational controls added in the right. 95%-
confidence intervals shown only for non-noble secular women.



SOCIAL SPILLOVERS 143

Table 3.C.4: Fixed-effects results on the importance of finishing schools -
Changing the unit of observation to territories in 1619

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.376∗∗∗ 0.188∗∗∗ 0.728∗∗∗ 0.270∗∗∗ 0.024∗∗∗ 0.017∗∗∗

(0.039) (0.046) (0.096) (0.065) (0.004) (0.006)
Mean, untreated 0.081 0.078 0.141 0.128 0.011 0.011

Panel B: Unmarried women
Finishing schoolit 0.283∗∗∗ 0.154∗∗∗ 0.603∗∗∗ 0.244∗∗∗ 0.017∗∗∗ 0.018∗∗∗

(0.040) (0.045) (0.081) (0.070) (0.005) (0.007)
Mean, untreated 0.086 0.082 0.157 0.134 0.013 0.013

Panel C: Teachers & Writers
Finishing schoolit 0.283∗∗∗ 0.097∗∗ 0.381∗∗∗ 0.105∗∗∗ 0.033∗∗∗ 0.018∗∗

(0.039) (0.038) (0.065) (0.036) (0.007) (0.008)
Mean, untreated 0.037 0.035 0.057 0.048 0.008 0.008

Panel D: Activists
Finishing schoolit 0.151∗∗∗ 0.060∗∗ 0.146∗∗∗ 0.057∗∗ 0.021∗∗∗ 0.014∗∗

(0.029) (0.028) (0.032) (0.023) (0.005) (0.007)
Mean, untreated 0.007 0.006 0.008 0.006 0.002 0.002

Panel E: Nobility
Finishing schoolit -0.070∗∗ -0.052∗ -0.035 -0.044∗ -0.009 -0.018

(0.029) (0.028) (0.025) (0.024) (0.012) (0.012)
Mean, untreated 0.029 0.025 0.043 0.031 0.012 0.011

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 6,360 6,216 6,360 6,216 6,360 6,216

Notes: Results from fixed-effects regressions reported. Instead of using the cities in Voigtländer and Voth
(2012), we use the territories (as of 1618) shown in Figure 3.C.2 as the unit of observation. We consider
three types of dependent variables: I[Women > 0] is an indicator equal to one if a city observed the birth
of at least one notable woman in a given period. “log Women” constitutes the natural logarithm of the
number of women born plus one. “Share Women” denotes the number of women by the number of men
and women in the same category, except for Activists, where we use the number of male politicians. We
regress our dependent variables on a dummy taking value 1 if a finishing school existed in a given city
and period. Columns (1), (3), and (5) constitute the baseline and include city and period fixed effects as
well as city-specific linear trends. In columns (2), (4), and (6) we interact our full set of control variables
(as defined in Table 3.2) with period fixed effects to capture variation from economic, religious, and
educational differences. Standard errors clustered at the city level reported in parentheses.∗ p < 0.10, ∗∗
p < 0.05, ∗ ∗ ∗ p < 0.01.

3.C.3 Using the exact opening time of finishing schools

In our baseline data, we created a balanced panel for each city to include never-treated
cities and covariates. This decision is in line with the recent literature on event-study
validity, as discussed in Appendix 3.E. In the resulting panel, we merged individuals
to the closest of 50-year periods in cities. That is, if an individual is born in 1640, we
merge her to the city’s 1650 period, regardless of treatment status. In that setting, we
have cities that switch into treatment, as well as pure-control cities in every period
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and can compare the three groups.

However, an event-study usually uses the exact timing to estimate the treatment ef-
fect. Ignoring never-treated cities, our data allows for such a fine-grained distinction.
In this Appendix, we normalize the time period for every city to zero at the exact
time the first school was opened. That is, if the first school opens in 1626 for the city
of Aachen, we create city-specific period lags of arbitrary length. Yet, there are two
disadvantages associated with this: first, we are unable to merge control cities to this
framework, and thus the comparison is strictly among treated cities only. Second, the
choice of omitted period is not innocuous: Women that are born 10 years prior to the
opening of a Finishing schools still benefit from its construction, while not having had
any say in its establishing. We thus need to normalize at an earlier period at which
women could not have benefited from the future presence of finishing schools. While
these considerations average out at 50-year intervals, they matter greatly at smaller
intervals.

In Figure 3.C.4, we use the opening time of the first finishing school in our 129 cities
with schools and create various lags around it. In all Panels, we aim to reference
the estimates to a previous generation of women who could no longer benefit from
education: parents. In Panel a, we create 10-year lag windows around each school
and omit women born between 30 and 39 years prior to school opening. We omit
women born between 20 and 39 years before in the 20-year Panel b, 25 and 50 years
before in the 25-year Panel c and 50-100 years before in Panel d. We find no evidence
for a pre-trend in any specification, a significant uptick after the opening, and point
estimates that are not statistically different from our baseline.

Yet, as we discuss in Appendix 3.E, the inclusion of never-treated cities allows for a
clean comparison between treatment and control, as well as a classical difference-in-
differences setup (Appendix 3.F). These benefits, along with the possibility to merge
covariates and the unchanged point estimates, motivate our choice to match women
and schools to a balanced panel of cities, instead of using this exact-timing setup.

3.C.4 Timing of school construction

When taking historical accounts at face value, the establishment of early finishing
schools by foreign Catholic women’s orders constituted a shift in the supply of women’s
education as opposed to a local shift in the demand for education.

In this Appendix, we assess the severity of a potential bias in our estimates that would
arise if the establishment of the later finishing schools in our data were largely driven
by increasing demand for women’s education. If the later schools (constructed be-
tween 1800 and 1850, i.e. after the fall of the Holy Roman Empire) accounted for
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(a) 10 year periods (b) 20 year periods

(c) 25 year periods (d) 50 year periods

Figure 3.C.4: Event-study:
Impact of finishing school establishment on notable women

Notes: Event study graphs using the exact timing of the first finishing school in every city to create 10-
year periods (3.C.4a), 20-year periods (3.C.4b), 25-year periods (3.C.4c) and 50-year periods (3.C.4d). We
include fifty-year period fixed effects in all regressions for comparability across figures. Results are ro-
bust to using year fixed effects, amounting to ≥ 645 fixed effects. As a result of the exact matching on
birthyears, we observe a significant increase in period -1 in Figures a-c): if a woman was 10 years old
when the first finishing school opened, she attended this school and became notable for her achieve-
ments, we assign her to the -10 years bin. Thus, this “lead” does not reflect any anticipation effects, but
is an artifact of data construction and fully intended.

all the impact on women’s representation among the human-capital elite, this would
call into question our interpretation that the establishment of finishing schools consti-
tuted a supply-side shift. However, our results largely remain robust when only using
schools constructed before 1800 in the odd columns of Table 3.C.5. In addition, the
point estimates on early and late schools are not statistically different from each other
in most specifications.

Moreover, in Table 3.C.6 we compare the impact of the first versus the second school
constructed in a city and show that most of the impact indeed comes from the first
established school. Combined with the impact of multiple schools shown in Figure
3.C.5, this suggests that indeed the first, arguably exogenous school opening, is re-
sponsible for the increase in the share of women among the human capital elite of
German cities. This finding is confirmed in the difference-in-differences setting, where
all periods produce similar estimates (Figure 3.F.2 and Table 3.F.2).
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Table 3.C.5: Fixed-effects results on the importance of finishing schools -
Early vs. late Schools

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.095∗∗ 0.185∗∗∗ 0.279∗∗∗ 0.246∗∗∗ 0.016∗∗ 0.023∗∗∗

(0.041) (0.044) (0.100) (0.057) (0.007) (0.007)
Mean, untreated 0.147 0.148 0.137 0.138 0.019 0.018

Panel B: Unmarried women
Finishing schoolit 0.050 0.180∗∗∗ 0.231∗∗ 0.217∗∗∗ 0.004 0.018∗∗∗

(0.046) (0.044) (0.092) (0.053) (0.010) (0.007)
Mean, untreated 0.148 0.152 0.137 0.141 0.022 0.022

Panel C: Teachers & Writers
Finishing schoolit 0.095∗∗ 0.129∗∗∗ 0.166∗∗ 0.124∗∗∗ 0.011 0.022∗∗∗

(0.041) (0.032) (0.081) (0.032) (0.008) (0.007)
Mean, untreated 0.074 0.074 0.058 0.059 0.019 0.019

