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1 Introduction

When faced with a market failure, potential corrective policies include incentives, nudges,
and mandates. One might adjust incentives so that agents internalize their externalities—
an approach popular among economists across a range of failures, such as climate change
(Baumol, 1972; Nordhaus, [1977)). Alternatively, one might employ “libertarian paternalism”
(Thaler and Sunstein, 2003), where people are nudged to make socially efficient choices. This
paper joins research like Summers| (1989), |Antwi et al. (2013)), and [Fullerton and Heutel
(2010) in analyzing an important instance of the third option: using the coercive power of
the state to try to increase social welfare.

Personal health decisions often result in market failures, including externalities. Con-
sider, for instance, the spread of communicable diseases, which only occur when infected
individuals interact with those uninfected. Infection frequently arises when an infected indi-
vidual benefits from going out into society but simultaneously imposes a negative externality
on susceptible individuals. Similarly, other public health issues, such as secondhand smoke
and water pollution, are characterized by significant negative externalities.

Governments often intervene in response to these market failures to address the associated
externalities. However, the success of their interventions can hinge on the compliance of the
governed populace. For instance, during the Covid-19 pandemic, numerous health regula-
tions aimed to promote social distancing. |Khataee et al. (2021) demonstrated that locations
with greater reductions in mobility saw slower virus spread. However, public compliance
with Covid regulations was inconsistent, varying across demographic groups, including those
defined by political beliefs (Painter and Qiu, [2020).

In this paper, we test whether the judicial enforcement of vaccine mandates causes back-
lash in the form of anti-vaccine discourse in the media and whether this backlash causes the
mandate to be ineffective. We use one of the most important and controversial mandates in
healthcare history—compulsory vaccination against smallpox.

Smallpox was one of the deadliest diseases in human history, with a typical outbreak



killing 30% of those infected (CDC| [2021]). At the end of the eighteenth century, Edward
Jenner invented the first vaccine—a critical step on the long road to eradicating the virus/f]
Although the vaccine became widely available in the United States during the 1800s, small-
pox was still endemic in the early 1900s. Vaccine take-up was incomplete, there was an active
anti-vaccine movement, and anti-vaccine propaganda frequently appeared in newspapers.

In response to low vaccination rates, local and state authorities passed laws to compel
or incentivize people to get vaccinated. These included compulsory vaccination laws (often
for school children) or mandatory quarantines of the unvaccinated during outbreaks. Anti-
vaccinationists often challenged these laws, seeking judicial relief from what they viewed as
infringements on their liberty. Today, opposition to vaccines for diseases like Covid-19 and
measles echoes the resistance to smallpox vaccination that occurred over a century ago.

To measure anti-vaccine discourse, we turn to newspaper articles in the Chronicling
America newspaper archive. The archive, published by the Library of Congress, contains 20
million newspaper pages, nearly 48,000 of which contain the words smallpor and vaccine,
or derivations thereof. Our research team read a 5% sample of those newspaper pages and
recorded whether each page contained anti-vaccine discourse. Simultaneously, we use this
training data in a machine learning model to predict whether the remaining 95% of the
articles contain anti-vaccine sentiment.

First, we estimate the effect of pro-vaccine state-level Supreme Court decisions on vaccine
discourse using a staggered difference-in-differences approach. We use empirical approaches
from |Callaway and Sant’Anna/ (2021)) and Sun and Abraham| (2021)), as well as two-way fixed-
effects estimators. We also estimate how anti-vaccine discourse responded to the 1905 US
Supreme Court decision in Jacobson v. Massachusetts, which upheld compulsory vaccination.
Here, we perform a regression discontinuity in time comparing newspaper articles in the days
and weeks surrounding the decision. To better understand our results, research assistants

then read all articles within 300 days of the Jacobson decision and collected additional

!Prior to Jenner’s vaccine, inoculation for smallpox typically occurred through deliberate low-level expo-
sure to the virus, resulting in a roughly 2% fatality rate (Riedel, [2005]).



information, such as: Was the article anti-vaccine propaganda? Did it contain descriptions
of anti-vaccine behavior? Did the article mention the Jacobson decision? Did the article
mention compulsory vaccination? For the RD-in-time approach, we carefully consider the
threats to identification for RD-in-time designs raised in Hausman and Rapson, (2018]).

Second, we estimate the effect of pro-vaccine state-level Supreme Court decisions on
mortality rates, also using staggered difference-in-differences. Because US vital statistics
data are not available for much of our study period, we predict smallpox mortality during
the pre-vital statistics era. We do this by estimating the relationship between newspaper
language and smallpox mortality for years that have both newspaper and vital statistics
data. Specifically, for years that have both newspaper and vital statistics data, we calculate
the percent of newspaper pages in a state-year cell that have the word smallpox co-occurring
with words such as pandemic, death, burial, or similar words and we estimate how well this
predicts smallpox mortality in the US vital statistics. We then use this relationship to predict
smallpox mortality during the pre-vital statistics era.E|

Using both the difference-in-differences and regression discontinuity approaches, we find
an increase in anti-vaccine discourse following pro-compulsory vaccination court decisions.
We estimate a short-run increase in anti-vaccination language for approximately two years,
after which media sentiment returns to the pre-decision baseline. Despite the rise in anti-
vaccine discourse, we find that compulsory vaccination was effective at reducing mortality;
states with pro-compulsory vaccinations decisions saw a 40% reduction in smallpox mortality
from 1880 levels. That is, smallpox vaccine mandates appear to have reduced mortality,
even in the face of a meaningful amount of judicial backlash. That said, more extreme
responses could inhibit effectiveness—at a certain point, mandates may become ineffective
or overturned.

We make several contributions to the literature. First, we bring empirical evidence to

2To demonstrate the efficacy of this method, we perform a test in which we predict 1900 to 1909 smallpox
rates using the relationship between newspaper language and mortality in 1910 to 1922. The out-of-sample
correlation between smallpox rates and predicted smallpox rates is 0.45.



the literature on judicial backlash, the theory that court decisions have the unintended con-
sequence of increasing polarization and radicalizing groups opposed to the court’s ruling.
Legal scholars have proposed that Roe v. Wade (Greenhouse and Siegel, |2010), Brown v.
Board of Education (Ball, [2005)), and LGBTQ+ rights cases (Keckl, [2009) have resulted in
judicial backlash. However, the evidence for these hypotheses is mostly qualitative or from
opinion surveys and rarely considers whether there are dynamic treatment effects (Fontana
and Braman| 2012). Wheaton| (2022)) shows that there can be legislative backlash in re-
sponse to (proposed) legislation and extensively analyzes the Equal Rights Amendment.ﬁ
The Harvard Law Review Association (2008) argues that judicial backlash to the Jacobson
v. Massachusetts decision was a contributing factor to the rise of the anti-vaccine movement
in the US, a hypothesis that we are able to empirically test.

Second, we provide causal evidence that compulsory vaccine policies reduced smallpox
mortalityﬁ A 1943 publication in Public Health Reports classified states into six groups based
on the stringency of their vaccination requirements and found that states with more stringent
vaccination laws had lower smallpox rates (Hampton, [1943). In concurrent work, Chapman
(2023)) shows that government austerity in Britain increased anti-vaccine sentiment, but the
rise in anti-vaccine sentiment did not result in an increase in smallpox mortality] Our view is
that Chapman’s paper and this paper bolster each other’s findings: the papers analyze differ-
ent interventions that increased anti-vaccine sentiment, with neither intervention increasing
smallpox mortality. [Holtkamp) (2021) uses a difference-in-differences approach to show that
smallpox vaccination laws improved human capital development. Of note, the benefits of
vaccination mandates were reduced in German-American families that were more likely to

oppose vaccination. |Holtkamp) (2021]) also presents a permutation test showing that states

3Wheaton| (2022) also provides evidence regarding backlash in response to Supreme Court decisions about
abortion, the death penalty, and interracial marriage. Unfortunately, data limitations only allow a static
difference-in-differences model and prevent the analysis of pre-trends.

4As [Atwood| (2022) shows in the context of measles, the benefits from vaccination may extend beyond
lower mortality rates to include higher employment rates, earnings, and productivity.

% Additionally, |Chapman| (2023)) finds that anti-vaccine sentiment reduced mortality from other causes,
possibly because the anti-vaccine movement often argued that smallpox could be avoided through improved
sanitation.



with compulsory vaccination had fewer smallpox casesﬁ By predicting mortality during the
pre-vital statistics era, we are able to estimate the effect of compulsory vaccination court
decisions within a traditional difference-in-differences framework that includes most states.

Finally, we provide the first causal evidence that vaccine mandates affect anti-vaccine

discourse in newspaper language. The literature on vaccine mandates has mostly focused

on how mandates affect vaccination rates or disease burden (Acton et al., 2022; Richwine et|

il [2019; [Carpenter and Lawler], 2019} [Abrevaya and Mulligan|, 2011} [White], 2021} [Carrera

, 2021E| However, the literature on how mandates affect sentiment has been limited

to either cross-sectional surveys or psychology experiments in which participants consider

hypothetical mandates (Betsch and Bohm), [2016; Sprengholz et al.; [2021). Similarly, the

literature on anti-vaccine sentiment has primarily focused on the role that (social) media

plays in the spread of misinformation rather than the direct effects of mandates on sentiment

(Chiou and Tucker, 2018; Ortiz-Sénchez et al.| [2020; Zuk et al.| [2019; Kalichman et al., 2022,

Hansen and Schmidtblaicher| [2021}; Chang, [2018)). In related work, (2018) shows that

pertussis outbreaks lead to increased vaccination rates, where local media coverage may be
an important source of information.

Understanding the effects of mandates on newspaper discourse is important for two rea-
sons. First, research in other settings has shown that newspaper language affects public

opinion and beliefs. For example, media language has been shown to change beliefs regard-

ing illegal immigration (Djourelova; 2020) and police culpability for officer-involved shootings

(Moreno-Medina et al., [2022). Media language has also been shown to affect behavior. For

example, anti-Semitic rhetoric reduced support for Franklin D. Roosevelt and increased sup-

port for the Nazi party (Wang|,[2021a)), whereas access to Black radio (Wang},[2021b)) increased

political participation among African Americans. Second, newspaper discourse likely reflects

6In the Appendix of that paper, Holtkamp| (2021) presents difference-in-differences analysis that finds
similar results, although this supporting analysis has limited pre-treatment data; most laws were passed
before smallpox incidence data is available.

"Likewise, HPV vaccine rates increase if opting out is more administratively burdensome (Churchill

)




an amalgamation of vaccine-related opinions and behaviors including true public opinion,

anti-vaccine protests, and letter-writing campaigns.

