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Abstract
Falling vaccination rates, the re-emergence of previously eradicated diseases, and the
COVID-19 pandemic have raised important questions regarding the degree to which parents
can opt their children out of receiving required school vaccines. This paper provides novel
evidence on how laws repealing these exemptions affect claimed exemptions, coverage
rates, and information seeking behavior. First, I show that laws repealing non-medical
exemptions reduced the share of kindergartners receiving an exemption by 2-3 percentage
points, and this reduction was pronounced in states prohibiting all exemptions compared
those continuing to allow religious objections. Indeed, these latter states experienced
increased internet search activity for the phrase ‘religious exemption.’ Next, I show that
while policies prohibiting all non-medical exemptions increased coverage of four schoolentry vaccines (MMR, DTP, hepatitis B, and polio) by 1.7-2.9 percentage points, the
estimates for laws repealing personal exemptions but allowing for religious objections were
smaller in magnitude and often statistically insignificant.
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"It's not about forcing students to get vaccinated. It's about safe schools."
– Sen. Richard Pan, Pediatrician & Chair of the CA Senate Health Committee
1. Introduction
On September 9th, 2021, the L.A. Unified School District – the second largest in the nation – voted
to require that all students 12 or older be fully vaccinated against COVID-19 by January 2021 (LA
Times 2021), and on October 1st Governor Newsom (D-CA) announced that California would be
the first state in the nation to eventually require all students to receive the vaccine (Office of
Governor Gavin Newsom 2021).1 While no other states have yet to follow California’s lead with
regards to mandating COVID vaccination, policymakers have long recognized the importance of
the “education-health nexus” (Kiker 1998) and used school requirements to shape adolescent health
behaviors and outcomes (Cawley et al. 2013; Mora et al. 2015; Gordanier et al. 2020; Rees et al.
2020).
Every state currently requires at least some vaccines for school attendance (KFF 2021) – a
practice dating back to the 19th century (Orenstein and Hinman 1999; Holtkamp 2020) – and there
is a well-documented positive relationship between school vaccine mandates and vaccine take-up
(Abrevaya and Mulligan 2011; Lawler 2017; Carpenter and Lawler 2019). Yet most states also
permit parents to opt their children out of vaccination on personal or religious grounds. While less
is known about how these policies affect coverage (Richwine et al. 2019; Hair et al. 2021), recent
outbreaks of previously eradicated vaccine preventable diseases have led some policymakers to
question the existence of these exemptions (Bednarczyk et al. 2019).2 Prior to the pandemic, four
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It is worth noting that the following eleven states are requiring school employees to receive the COVID-19 vaccine:
California, Connecticut, Delaware, District of Columbia, Hawaii, Illinois, New Jersey, New Mexico, New York,
Oregon, and Washington (KFF 2021).
2
COVID-19 vaccine requirements – both actual and potential – seem to have generated increased interest in vaccine
mandate exemptions. Appendix Figure 1 shows a dramatic spike in Google searches for ‘vaccine exemption’ in August
2021 as state governments and employers began announcing COVID-19 vaccine mandates.
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states passed laws prohibiting all non-medical exemptions for school attendance.3 Yet proponents
of non-medical exemptions worry that banning them will impose an undue burden on students’ and
parents’ religious liberty without increasing vaccine coverage (see, for example, the plaintiffs’
argument in F.F. v. State of New York 2021).
In this paper, I provide novel evidence on how policies repealing exemptions for required
school vaccines affect the share of kindergarteners receiving an exemption, vaccination rates, and
vaccine-hesitant information-seeking behavior. Exploiting spatial and temporal variation, I first
show that policies repealing at least some non-medical exemptions reduced the share of
kindergarteners receiving exemptions by 2-3 percentage points. The reduction was larger in states
prohibiting all non-medical exemptions compared to those which continued to allow for religious
objections, and I show that these latter states experienced larger increases in online searches for the
phrase ‘religious exemption.’
Next, I show that while policies repealing all non-medical exemptions increased coverage
of four school-entry vaccines (MMR, hepatitis B, DTP, and polio) by 1.7-2.9 percentage points, the
point estimates for laws retaining religious exemptions were smaller in magnitude and often
statistically insignificant. These findings are incredibly timely for policymakers and school officials
debating the degree to which they will permit parents to opt their children out of required school
vaccines, especially because prior work focused on single-state policy changes that could not
leverage variation in whether the law continued to allow for religious objections (Delamater et al.
2017; Richwine et al. 2019; Churchill 2021). Finally, I estimate the social cost of non-medical
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The states and the academic implementation years: California (2016/17), New York (2019/20), Connecticut
(2021/22), and Maine (2021/22). Two other states – Mississippi and West Virginia – have longstanding policies
prohibiting all non-medical exemptions.
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exemptions and propose an alternative policy whereby individuals are required to pay a diseasespecific fee to claim a non-medical exemption.
The paper proceeds as follows: Section 2 summarizes the existing literature on school
policies designed to affect adolescent health outcomes, especially regarding vaccinations. It then
contextualizes why and when states passed laws limiting non-medical vaccine exemptions. Section
3 discusses how the vaccination and Google Trends data allow me to examine both vaccine
outcomes and vaccine-hesitant information seeking behavior. Section 3 also discusses my empirical
identification strategy given recent developments in the difference-in-differences literature. The
results are reported in Section 4, and Section 5 summarizes both their policy implications and
limitations.
2. Existing Literature & Policy History
2.1 Literature on School Policies & Health
Economists have long been interested in the relationship between education and health (Grossman
1972; Grossman 2004), including whether education has causal effects on fertility (Black et al.
2008; McCrary and Royer 2011; Fort et al. 2016), risky health behaviors (Arendt 2005; de Walque
2007), and mortality (Lleras-Muney 2005; Albouy and Lequien 2009). Recognizing the importance
of the “education-health nexus” (Kiker 1998), policymakers are increasingly crafting school-based
policies to shape adolescent health behaviors and outcomes.
Perhaps the most well-known example school-based health-targeted policies are