Panel D: Activists
Finishing schoolit 0.053∗ 0.066∗∗∗ 0.070 0.051∗∗∗ 0.004 0.014∗∗

(0.029) (0.022) (0.043) (0.018) (0.004) (0.006)
Mean, untreated 0.018 0.016 0.013 0.012 0.006 0.005

Panel E: Nobility
Finishing schoolit -0.022 -0.014 0.004 -0.012 -0.002 -0.003

(0.039) (0.019) (0.035) (0.016) (0.018) (0.009)
Mean, untreated 0.031 0.037 0.024 0.030 0.015 0.017

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes
Observations 6,984 8,400 6,984 8,400 6,984 8,400

Notes: Results from fixed-effects regressions following our main specification reported, comparing ef-
fect sizes between early (1650–1750) and late (1800–1850) finishing schools. We consider three types of
dependent variables: I[Women > 0] is an indicator equal to one if a city observed the birth of at least
one notable woman in a given period. “log Women” constitutes the natural logarithm of the number
of women born plus one. “Share Women” denotes the number of women by the number of men and
women in the same category, except for Activists, where we use the number of male politicians. We
regress our dependent variables on a dummy taking value 1 if a finishing school existed in a given city
and period. In all columns we interact our full set of control variables (as defined in Table 3.2) with
period fixed effects to capture variation from economic, religious, and educational differences. Standard
errors clustered at the city level reported in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Table 3.C.6: Fixed-effects results on the importance of finishing schools -
Comparing the impact of the first to the second school

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
First finishing schoolit 0.164∗∗∗ 0.156∗∗∗ 0.204∗∗∗ 0.147∗∗∗ 0.021∗∗∗ 0.020∗∗∗

(0.033) (0.034) (0.045) (0.044) (0.005) (0.006)
Second finishing schoolit 0.040 0.279∗∗ 0.003

(0.058) (0.109) (0.008)
Mean, untreated 0.149 0.149 0.139 0.139 0.018 0.018

Panel B: Unmarried women
First finishing schoolit 0.147∗∗∗ 0.154∗∗∗ 0.173∗∗∗ 0.137∗∗∗ 0.014∗∗ 0.016∗∗

(0.034) (0.035) (0.043) (0.043) (0.006) (0.006)
Second finishing schoolit -0.039 0.180∗ -0.008

(0.056) (0.097) (0.007)
Mean, untreated 0.153 0.153 0.143 0.143 0.022 0.022

Panel C: Teachers & Writers
First finishing schoolit 0.104∗∗∗ 0.082∗∗∗ 0.103∗∗∗ 0.065∗∗ 0.017∗∗∗ 0.015∗∗

(0.026) (0.027) (0.029) (0.027) (0.006) (0.006)
Second finishing schoolit 0.110∗∗ 0.191∗∗ 0.010

(0.047) (0.077) (0.011)
Mean, untreated 0.075 0.075 0.059 0.059 0.019 0.019

Panel D: Activists
First finishing schoolit 0.053∗∗∗ 0.053∗∗∗ 0.043∗∗∗ 0.039∗∗ 0.011∗∗ 0.015∗∗∗

(0.018) (0.020) (0.015) (0.016) (0.005) (0.005)
Second finishing schoolit -0.004 0.019 -0.017∗∗∗

(0.036) (0.037) (0.006)
Mean, untreated 0.016 0.016 0.012 0.012 0.005 0.005

Panel E: Nobility
First finishing schoolit -0.013 -0.010 -0.007 -0.001 -0.002 -0.000

(0.017) (0.018) (0.018) (0.018) (0.009) (0.009)
Second finishing schoolit -0.015 -0.027 -0.008

(0.035) (0.026) (0.014)
Mean, untreated 0.038 0.038 0.031 0.031 0.018 0.018

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes
Observations 9,240 9,240 9,240 9,240 9,240 9,240

Notes: Results from fixed-effects regressions following our main specification reported, comparing effect
sizes between the first and the second finishing school. We consider three types of dependent variables:
I[Women > 0] is an indicator equal to one if a city observed the birth of at least one notable woman in
a given period. “log Women” constitutes the natural logarithm of the number of women born plus one.
“Share Women” denotes the number of women by the number of men and women in the same category,
except for Activists, where we use the number of male politicians. We regress our dependent variables on
a dummy taking value 1 if a finishing school existed in a given city and period. In all columns we interact
our full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from
economic, religious, and educational differences. Standard errors clustered at the city level reported in
parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Figure 3.C.5: The impact of multiple schools
Notes: The cumulative impact of cities having one, two, three, or more school in the fixed effect estimation
on the occurrence of notable women. The outcome is an indicator equal to one if a notable woman from
the respective group was born in a given city and period. All covariates from Table 3.2 column (2)
included.

3.D Spatial dependence and SUTVA

In this Appendix, we address the potential threat of spatial correlation, possible vio-
lations of the Stable Unit Treatment Value Assumption (SUTVA), and discuss spatial
noise (Kelly 2020).

We show that standard errors accounting for spatial correlation are slightly smaller
than cluster-robust standard errors at the city level (Table 3.D.1). To address potential
violations of SUTVA, we exclude all cities that border a city with finishing schools
in Table 3.D.2. If migration from cities without finishing schools to cities with such
schools drove our findings, an increase in the ‘cost of migration’ by increasing control
cities’ distance to the next school city should result in significantly smaller estimates.
As expected , we find no evidence that migration impacts our point estimates.

A recent literature has focused on how estimates indicating persistent effects of past
events on more recent outcomes can be driven by spatial noise (Kelly 2020). To address
the potential severity arising from this line of thought, we report a low Moran’s I of
0.002 with a p-value of 0.156. In addition, we conduct an exercise where we randomly
distribute schools across Germany in each period, holding the number of schools con-
stant. The results in Figure 3.D.1 reveal that our results are clear outliers in this distri-
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bution, with the largest fraction of absolute values greater than our estimate at a mere
0.02 (for the results on Activists).

Taken together, the results presented in this Appendix suggest that our estimates are
unlikely to be driven by spatial dependence and potential violations of SUTVA.

Table 3.D.1: Fixed-effects results on the importance of finishing schools -
Standard errors corrected for spatial dependence

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.230∗∗∗ 0.164∗∗∗ 0.355∗∗∗ 0.204∗∗∗ 0.019∗∗∗ 0.021∗∗∗

(0.026) (0.028) (0.033) (0.030) (0.004) (0.004)
Mean, untreated 0.150 0.149 0.140 0.139 0.018 0.018

Panel B: Unmarried women
Finishing schoolit 0.194∗∗∗ 0.147∗∗∗ 0.302∗∗∗ 0.173∗∗∗ 0.011∗∗ 0.014∗∗∗

(0.028) (0.029) (0.033) (0.029) (0.004) (0.005)
Mean, untreated 0.155 0.153 0.144 0.143 0.022 0.022

Panel C: Teachers & Writers
Finishing schoolit 0.151∗∗∗ 0.104∗∗∗ 0.174∗∗∗ 0.103∗∗∗ 0.019∗∗∗ 0.017∗∗∗

(0.019) (0.020) (0.018) (0.020) (0.005) (0.005)
Mean, untreated 0.076 0.075 0.060 0.059 0.019 0.019

Panel D: Activists
Finishing schoolit 0.076∗∗∗ 0.053∗∗∗ 0.064∗∗∗ 0.043∗∗∗ 0.013∗∗∗ 0.011∗∗∗

(0.015) (0.014) (0.012) (0.010) (0.004) (0.004)
Mean, untreated 0.016 0.016 0.012 0.012 0.005 0.005

Panel E: Nobility
Finishing schoolit -0.018 -0.013 -0.009 -0.007 -0.002 -0.002

(0.014) (0.015) (0.012) (0.013) (0.006) (0.007)
Mean, untreated 0.039 0.038 0.031 0.031 0.018 0.018

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 9,312 9,240 9,312 9,240 9,312 9,240