2 Background

2.1 The Virus and the Vaccine

Smallpox is one of the earliest known diseases, emerging before recorded history. There is
evidence that Egyptian mummies had symptoms resembling smallpox (CDC| 2021)). It was
also one of the most devastating diseases. For example, the 735-737 CE epidemic in Japan is
estimated to have killed approximately one-third of the Japanese population (Suzuki, 2011]).
Prior to vaccines, the case fatality rate varied widely by outbreak, but likely averaged roughly
30% (CDC, [2016b)). Starting in 1897 and continuing through the middle of the twentieth
century, a much less deadly variant of the virus became dominant (Colgrove, |2006)).

Caused by the variola virus, smallpox resulted in fever and progressive rashes. It typically
spread via respiratory droplets from coughing and sneezing; patients were contagious as soon
as their first rash appeared and remained contagious until the last rash disappeared (CDC|
2016a). In isolated communities without herd immunity, the basic reproductive factor—the
average number of secondary infections from an infected individual in a fully susceptible
community—was estimated to be approximately 5 (Gani and Leach, 2001), roughly on par
with the Delta strain of Covid-19 (Liu and Rocklov] 2021]).

Before the discovery of the smallpox vaccine, it was understood that exposure to smallpox
conferred later immunity, and physicians performed inoculations by deliberately spreading
the virus. The inoculation process, also known as variolation, involved taking matter from
the pustule of a smallpox victim and exposing the individual to be inoculated to the pustule
matter subcutaneously with a lancet or needle (Riedel, 2005). The individual would then
typically develop a mild case of smallpox, and the appearance of smallpox pustules was used

as evidence that the inoculation worked. However, inoculation involved risk: 2% of those



inoculated died during a 1721 Boston smallpox epidemic. Notably, this was lower than the
14% fatality rate for those who naturally contracted the disease (Riedel, 2005).

In 1796, Edward Jenner was the first to formally publish experimental results showing
that exposure to the milder cowpox virus conferred immunity to smallpoxﬁ Jenner removed
the lymph from a pustule on a cowpox victim, inoculated a boy, then exposed the boy to
smallpox, proving that he had no reaction. Jenner named the process vaccination, after the

Latin word for cowpox, Uaccz'm'a.ﬂ

2.2 Laws and Court Decisions

While vaccination had high benefits in expectation and was voluntarily sought out by many
individuals, it was also the case that some individuals had bad reactions or acquired other
diseases in the process. There were also many individuals who chose not to get vaccinated.

Many states passed laws to encourage smallpox vaccination, and a subset passed laws
mandating vaccination for certain populations. Compulsory vaccination laws had widely
varying scopes from compulsory vaccination for all adults (e.g., Kentucky, Washington, D.C.)
to compulsory vaccination for students (e.g., Arkansas) to allowing local jurisdictions to
impose compulsory vaccination on students (e.g., Connecticut) to requiring vaccination in
order to attend school but only during outbreaks (e.g., Kansas, Louisiana) (Fowler| 1927 )E
At their core, each of these laws had the power to compel individuals to be vaccinated in

certain situationsE-l

8 Jenner was neither the first to suspect cowpox conferred immunity to smallpox nor the first to deliberately
spread cowpox as a smallpox prophylaxis. Allegedly, Jenner came upon the idea after hearing a dairymaid
say, “I shall never have smallpox for I have had cowpox” (Riedel, [2005)).

9Cowpox was a geographically isolated disease and shipment was difficult with contemporary technology.
Physicians primarily performed arm-to-arm vaccination, obtaining the cowpox virus from a pustule of a
recently vaccinated individual.

0Even the latter law could be difficult for anti-vaccinationists to avoid; outbreaks could last months and
schools served as an important source of childcare so that parents could earn a living.

YUTn The Poz of Liberty, Werner Troesken argued that the focus on individual liberty in the Constitution
simultaneously set institutional foundations for US economic prosperity and made it difficult to control in-
fectious disease. For example, smallpox was eliminated in US-controlled Cuba decades before Massachusetts,
as Cubans were not protected under the Constitution and had little recourse to resist the US Army’s mass-
vaccination efforts (Troesken, [2015]).



Colgrove, (2006|) characterizes vaccination efforts during this period as ranging from per-
suasion to compulsion; further, public health authorities sometimes exercised powers beyond
what the law allowed and other times did not fully enforce the law. For example, “the health
commissioners in Brooklyn and New York exercised de facto compulsion but portrayed their
practices in the language in voluntarism, because they lacked a clear legal mandate.” In
at least one instance, they would use police powers to forcibly quarantine individuals that
refused to be vaccinated and prevent delivery of supplies to the quarantined. During an epi-
demic in Chicago, “teams of vaccinators accompanied by police went house to house, using
quarantine as they saw necessary, which also provoked community opposition.” In many ar-
eas, unvaccinated students were prevented from attending public school, which could be seen
as coercive—indeed, working parents may not have had very much of a choice. However,
there was considerable heterogeneity across the United States, with many municipalities
eschewing approaches that resembled compulsion. Further, the legal status varied greatly
across jurisdictions.

Laws were frequently challenged by individuals who did not want themselves or their
children to be forced to be vaccinated, most famously in Jacobson v. Massachusetts. Mas-
sachusetts had a law that local jurisdictions could have compulsory vaccination with the
penalty for refusal being a $5 fine. When the city of Cambridge was experiencing the 1902
smallpox outbreak, the Board of Health attempted to vaccinate Henning Jacobson. Jacobson
was a pastor originally from Sweden, a country with compulsory vaccination. He claimed
that he had an adverse reaction to the smallpox vaccine as a child. Rather than pay the fine,
Jacobson, along with Albert Pear who also refused the vaccine, sued the Commonwealth.
The case made its way through Massachusetts courts, going through the Massachusetts
Supreme Court in 1903, which ruled against Jacobson.

In Jacobson v. Massachusetts (1905), the US Supreme Court ruled 7-2 that compulsory
vaccination laws were a valid use of the state’s police powers. Further, young children may

be exempted without violating the equal protection clause of the Fourteenth Amendment,



provided that all adults are treated equally (Skelton QOQZH

Beyond Massachusetts, many other states saw cases that challenged whether their laws
were compliant with state constitutions. About three quarters of these cases ended with a
state Supreme Court upholding the law. These are the cases we focus on in our analysis.

The time from law passage to Supreme Court decision varied from state to state. To end
up with a state-level Supreme Court decision, it was generally required that a state try to
enforce the law against a party who chose to challenge the law. Then, the case would wind
its way through several appeals before finally reaching a state Supreme Court.

Supreme Court decisions could potentially affect vaccine sentiment through several chan-
nels. Because Supreme Court decisions are typically “final,” they are likely to receive greater
scrutiny than appellate-level decisions. People understand that these are the decisions that
will apply to them. Beyond this, it is also the case that we might expect enforcement of a
law to change. Now that authorities have backing from the judicial and legislative branches,
they may be inclined to use compulsion in situations where they might previously have
leaned towards persuasion. Increased enforcement of a law would also affect sentiment as,
for example, people who previously skirted vaccine requirements without thinking too much

about them are now forced to comply against their will.

2.3 The Anti-Vaccine Movement

In the United States, there were at least two national anti-vaccine societies that focused on
smallpox, as well as several regional associations. The Anti- Vaccination Society of America
was founded in 1879 after British anti-vaccinationist William Tebb visited the US, while

the Anti-Vaccination League of America was founded in 1908, three years after Jacobson v.

Massachusetts (1905) (The College of Physicians of Philadelphial, [2022; The Harvard Law|

12For more on the legal framework, see |Gostin/ (2000). The US Supreme Court also used Jacobson v.
Massachusetts (1905) as a precedent when deciding Zucht v. King (1922) (Zucht v. King, 260 U.S. 17}
(1922),2022). This decision upheld the right of municipalities to exclude unvaccinated children from public
and private schools. We do not have newspaper data available to examine the anti-vaccine response to this
|decision. |

10




Review Association) [2008). Those opposed to the vaccine represented a cross-section of
the United States, including well-respected members of society—for example, John Pitcairn
Jr., co-founder of the Anti-Vaccination League of America, was a wealthy industrialist from
Pittsburgh and a civic leader in his community (Colgrove, |2005)).

Anti-vaccinationist propaganda regularly appeared in some newspapers. One extreme ex-
ample comes from Zion City, Illinois, a town founded with the intent of building a Utopian
evangelical community (Illinois Newspaper Project| |2021)). In 1914, the leader of the com-
munity founded a newspaper called The Theocrat, where he regularly published local news,
church sermons, arguments for flat earth theory, and anti-vaccinationist propaganda (Schade-
wald, |2003). Headlines included “The Foul Vaccination from Hell” and “Vaccine Virus Made
from the Rotten Tissue of a Sick Calf.”

Some legal scholars hold the view that court decisions motivated the anti-vaccine move-

ment. For example, |The Harvard Law Review Association| (2008) writes:

Soon after Jacobson’s holding came down, the inchoate anti-vaccine movement
exploded. As Professor James Keith Colgrove notes, “a diverse assortment of
activists would, over the next quarter century, redouble their efforts at combating

attempts to force vaccination upon the people.”

Most prominently, three years after Jacobson, the Anti-Vaccination League of
America was founded in Philadelphia... Hoping to rally widespread public sup-
port, the group’s co-founder invoked shared constitutional principles, asking, “We
have repudiated religious tyranny; we have rejected political tyranny; shall we
now submit to medical tyranny?” Pamphlets became the medium of choice for
the group. It published titles such as The Crime Against the School Child and
Horrors of Vaccination Ezxposed and Illustrated, both of which depicted victims

disfigured by unsafe vaccines.

This view suggests that the rise of the anti-vaccine movement may be a result of judicial

11



backlash and that the effects may not be limited to the short run. Our goal in this paper is
to empirically test these hypotheses.

Alternatively, it is possible that activism increased over several decades “[as| smallpox
declined in incidence and receded from the public eye, adverse events arising from vaccination
assumed new salience” (Colgrove, 2006). That is to say, the anti-vaccine movement has
many contributing factors and likely has more success when the benefits of vaccination are
less apparent and the costs are more visible.

The anti-vaccination movement had some legislative success. Of note, Utah (1907) and
North Dakota (1919) enacted laws forbidding compulsory vaccination. Washington State
(1919) and Wisconsin (1920) repealed their mandatory school vaccination laws. New York’s
law was modified to strengthen compulsion in urban areas while weakening it in rural ones.
Notably, average vaccination rates across the United States appear to have decreased in the
decades following Jacobson (Colgrove, 2006)).