requirements that students participate in physical education (PE) classes and receive health-related
instruction. Instrumenting for time spent in PE class with state mandated minimum, Cawley et al.
(2013) showed that PE lowered body mass index (BMI) and reduced the likelihood of obesity
among 5th graders, though Packham and Street (2019) failed to find any evidence that PE affected
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health outcomes for older students. Mora et al. (2015) found that the introduction of comprehensive
school-based health educated reduced children’s BMI in Spain. A working paper by Bass (2016)
showed that state sex education mandates increased teenage condom use by 3 percent and reduced
chlamydia rates by 8 percent.
Given the link between hunger and academic performance (Frisvold 2015; Schwartz and
Rothbart 2020), policymakers have also expanded access to school-based meals. Leveraging a 2003
New York City policy change offering free school breakfast to all students regardless of income,
Leos-Urbel et al. (2013) found increased breakfast participation, and Gordanier et al. (2020) found
that a universal free-lunch program for elementary and middle school children in South Carolina
improved test scores. Researchers have also studied how to get students to make healthier choices.
For example, Just and Price (2013) found that students could be incentivized to consume more
servings of fruits and vegetables, especially at schools with larger fractions of low-income children.
Relatedly, Cuffe et al. (2012) showed that an incentive program offering students the chance at a
relatively small monetary prize increased the likelihood that children rode their bicycles to school
by 16.4 percent.
Researchers have also explored how school policies may affect students’ mental wellbeing.
For example, Hansen and Lang (2011) showed that from 1980 to 2004, US youth suicides increase
during the traditional academic year, and Marcus et al. (2020) found that a reform in Germany
increasing instructional time was associated with increased stress-related health problems.
Similarly, Hofmann and Mühlenweg (2018) showed found that longer instructional time reduced
adolescents’ self-reported mental health. To mitigate this relationship, several US states have
adopted anti-bullying laws “[requiring] school districts to develop policies that define bullying,
encourage students to report victimization, and publish offenders” (Rees et al. 2020). In a working
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paper, Rees et a. (2020) found that these policies reduced reported incidence of bullying
victimization, depression, and suicidal ideation in the 2009-2017 Youth Risk Behavior Surveys;
they also documented a 13-16 percent reduction in suicide among adolescent females in the 19932016 National Vital Statistics data.
The United States has a long history of mandating vaccination for school attendance, with
Holtkamp (2020) showing that early smallpox mandates tied to school attendance reduced smallpox
infections, especially during epidemics.4 Similarly, Luca (2020) found that school vaccine
mandates in the mid-20th century increased take-up of three childhood vaccinations. Given the
success of these early mandates, it is perhaps unsurprising that policymakers continually update
these requirements to include new immunizations. Abrevaya and Mulligan (2011) used the 19962007 National Immunization Survey-Child data to show that varicella (chickenpox) mandates
increased vaccine take-up by 3-6 percentage points, and Lawler (2017) found that hepatitis A
mandates increased vaccination by 8 percentage points. Carpenter and Lawler (2019) used the
2008-2013 NIS-Teen data to show that middle school Tdap booster requirements increased the
likelihood of receiving a Tdap booster by approximately 14 percentage points.5
Despite the nationwide adoption of school-entry vaccine mandates, several vaccine
preventable diseases have re-emerged in recent years, leading researchers to scrutinize policies
allowing parents to opt their children out of required vaccination. Studying 2003 legislation which
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Recent work has examined the efficacy of employment- and residence-related vaccine requirements. White (2021)
found that county-level influenza mandates for health care works increased vaccine take-up and reduced the number of
influenza diagnoses for inpatient during seasons with an effective vaccine. Relatedly, Carrera et al. (2021) found that
state laws requiring hospitals to offer influenza vaccination reduced influenza mortality. Wen (2020) showed that state
laws mandating nursing home residents receive the influenza vaccine increased vaccination and reduced the likelihood
residents experienced an influenza-like illness.
5
DTP is an older version of the diphtheria, pertussis, and tetanus vaccine which is no longer used in the US. Currently,
children 6 weeks through 6 years are recommended to receive the DTaP vaccine (or the DT vaccine which does not
protect against pertussis). A Tdap booster is recommended at ages 11-12 and a Tdap or Td shot is recommended every
subsequent 10 years or when an individual suffers a wound. The capitalization indicates the vaccine has the full-strength
dose of that part of the vaccine (CDC 2021).
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granted personal belief exemptions in Texas and Arkansas, Hair et al. (2021) found reductions in
coverage among black and low-income preschoolers. The authors then showed that cohorts affected
by the policy change in early childhood performed worse on standardized tests in middle school. In
the other direction, Blank et al. (2013) found that states with simpler exemption procedures had the
highest rates of non-medical exemptions. Similarly, Bradford and Mandich (2013) documented a
negative relationship between the incidence of pertussis (whooping cough) and an Exemption Law
Effectiveness Index measuring the stringency of a vaccine mandate. Churchill (2021) showed that
the movement from a one-time opt-out form to an annual requirement increased the likelihood that
teen girls in Washington, DC received the HPV vaccine by 12 percentage points.
My paper builds on the prior literature by leveraging more identifying variation than was
available to prior authors and utilizing a nationwide dataset on vaccination and exemption rates. In
addition to providing me with arguably more generalizable estimates, these additional policy
changes allow me to exploit variation in the degree to which non-medical exemptions were
restricted. This is of especial interest to policymakers weighing whether to prohibit all non-medical
exemptions – like California and New York – or retain religious exemptions – like Vermont and
Washington.
2.2 Policy History
While all states allow parents to opt-out of vaccinating their children for medical reasons, states
have recently taken actions to prohibit parents from claiming non-medical exemptions. In May of
2015, Vermont became the first state to repeal its personal/philosophical exemption to mandatory
school vaccinations, though the policy was not implemented until the 2016/17 academic year.6
During the 2014/15 academic year only 87.7 percent of entering kindergarteners had received their