Notes: Results from fixed-effects regressions following our main specification reported. Standard errors
corrected for spatial dependence within 100 km as in Hsiang, Burke, and Miguel (2013) reported in
parentheses. We consider three types of dependent variables: I[Women > 0] is an indicator equal to one
if a city observed the birth of at least one notable woman in a given period. “log Women” constitutes
the natural logarithm of the number of women born plus one. “Share Women” denotes the number of
women by the number of men and women in the same category, except for Activists, where we use the
number of male politicians. We regress our dependent variables on a dummy taking value 1 if a finishing
school existed in a given city and period. Columns (1), (3), and (5) constitute the baseline and include
city and period fixed effects as well as city-specific linear trends. In columns (2), (4), and (6) we interact
our full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from
economic, religious, and educational differences. Standard errors clustered at the city level reported in
parentheses.∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Table 3.D.2: Fixed-effects results on the importance of finishing schools -
Comparing towns with schools to non-neighboring towns without schools

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing schoolit 0.164∗∗∗ 0.167∗∗∗ 0.204∗∗∗ 0.156∗∗∗ 0.018∗∗ 0.021∗∗∗

(0.033) (0.047) (0.045) (0.055) (0.007) (0.005)
Mean, untreated 0.149 0.164 0.139 0.158 0.017 0.016

Panel B: Unmarried women
Finishing schoolit 0.147∗∗∗ 0.140∗∗∗ 0.173∗∗∗ 0.122∗∗ 0.011 0.014∗∗

(0.034) (0.049) (0.043) (0.056) (0.008) (0.006)
Mean, untreated 0.153 0.180 0.143 0.176 0.021 0.021

Panel C: Teachers & Writers
Finishing schoolit 0.104∗∗∗ 0.108∗∗ 0.103∗∗∗ 0.090∗∗ 0.023∗∗ 0.017∗∗∗

(0.026) (0.044) (0.029) (0.043) (0.009) (0.006)
Mean, untreated 0.075 0.085 0.059 0.066 0.017 0.017

Panel D: Activists
Finishing schoolit 0.053∗∗∗ 0.039 0.043∗∗∗ 0.026 0.012∗ 0.011∗∗

(0.018) (0.026) (0.015) (0.019) (0.006) (0.005)
Mean, untreated 0.016 0.011 0.012 0.008 0.003 0.003

Panel E: Nobility
Finishing schoolit -0.013 -0.010 -0.007 0.007 0.001 -0.002

(0.017) (0.028) (0.018) (0.034) (0.015) (0.009)
Mean, untreated 0.038 0.068 0.031 0.056 0.029 0.029

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes Yes Yes Yes
Religious covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes
Non-Spillover sample Yes Yes Yes
Observations 9,240 3,696 9,240 3,696 3,696 9,240

Notes: Results from fixed-effects regressions following our main specification reported, comparing effect
sizes between the full sample and a sample where all neighboring cities without finishing schools are
dropped. We consider three types of dependent variables: I[Women > 0] is an indicator equal to one
if a city observed the birth of at least one notable woman in a given period. “log Women” constitutes
the natural logarithm of the number of women born plus one. “Share Women” denotes the number of
women by the number of men and women in the same category, except for Activists, where we use the
number of male politicians. We regress our dependent variables on a dummy taking value 1 if a finishing
school existed in a given city and period. In all columns we interact our full set of control variables
(as defined in Table 3.2) with period fixed effects to capture variation from economic, religious, and
educational differences. Standard errors clustered at the city level reported in parentheses. ∗ p < 0.10,
∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Figure 3.D.1: Placebo treatments:
Distributing schools across Germany and centuries

Notes: Each figure reports the point estimates from 200 randomization exercises that proceed as follows:
We use the number of schools in every period and randomly distribute them across Germany. This is
repeated for every period and used as a new explanatory variable in a regression with full controls.
The outcome is an indicator equal to one if a city had at least one notable woman from the respective
occupational group born in this period. The vertical line marks the baseline estimate in Table 3.2 column
(2).
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3.E Recent advances in event-study designs: DID with multi-
ple time periods or heterogeneous treatment effects

There has been a rich recent debate in the literature on how to interpret the aver-
age treatment effect on the treated in event-study designs. Following these devel-
opments, Baker, Larcker, and Wang (2021) argue that “staggered treatment timing
and treatment effect heterogeneity, either accross groups or over time, leads to bi-
ased Two-Way-Fixed-Effects DID [TWFE] estimates for the ATT”, and propose three
methods to assess the severity of this bias. First, show the event-study graph with-
out controls (Figure 3.2) and by treatment group (Figure 3.F.2). Second, implement
the method by Chaisemartin and D’Haultfœuille (2020) to assess whether heteroge-
neous treatment effects bias the estimate (Figure 3.E.1a). Third, implement the method
by Callaway and Sant’Anna (forthcoming) to assess whether treatment effect hetero-
geneity by treatment period biases estimates (Figure 3.E.1b). Finally, show the implied
weights following Goodman-Bacon (forthcoming), showing that the main effect is de-
rived from the comparison of treatment versus control (Figure 3.E.2). All methods
provide no evidence of differential pre-trends and provide similar point estimates,
highlighting the validity of our empirical approach.

(a) Chaisemartin and D’Haultfœuille
(2020)

(b) Callaway and Sant’Anna
(forthcoming)

Figure 3.E.1: Alternative treatment effect aggregators
Notes: Implementing the approaches listed for the variable indicating whether a notable woman was
born in city c. The average treatment effect on the treated (ATT) in Figure 3.E.1a (0.146, s.e. 0.052) is
slightly smaller than the ATT in the right Figure 3.E.1b (0.284, s.e. 0.054). These point estimates are very
similar to the baseline ATT in Figure 3.2 (0.146, s.e. 0.049).

Another way to assess the validity of our approach is by estimating the implied weight
of each treatment period. In a classical event study design where one focuses on cities
that are ever treated, late treatment cities are the implied control cities for early treat-
ment cities (Goodman-Bacon forthcoming). Then, TWFE estimates are a weighted
sum of individual treatment effects estimated for every city and period. Since these
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weights can be negative, inference can be affected. Using the approach suggested by
Goodman-Bacon (forthcoming), we show in Table 3.E.1 that the weight of our effect
comes from the comparison between treated and never-treated. This result is con-
firmed in Figure 3.E.2, where the DID estimate is almost exclusively derived from
the differences between cities without and with finishing schools, thus validating our
approach.

Table 3.E.1: Goodman-Bacon (forthcoming) decomposition of
difference-in-differences estimation with variation in treatment timing

I[Women > 0] log Women Share Women

Weight Av. DID Est. Weight Av. DID Est. Weight Av. DID Est.
Earlier Treatment vs. Later Control 0.071 0.160 0.071 0.227 0.071 0.015
Later Treatment vs. Earlier Control 0.013 0.028 0.013 -0.171 0.013 0.007
Treatment vs Never treated 0.915 0.315 0.915 0.492 0.915 0.023
Difference-in-differences estimate: 0.300 0.464 0.022

Figure 3.E.2: Goodman-Bacon (forthcoming) decomposition of
difference-in-differences estimation with variation in treatment timing

Notes: Showing the implied weights against the treatment effect when using the indicator I[Women > 0].
The treatment effect is amost entirely estimated from the comparison of treated cities to non-treated cities.

Figure 3.E.2 suggests that the point estimate in our TWFE estimation stems from the
difference between never-treated cities and cities with finishing schools. We thus pro-
vide additional evidence for the parallel trends assumption including all cities. In
our main Figure 3.2, we show parallel trends in the set of cities that ever established
finishing schools. In Figure 3.E.3, we complement this evidence by including cities
that never established a finishing school. The results speak in favor of the parallel
trends assumption: When controlling extensively for economic, religious and educa-
tional covariates, the estimated leads are centered around zero and show no difference
between cities with and without finishing schools.
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(a) Indicator: Notable woman born in city

(b) Log. number of notable women born in city

(c) Female share of notable individuals born in city

Figure 3.E.3: Event-study using never-treated cities:
Impact of finishing school establishment on notable women

Notes: Additional results for non-noble secular women, including all control cities. The outcome is an
indicator equal to one if a notable woman from the respective group was born in a given city and period.
In contrast to Figure 3.2 in the main text, here we also include cities which never established finishing
schools to improve precision. Zero is the normalized time of establishment of finishing schools in the
city; -4 is the omitted period and includes all never-treated cities. When extensively controlling for city
characteristics in the right panel, all leads are insignificant. City and period fixed effects included in the
left panel and full economic, religious and educational controls included in the right. 95%-confidence
intervals reported.
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3.F Standard difference-in-differences estimates and possible
instruments in the panel setting

In this Appendix, we show results from a standard difference-in-differences estima-
tor, comparing cities without finishing schools (control group) with cities that estab-
lish a finishing school by 1850 (treatment group) to complement our assessment of
pre-trends in the event-study setting and assess whether specific periods impact the
estimates disproportionately. We then continue and analyze whether the diffusion of
Protestantism threatens the interpretation of our findings (S. O. Becker and Woess-
mann 2009). We conclude this Appendix with a complementary empirical strategy
using monasteries established before 1300 as an instrument for finishing schools. We
document local average treatment effects that are very similar to the main results pre-
sented in the paper.