In addition to the anti-vaccine movement, there were other movements related to general
mistrust in the medical sciences. There was an active anti-mask movement during the 1918
influenza pandemic, with many arguing masks were ineffective (Dolan, 2020)). Distrust in
the medical sciences may have been warranted at times. In 1972, it was disclosed that the
Tuskegee Study of Untreated Syphilis monitored Black males with syphilis without treating
them or informing them of their diagnosis. The disclosure ultimately decreased medical trust

and increased mortality rates of Black males (Alsan and Wanamaker] |2018)).

3 Data

Section describes the newspaper data from the Chronicling America newspaper archive.
In Section [3.2] we discuss how we obtained data on state-level Supreme Court decisions.
Finally, Sections and describe the construction of the training data and machine

learning techniques that are used to generate anti-vaccine discourse predictions and mortality
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predictions, respectively.

3.1 The Chronicling America Newspaper Archive

To obtain text from American newspaper articles, we use data from the Chronicling America
newspaper archive, which is published by the Library of Congress. The archive contains data
for nearly 20 million newspaper pages dating from 1777 to 1963, although most pages in the
archive are from the late nineteenth and early twentieth centuries. Each page includes a
digitized image of the page (in the form of both PDF and JPG files) as well as text files
generated from an automated Optimal Character Recognition (OCR) program. Each page
also contains basic metadata, including the newspaper name, city or town of publication,
state of publication, date of publication, and the page number.

While not fully nationally representative, the Chronicling America archive is more rep-
resentative of the United States than one might think. The National Endowment of the
Humanities, in partnership with the Library of Congress, awarded state-level grants to or-
ganizations like flagship state universities and state historical societies so that they could
“select and digitize approximately 100,000 newspaper pages representing that state’s regional
history, geographic coverage, and events of note.”["| Thus, almost all states are represented
in the data set. The exceptions are the only states that had not received grants as of when
the data were scraped: Massachusetts and New Hampshire. Relatively rural states, such as
Wyoming, Montana, and Idaho are all well-represented in the data set. The data set is also
not limited to cities. It includes small towns like Zion City, IL, which had a population of
5,580 in 1920.

Economists increasingly use historical newspapers as a source of data. Examples of
papers that use Chronicling America include Ferrara and Fishback (2020) on anti-German
sentiment, Garcia-Jimeno et al.| (2022) on the temperance movement, and Beach et al.| (2022)

on the 1918 influenza pandemic. See Hanlon and Beach (2022)), |Ash and Hansen| (2023), and

13For more on the Chronicling America dataset, please see the ILibrary of Congress’sl website.
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Gentzkow et al.| (2019) for a review of this literature.

Our primary data come from the OCR text files. Using a web scraper, we collected
the text files and metadata for every newspaper page from 1880 to 1922 that contains both
the words smallpor and wvaccine (and variants thereof). This resulted in a data set of
47,635 newspaper pages.ﬁ Note that these pages include everything published in newspapers
including, for example, news articles, editorials, and advertisements. The era we study was
known for “yellow journalism,” where the delineation between news and editorials was not
always clean. Of course, this blurring can still happen today.

Ideally, we would be able to extract only the text from articles that contain the words
smallpox or vaccination, as other articles are unlikely to be of interest to us. Unfortunately,
the OCR text files make it impossible to know exactly when an article starts and ends.
For these reasons, each observation is a newspaper page and we remove text that is far
from words that share a root with vaccine. Specifically, we start by removing all special and
numeric characters, as well as punctuationE We identify words by separating the text string
by spaces. We then drop words that do not appear within 10 words of a word containing the
root vaccin.ﬁ Thus, an observation (or document) in our context is the collection of words
on a newspaper page that appear near a word that has the root vaccin, where near is define
as within ten words.

We do not include articles that only mention the stems inocul (the stem of inoculation and
inoculate) or immun (the stem of immunization or immune), without mentioning vaccination.
Inoculation during this period often referred to practice of variolation in which an individual

intentionally exposed themselves to smallpox (not cowpox), a practice that preceded Jenner’s

14\We first collected data from 1850 to 1930, but there are too few newspaper pages per year outside of the
1880 to 1922 period to conduct a rigorous analysis. There are limited pages after 1922 because the archive
focuses on newspaper pages that are at least 95 years old and in the public domain. There are likely fewer
pages before 1880 because population and literacy rates were lower, the western United States was still being
settled, and older newspaper pages were less likely to survive long enough to be scanned.

15We replace punctuation with spaces with the exception of dashes, which are commonly used to break
up long words that are split between two lines.

16Words with this root include: vaccine, vaccines, vaccinated, vaccinates, vaccination, anti-vaccine, anti-
vaccination, and unvaccinated.
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discovery. Similarly, references to immunity may have been referring to natural immunity
rather than immunity via the vaccination process. Adding these words to the data set would
require research assistants to read another collection of newspaper pages that contain these
words, but not vaccination.

The text files also contain many OCR errors. To minimize these errors, we run the
remaining words through an automated spell-checker that replaces any word not in the
English dictionary with the first suggestion. Some of these suggestions will be incorrect, but
it will replace common OCR errors, such as replacing an incorrectly OCRed tbe with the
correct the. Despite this step, misspellings remain. To limit their impact, we drop every word
that does not appear in the entire data set at least 100 times. These words are frequently
misspelled but may also contain proper nouns and obscure words. Either way, these words
are unlikely to appear in the training data set (introduced in detail in Section with
sufficient frequency to help the machine learning algorithms predict anti-vaccine discourse.
Finally, we truncate every word at twenty characters, as words longer than this are usually
multiple words where the OCR did not recognize the space.

Lastly, we create a bag-of-words (BoW) representation of the remaining words. A BoW
representation will create a vector in which each element is the count for a specific word.
In our case, the length of the BoW representation vector is over 2,000 WOI‘dSB Appendix
Section presents an example of taking a raw OCRed newspaper page through the text

cleaning process and then representing the string as a BoW representation.

3.2 Smallpox Court Decision Data

Our state Supreme Court decision data come from “Smallpox Vaccination Laws[,] Regula-
tions, and Court Decisions” published by William Fowler of the United States Public Health

Service (Fowler, |1927). This document compiles information on public health laws and reg-

1"We use the Stata txttools command with the stem option, which strips words of their suffixes using the
Porter stemmer (Porter| [1980; |Williams and Williams, 2014). Thus, words such as connect, connected, and
connection are treated as a single word.
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ulations that were on the books as of the time Fowler last examined the state code, as well
as major court decisions regarding smallpox public health measures.

We focus on court decisions rather than state laws or health board regulations for several
reasons. First, Fowler's data contain the year of court decisions. We were then able to
find the exact date by searching law archives for the court decision in question. The laws in
Fowler’s data do not contain a date that the laws or regulations went into effect, and we were
unable to find the dates for most laws or regulations using alternative sources. Additionally,
states would sometimes not enforce laws or would repeal laws altogether (Holtkamp, 2021]).
State Supreme Court decisions were rarely overturned.

We code a state as being treated after the first state Supreme Court decision that upheld a
pro-vaccination law. Our intuition is that Court of Appeals decisions would be less influential,
as they may only indicate that the case would move on to the state Supreme Court. We
focus on the first decisions, as subsequent decisions are likely to get less media attention and
may merely uphold the court’s previous decision.

A table of the state Supreme Court cases we consider is in Appendix Table Many
of the court cases regard the compulsory vaccination of students. Students were a popular
target because schools were one of the main transmission vectors. Some of the ways in which
the cases differed related to when compulsory vaccination could be applied (e.g., at all times
or during outbreaks only) and who could require compulsory vaccination (e.g., the state
health board or local governments).

A caveat of using this source is that the court decisions are to the best of William Fowler’s
knowledge. While he was an expert on the topic in part due to the fact that he published
annual reports tracking state public health laws, he did rely on a variety of sources from
different years. We searched online law archives for additional state-level Supreme Court

decisions and did not find any.
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3.3 Predicting Discourse with Machine Learning

Because it is cost prohibitive to manually classify the sentiment of each newspaper page, we
use techniques from supervised machine learning to generate predictions of vaccine sentiment
in newspaper language. Research assistants read a random 5% sample of articles. The
research assistants then classified each article as containing anti-vaccination discourse, pro-
vaccination discourse, neither (if the article was neutral), or both (if the article was presenting
multiple sides). This 5% sample forms a training data set that we use to make out-of-sample
predictions for articles that were not read by research assistants. Although we focus on the
1880 to 1922 period for our regression analysis, our machine learning model is trained using
data from 1850 to 1930. The additional years, even though there are fewer articles per year,
are useful for predicting discourse due to the high dimensionality of the language data.

Our measure of anti-vaccine discourse encompasses several possibilities. An article could
contain anti-vaccine discourse because the article was making anti-vaccine arguments or
because it is describing behaviors or arguments of anti-vaccinationists, even if the article
itself is not anti-vaccinationist. Similarly, anti-vaccine discourse in newspapers may be a
reflection of consumer preferences (demand), editor/publisher preferences (supply), or events
on the ground["¥] We do not attempt to distinguish among these mechanisms and view all of
the above as being examples that the anti-vaccine movement was active at that time in that
locality. We recognize that our discourse measure may not fully reflect underlying public
opinion.

The simplest strategy for predicting vaccine discourse is to run a logistic regression of
discourse on our bag-of-words representation vector. The problem with this approach is
that the number of words in the word vector is similar to our sample size. Even if the
training data set were larger, including every word would result in overfitting the data to

noise in the training data set (Athey and Imbens, 2019)). To address the high dimensionality

18Gentzkow and Shapiro| (2010) find that consumer preferences play a larger role in determining political
media slant than supply factors.
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of the word data, we instead use a LASSO logistic regression. This approach introduces
a penalty parameter for including covariates that do not predict discourse and reduces the
dimensionality of the covariates included in the regression. We use 5-fold cross-validation
and select the penalty parameters that result in the best out-of-sample goodness of fit. This
approach is similar to the LASSO approach in Nowak and Smith! (2017)), who use text from
real estate listings to increase the accuracy of price predictions, and to the ridge regression
approach Widmer et al.| (2022)) use to examine the effect cable news on local news slant.m
We consider several variations of this approach. Our baseline approach represents the
words as vectors that count the frequency that each word appears (the BoW frequency
approach). We also consider three alternatives. First, we represent each word as a fraction
of all words associated within that article (the BoW proportion approach). Our baseline
approach will treat short and long articles differently that use a similar distribution of words,
whereas this alternative ignores the length of the article. The second alternative is the same
as our baseline approach, but adds year and state indicators (the BoW frequency plus state
and year fixed-effects approach). The third alternative is the same as the second, but also
adds state-by-year indicator variables (the BoW frequency plus state-by-year FE approach).
Lastly, all models include the length of the string and the length squared. It should be noted
that many fixed effects are dropped by the LASSO regression. The fitted values from the

LASSO regression become our measure of discourse PP

19Gee Mullainathan and Spiess| (2017) for an in-depth review of LASSO regression.