Some states and sources use the phrase ‘personal exemption’ and others ‘philosophical exemption’ to refer to deeply
held convictions against vaccination. For narrative purposes, I refer to these policies as ‘personal exemptions.’
6
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required vaccinations, placing Vermont behind 48 other states. Indeed, proponents of repealing the
personal exemption noted that neighboring states without this option – such as New Hampshire and
Massachusetts – had higher vaccination rates (Burlington Free Press 2015a). Vermont’s bill
prohibiting personal exemptions continued to allow for religious objections, and some parents
intentionally shifted toward these exemptions rather than vaccinate their children (Burlington Free
Press 2015b). Indeed, the increase in the share of Vermont students receiving religious exemptions
(Williams et al. 2019) led Vermont Representative George Till to state that he found it ‘disturbing’
how many people ‘suddenly found religion’ in the five years after the policy was implemented
(Seven Days 2021).
In 2015, due to falling MMR vaccination rates, California experienced one of the most
severe measles outbreaks since the disease was declared eliminated from the United States in 2000
(Worden et al. 2020). As the infections spread to neighboring states, California officials passed SB
277 which repealed all non-medical exemptions beginning with the 2016/17 academic year –
joining only two other states (Mississippi and West Virginia) in prohibiting religious objections.
While vaccination rates increased in subsequent years, there is both descriptive and quasiexperimental evidence that parents may have undermined the policy by substituting toward medical
exemptions. Comparing changes in vaccination rates in California counties to the concurrent
changes in 6 comparison states (Arizona, Connecticut, Kansas, Minnesota, Pennsylvania, and
Rhode Island), a working paper by Richwine et al. (2019) found that while SB 277 reduced nonmedical exemptions by 3.4 percentage points, this reduction was almost completely offset by a 2.1
percentage point increase in medical exemptions.7 As such, the authors estimated only a 1
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The authors requested immunization and exemption rates from all 51 states, but only received county-level data from
30 states. After limiting their sample to states providing vaccine-specific rates, immunization rates at kindergarten
entry, and possessing data before and after the policy change, they were left with 15 total comparison states and a
balanced panel of 6 comparison states.
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percentage point net decline in exemptions. In complementary analyses, Delamater et al. (2017)
found that counties which had previously had the highest rates of non-medical exemptions saw the
largest increases in medical exemptions after the passage of SB 277, and Mohanty et al. (2018)
reported physicians charging fees for medical exemptions.
Between September 2018 and July 2019, 649 cases of measles were confirmed in New York
City, and over 90 percent of patients were part of the Orthodox Jewish community (Zucker et al.
2020). As infections spread throughout the state, New York passed a law prohibiting all nonmedical vaccine exemptions that went into effect during the 2019/20 academic year (NPR 2019).
Similarly, in May of 2019 Washington removed the personal exemption option for parents wishing
to have their child forgo the MMR after experiencing measles outbreaks throughout the state. The
bill took effect during the 2019/20 academic year. Importantly, it still allowed parents to claim a
religious objection to the MMR vaccine and did not apply to other immunizations (Washington
State Department of Health 2021).8 I am unaware of any academic literature analyzing how these
two recent policy changes affected vaccination.