3.F.1 Standard difference-in-differences

We start by splitting our sample into cities that established finishing schools by 1850
and cities which did not and compare women’s representation among the human cap-
ital elite in these two sets of cities before and after 1650, the period in which the first
finishing school was founded. While this strategy allows for a more standard analysis
of pre-trends than an event-study strategy, it also combines many treament periods
into one, and thus likely underestimates the true impact. In Figure 3.F.1, we docu-
ment the absence of significant pre-trends for both the extensive margin (establishing
a school) and the intensive margin (number of schools). Yet, both panels reveal an
increase in women’s representation among the human capital elite in the periods after
the first finishing school was established (1626). Point estimates are reported in Table
3.F.1 for both margins. First, the point estimates are very similar to the baseline results
reported in Table 3.2 and are stable across specifications. Second, the point estimates
on the intensive and extensive margin do not differ in most cases.

We continue and analyze the pre-trends for each treatment period separately in Fig-
ure 3.F.2. Again, we see no differential pre-trend in any pre-treatment period and
significant impacts of schools only after the schools have been established. The results
are somewhat stronger for the first and last schools, yet reveal no differential DID-
estimate in Table 3.F.2. Here, we jointly estimate all treatment periods as compared to
cities that never establish schools and find similar impacts across all types of schools.
The only insignificant period is 1750, in which only three schools were established.
Yet, even here the point estimate is statistically indistinguishable from the other peri-
ods.
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We take this as evidence that our conclusion that finishing schools increase the share
of women among the human capital elite is not driven by a specific functional form,
identification strategy, or period. Also, while one could reasonably assume that the
lack of variation in the outcome in the periods leading up to 1650 makes a pre-trend
assessment problematic, the pre-trends are also insignificant in periods with more out-
come variation such as the years 1600-1800 for the cities that establish finishing schools
only in the 1850 period.

The effects in Figure 3.F.2 also indicate that the main effect in our baseline estimate
is not driven by unobserved characteristics of the set of cities ever receiving finishing
schools, which generally affect women’s representation among the human capital elite
in these cities after 1600. The temporal correspondence between the establishment of
finishing schools and the timing of the effects (and the absence of pre-trends) certainly
cannot alleviate all concerns about the potential endogeneity of the timing of school
opening; however, it clearly points to an important nexus between the opening of
finishing schools and the subsequent increase in women’s representation among the
human capital elite.

(a) Any finishing school (b) Number of schools

Figure 3.F.1: Difference-in-differences estimation:
Comparing cities with and without finishing schools over time

Notes: These graphs split the data into cities that ever establish at least one finishing school and those
without and compare those before and after 1650. The outcome is an indicator equal to one if a notable
woman was born in a given city and period. The left Panel reports the point estimates from the interac-
tion between period fixed effects and whether the city ever established a finishing school ∈ {0, 1}. The
right Panel reports the point estimates from the interaction between period fixed effects and the number
of schools that have been established in this city by 1850 ∈ {0, 1, 2, 3, 4, 5, 8, 10} . The omitted period is
1600, the period before the first schools were opened. Estimates without (solid line) and with (dashed
line) all controls all indicate no pre-trends and an increase in the likelihood of women becoming notable
only after the opening of the first school. While the left Panel can be interpreted as the extensive margin
of finishing schools (“whether cities were different before”), the right Panel represents “how different
these cities were before”.



SOCIAL SPILLOVERS 157

Table 3.F.1: Difference-in-differences estimation:
Establishing finishing schools in cities

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing school × Post 1650 0.182∗∗∗ 0.073∗∗∗ 0.264∗∗∗ 0.101∗∗∗ 0.010∗∗∗ 0.005∗

(0.024) (0.022) (0.041) (0.030) (0.003) (0.003)
# Finishing schools × Post 1650 0.103∗∗∗ 0.063∗∗∗ 0.192∗∗∗ 0.148∗∗∗ 0.006∗∗∗ 0.004∗∗∗

(0.009) (0.011) (0.025) (0.031) (0.001) (0.001)

Panel B: Unmarried women
Finishing school × Post 1650 0.131∗∗∗ 0.044∗ 0.219∗∗∗ 0.079∗∗ 0.001 -0.001

(0.024) (0.025) (0.038) (0.032) (0.004) (0.004)
# Finishing schools × Post 1650 0.069∗∗∗ 0.033∗∗∗ 0.164∗∗∗ 0.126∗∗∗ 0.000 -0.001

(0.013) (0.012) (0.023) (0.028) (0.001) (0.002)

Panel C: Teachers & Writers
Finishing school × Post 1650 0.113∗∗∗ 0.043∗∗∗ 0.122∗∗∗ 0.046∗∗∗ 0.014∗∗∗ 0.007∗

(0.018) (0.016) (0.022) (0.016) (0.003) (0.004)
# Finishing schools × Post 1650 0.064∗∗∗ 0.039∗∗∗ 0.092∗∗∗ 0.073∗∗∗ 0.007∗∗∗ 0.004∗

(0.010) (0.011) (0.018) (0.022) (0.002) (0.002)

Panel D: Activists
Finishing school × Post 1650 0.036∗∗∗ 0.017∗ 0.032∗∗∗ 0.015∗ 0.004∗ 0.001

(0.009) (0.010) (0.009) (0.008) (0.002) (0.002)
# Finishing schools × Post 1650 0.027∗∗∗ 0.021∗∗∗ 0.028∗∗ 0.025∗∗ 0.002∗ 0.000

(0.007) (0.007) (0.011) (0.012) (0.001) (0.001)

Panel E: Nobility
Finishing school × Post 1650 -0.012 -0.020 -0.000 -0.006 -0.002 -0.007

(0.016) (0.017) (0.014) (0.015) (0.007) (0.008)
# Finishing schools × Post 1650 0.004 0.003 0.015∗ 0.016∗ 0.006 0.005

(0.008) (0.009) (0.009) (0.009) (0.004) (0.005)

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Religious covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 9,312 9,240 9,312 9,240 9,312 9,240

Notes: Results from a “standard” difference-in-differences setup reported. We present extensive (at least one finish-
ing school by 1850) and intensive (number of finishing schools by 1850) margin effects by interacting our finishing
school variable with a post-1650 indicator (the first period with finishing schools). We consider three types of de-
pendent variables: I[Women > 0] is an indicator equal to one if a city observed the birth of at least one notable
woman in a given period. “log Women” constitutes the natural logarithm of the number of women born plus one.
“Share Women” denotes the number of women by the number of men and women in the same category, except
for Activists, where we use the number of male politicians. Columns (1), (3), and (5) constitute the baseline and
include city and period fixed effects as well as city-specific linear trends. In columns (2), (4), and (6) we interact our
full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from economic,
religious, and educational differences. Standard errors clustered at the city level reported in parentheses.∗ p < 0.10,
∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Figure 3.F.2: Parallel trends analysis: Lead-lag figure by treatment cohort
Notes: Each figure represents the lead-lag graph for the indicated treatment group relative to the never-
treated control group. The outcome is an indicator equal to one if a notable woman was born in a given
city and period. No controls included. 95% confidence intervals reported.
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Table 3.F.2: Difference-in-differences estimation:
Establishing finishing schools in different periods

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Finishing school by 1650 × post 1650 0.294∗∗∗ 0.190∗∗∗ 0.415∗∗∗ 0.228∗∗ 0.023∗∗∗ 0.021∗∗

(0.060) (0.058) (0.114) (0.105) (0.008) (0.008)
Finishing school by 1700 × post 1700 0.248∗∗∗ 0.138∗∗ 0.350∗∗∗ 0.180∗∗ 0.014∗∗∗ 0.014∗∗

(0.076) (0.061) (0.105) (0.084) (0.005) (0.006)
Finishing school by 1750 × post 1750 0.159∗ 0.069 0.855∗ 0.699∗ 0.025∗ 0.024