20As an alternative to our LASSO-based approach, we used two sentiment dictionaries: the Harvard-IV
sentiment dictionary and the Loughran-McDonald sentiment dictionary (Loughran and McDonald, 2011)).
Both sentiment dictionaries assign lists of words as containing either positive or negative sentiment. We find
that there is a negative and statistically significant relation between human classified anti-vaccine sentiment
and the dictionary-based sentiment. However, the correlation between the LASSO-based sentiment method
and human-classified sentiment is meaningfully higher.

21 Another alternative to LASSO is to use language models based on neural networks such as Bidirectional
Encoder Representations from Transformers (BERT), which is pre-trained using a large corpora of the English
language. The primary advantage of BERT is that it takes into account context by considering surrounding
words. We examined using BERT in two ways. First, we used the pre-trained sentiment classifier. We then
tried to fine-tune the classifier using our human classified data. Both methods returned poor predictions of
anti-vaccine sentiment in our context. We suspect that BERT may be confused by the many OCR errors in
the surrounding words. It may also be the case that many pro-vaccine statements about smallpox use words
with negative connotations (e.g., “There is a terrible smallpox epidemic. Many people died and people who
are not yet sick should be vaccinated.”) That said, it is possible that a different implementation would yield
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Table 1: Correlation matrix of anti-vaccine measures

(1) (2) (3) (4) (5) (6)
Human classifited BoW 1 BoW 2 BoW 3 BoW 4 pseudo-R?
Human classified 1

BoW 1 0.613 1 0.351
BoW 2 0.490 0.781 1 0.219
BoW 3 0.622 0.995 0.779 1 0.363
BoW 4 0.631 0.971 0.766 0.976 1 0.374

Notes: Human classified refers to anti-vaccine discourse as classified by research assistants in the training
data set. BoW 1 uses the BoW frequency approach; BoW 2 uses the proportion approach; BoW 3 is the
same as BoW 1 plus state and year fixed effects; BoW 4 is the same as BoW 3 plus state-by-year fixed
effects. Many of the fixed effects are dropped by the LASSO logistic regression. Column (6) presents the
pseudo-R? between human classified discourse and the automated discourse measure.

The automated discourse measures are significantly correlated with the human-classified
data. Table [I| displays a correlation matrix for the discourse measures. The correlation be-
tween the human-trained data and the BoW frequency approaches is approximately 61%.@@
Adding state and year fixed effects does not meaningfully improve the predictions. The pair-
wise correlation between the three BoW frequency measures is close to one. The BoW
proportion measure performs worse and has a correlation with the human-trained data of
0.49. Because correlations with binary variables can have a less straightforward interpreta-
tion, the last column of Table [1| presents the pseudo-R? between human-classified discourse
and our four discourse measures. Most of our measures have a pseudo-R? exceeding 0.3

Appendix Table provides the confusion matrix as a final measure of goodness-of-fit.

more promising results.

220Qur machine learning model predicts human-classified sentiment better than well-accepted historical
income proxies predict income (e.g., Bleakley| (2010), |Abramitzky et al.| (2014]), and Ward| (2020)). Using
1950 census data, we find that the correlation between total income and these income proxies is 0.467, lower
than all four of our BoW models. If we use demographic variables along with income proxies to predict
income in a regression framework (as in (Saavedra and Twinam), 2020; Inwood et al., 2019)), we find that
the correlation between total income and the predicted values of that regression is 0.578, lower than three
of our four BoW models.

23The out-of-sample deviance ratio, a goodness-of-fit measure similar to R?, from 5-fold cross-validation
is 0.16.

24We also present a calibration curve for our measure of anti-vaccine sentiment in Appendix Figure A
calibration curve is a goodness-of-fit measure that is commonly used in the machine learning literature. Each
scatter point plots a ventile of predicted anti-vaccine sentiment on the x-axis against the average anti-vaccine
sentiment for that ventile on the y-axis. The result suggests that the model is moderately more accurate for
pages with minimal anti-vaccine sentiment, likely because such pages are more prevalent in the dataset.

19



For this table, articles from the training data are divided along two dimensions: (i) whether
or not they are human-classified as containing anti-vaccine discourse and (ii) whether or not
they are predicted to possess anti-vaccine sentiment (with a predicted value of at least 0.5).
A better model fit results in more observations that are true positives (TP; is anti-vaccine
and is predicted as such) or true negatives (TN; is not anti-vaccine and is predicted not to
be). Conversely, false negatives (FN) occur when an article has anti-vaccine discourse, but
is not predicted to and false positives (FP) occur when an article is anti-vaccine, but is not
predicted to be. The table also reports accuracy, precision, recall, and the F score, which
serves as a comprehensive measure of goodness-of-fit. While the baseline model exhibits
high accuracy and precision, its recall is IOWE This is because only 13% of articles contain
anti-vaccine sentiment, thus making the 0.5 threshold difficult to reach@ This supports our
use of the fitted values of the LASSO model (rather than the binary classification) as the
dependent variable in our difference-in-differences model.

The baseline LASSO regression (BoW frequency approach) selected 107 words which
predict anti-vaccine discourse. Our primary interest is in the predicted values rather than the
coefficients themselves. LASSO regression is known to be biased, as the penalty parameters
will force potentially non-zero coefficients to be omitted, a problem similar to omitted variable
bias (Mullainathan and Spiess, 2017). With that said, examples of words that increase the
probability that a newspaper page contains anti-vaccine discourse are presented in Appendix
Table[A.2] Intuitive words that predict anti-vaccination discourse include antivaccinationist,
resist, protest, imposs (stem of impossible), oppos (stem of oppose), refus (stem of refuse),
and forc (stem of force). These words are all in the top twenty most anti-vaccine words.
There are fewer words that negatively predict anti-vaccine discourse, but examples include
many words that focus on the science behind the vaccine, such as cow, method, and measur

(stem of measure). The word typhoid also negatively predicts anti-vaccine discourse, which

25By definition, accuracy is ACC = %, precision is PRE = %, and recall is REC =
TP%%. The F} combines precision and recall and is 2 x %ﬁgg.
26Decreasing to the threshold from 50% to 20% improves F} score and recall to 62% and 60%, respectively,

with an accuracy of 90% and precision of 66%.
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may refer to the less controversial typhoid vaccine that was also available during the same
time period.

Summary statistics appear in Table|2|below. Among the training data set, 13.4% of pages
contain anti-vaccine discourse as coded by hand. The four measures of predicted anti-vaccine
discourse for the entire data set have similar anti-vaccine discourse on average, ranging from
13.0% to 13.6%. Notice that there is considerable range in the predicted discourse for
each measure—there are newspaper pages with low predicted probability of containing anti-
vaccine discourse and newspaper pages that contain anti-vaccine discourse with probability
close to one. Each region is well represented, and the average year is 1903. The number of
observations by event-time bin appears in Appendix Figure [A.5 Approximately half of the
sample is never treated. Excluding the bins at the boundary (< —10 years and > 10), the
sample size peaks from two years before to two years after a smallpox court decision. This
highlights that these court decisions were more likely to be handed down when smallpox was
a salient issue that was discussed often in newspapers. The minimum bin size is 314, which

occurs five years before smallpox court decisions.

Table 2: Summary statistics

Variable Mean Std. Dev. Min. Max. N
Anti-vaccine measures
Human classified 0.134 0.341 0 1 2263
BoW freq. 0.131 0.146 0.023 1 47637
BoW prop. 0.136 0.109 0.075 1 47637
BoW freq. + state and year FE  0.131 0.147 0.026 1 47617
BoW freq. + state-by-year FE 0.130 0.141 0.029 1 47617
Spatial and temporal co-variates
Year 1902.789 11.453 1880 1922 47637
Northeast 0.149 0.356 0 1 47637
South 0.338 0.473 0 1 47637
Midwest 0.298 0.457 0 1 47637
West 0.215 0.411 0 1 47637

Notes: Data are from the Chronicling America newspaper archive, 1880-1922. Sample is restricted to pages
that contain the word smallpox and the word vaccine (and variants thereof).
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Figure 1: Map of predicted anti-vaccine discourse

I 1st quartile
E 2nd quartile
M 3rd quartile
M 4th quartile
LINo data

Notes: Data are from the Chronicling America newspaper archive, 1880-1920. Data are unavailable for
both Massachusetts and New Hampshire. Darker shades represent more anti-vaccine discourse. Anti-vaccine
discourse is measured using our baseline frequency bag-of-words representation.

Figure 1| presents a map of average anti-vaccine discourse by state. The darker states
have more anti-vaccine discourse than the lighter states (except for Massachusetts and New
Hampshire, where we do not have data). Anti-vaccine discourse is highest in Rhode Island,
Utah, Connecticut, and New Jersey, whereas the states with the least anti-vaccine discourse

are Idaho, Nevada, Oregon, and Alaska.

3.4 Predicting Mortality with Machine Learning

Smallpox death counts start to become available at the beginning of the twentieth century
with the annual publication of the Census Bureau’s Vital Statistics. States enter the death
registration area on a rolling basis, with only 10 states publishing data in 1900, 21 states

in 1910, and 34 states by 1920E] Thus, the newspaper and mortality data overlap from

27We searched for smallpox data from US cities and states before 1900 but were unsuccessful. There does

exist data from several European cities, as well as Havana, Cuba. See (2015).
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1900 to 1922, but only for a subset of states. Unfortunately, among the states treated
by judicial decisions upholding compulsory vaccination, there are insufficient data during
the pre-treatment period to estimate dynamic treatment effects. Vital statistics data often
become available shortly after these court decisions.

To generate a proxy for smallpox mortality, we turn back to the newspaper data. We es-
timate the relationship between newspaper language and mortality during the vital statistics
era to generate mortality estimates in the pre-vital statistics era. Specifically, for each state-
year cell we measure the percent of newspaper pages in which the word smallpox co-occurs
within 10 words of a mortality token. The tokens we consider include outbreak, epidemic,
death, died, mortality, sick, kill, pandemic, endemic, plague, burial, grave, obituary, and case.
We then use LASSO regression to estimate the relationship between these co-occurrences
and the smallpox mortality rate in that state-year cell.