3. Data and Methodology
3.1 Exemption and Vaccination Rates: 2011-2019 CDC Annual School Assessment Reports
I obtain information on kindergarten exemption and vaccination rates between the 2011/12 and
2019/20 academic years from the Centers for Disease Control and Prevention’s Vaccination
Coverage Exemptions among Kindergarteners data. Each year, state immunization programs
conduct kindergarten assessments to monitor school-entry vaccination coverage. These data are
then compiled and made available to researchers via the CDC SchoolVaxView platform. While
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Connecticut and Maine recently implemented policies prohibiting non-medical exemptions, though I am unable to
leverage these policy changes with available data.
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they offer one of the few nationwide sources on vaccine exemptions, these data are subject to some
notable limitations. First, there is variation between states and year-over-year in how the state-level
rates are determined (i.e., a census of kindergarteners, a random sample, a stratified cluster sample,
etc.). Second, not all snapshots occur on the first day of school. Some states collect the information
within the first several months, while others report it on a rolling basis throughout the year. I explore
the robustness of my results to these limitations in the appendix.
From these data, my dependent variables related to vaccine exemptions include the share of
kindergarteners with at least one (i) vaccine exemption, (ii) non-medical exemption, and (iii)
medical exemption.9 Appendix Table 1 shows that 2.6 percent of students nationwide received at
least one vaccine exemption throughout my sample period, and this share was larger in states which
ever repealed a portion of their non-medical exemption policies relative to comparison states (3.2
percent vs. 2.6 percent). Figure 1 separately plots the shares of kindergarteners with at least one
vaccine exemption in California (Panel A), New York (Panel B), Vermont (Panel C), and
Washington (Panel D) compared to the remaining states. After California and New York prohibited
all non-medical exemptions, the share of kindergarteners receiving any exemption fell to less than
1 percent. In contrast, while the share of children with a vaccine exemption fell after Vermont
outlawed personal exemptions – but not religious exemptions – it remained above the national
average. Similarly, Washington’s narrow policy repealing personal exemptions for the MMR
vaccine was not associated with any visual change in the exemption rate.
Appendix Table 1 also reports vaccination rates for four common school-entry vaccines:
(i) MMR, (ii) DTP, DTaP, or DT, (iii) hepatitis B, and (iv) polio.10 In each case, the descriptive
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Data on non-medical exemptions are not reported for states prohibiting them (California after 2016, New York after
2019, Mississippi, and West Virginia), so I assign these values 0.
10
The data also includes information on varicella coverage, but states differentially report whether students received 1
or 2 doses of the vaccine, limiting the ability to draw comparisons over time. California reported the share of students
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statistics indicate a that vaccine coverage increased in states repealing at least some non-medical
exemptions coincident with the policy change. For example, MMR coverage increased from 93.5
to 95.5 percent in states which repealed at least some non-medical exemptions. Similarly, DTP,
hepatitis B, and polio coverage increased by 1.4, 1.3, and 1.7 percentage points, respectively.11
3.2 Internet Search Behavior: 2011-2019 Google Trends
I use Google Trends data from 2011 to 2019 to measure the salience of policies limiting nonmedical exemptions and to explore whether they affected vaccine-related information-seeking
behaviors. For each state, Google takes a random sample of all searches performed during each
period and divides the number of searches for a specific term or phrase – such as ‘religious
exemption’ – by the total number of searches. The period when the state’s search rate is maximized
is indexed to 100, and the remaining values are determined by the ratio of that period’s search rate
to the maximum search rate. These data have been used to explore a variety of topics including
racism (Stephens-Davidowitz 2014), media exposure (Kearney and Levine 2015; Lindo et al.
2020), and vaccination (Oster 2018; Carpenter and Lawler 2019). While these data do not reveal
who is performing the searches, they provide insights into the relative search intensity of various
terms.
3.3 Empirical Strategy: Difference-in-Differences
Recent developments in the difference-in-differences literature have highlighted the dangers of
using states treated in period t as comparison units for states treated in period t+1 (Sun and Abraham
2020; Goodman-Bacon 2021). As such, I examine how policies repealing at least some non-medical
exemptions affected both exemption and vaccination rates using Callaway and Sant’Anna’s (2021)