(0.083) (0.072) (0.437) (0.366) (0.015) (0.017)
Finishing school by 1800 × post 1800 0.195∗∗∗ 0.134∗∗ 0.347∗∗∗ 0.190∗∗ 0.015∗∗ 0.019∗∗

(0.047) (0.052) (0.099) (0.087) (0.007) (0.008)
Finishing school by 1850 × post 1850 0.249∗∗∗ 0.203∗∗∗ 0.248∗∗∗ 0.137∗ 0.023∗∗∗ 0.023∗∗∗

(0.050) (0.052) (0.067) (0.074) (0.009) (0.009)

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes
Educational covariates × period FE Yes Yes Yes
Observations 9,312 9,240 9,312 9,240 9,312 9,240

Notes: Results from a “standard” difference-in-differences setup reported. We divide the sample with
respect to whether a city had a finishing school in the indicated year and interact this variable with a
post-year indicator to obtain the corresponding difference-in-differences estimate. All coefficients are
jointly estimated. We consider three types of dependent variables: I[Women > 0] is an indicator equal to
one if a city observed the birth of at least one notable woman in a given period. “log Women” constitutes
the natural logarithm of the number of women born plus one. “Share Women” denotes the number
of women by the number of men and women in the same category, except for Activists, where we use
the number of male politicians. Columns (1), (3), and (5) constitute the baseline and include city and
period fixed effects as well as city-specific linear trends. In columns (2), (4), and (6) we interact our
full set of control variables (as defined in Table 3.2) with period fixed effects to capture variation from
economic, religious, and educational differences. Standard errors clustered at the city level reported in
parentheses.∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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3.F.2 Protestantism as a confounding factor

Next, we turn to the diffusion of Protestantism as a potential confounding factor. Mar-
tin Luther advocated the education of women to enable their independent study of the
Bible (S. O. Becker and Woessmann 2009). It is important to note, however, that he only
argued for primary education (particularly reading), and not the secondary education
and teacher training provided by finishing schools. We thus do not expect a significant
impact of the Protestant Reformation on women’s representation among the human
capital elite. In order to obtain a causal estimate that is not confounded by the poten-
tially endogeneous decision to adopt Protestantism, we also provide estimates using
an instrumental variables strategy based on a city’s distance to Wittenberg, the Refor-
mation’s epicenter.

We assess the impact of the Protestant Reformation on women’s representation among
the human capital elite in Figure 3.F.3. In the right-hand Panel, we report estimates
from an OLS regression of an indicator whether a notable woman was born in a given
city and period on an indicator for whether a certain city adopted Protestantism by
1650. The lead-lag estimates suggest no consistently significant and positive effect of
the Protestant Reformation on women’s representation among the human capital elite
until 1900. In the right hand Panel, we report estimates from a reduced form exercise
where we replace the indicator for having adopted Protestantism by 1650 with the dis-
tance to Wittenberg, the city from which Protestantism spread across Germany. Again,
we find no consistent positive effect on notable women. Taken together, Figure 3.F.3
suggests that our main results on the nexus between finishing schools and women’s
increasing representation among the human capital elite are unlikely to merely reflect
the effects of the Protestant Reformation. The difference-in-differences estimates (odd
columns) and reduced form estimates (even columns) in Table 3.F.3 confirm this pat-
tern as they do not reveal a significant impact of the Reformation on women among
the human capital elite.43

43We also find no evidence of a heterogeneous effect of the Reformation on the number of notable
women.



SOCIAL SPILLOVERS 161

Figure 3.F.3: Using the Protestant Reformation as explanatory variation
Notes: Estimating the impact of switching to Protestantism and the reduced form impact of the log dis-
tance to Wittenberg across all time periods in our data for non-noble secular women and women from
the nobility. The outcome is an indicator equal to one if a notable woman from the respective group
was born in a given city and period. We exclude religious controls in all estimations. 95%-confidence
intervals shown only for non-noble secular, the impact of nobility is indistinguishable from zero in all
periods and specifications.
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Table 3.F.3: Difference-in-differences estimation:
Switch to Protestantism as a cultural shock to the role of women in society

I[Women > 0] log Women Share Women

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

Panel A: Non-Noble Seculars
Reformation in City × post 1600 0.056∗∗ 0.068∗ 0.003

(0.023) (0.035) (0.003)
log Distance to Wittenberg × post 1600 -0.041∗ -0.046 -0.003

(0.022) (0.039) (0.003)

Panel B: Unmarried women
Reformation in City × post 1600 0.083∗∗∗ 0.088∗∗ 0.003

(0.027) (0.037) (0.004)
log Distance to Wittenberg × post 1600 -0.009 -0.023 -0.001

(0.028) (0.040) (0.003)

Panel C: Teachers & Writers
Reformation in City × post 1600 0.030∗ 0.028 0.004

(0.018) (0.018) (0.004)
log Distance to Wittenberg × post 1600 -0.032 -0.031 -0.004

(0.022) (0.024) (0.003)

Panel D: Activists
Reformation in City × post 1600 0.014 0.010 0.001

(0.010) (0.007) (0.003)
log Distance to Wittenberg × post 1600 -0.005 -0.005 -0.000

(0.008) (0.008) (0.002)

Panel E: Nobility
Reformation in City × post 1600 0.026 0.026 0.012

(0.022) (0.019) (0.010)
log Distance to Wittenberg × post 1600 0.017 0.010 0.005

(0.012) (0.010) (0.005)

Unit trend Yes Yes Yes Yes Yes Yes
City covariates × period FE Yes Yes Yes Yes Yes Yes
Educational covariates × period FE Yes Yes Yes Yes Yes Yes
Observations 9,288 9,288 9,288 9,288 9,288 9,288
F-Test 16.227 16.227 16.227

Notes: Results from a difference-in-differences estimation reported. In odd columns, we use an indicator
variable whether a city has adopted Protestantism by 1650 to compute the difference-in-differences es-
timate. In even columns, we use the log distance to Wittenberg, the Reformation’s epicenter, as a proxy
for whether a city switched to Protestantism in a reduced form exercise. The corresponding first-stage
effect exhibits an F-Stat of 16.23. We consider three types of dependent variables: I[Women > 0] is an
indicator equal to one if a city observed the birth of at least one notable woman in a given period. “log
Women” constitutes the natural logarithm of the number of women born plus one. “Share Women”
denotes the number of women by the number of men and women in the same category, except for Ac-
tivists, where we use the number of male politicians. Columns (1), (3), and (5) constitute the baseline
and include city and period fixed effects as well as city-specific linear trends. In columns (2), (4), and
(6) we interact city controls with period fixed effects to capture variation from economic and educational
differences. We include the following controls measured in the 13th century: Whether the city was a
Hanseatic League or bishopric city and whether it had a Jewish presence and a pogrom. Additionally,
we include the following controls from 1600: confessional battle in the vicinity. In addition we control
for the average temperature in 1650 to capture differential agricultural productivity, and hence income.
City-level population in 1600 is included to capture different population effects and pre-existing male
schools, universities in 1650 to capture differential educational preferences. All covariates are interacted
with period fixed effects. Standard errors clustered by city shown in parentheses. * p < 0.1, ** p < 0.05,
*** p < 0.01.
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3.F.3 Monasteries as an instrument

Finally, we discuss a potential instrument for the establishment of finishing schools.
From historical accounts we know that most of the early finishing schools were found-
ed by Catholic nuns (Albisetti 1988). These nuns were often invited by rulers of Ger-
man states and settled in available space in and around existing monasteries. We use
monasteries that were established by 1300, more than 300 years prior to the opening of
the first finishing school, as an instrument for finishing school establishment. With this
instrument we exploit variation in the supply of buildings which could be converted
to (or expanded to include) finishing schools at fairly low cost. By additionally limit-
ing our analysis to cities in close vicinity to the inner-German denominational divide
between Protestants and Catholics as of 1618, we hold religious competition constant.
Thus, we estimate effects net of any direct impact of religious competition which the
historical literature on finishing schools suggests as an important determinant of fin-
ishing school establishment (Lewejohann 2014). The key identification assumption
is then that the number of monasteries established by 1300 in areas which were to
become religiously competitive around the year 1600 only affects women’s represen-
tation among the human capital elite via the construction of finishing schools. Figure
3.F.4 summarizes our findings. Using monasteries as an instrument provides reliable
reduced form estimates that suggest a relevant instrument that is independent of the
chosen bandwidth around the religious divide.