The LASSO regression identifies eight co-occurrences that predict smallpox mortality:
pandemic, burial, outbreak, sick, died, plague, death, and epidemic. All co-occurrences, with
the exception of sick, predict higher smallpox mortality. The predicted values from this
model demonstrate an in-sample correlation of 0.42 with actual smallpox mortality (an R? of
0.18). Appendix Figure shows the relationship between predicted and actual smallpox
mortality using a binned scatter plot, also known as a calibration curve in the machine
learning literature. Each point represents a decile of predicted mortality.@ Each decile and
the line of best fit are relatively close to the 45-degree line, suggesting accurate predictions
within each decile on average. Appendix Figure plots actual and predicted smallpox
mortality for eight sample states: Connecticut, Indiana, Maine, Michigan, New Jersey, New
York, Vermont, and Rhode Island. These states were selected as they provide smallpox data
dating back to 1900 and also have available newspaper data.@ While the predictions do
not perfectly match the mortality rates, predicted mortality tends to surge during outbreak

years.

28Here, we use deciles instead of ventiles because our sample is smaller.
29Massachusetts has smallpox data from 1900 but lacks newspaper data.
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Given that the predictions seem to perform well during the vital statistics era, we now
provide evidence that the predictions are useful during the the pre-vital statistics era. Given
the absence of smallpox mortality data for this period, we cannot directly evaluate the pre-
dictions’ quality. Indeed, it is conceivable that the relationship between newspaper language
and mortality changed over time due to, for example, individual smallpox outbreaks becom-
ing more newsworthy as smallpox rates declined.m To address this issue, we undertake an
exercise to demonstrate that our method can successfully predict smallpox rates at least a
decade into the past. We begin by splitting the post-vital statistics data into two periods:
1900 to 1909 and 1910 to 1922. We then determine the relationship between smallpox mor-
tality and newspaper language during the 1910 to 1922 period (the training sample) and
assess how well the LASSO model predicts smallpox rates during the 1900 to 1909 period
(the hold-out sample). Here, the out-of-sample correlation between smallpox rates from 1900
to 1909 and predicted smallpox rates (trained on 1910 to 1922 data) is 0.45, indicating no
significant decline in prediction quality. This suggests that training the model on 1900 to
1922 data could provide reasonable predictions for the 1880 to 1899 period.

Figure [2| displays trends in predicted smallpox mortality during the study period. The
model predicts that there were outbreaks of smallpox in 1882 and 1899-1902, with smaller
outbreaks in 1884 and 1894. The data also suggest that high-mortality smallpox outbreaks
became less common after the Jacobson decision. It is important to remember that this graph
is descriptive and not causal. During the late nineteenth and early twentieth centuries, the
major strain of smallpox became less common and the minor strain became dominant, which
may account for falling smallpox mortality. It is also possible that as the new strain became
dominant, smallpox mortality went down while morbidity increased. For these reasons, it is

important to account for year effects using our staggered difference-in-differences design.

30Costa and Kahn! (2017) find that typhoid fever outbreaks became more newsworthy after investments in
water infrastructure.
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Figure 2: Trends in predicted smallpox mortality
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Notes: Smallpox mortality is estimated using language in newspaper data. Actual smallpox mortality comes
from the Vital Statistics. Jacobson v. Massachusetts was decided in 1905. The death rate is deaths per
100,000.

4 Econometric Methodology

This section describes the two empirical designs we use in this paper. Section presents
the staggered difference-in-differences estimators using state-level Supreme Court decisions.
Section [4.2| presents the regression discontinuity in time approaches using the Jacobson wv.
Massachusetts decision. Section [4.3] discusses the consequences of measurement error in our

context.
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4.1 Difference-in-Differences

Our first set of analyses follows the staggered difference-in-differences methods presented
in (Callaway and Sant’Anna; (2021)). This estimator is robust to arbitrary group- and time-
level heterogeneity, alleviating concerns associated with the commonly used two-way fixed
effects estimator (Goodman-Bacon|, 2021; |Callaway and Sant’Anna, [2021)). Because each
observation is a newspaper page, we use the repeated cross-section approach. Treatment
turns on within a state after the first state Supreme Court decision occurs that upholds
a pro-vaccination law. We ignore appellate court decisions, which are unlikely to get the
same level of newspaper coverage, as well as subsequent Supreme Court decisions, as those
often reaffirm the previous decision. We use wild bootstrap standard errors clustered at the
state level and display uniform 95% confidence intervalsP] We present results using both
never-treated and not-yet-treated states as control groups, as well as with short and long
differences for the pre-treatment periods. When mortality is the dependent variable, an
observation is a state-year cell. For discourse, a newspaper page is an observation; we add
month of publication as a control to account for seasonality[*”]

We also present results using the Sun and Abraham (2021)) estimator (an alternative
approach to addressing treatment-effect heterogeneity), as well as the following two-way

fixed effects estimator:

-2 10

Vit = 0+ Bt Y GL[t—te =K+ Y mL[t —to = k] + €t (1)
k=-10 k=0

where 1,5 is a measure of anti-vaccine discourse or smallpox mortality, o, and [3; are state
and year fixed effects, respectively, and t. is the year for which a state Supreme Court first
upholds a pro-vaccine law (which can be thought of as infinity for never-treated states). The

error term is €. We find similar results using all three approaches.

31Freyaldenhoven et al. (2019)) argue that uniform confidence intervals are more likley to contain the actual
event-time relationship compared to point-wise confidence intervals.

32To increase computational speed, we collapse newspaper pages to the month-year-state cell and weight
by the number of pages in each cell, which is mathematically identical to running the dis-aggregated version.
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The primary assumptions necessary to view these estimates as causal are (1) no antici-
pation of treatment, and (2) parallel trends in potential outcomes. We view no anticipation
as being a reasonable assumption in that the general public would be unlikely to know how
a court would rule on its first smallpox vaccination case. Because we estimate annual-level
treatment effects, the no-anticipation assumption assumes that if the general public could
“read the writing on the wall” based on reports during legal arguments, that such insights
would have had to occur during the same calendar year the court decision was made. While
the parallel-trends assumption is fundamentally untestable, we examine whether pre-trends
were approximately parallel before the court decision.

There are several possible threats to our identification strategy. First, trends in potential
outcomes might not be parallel, especially over longer periods of time. Slight deviations from
parallel trends may cause bias that compounds over time, implying that the bias associated
with the short-run effects may be small but become more severe as one moves farther away
from the intervention date (Roth, 2022). We consider whether our results are robust to
small violations of the pre-trends assumption. Second, we are assuming that states are
not influenced by state-level court decisions in neighboring states. Spillovers to neighboring
states are possible as, for example, anti-vaccinationists may express outrage at pro-vaccine
court decisions even if the rulings do not directly affect them. This is especially true in
communities that border two or more states, as many of these newspapers may have been
published in multi-state media markets. In our view, spillovers would most likely bias our
estimates towards zero.

Lastly, it is possible that our results are biased because state-level court cases are cor-
related with other smallpox interventions that happen at the same time. The most obvious
example of this would be if a state legislature passed a law and the law was immediately
challenged in court, we might be confounding the effect of the court case with the legisla-
ture’s actions. If the court case was filed shortly after the law passed, we would effectively

be estimating the joint effect of the legislation and court case combined. In this case, the
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treatment effect could be considered the effect of smallpox vaccine mandates in general,

rather than just judicial enforcement of mandates*|

4.2 Regression Discontinuity in Time

All states were affected by Jacobson v. Massachusetts, and thus we cannot estimate the
effect of that decision using difference-in-differences. For this purpose, we turn to a regression
discontinuity in time approach. Let S(1); be the hypothetical discourse of newspaper article
¢ written in time ¢ in a world in which the Supreme Court holds compulsory vaccination
constitutional and S(0);; be the counterfactual world. We view the state of the world as
switching from 0 to 1 on February 20, 1905, which we code as ¢t = 0.

The treatment effect is:

7 =FE[S1)y — S(0)ut = 0]. (2)

The identifying assumption is that all unobserved factors that influence vaccine discourse
vary continuously from the days and weeks before the announcement of the decision to the
days and weeks after. If this assumption holds, 7 is the short-run effect of the court’s decision
on vaccine discourse. Because the estimated effect is local, it identifies only the short-run
effects of the court decision and not the medium- or long-run effects.

The regression-discontinuity (RD) in time approach is similar to but distinct from an
interrupted time series (ITS). The data we have are not a proper time series—some days
have many articles mentioning smallpox while others have none, and gaps are not evenly
spaced. There are other data-generating features that are also more similar to a traditional
RD than an ITS. Most importantly, a sudden increase of articles in response to the Supreme
Court decision can cause heaping or bunching after the threshold. Critically, we rely on

conventional asymptotics in N—it is possible for the number of newspaper pages to become

33Tt should be noted that state-level legislation was not a prerequisite for a smallpox court case. Municipal
court cases could also be challenged in state Supreme Courts.
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arbitrarily large within a narrow bandwidth—as opposed to unconventional asymptotics in
T that are sometimes required using a regression discontinuity-in-time framework (Hausman
and Rapson, [2018)).

We generate non-parametric RD estimates using the methods from Calonico et al. (2017).@
We limit the RD-in-time approach to newspaper pages that appear within 1,000 days of the
Jacobson decision, although many of them were not used because they did not fall within
the optimal bandwidth. We pick a separate bandwidth for the left and right sides of the

discontinuity that minimize the mean-squared error of the estimate.

4.3 Measurement Error in Anti-Vaccine Discourse

Because we use language-based proxies for anti-vaccine discourse and smallpox mortality,
there is likely significant measurement error in the dependent variable. While classical mea-
surement error (CME) in the dependent variable does not cause bias, our application is
poorly described by CME. It is better described as an optimal prediction error problem
(Hyslop and Imbens, [2001]).

Let w; be the bag-of-words vector, which is a noisy signal of discourse Y},.,.. In our case,
we can view predicted discourse Y, eqsureqd @s an estimate of £(Yye|w;). The intuition is that
Y heasureqa 1S our best estimate of discourse given the information contained in the language
vector. In this case, Yieasured = Yirue + 1, but it is more likely that Cov(Yeasured, 1) = 0
instead of C'ov(Yyue, ) = 0 (as is the case in classical measurement error). To see this, note
that Yeqsurea can be thought of as the part of Y}, that is explained by language (w;), and
1 can be thought of as the part that cannot be explained by the bag-of-words vector. Thus,
the two must be uncorrelated with each other. Hyslop and Imbens (2001)) show that under
these assumptions, a regression of Y,cqsureq On X yields estimates that are biased towards
zero. An additional result of their paper is that unbiasedness can be restored if we predict

Yirue using not only the noisy signal w;, but also the treatment variable X. That is, we get

34The choice of bandwidth results in a bias-variance trade off in which small bandwidths result in low bias
but high variance and larger bandwidths result in high bias but low variance.
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unbiasedness if we set Ycasured = E(Yirue|wi, X) (Hyslop and Imbens| 2001)).