receiving 1 dose from 2011-2018 and then began reporting the share receiving 2 doses. New York reported the share
with 1 dose from 2011-2013 and the share with 2 doses from 2014-2019. Both Vermont and Washington always
reported the share receiving two doses.
11
Appendix Figures 2-5 plot coverage rates for these vaccines for the four treated states over time. Consistent with
the exemption figures, the increases were descriptively limited to after the policy changes.
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proposed estimator which (i) explicitly excludes previously treated states from the comparison
group and (ii) estimates average treatment for each timing group at any given point in time.12 I then
aggregate the average treatment effects based on length of exposure to the policy. These event study
figures allow me to assess the validity of the unconditional parallel trends assumption during the
pre-period and determine whether the treatment effects varied over time. Standard errors are
clustered at the state level (Bertrand et al. 2004).
Given the small number of treated clusters in my sample, I also perform a traditional twoway fixed effects analysis, using equation (1), and report wild bootstrapped p-values (Cameron et
al. 2008; Cameron and Miller 2015):
Yst = α + β∙REPEALED NON-MEDICAL EXEMPTIONst + θs + τt + εst

(1)

The dependent variable, Yist, is the vaccination-related outcome in state s during year t. The
independent variable of interest, REPEALED NON-MEDICAL EXEMPTIONst, is an indicator for
whether the state implemented a policy limiting parents’ ability to claim a non-medical exemption
for their children. The vector θs includes a full set of time-invariant state fixed effects, and τt
includes a full set of location-invariant year fixed effects.
When there is variation in treatment timing, time-varying covariates can inadvertently
contribute to identification (Goodman-Bacon 2021), and Callaway and Sant’Anna’s (2021)
unconditional parallel trends assumption does not include any state-level time-varying covariates.
The sparse specification in equation (1) best approximates this setup. However, I show in the
appendix that the results are robust to controlling for the state unemployment rate, the state child
poverty rate, and whether the state expanded Medicaid as part of the Affordable Care Act. I also
include controls intended to capture changing local attitudes toward vaccination, including