Figure 3.F.4: Reduced form estimates: Using monasteries in 1300 as an instrument
Notes: Estimating the reduced form impact of monasteries in 1300 on Non-Noble Secular women across
all time periods in our data within 10km of the religious divide (left). The outcome is an indicator equal
to one if a notable woman was born in a given city and period. Estimates with and without all controls
all indicate no pre-trends and an increase in the likelihood of women becoming notable after the opening
of the first school in 1626. Sensitivity of the point estimate comparing pre- and post-treatment periods to
various bandwidths shown in the right figure. All controls included.
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3.G Accumulation and role-model hypothesis

In this Appendix, we discuss whether finishing schools served as a pull factor moti-
vating women from the human capital elite to migrate into a city. In contrast to the rest
of the paper, where we link notable women to cities based on their place of birth, for
this exercise, we leverage information on notable women’s place of death to measure
whether finishing schools attracted notable women from elsewhere. We thus investi-
gate whether finishing schools contributed to a local accumulation of notable women,
potentially via the mechanism that local notable women served as role-models in at-
tracting others. In Table 3.G.1 we show that upon the establishment of the first fin-
ishing school in a city, more women from the human capital elite born in other cities
moved to the city with the newly established finishing school. It is important to note
that our rich data on notable women’s places of birth and places of death allow us to
distinguish the in-migration of notable women born elsewhere from spillover effects,
which we discuss in Appendix 3.D. Our data also allow us to document that finish-
ing schools attracted the in-migration of women from the human capital elite to these
cities while ruling out that finishing schools were established in response to the in-
migration of women from the human capital elite as evidenced by the clear absence of
differential pre-trends in Figure 3.6 in the main text.

A further concern is that most of the positive effect of finishing schools on the in-
migration of women from the human capital elite might be mechanical since finishing
schools were primary employers for notable women. We test for this in the second
Panel of Table 3.G.1: we find that once we add our control variables and thus ad-
equately control for initial differences between cities, we see no significant effect of
finishing schools on the number of notable teachers who migrated to a city with a
finishing school. This suggests that a potential mechanical effect for teachers alone
cannot account for the main effect shown in the first Panel of Table 3.G.1.

Taken together, the evidence presented in this Appendix suggests that finishing schools
indeed served as a pull factor which attracted notable women born elsewhere.



SOCIAL SPILLOVERS 165

Table 3.G.1: Testing role-model and accumulation hypotheses

I[Women > 0] log Women

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

Panel A: Immigration of Non-Noble Seculars
Finishing schoolit 0.114∗∗∗ 0.059∗∗ 0.134∗∗∗ 0.049∗

(0.023) (0.024) (0.033) (0.028)
Mean, untreated 0.042 0.042 0.034 0.034

Panel B: Immigration of Teachers & Writers
Finishing schoolit 0.049∗∗∗ 0.016 0.052∗∗ 0.015

(0.018) (0.019) (0.022) (0.019)
Mean, untreated 0.020 0.020 0.016 0.016

Unit trend Yes Yes Yes Yes
City covariates × period FE Yes Yes
Religious covariates × period FE Yes Yes
Educational covariates × period FE Yes Yes
Observations 9,312 9,240 9,312 9,240

Notes: Results from fixed-effects regressions using cities and periods reported. We consider two types
of dependent variables: I[Women > 0] is an indicator taking value 1 if a city observed the immigration
of at least one notable woman born elsewhere in a given period. “log Women” constitutes the natural
logarithm of immigrated women plus 1. We regress our dependent variables on a dummy taking value
1 if a finishing school existed in a given city and period. Columns (1) and (3) constitute the baseline
and include city and period fixed effects as well as city-specific linear trends. In columns (2) and (4)
we interact our full set of control variables (as defined in Table 3.2) with period fixed effects to capture
variation from economic, religious, and educational differences. Standard errors clustered at the city
level reported in parentheses.∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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3.H Specification and robustness in the cross-sectional setting

In this Appendix, we want to highlight that our cross-sectional setting is robust to
using an instrumental variables estimation, to estimating effects of a city’s length of
exposure to finishing schools, and to matching on observables.

First, we discuss a potential instrument for the establishment of finishing schools.
From historical accounts we know that most of the early finishing schools were found-
ed by Catholic nuns (Albisetti 1988). These nuns were often invited by rulers of Ger-
man states and settled in available space in and around existing monasteries. We use
monasteries that were established by 1300, more than 300 years prior to the opening of
the first finishing school, as an instrument for finishing school establishment. With this
instrument we exploit variation in the supply of buildings which could be converted
to (or expanded to include) finishing schools at fairly low cost. By additionally limit-
ing our analysis to cities in close vicinity to the inner-German denominational divide
between Protestants and Catholics as of 1618, we can hold religious competition con-
stant and thus estimate effects net of any direct impact of religious competition which
the historical literature on finishing schools suggests as an important determinant of
finishing school establishment (Lewejohann 2014). The key identification assumption
is then that the number of monasteries established by 1300 in areas which were to
become religiously competitive around the year 1600 only affects women’s represen-
tation among the human capital elite via the construction of finishing schools.

In Table 3.H.1, we show that indeed using the number of monasteries existing in 1300
as an instrument for the number of finishing schools in 1850 produces consistent esti-
mates throughout all outcomes and main specifications (columns 1 and 4). Changing
the cutoff year for pre-existing monasteries closer to 1648, the end of the Thirty Years’
War, produces similarly sized estimates, yet smaller F-statistics (columns 2, 3, 5, and
6).

Finally, we estimate effects of a city’s length of exposure to finishing schools (instead
of the absolute number of finishing schools). In Table 3.H.2, we show that changing
the independent variable to years since first opening produces very similar results in
a wide range of specifications. Here, we define zero as having no school in 1850, and
progressively move back in time to ‘224’, indicating the school was build in 1626. In
Table 3.H.2 we thus investigate whether more time elapsed since the establishment
of the first finishing school in a city – and thereby a greater representation of women
among the human capital elite – is associated with stronger support of the women’s
rights movement.

At a mean of 20 years of exposure to finishing schools, increasing the number of years
by 10% (2 years), increases the number of letters to Frauenzeitung by 0.56%, the number
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of women’s rights associations by 5% and the number of female members of parlia-
ment by 0.25% and 0.95% respectively. Or to put it differently, had a city opened a
finishing school in 1800 (instead of never) and thus had 50 years more exposure to
such a school, this would imply a 250% increase in exposure compared to the mean of
20 years. This city would have seen 14% more letters, twice the number of women’s
rights organizations, and 24% more women in postwar parliaments. These are size-
able effects, for a relatively small change in exposure.

Table 3.H.1: Long-term impact of finishing schools on political outcomes -
IV estimates using different timings of the monastery instrument

I[> 0] log Number

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

Panel A: Leserbriefe, Frauenzeitung, 1849–1852
Finishing schools 0.249∗∗ 0.274∗∗ 0.297∗∗ 0.412∗∗∗ 0.492∗∗∗ 0.444∗∗

(0.098) (0.108) (0.121) (0.158) (0.187) (0.192)
Mean, untreated 0.038 0.038 0.038 0.061 0.061 0.061

Panel B: All women’s rights organizations
Finishing schools 0.378∗ 0.378 0.258 2.868∗ 2.844 2.308

(0.223) (0.241) (0.219) (1.680) (1.835) (1.678)
Mean, untreated 0.275 0.275 0.275 155.802 155.802 155.802

Panel C: Women’s rights organizations to promote equal access to education
Finishing schools 0.333∗∗ 0.340∗ 0.393∗∗ 2.099∗∗ 2.123∗∗ 2.504∗∗

(0.159) (0.178) (0.178) (0.851) (0.940) (0.966)
Mean, untreated 0.038 0.038 0.038 13.023 13.023 13.023

Panel D: Member Parliament, 1919–1933
Finishing schools 0.164∗ 0.122 0.137 0.227∗∗ 0.193∗∗ 0.226∗∗

(0.093) (0.090) (0.104) (0.090) (0.093) (0.093)
Mean, untreated 0.038 0.038 0.038 0.053 0.053 0.053

Panel E: Member Parliament, 1949–2019
Finishing schools 0.237 0.236 0.179 0.471∗∗ 0.480∗ 0.524∗