Our intuition is that since our estimation equations are functions of state and year indi-
cators, measures of sentiment that do not condition on state and year (BoW1 and BoW2)
may be biased towards zero. Additionally, measures that condition on state and year (BoW3
and BoW4) are less likely to be biased. In practice, all four measures tend to provide similar

estimates of the dynamic treatment effects.

5 Results

5.1 Discourse and State-Level Supreme Court Decisions

The main anti-vaccine discourse difference-in-differences results appear in Figure [3, The
darker bars represent 95% confidence intervals for the pre-treatment period and act as a
test of whether parallel trends held in the years before court decisions. The lighter bars
represent dynamic treatment effects. Each graph presents results using a different estimation
method described in Section [4.1} Panel A presents results from the Callaway and Sant’Anna
estimator, Panel B presents the Sun and Abraham estimator, and Panel C presents the
two-way fixed effects event-study specification. The dependent variable is the predicted
anti-vaccine discourse using the bag-of-words frequency approach.

For all three methods, the estimates suggest that anti-vaccine discourse increased during
the calendar year of a pro-vaccine court decision as well as the calendar year after. There
is no consistent evidence of pre-trends (only one period is significant in one of the three
panels), and no evidence of a long-run effect beyond the second year. Because all estimation
strategies provide similar estimates and the Callaway and Sant’Anna estimator allows for
arbitrary group- and time-level heterogeneity for repeated cross-sectional data, we focus
on the Callaway and Sant’Anna estimator for the remainder of the difference-in-differences
analysis.

The estimates suggest that anti-vaccine discourse increased by 4 percentage points during
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Figure 3: The effect of court decisions on anti-vaccine discourse
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Notes: Bars represent 95% confidence intervals. Standard errors are clustered at the state level. Callaway
and Sant’Anna estimates use uniform confidence intervals. Includes data from the Chronicling America

archive from 1880-1922. Court decision data come from (1927).
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the year of a court decision and 6 percentage points during the year after a court decision.
To put the magnitude of these estimates into context, the average newspaper page has a 13%
chance of containing anti-vaccine discourse. The predicted discourse measures also have a
standard deviation of approximately 0.13, suggesting that anti-vaccine discourse increased
by about a third of a standard deviation in the first year, and half of a standard deviation
in the second year.

We also estimate a range of alternative specifications. Figure {4] shows similar results for
all four measures of anti-vaccine discourse. The estimates suggest that anti-vaccine discourse
increased during the first two years following a court decision that upheld a pro-vaccine law.
Estimates are statistically significant for both years for all four measures. Appendix Figure
presents an analogous graph using the not-yet-treated states as the comparison groups
and finds very similar results to Figure [4]

It is possible that anti-vaccine discourse may have been affected by the initial passage
of laws that were later challenged in court. We see some insignificant evidence that it was
increasing for a few years preceding the decision. However, these suggestive pre-trends only
appear in some of the specifications. Additionally, Appendix Figure presents results
using the Callaway and Sant’Anna estimator with long differences. Here, the pre-period
looks less noisy, the pre-trends look closer to parallel, and we similarly see an increase in
anti-vaccine discourse in the first two years following a state Supreme Court decision.ﬁ

It is possible that the reduction in anti-vaccine discourse after the initial two years may
be because compulsory vaccination may have no longer been enforced. Many of the court
decisions examined applied only during outbreaks, and compulsory vaccination may have no
longer been a salient issue after the outbreaks passed. It is also possible that if smallpox
vaccination was continually enforced, anti-vaccine sentiment may have persisted for longer.

We next consider whether our results are robust to violations of the parallel trends as-

sumption. Although we do not find statistically significant evidence of pre-trends, it is

35Tt is not clear whether short- or long differences are preferred in our situation. To be conservative, we
choose to present short differences as our main specification.
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possible that such tests are underpowered. Even small violations of the pre-trends assump-
tions can cause significant bias (Roth, [2022; Rambachan and Roth| [2023)). We explore this
issue using the pre-trends test from Roth (2022), which is implemented using the Bravo
and Roth| (2023)) Stata package. Appendix Figure displays the results of the test. The
estimates come from a two-way fixed effects estimator. The red line is the pre-trend line
that can be detected with power 50% give our standard errors; the blue dashed line shows
the expected event study coefficients if the red line is the true pre-trend. Standard errors are
clustered at state level. The year of a court decision, our estimate is on the boundaries of
statistical significance. The year after the court decision, we still see a statistically significant
increase in anti-vaccine sentiment. Pre-trends of this size are also not consistent with the
long-run return to baseline that we see. Taken together, this tests suggests that pre-trends
alone cannot account for the rise in anti-vaccine sentiment.

Lastly, Appendix Figure shows results if we drop states where the anti-vaccine move-
ment achieved legislative success (Utah, North Dakota, Washington, Wisconsin, California,
and New York). Here we find that point estimates in the two years following a decision are
smaller. Note that the estimates are no longer statistically different from zero (or from the
estimates in our main specification). This is consistent with the hypothesis that the states
that had the largest anti-vaccine discourse responses were also the ones most likely to, for

example, repeal the law in question.

5.2 Mortality and State-Level Supreme Court Decisions

The main event study results for smallpox mortality appear in Figure 5 The treatment is
when a state-level Supreme Court upholds its first compulsory smallpox vaccination law.
The bars represent 95% confidence intervals. For the mortality analysis, each observation is
a state-year cell. The top panel weights each cell by the population (interpolated between
census years). The middle panel weights by the number of newspaper pages in that state-

year cell. The third panel is unweighted. These estimates use the Callaway and Sant’Anna
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Figure 4: Event study estimates of court decisions on anti-vaccine discourse
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Notes: Estimates use the |Callaway and Sant’Annal (2021)) estimator. This figure uses never-treated states
as the control group. Uniform 95% confidence intervals are based on wild bootstrapped standard errors
clustered at the state level.

estimator.

Following treatment, mortality falls for all three specifications. The decline in mortal-
ity peaks five years after the court decision, with estimates suggesting that mortality fell
between 0.5 and 1 death per 100,000. After 10 years, the treatment effect starts to de-
cline towards zero but remains negative. One possibility is that as smallpox rates declined
nationally, the benefits of vaccination declined as well. To put the rates into perspective,
Figure |§| presents the results using the inverse hyperbolic sine of smallpox mortality.ﬁ The
results suggest that mortality declined by 30-50% depending on the specification following

compulsory vaccination.

36These results must be interpreted with caution, as a recent literature has emerged regarding problems
with using inverse hyperbolic sine in this way. See |Aihounton and Henningsen| (2021)) for further details.
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Figure 5: The effect of compulsory vaccination court decisions on smallpox mortality

Population weighted

o

0
Periods to Treatment

Newspaper weighted

°
olo e ® cw® Qe | o ________ ]
[ ]
E
<
C\II -
-10 - o] 5 10
Periods to Treatment
Unweighted
o~
[
= °
Fols el & " ee . _ __ _________]
|_
<L . *
C:] -
T T T T T
-10 -5 o} 5 10
Periods to Treatment
| Pre-treatment Post-treatment
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The event study is estimated using [Callaway and Sant’Annal (2021)). Uniform 95% confidence intervals are
based on wild bootstrapped standard errors clustered at the state level.
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Almost all of the pre-treatment periods are statistically indistinguishable from zero, and
there are points above and below zero. We note that the majority of the points in the years
immediately preceding the treatment are above zero. If we take the point estimates literally,
this could be because, for example, some of the laws or decisions happened following small
outbreaks. If this were the case, we would still view the results as showing large declines in
mortality relative to the period between 5 and 10 years prior to treatment.

The appendix presents a series of robustness tests. In Figure [A.9] we present [Callaway
and Sant’Anna (2021) estimates using long differences instead of short differences during
the pre-period. The pre-trends in this case are still approximately flat, but lie just above
zero. We interpret this as evidence that people may have had increased vaccination rates
before courts ruled on these cases, possibly when state and local courts passed compulsory
vaccination laws.

Figure presents results in which we drop Utah, North Dakota, Washington, Wis-
consin, California, and New York. These states either repealed compulsory vaccination laws,
passed laws preventing compulsory vaccination, or did not enforce compulsory vaccination
(Colgrove, 2006).@ As we might expect, point estimates are generally larger when we drop
states that, for example, repealed the law subsequent to a pro-vaccine decision. Note, how-
ever, that estimates are not generally statistically different from those using the full sample.

Finally, we consider whether the mortality estimates are robustness to violation of parallel
pre-trends (Roth) [2022; |Rambachan and Roth|, 2023)). Appendix Figure presents the
results of the |Roth (2022)) pre-trends test. The largest hypothesize pre-trends that have a
power 0.5 are of the opposite sign. For years four, five and six after the court decision, the
point estimates are quite different from what the pre-trend line would suggests (and in this
two-way fixed effects specification, on the boundaries of statistically different from zero).

This alleviates concerns that these results are driven by non-parallel pre-trends.

37Four of these states are in the treatment group, with North Dakota and Wisconsin in the control.
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Figure 6: The effect of compulsory vaccination court decisions on inverse hyperbolic sine of
smallpox mortality
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Figure 7: Trends in anti-vaccine discourse around Jacobson v. Massachusetts
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Notes: Each dot is a ten-day bin. Jacobson v. Massachusetts was decided on February 20, 1905.

5.3 Discourse and Jacobson v. Massachusetts

Figure |[7] presents trends in anti-vaccine discourse around Jacobson v. Massachusetts. Every
point is the average of a ten-day bin.@ Anti-vaccine discourse is roughly constant in the
100 days before the court decision, spikes for the next 40 days, and then roughly returns to
trend. Anti-vaccine discourse peaks 10-19 days after the court decision.

Figure |8 shows a standard RD plot with linear trends on each side of the discontinuity.
Anti-vaccine discourse is approximately 7 percentage points higher in the days and weeks
immediately after Jacobson v. Massachusetts.

The formal statistical tests of the discontinuity appear in Table |3| for all four of our dis-
course measures. The first row presents the conventional RD estimates, while the second
row uses the |Calonico et al|(2017) bias correction. For all measures, anti-vaccine discourse
increases by between 3 and 9 percentage points. All eight estimates are significant at con-
ventional levels (three at the 1% level and five at the 5% level). These estimates correspond
to the short-run effect of the decision on anti-vaccine discourse and not the medium- or long-
run effect. Note that consistent with the more muted discourse trends for the proportional

bag-of-words measure in Figure 1, we find smaller point estimates using the proportional bag-

38The first bin contains days 0 to 9, the second bin 10 to 19, and so on.
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Figure 8: RD-in-time estimates of the effects of Jacobson v. Massachusetts on anti-vaccine
sentiment
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Notes: Jacobson v. Massachusetts was decided on February 20, 1905. The regression discontinuity plot uses
the methods in |Calonico et al.| (2017). The dependent variable is predicted anti-vaccine sentiment from the
LASSO BoW 1 model.

of-words in Table 3. We prefer the frequency measure because it has higher out-of-sample
fit.