(0.174) (0.189) (0.192) (0.223) (0.247) (0.269)
Mean, untreated 0.527 0.527 0.527 1.031 1.031 1.031

City Covariates Yes Yes Yes Yes Yes Yes
Religious covariates Yes Yes Yes Yes Yes Yes
Educational covariates Yes Yes Yes Yes Yes Yes
Observations 183 183 183 183 183 183
Bandwidth 10 10 10 10 10 10
Monastery Year 1300 1500 1648 1300 1500 1648
F-Stat first stage 8.906 7.177 8.435 8.906 7.177 8.435

Notes: Results from two-stage least-squares (2SLS) regressions reported. We instrument the number of
finishing schools in 1850 by the number of monasteries by 1300 (Columns 1 and 4), by 1500 (Columns 2
and 5), or by 1648 (Columns 3 and 6). We further limit the sample to cities within 10 km of the inner-
German denominational divide to hold religious competition constant. In each panel, we employ two
types of outcomes: (i) an indicator variable taking value 1 if at least one letter (Panel A), women’s rights
organization (Panels B and C), or female member of parliament (Panels D and E) was recorded for a
given city; and (ii) the natural logarithm of these variables plus 1. We employ our full set of educational,
economic, and religious control variables as defined in Table 3.2 in all columns. Standard errors clustered
at the city level reported in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Table 3.H.2: Long-term impact of finishing schools on political outcomes:
Years since opening of the first finishing school as explanatory variable

I[> 0] log Number

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

Panel A: Leserbriefe, Frauenzeitung, 1849–1852
Years since first opening 0.001∗ 0.001 0.002∗∗ 0.001

(0.000) (0.001) (0.001) (0.001)
log Years since first opening 0.024∗∗ 0.025∗ 0.056∗∗∗ 0.061∗

(0.011) (0.015) (0.021) (0.035)
Mean, untreated 0.062 0.038 0.062 0.038 0.105 0.061 0.105 0.061

Panel B: All women’s rights organizations
Years since first opening 0.002∗∗∗ 0.002∗∗∗ 0.015∗∗∗ 0.015∗∗∗

(0.000) (0.001) (0.003) (0.005)
log Years since first opening 0.072∗∗∗ 0.096∗∗∗ 0.535∗∗∗ 0.634∗∗∗

(0.015) (0.023) (0.098) (0.148)
Mean, untreated 0.366 0.275 0.366 0.275 447.696 155.802 447.696 155.802

Panel C: Women’s rights organizations to promote equal access to education
Years since first opening 0.001∗ 0.000 0.005∗ 0.003

(0.001) (0.001) (0.003) (0.004)
log Years since first opening 0.029∗∗ 0.017 0.169∗∗∗ 0.100

(0.011) (0.015) (0.062) (0.081)
Mean, untreated 0.047 0.038 0.047 0.038 13.074 13.023 13.074 13.023

Panel D: Member Parliament, 1919–1933
Years since first opening 0.001∗∗ 0.001 0.001∗∗∗ 0.001∗

(0.000) (0.001) (0.000) (0.001)
log Years since first opening 0.023∗∗ 0.022 0.025∗∗ 0.020∗

(0.011) (0.014) (0.010) (0.011)
Mean, untreated 0.066 0.038 0.066 0.038 0.074 0.053 0.074 0.053

Panel E: Member Parliament, 1949–2019
Years since first opening 0.001 0.001∗ 0.002∗ 0.004∗∗

(0.001) (0.001) (0.001) (0.002)
log Years since first opening 0.044∗∗∗ 0.063∗∗∗ 0.095∗∗∗ 0.137∗∗∗

(0.015) (0.022) (0.025) (0.036)
Mean, untreated 0.556 0.527 0.556 0.527 1.163 1.031 1.163 1.031

City Covariates Yes Yes Yes Yes Yes Yes Yes Yes
Religious covariates Yes Yes Yes Yes Yes Yes Yes Yes
Educational covariates Yes Yes Yes Yes Yes Yes Yes Yes
Observations 385 183 385 183 385 183 385 183
Bandwidth 400 10 400 10 400 10 400 10

Notes: Results from cross-sectional regressions reported. We employ two different explanatory variables: (i) time
elapsed since the opening of the first finishing school in a city until 1850 (measured in years) and (ii) the natural
logarithm plus 1 of time elapsed since the first finishing school. Hence, time elapsed since the first school opening
is zero for cities which have never established a finishing school. In each panel, we employ two types of outcomes:
(i) an indicator variable taking value 1 if at least one letter (Panel A), women’s rights organization (Panels B and C),
or female member of parliament (Panels D and E) was recorded for a given city; and (ii) the natural logarithm of
these variables plus 1. We employ our full set of educational, economic, and religious control variables as defined in
Table 3.2 in all columns. We report results using two different bandwidths around the inner-German denominational
divide: 400km in odd columns and 10km in even columns. Standard errors clustered at the city level reported in
parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.



SOCIAL SPILLOVERS 169

Figure 3.H.1: The impact of finishing schools on chapters of the
women’s rights movement - Time varying effects

Notes: Results from cross-sectional regressions reported. In both figures, the sample is limited to cities
within 10km of the inner-German denominational divide. The left figure shows the impact of finishing
schools on whether any local chapter of the women’s rights movement was founded in a city by 1850,
1860, 1870, 1880, 1890, 1900, and 1909, respectively. The right figure shows the same impact on local
chapters devoting their efforts to promoting equal access to education for women. All economic, edu-
cational, and religious controls included in both figures. 95-percent confidence intervals derived from
standard errors clustered at the city level reported.
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3.H.1 Comparison to propensity score matching

As a final step, we show robustness of our results to matching each city to its closest
counterparts based on observable characteristics in Table 3.H.3. The point estimates
in columns (3) and (6) are not statistically different from the OLS (columns 1 and 4)
or the sample of cities that lie within 10 km of the religious divide (columns 2 and 5).
In addition, the matched sample shows no signs of imbalances across all covariates
(Table 3.H.4).

Table 3.H.3: Long-term impact of finishing schools on political outcomes:
Comparison to matching estimators

I[> 0] log Number

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

Panel A: Leserbriefe, Frauenzeitung, 1849–1852
Finishing schools 0.095∗∗∗ 0.122∗∗∗ 0.144∗∗∗ 0.183∗∗∗ 0.241∗∗ 0.209∗∗∗

(0.020) (0.037) (0.018) (0.055) (0.097) (0.076)

Panel B: All women’s rights organizations
Finishing schools 0.064∗∗ 0.137∗∗∗ -0.003 0.800∗∗∗ 1.157∗∗∗ 0.532∗∗∗

(0.027) (0.050) (0.023) (0.160) (0.306) (0.194)

Panel C: Women’s rights organizations to promote equal access to education
Finishing schools 0.083∗∗∗ 0.074∗∗ 0.055∗ 0.549∗∗∗ 0.496∗∗ 0.510∗∗∗

(0.017) (0.036) (0.029) (0.113) (0.217) (0.194)

Panel D: Member Parliament, 1919–1933
Finishing schools 0.067∗∗∗ 0.101∗∗∗ 0.042 0.100∗∗∗ 0.105∗∗∗ 0.107∗∗

(0.018) (0.034) (0.027) (0.029) (0.035) (0.049)

Panel E: Member Parliament, 1949–2019
Finishing schools 0.060∗∗ 0.091∗ 0.012 0.246∗∗∗ 0.268∗∗∗ 0.280∗∗∗

(0.024) (0.047) (0.025) (0.040) (0.071) (0.055)

City Covariates Yes Yes Yes Yes Yes Yes
Religious covariates Yes Yes Yes Yes Yes Yes
Educational covariates Yes Yes Yes Yes Yes Yes
Propensity score matching Yes Yes
Observations 385 183 318 385 183 318
Bandwidth 10 10

Notes: Results from cross-sectional regressions reported. We presents results from three sets of specifica-
tions: (i) using the full set of controls (columns 1 and 4); (ii) using the full set of controls when we limit
the sample to cities within 10 km of the inner-German denominational divide (columns 2 and 5); and (iii)
using propensity score matching (columns 3 and 6). In each panel, we employ two types of outcomes: (i)
an indicator variable taking value 1 if at least one letter (Panel A), women’s rights organization (Panels
B and C), or female member of parliament (Panels D and E) was recorded for a given city; and (ii) the
natural logarithm of these variables plus 1. We employ our full set of educational, economic, and reli-
gious control variables as defined in Table 3.2 in all columns. Standard errors clustered at the city level
reported in parentheses. ∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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Table 3.H.4: Balance in the matched sample

Unmatched sample Matched sample

β s.e. p-value β s.e. p-value

log(Distance Wittenberg) -0.080 0.040 0.046 0.084 0.079 0.291
log(Distance religious divide) 0.214 0.065 0.001 0.029 0.098 0.769
log(Population in 1650) 0.422 0.058 0.000 0.047 0.034 0.167
Temperature in Spring 1650 0.011 0.041 0.783 0.011 0.068 0.871
Temperature in Summer 1650 0.079 0.048 0.097 0.010 0.075 0.892
Temperature in Fall 1650 -0.002 0.036 0.947 -0.022 0.052 0.668
Temperature in Winter 1650 -0.119 0.048 0.014 -0.078 0.065 0.227
Hanse city 0.044 0.020 0.031 -0.016 0.039 0.689
Bishop seat 0.036 0.017 0.033 -0.030 0.022 0.184
Jewish settlement 0.081 0.025 0.001 0.021 0.039 0.598
Progrom 0.044 0.023 0.057 0.036 0.039 0.350
Battle during 30-years war 0.062 0.021 0.003 -0.049 0.049 0.314
Boy school in 1605 0.018 0.017 0.279 0.036 0.030 0.221
University in 1650 0.005 0.008 0.557 -0.004 0.011 0.701
Catholic region 0.012 0.023 0.597 0.014 0.042 0.746

Notes: Results from balance test of covariates in 1650 reported. Balancing is assessed using the regression
Xc = α + β · Schoolsc,1850 + εc. The unmatched sample contains all cities in 1650, whereas the matched
sample selects a nearest neighbor – that is a city that is comparable with respect to observables – for
each city with at least one finishing school. While cities with finishing schools are closer to Wittenberg,
further away from the inner-German denominational divide and have larger population in 1650, these
differences disappear when matching cities to their nearest neighbor.
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3.I Impact of notable women in 1850 on local political activity

In this Appendix, we directly ask what is the correlation between an additional non-
noble secular women in 1850 and subsequent political activity in the next 100 years.
To this end, we estimate the following equation in Table 3.I.1:

Yc = α + β · log(Number Non-Noble Seculars+1)c,1850 + Xc γ′ + εc (2)

Recognizing the endogeneity concerns associated with this equation, we nevertheless
present estimates for their interpretability: a 10% increase in the number of notable
women in a city is associated with a 2% increase in correspondence (Panel A), a 15%
increase in women’s rights associations (Panels B&C), and a 2% (4.6%) increase in
the number of female members of parliament during the Weimar Republic (Federal
Republic).

We conduct two exercises to judge the reliabilty of these correlations. First, we present
point estimates with (odd columns) and without (even columns) controls, limited to
10 km of the religious boundary. The estimates remain stable throughout all specifica-
tions. Second, we instrument the number of notable women by the number of existing
monastries in 1300 and provide the 2SLS coefficient, the p-value and F-statistic below
the OLS estimates. However, as the exclusion restriction, monastries only affect polit-
ical outcomes through their influence on finishing schools’ impact on notable women,
is likely to fail, we interpret these estimates with caution. All 2SLS estimates are signif-
icant and larger than the OLS estimates with a strong first stage of 14: a 10% increase
in the number of notable women in each city is associated with an 8% increase in cor-
respondence (Panel A), a 40% increase in women’s rights associations for education
(Panel C), and a 4% increase in the number of female members of parliament during
the Weimar Republic (Panel D).44

44A similar exercise using finishing schools as an instrument can be conducted. It yields qualitatively
similar results with a stronger first stage of 22.
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Table 3.I.1: Impact of notable women in 1850 on political activity
of the women’s rights movement

I[> 0] log Number

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

Panel A: Leserbriefe, Frauenzeitung, 1849–1852
log(Number Non-Noble Seculars) 0.221∗∗∗ 0.190∗∗∗ 0.381∗∗∗ 0.227∗∗∗

(0.028) (0.058) (0.078) (0.076)
Implied 2SLS coefficient 0.246 0.483 0.285 0.800
P-value 2SLS coefficient 0.005 0.013 0.038 0.018
First stage F-statistic 29.640 14.916 29.640 14.916

Panel B: All women’s rights organizations
log(Number Non-Noble Seculars) 0.262∗∗∗ 0.133∗ 2.598∗∗∗ 1.511∗∗∗

(0.030) (0.076) (0.178) (0.488)
Implied 2SLS coefficient 0.695 0.734 5.737 5.563
P-value 2SLS coefficient 0.000 0.074 0.000 0.052
First stage F-statistic 29.640 14.916 29.640 14.916

Panel C: Women’s rights organizations to promote equal access to education
log(Number Non-Noble Seculars) 0.300∗∗∗ 0.263∗∗∗ 1.813∗∗∗ 1.516∗∗∗

(0.025) (0.055) (0.144) (0.303)
Implied 2SLS coefficient 0.531 0.646 2.840 4.073
P-value 2SLS coefficient 0.000 0.000 0.000 0.000
First stage F-statistic 29.640 14.916 29.640 14.916

Panel D: Member Parliament, 1919–1933
log(Number Non-Noble Seculars) 0.206∗∗∗ 0.204∗∗∗ 0.257∗∗∗ 0.198∗∗∗

(0.030) (0.050) (0.044) (0.049)
Implied 2SLS coefficient 0.422 0.319 0.461 0.440
P-value 2SLS coefficient 0.000 0.036 0.000 0.004
First stage F-statistic 29.640 14.916 29.640 14.916

Panel E: Member Parliament, 1949–2019
log(Number Non-Noble Seculars) 0.197∗∗∗ 0.199∗∗∗ 0.610∗∗∗ 0.469∗∗∗

(0.027) (0.070) (0.051) (0.109)
Implied 2SLS coefficient 0.418 0.460 0.935 0.914
P-value 2SLS coefficient 0.000 0.120 0.000 0.005
First stage F-statistic 29.640 14.916 29.640 14.916

City Covariates Yes Yes
Religious covariates Yes Yes
Educational covariates Yes Yes
Observations 388 183 388 183
Bandwidth 10 10

Notes: Results from cross-sectional regressions reported. Our explanatory variable in these regressions
is the natural logarithm of the number of non-noble secular notable women in a given city by 1850. We
also report the point estimate, p-value and F-statistic from an 2SLS regression below the OLS coefficient
for convenience. To obtain the 2SLS estimate, we instrument the log number of notable women in city
c with the number monasteries existing by 1300. We further enhance the comparability of cities, in
particular with respect to historical levels of religious competition, by limiting our sample to cities within
10 km of the inner-German denominational divide in odd columns. In each panel, we employ two types
of outcomes: (i) an indicator variable taking value 1 if at least one letter (Panel A), women’s rights
organization (Panels B and C), or female member of parliament (Panels D and E) was recorded for a
given city; and (ii) the natural logarithm of these variables plus 1. We employ our full set of educational,
economic, and religious control variables as defined in Table 3.2 in all columns. Standard errors clustered
at the city level reported in parentheses. Significance levels: ∗ p < 0.10, ∗∗ p < 0.05, ∗ ∗ ∗ p < 0.01.
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3.J Additional history on finishing schools

In Figure 3.J.1, we depict the spatial distribution of finishing schools in Germany sep-
arately by denomination – that is, by indicating which school was Catholic and which
was Protestant. As becomes apparent from the figure, the first schools were exclu-
sively Catholic. In fact, the first Protestant school opened in 1698. The first school
funded by city authorities opened in 1800. The observed acceleration in the roll-out of
finishing schools in the period 1800-1850 is likely driven by the dissolution of the Holy
Roman Empire (800-1806), freeing up resources from previous inner-German conflicts.
More than 100 schools were built between 1825 and 1850 alone, most of them in Prus-
sia. Interestingly, Prussia recruited many of its female teachers from Catholic Bavaria.
Comparing treatment effects for early and late periods (Table 3.C.5) and treatment
periods (Table 3.F.2) suggest no differential treatment effects with respect to time.

Figure 3.J.1: Opening years of finishing schools in Germany
Notes: The left map displays the spatial distribution Catholic and Protestant finishing schools in Ger-
many. The right figure reports the opening year of each finishing school in our dataset.
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