Figure |§] presents the McCrary| (2008)) test for bunching on one side of the threshold.
This test is often used as a test of strategic manipulation of the running variable. In our
context, we would expect bunching when public interest in the vaccine is heightened, such
as during outbreaks of smallpox or around court decisions. Bunching to the left side of the
threshold would suggest articles about the case were dominated by pre-trial discussions of
the arguments, whereas bunching to the right would suggest that reactions to the verdict
dominated. In our case, we do not find evidence of bunching on either side of the threshold.

The p-value associated with the null hypothesis of no bunching is a statistically insignificant
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Table 3: Regression discontinuity estimates of Jacobson v. Massachusetts on anti-vaccine

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

Conventional treatment effect 0.0758** 0.0309** 0.0815*** 0.0543*

(0.0254) (0.0144) (0.0244) (0.0228)
Robust bias-corrected 0.0874** 0.0346** 0.094 7+ 0.0585*

(0.0279)  (0.0159) (0.0261) (0.0260)
N 5304 5304 5304 5304
N to the left 703 685 708 749
N to the right 385 461 376 446
Left bandwidth 255.3 248.1 257.7 276.9
Right bandwidth 155.9 204.9 149.4 192.4
BoW representation freq. prop. freq. freq.
Fixed effects None None  State and Year State-by-Year

Notes: Treatment effect estimates using the [Calonico et al.| (2017 estimator. Standard errors are clustered
at the state level. A separate bandwidth was chosen to the left and right of the threshold. The dependent
variable is predicted anti-vaccine sentiment from the LASSO BoW 1 model.

0.32. The rise in articles approximately two years before Jacobson v. Massachusetts likely
reflects the smallpox epidemic of 1901-1903 (Albert et al., [2001).

Appendix Table presents three robustness tests that include newspaper circulation
data. A research assistant hand-entered data from the N.W. Ayer and Son’s Newspaper
Directory of 1905, which published circulation data for the majority of US newspapersﬂ
Panel A of Table controls for circulation. For all four discourse measures, the treatment
effect is positive and statistically significant. The size of the treatment does not meaningfully
change, ranging from approximately 3 to 9 percentage points. Panels B and C present results
for newspapers with above- and below-median circulation only. With the smaller sample
sizes, these results are generally not statistically significant, but all are positive and range

from 1.3 percentage points to 8 percentage points.

39%We do not use circulation data for our baseline specification as the information becomes less reliable
as we move away from 1905. Additionally, many newspapers in our sample did not exist in 1905 (or were
renamed or merged). Collecting the data for all newspaper-years was cost prohibitive.
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Figure 9: Histogram of newspaper articles around Jacobson v. Massachusetts
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Notes: (2008) test for a discontinuity in the density of articles on each side of the Jacobson v.
Massachusetts date.

5.4 Hand-Collected Jacobson Evidence

While it was cost prohibitive to have research assistants read all articles from 1880-1920,
research assistants were able to review every article within 300 days of the Jacobson v.
Massachusetts decision (the approximate optimal bandwidth from the previous section) and
answer a richer set of questions. These questions include whether an article contained anti-
vaccine discourse, whether the article itself was anti-vaccine, or whether the article described
anti-vaccine behavior. Assistants also recorded pro-vaccine analogs of those questions, as
well as whether the article mentioned the Jacobson decision, court decisions in general, or
compulsory vaccination laws.

The RD plots are in Figures [I1], and [I2] It appears that the increase in anti-vaccine
discourse following the Jacobson decision is more driven by descriptions of anti-vaccine be-

havior and protests rather than anti-vaccine propaganda. There was also a decline in pro-
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vaccine articles and articles that describe pro-vaccine behavior. We also observe an increase
in articles about Jacobson, court decisions, and compulsory vaccine. There was little discus-
sion of the Jacobson case before the decision.

Corresponding regression results are in Table[d] Panel A presents results for anti-vaccine
related categories, panel B presents results for pro-vaccine related categories, and panel C
presents results for judicial categories. Estimates suggests that articles with anti-vaccine
discourse increased by between 5 and 12 percentage points, but only the larger estimate
is statistically significant. Most of this increase is driven by anti-vaccine behavior, which
increased by between 4 and 10 percentage points (again, only the larger point estimate is
statistically significant). We also find that pro-vaccine articles decreased by between 11
and 19 percentage points, both of which are statistically significant. This appears to be
driven by both a decrease in articles that are pro-vaccination and a decrease in articles that
describe pro-vaccine behavior. Articles that mention Jacobson increased by between 12 and
17 percentage points, and articles that mentioned courts increased by between 10 and 12
percentage points (all four estimates are significant). Articles that mentioned compulsory

vaccination increased by a statistically insignificant 5 to 13 percentage points.

6 Discussion and Conclusion

This paper first develops a methodology for predicting the vaccine discourse of historical
newspaper articles and then estimates how anti-vaccine discourse changes following major
court decisions. We employed research assistants to categorize vaccine discourse in a 5% sam-
ple of 48,000 newspaper pages discussing smallpox vaccines. We then use machine-learning
techniques to predict the anti-vaccine discourse in the other 95%. Using the predicted data
set, we show that court decisions upholding pro-vaccine laws increase anti-vaccine discourse
in the short run. We do not find evidence that anti-vaccine discourse increases in the long

run. After two years of elevated rates, anti-vaccine discourse returns to baseline.
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Figure 10: Hand-collected data near Jacobson: Anti-vaccination characteristics
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Notes: Data are human classified. Panel A asks RAs whether a page contains any anti-vaccine discourse.
Panel B asks whether the article itself is anti-vaccination. Panel C asks whether the article contains descrip-
tions of anti-vaccination behavior or protests.
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Figure 11: Hand-collected data near Jacobson: Pro-vaccination characteristics
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Notes: Data are human classified. Panel A asks RAs whether a page contains any pro-vaccine discourse.
Panel B asks whether the article itself is pro-vaccination. Panel C asks whether the article contains descrip-
tions of pro-vaccination behavior or protests.
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Figure 12: Hand-collected data near Jacobson: Judicial characteristics
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Notes: Data are human classified. Panel A asks whether the article mentions Jacobson v. Massachusetts.
Panel B asks whether the article mentions courts generally speaking. Panel C asks whether the article
mentions compulsory vaccination.
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Table 4: The effect of Jacobson on hand-collected characteristics

Panel A
& 2) 3)
Antivax Is antivax Describes antivax
Conventional treatment effect  0.0515 0.0135 0.0361
(0.0433)  (0.0171) (0.0390)
Robust bias-corrected 0.118** 0.0183 0.102*
(0.0594)  (0.0239) (0.0566)
Panel B
(1) (2) (3)
Provax  Is provax Describes provax
Conventional treatment effect -0.113** -0.0890 -0.0750
(0.0442)  (0.0588) (0.0569)
Robust bias-corrected -0.193*** -0.136* -0.150*
(0.0643)  (0.0771) (0.0836)
Panel C
(1) (2) (3)
Jacobson Court Compulsory
Conventional treatment effect  0.119*** 0.0954** 0.0511
(0.0303)  (0.0391) (0.0646)
Robust bias-corrected 0.170** 0.151% 0.128
(0.0454)  (0.0430) (0.0865)
N 1409 1409 1409
N to the left 813 813 813
N to the right 592 592 592

Notes: All bandwidths are 300 days. Dependent variables are human classified. Standard errors are clustered

at the state level. Significance levels: xp < 0.1, * * p < 0.05, * * *p < 0.01.

Similarly, we construct a machine-learning model to estimate smallpox mortality using
newspaper language during the vital statistics era.
mortality in the pre-vital statistics era. This analysis shows that compulsory vaccination

was highly effective and that much of the decline in smallpox during this period can be

attributed to compulsory vaccination.
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Social Welfare

All-together, the meaningful amount of judicial backlash that we see did not ultimately
prevent the smallpox vaccine from greatly reducing mortality. However, it is also important
to note that some states repealed their compulsory vaccine laws. If we drop those states
from our analysis, we find that the point estimates for increases in anti-vaccine discourse
drop. This suggests that there may be a tipping point—above a certain level of opposition,
we may see governments reverse their mandates and end an intervention. Unfortunately, we
do not have enough data to definitively test this hypothesis.

The results suggest that compulsory vaccine court decisions reduced smallpox mortality
by approximately 40%. To put that decline into perspective, we conduct a back-of-the-
envelope cost-benefit analysis. The 1902 vital statistics contains mortality data from ten
states, seven of which did not already have a pro-vaccine court decision. In those seven
states, 809 people died of smallpox in 1902. A 40% reduction in smallpox mortality would
suggest that 324 lives could have been saved in those seven states in 1902 alone. From
1900 to 1922, 3,328 people died of smallpox in states with both mortality data and no court
decision. If 40% of those were saved, that would amount to 1,331 lives. This analysis ignores
other benefits from the reduction of smallpox, such as reduced morbidity, lost productivity,
and negative non-mortality costs that spillover to family, friends, and community members.
It also ignores mortality reductions from states without vital statistics data.

Whether compulsory smallpox vaccination improved social welfare depends on a few
additional considerations. First, it is difficult to measure the welfare effects for individuals
who have no choice about medical interventions they receive. It is also the case that several
states in the post-Jacobson era passed laws that, for example, made compulsion explicitly
illegal. These states may have ended up with fewer vaccinations. Moreover, to the extent that
compulsion invites hostility towards the medical establishment, there are likely additional
costs that we are not well-positioned to measure. Finally, the relative magnitudes of the costs

and benefits may change as, for example, the prevalence or severity of a disease changes.
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Comparison with Covid-19

While our setting has many similarities to the Covid-19 pandemic, smallpox vaccine benefits
were much higher than Covid-19 vaccine benefits. The case fatality rate for smallpox far
exceeded the case fatality rates for even the highest risk Covid-19 groups, and the smallpox
vaccine was more likely to prevent death. Additionally, the smallpox vaccine provided pro-
tection for a period of seven to ten years—much longer than the Covid-19 vaccines. As of
this writing, the most commonly used Covid-19 vaccines in the United States require two
initial shots, followed by one or two boosters Y|

Additionally, the costs of receiving the smallpox vaccine were much higher than the costs
of the Covid-19 vaccine. While the Covid-19 vaccines have been demonstrated to be safe
and pose few health risks, the smallpox vaccine did not undergo similar clinical trial testing.
Further, arm-to-arm vaccination had the potential to spread other diseases, with syphilis
being an especially common concern at the time.

Finally, there are important contextual differences. Today, anti-vaccine propaganda com-
monly spreads through social media and the Internet. This is fundamentally different than
how anti-smallpox vaccine propaganda spread, which was largely through newspapers, pam-
phlets, books, and local meetings. It is also the case that people may have been more accus-
tomed to living with infectious disease risk during the late nineteenth and early twentieth
centuries.@ Citizens may have thought about smallpox epidemic risk in a different way than
modern society thinks about Covid-19. Notably, states have been more likely to respond to
Covid-19 with “nudge” programs like Ohio’s “Vax-a-Million” lottery than with compulsion.
Nudge programs have been less controversial, though they likely have also spurred fewer
vaccinations (Brehm et al., [2022).

With these caveats in mind, there are many similarities between the two diseases. Both

40Tt is likely Covid-19 vaccines provide limited protection against infection, but stronger protection against
mortality. Therefore, the positive externalities associated with smallpox vaccination may have also been
larger.

HTuberculosis, typhoid fever, and pneumonia were common causes of death. Yellow fever and cholera
pandemics were not considered “once in a century” shocks.
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posed serious health risks, a vaccine was available, and a subset of individuals (for a diverse
set of reasons) resisted the vaccine. Anti-vaccine sentiment was often based on misinfor-
mation from individuals who had little understanding of the underlying science. When
authorities compelled individuals to get vaccinated, there was often backlash, as individuals
believed their freedom was being infringed upon, an effect that we document in this study

for the case of smallpox.
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A Appendix

A.1 OCR Example

Below is an example of the text-to-data process using an article from the February 3, 1911
issue of The Daily Capital Journal in Salem, Oregon. Figure displays a photograph of

the article in question.

Figure A.1: Example newspaper article

JURY MAN HAD

THE SMALLPOX

[UNITED PRESS LREAS®ED WIRE.)

Seattle ,Wash,, Feb. 3.—Judge W,
R. Gay, of the superior court, and
12 jurymen are in court today with
[very sore arms and trying to give
Justice a square deal in difficulties,
All underwent vaccination in an
ante-room in the court house yester-
day, when it was discovered that a
man called for jury duty was suffer-
ing from smallpox. When the man's|
condition was learned, he was|
bustled out of the court room and|
taken to the pest house. |

O-— |
-

Notes: An article from the February 3, 1911 issue of The Daily Capital Journal in Salem, Oregon.

Taking the OCRed text, removing punctuation, and considering words that appear within

ten words of the word wvaccination yields the following string:

to give justice a square deal in difficulties all underwent vaccination in an ante-

room in the court house yester day when

In this case, the OCR text is relatively error free, aside from not recognizing yesterday as a
single word. The automated spellchecker replaces the word yester with fester, a change that

does not improve the quality of the string.
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After removing uncommon words (words that appear less than 100 times in the total

data set), we are left with:
to gwe a deal in all vaccination in an in the court house day when.

Lastly, after truncating at twenty characters and applying the Porter stemmer, the string

is further reduced to:
to give a deal in all vaccin in an in the court hous dai when

The word house is reduced to hous, which shares a stem with houses, housing, and housed.
The word day is represented as dai, as is days.@

The bag-of-words frequency representation of this string would then be three for in, and
one each for to, give, a, deal, all, vaccin, an, room, the, court, hous, dai, and when. All other
elements of the vector would be zeros. We do not remove stop words, such as a, in, and the,

although they are unlikely to be chosen by the LASSO regression.

42The Porter stemmer represents words ending in y as an 4 so that words like ability and abilities will be
stemmed to the same word.
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A.2 Additional Tables and Figures

Figure A.2: Calibration curve for anti-vaccine sentiment

Anti-vaccine sentiment

0 2 4 .6 .8 1
Predicted anti-vaccine sentiment

——— \entile of predicted sentiment
Linear fit
— — — 45 degree line

Notes: Data are a 5% sample that were human classified as either containing anti-vaccine sentiment are
not. Each dot represents a ventile of predicted sentiment, where predicted sentiment comes from the BoW
1 Lasso model. The y-axis shows the percent of this ventile that is human-classified as having anti-vaccine
sentiment. The closer the line of best fit is to the 45 degree line, the better the goodness-of-fit.
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Figure A.3: Calibration curve for mortality

1 1.5 2 2.5
| | 1

Actual smallpox mortality

5

T
0 5 1 1.5 2 25
Predicted smallpox mortality

—=8—— Decile of predicted mortality
Linear fit
— — — 45 degree line

Notes: Each dot represents a decile of predicted smallpox mortality, where smallpox mortality is estimated
using language in newspaper data. The y-axis shows actual smallpox mortality for that decile as reported
in the US Vital Statistics data. The closer the line of best fit is to the 45 degree line, the better the
goodness-of-fit.
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Figure A.4: Predicted and actual mortality for selection states
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Figure A.5: Event study estimates of court decisions on anti-vaccine discourse using not-yet-
treated states as the control group
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Notes: Estimates use the |Callaway and Sant’Annal (2021)) estimator. This figure uses not-yet-treated states

as the control group. Uniform 95% confidence intervals are based on wild bootstrapped standard errors

clustered at the state level.
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Figure A.6: Event-study estimates of court decisions on anti-vaccine discourse using long

differences
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Notes: Estimates use the |Callaway and Sant’Annal (2021) estimator. This figure uses not-yet-treated states
as the control group. Uniform 95% confidence intervals are based on wild bootstrapped standard errors
clustered at the state level. The pre-period estimates are long differences, rather than short differences.
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Figure A.7: Robustness of anti-vaccine estimates to non-parallel pre-trends
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Notes: Two-way fixed effects estimates using the (2022)) pre-trends test. The red line is the pre-trend
line that can be detected with power 50%. The blue dashed line shows the expected event study coefficients
if the red line is the true pre-trend. Standard errors are clustered at state level.
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Figure A.8: Event-study estimates of court decisions on anti-vaccine discourse dropping

repeal states
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as the control group. Uniform 95% confidence intervals are based on wild bootstrapped standard errors

clustered at the state level.
Oregon, California, and New York.
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Figure A.9: The effect of compulsory vaccination court decisions on mortality using long
differences
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Notes: Smallpox mortality is the estimated number of deaths per 100,000 using language in newspaper data.
The event study is estimated using [Callaway and Sant’Annal (2021). Uniform 95% confidence intervals are
based on wild bootstrapped standard errors clustered at the state level. This graph uses long differences,
rather than short differences, during the pre-treatment period.
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Figure A.10: The effect of compulsory vaccination court decisions on mortality, dropping
repeal states
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Notes: Smallpox mortality is the estimated number of deaths per 100,000 using language in newspaper data.
The event study is estimated using [Callaway and Sant’Annal (2021)). Uniform 95% confidence intervals are
based on wild bootstrapped standard errors clustered at the state level. The dropped states include Utah,
North Dakota, Washington, Wisconsin, California, and New York.
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Figure A.11: Robustness of mortality estimates to non-parallel pre-trends

° Estimated Coefs
————— Expectation After Pre-testing

Hypothesized Trend

Notes: Two-way fixed effects estimates using the (2022)) pre-trends test. The red line is the pre-trend
line that can be detected with power 50%. The blue dashed line shows the expected event study coefficients
if the red line is the true pre-trend. Standard errors are clustered at state level.
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Table A.2: The top 20 words that predict discourse
Positively predicts anti-vaccine discourse Negatively predicts anti-vaccine discourse

antivaccinationist CoOw
resist typhoid
excel gener
protest revaccin
imposs person
lectur method
oppos expos
refus see
observ four
antivaccin emploi
utah to
major dai
forc adult
blood crime
opposit read
thou
caus
class
difficulti
admit

Notes: Words are stemmed using the Porter stemmer. There are only 15 words that negatively predict
anti-vaccine discourse.
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Table A.3: Confusion matrix

Category Pr(antivaz) > 0.5 Pr(antivax) < 0.5 Total
Hand-classified
anti-vaccination 85 218 303
Hand-classified not

anti-vaccination 7 1953 1960
Total 92 2171 2263
Accuracy 0.90
Precision 0.92
Recall 0.28
F| Score 0.43

Notes: The top panel displays the number of true positives (TP), true negatives (TN), false positives (FP),
and false negatives (FN), as well as total number of articles. The bottom panel provides some standard
measures of confusion. By definition, accuracy is the percent of observations that are correctly predicted

(ACC = %), precision is the percent of predicted positives that are true positives (PRE =
TPT+7PFP)7 recall is the percent of true positives that are predicted as positive (REC = T;Jr%). The F}

score combines precision and recall and is 2 x %. Our metric has high accuracy and precision, as

well as lower recall.
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Table A.4: RD results using circulation data

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

Panel A: Controlling for circulation

Conventional treatment effect

Robust bias-corrected

0.0599" 0.0291* 0.0711* 0.048%"
(0.0266) (0.0154) (0.0250) (0.0252)

0.0721**  0.0332* 0.0860** 0.0539"
(0.0299) (0.0171) (0.0277)  (0.0290)

N

N to the left

N to the right
Left bandwidth
Right bandwidth

4825 4825 4825 4825
670 622 560 688
402 449 402 416

256.7 237.3 205.7 264.0
183.8 221.5 181.3 189.4

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

Panel B: Above median circulation only

Conventional treatment effect

Robust bias-corrected

0.0522°  0.0329 0.0621"*  0.0391
(0.0274)  (0.0207) (0.0302) (0.0370)

0.0640  0.0364  0.0763**  0.0363
(0.0304) (0.0228) (0.0333)  (0.0441)

N

N to the left

N to the right
Left bandwidth
Right bandwidth

2381 2381 2381 2381
261 283 277 296
259 308 253 224

240.5 256.6 248.5 270.0
256.8 328.6 250.2 193.4

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

Panel C: Below median circulation only

Conventional treatment effect

Robust bias-corrected

0.0433 001290  0.0401  0.0398
(0.0446) (0.0238) (0.0383)  (0.0397)

0.0571  0.0204  0.0549  0.0540
(0.0501) (0.0269) (0.0418)  (0.0444)

N

N to the left

N to the right
Left bandwidth
Right bandwidth

2444 2444 2444 2444
521 406 414 419
206 211 204 207

359.1 276.6 289.5 294.4
206.1 214.3 201.6 209.6

71



Table A.5: Vaccine sentiment sample size by event time

Event time Number of pages
Never treated 28,200
< -10 4,198
-9 363
-8 389
-7 450
-6 404
- 314
-4 367
-3 457
-2 698
-1 1,332
0 1,104
1 822
2 700
3 530
4 509
5 445
6 416
7 538
8 614
9 415
> 10 4,372

Notes: Displays the sample size (number of newspaper pages) for each event time bin.
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