In this context, California and Vermont comprise a ‘2015 timing group’ and New York and Washington a ‘2019
timing group.’
12
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indicators for whether the state adopted a Tdap booster mandate, a meningococcal booster mandate,
a secondary school meningococcal education mandate, a post-secondary meningococcal education
mandate, a post-secondary meningococcal mandate, as well as whether the state mandated HPV
vaccination for adolescent girls, HPV vaccination for adolescent boys, and whether the state
received CDC funding to improve HPV vaccination. Finally, I show that the results are robust to
accounting for time-varying spatial heterogeneity through the inclusion of state-specific linear time
trends or via Census division-by-year fixed effects.
Finally, I test whether there were differential effects based on the extent to which states
prohibited non-medical exemptions using equation (2):
Yst = α + β1∙REPEALED ALL NON-MEDICAL EXEMPTIONSst
+ β2∙REPEALED SOME NON-MEDICAL EXEMPTIONSst
+ θs + τt + εst

(2)

where REPEALED ALL NON-MEDICAL EXEMPTIONS is an indicator if the state prohibited
both religious and personal exemptions and REPEALED SOME NON-MEDICAL EXEMPTIONS
is an indicator for whether the state prohibited personal exemptions but allowed for religious
objections.

4. Results
4.1 Vaccine Exemptions
Figure 2 plots the event study coefficients and their 95 percent confidence intervals showing how
policies repealing non-medical vaccine exemptions affected the share of kindergarteners covered
by these exemptions. The estimates are obtained using the Callaway and Sant’Anna (2021)
estimator. Panel A shows that the share of kindergarteners receiving at least one vaccine exemption
was not differentially trending in the treated states prior to the policy change; the point estimates
are small in magnitude and statistically insignificant during the pre-period. However, once states
13

repealed at least some of their non-medical exemptions, the share of kindergarteners receiving at
least one vaccine exemption fell by 2-3 percentage points. Consistent with the policies’ goal, Panel
B indicates large reductions in the share receiving a non-medical exemption. However, Panel C
provides suggestive evidence that parents may have offset the benefit of these policies by
substituting toward medical exemptions.13
Table 1 reports the estimates obtained from estimating equation (1) via OLS. Each column
is a separate regression, and the dependent variable is listed in the column header. In line with the
Callaway and Sant’Anna (2021) event study estimates, Panel A column 1 shows that the share of
kindergarteners receiving at least one vaccine exemption fell by 2 percentage points in states
repealing at least some of their non-medical exemptions.14 Notably, this change – leveraging 3
additional policy changes and a broader set of comparison states – is twice as large as prior estimates
focused solely on California’s policy change (Richwine et al. 2019). I show in Appendix Table 3
that the pattern is robust to iteratively excluding each of the four treated states.
By separately accounting for the scope of the repeal, Table 1 Panel B column 1 shows that
policies prohibiting all non-medical exemptions reduced the share receiving an exemption by 2.3
percentage points, while those continuing to allow for religious objections reduced the share by
only 1.7 percentage points. This difference is particularly stark in Panel B column 2. Policies
prohibiting all non-medical exemption reduced the share receiving a non-medical exemption by 2.7
percentage points, while those retaining religious exemptions reduced the share by 1.7 percentage
points – consistent with these latter parents substituting from the now-prohibited personal
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This pattern is also consistent with medical exemptions being underutilized prior to the policy change.
Appendix Table 2 shows that the pattern is robust to including state-level time-varying covariates, state-specific
linear time trends, and Census division-by-year fixed effects. Across these three specifications, I continue to find a 1.12.1 percentage point reduction in the share receiving a vaccine exemption, and the wild bootstrap p-values range from
0.09 to 0.16, suggesting that the policies did in fact reduce the share of kindergarteners receiving a vaccine exemption.
14

14

exemptions toward still-allowed religious exemptions. However, Panel B column 3 suggests that
parents prohibited from claiming non-medical exemptions for their children sought out medical
exemptions. In support of these possibilities, columns 4-6 show that states permitting religious
exemptions saw larger increases in internet search activity for the phrase ‘religious exemption’
(11.8 vs. 5.6 percentage points) and those prohibiting all non-medical exemptions saw larger
increases for the phrase ‘medical exemption’ (20.3 vs. 13.5 percentage points).15,16
4.2 Vaccination Coverage
The prior evidence indicates that state policies repealing at least some non-medical exemptions
reduced the share of kindergarteners receiving vaccine exemptions. Figure 3 tests whether there
was a corresponding increase in vaccine take-up. Again, the circles denote the point estimates from
the Callaway and Sant’Anna (2021) estimator and the vertical lines represent the 95 percent
confidence intervals. Panel A shows that MMR coverage was trending similarly in the treated and
comparison states prior to the policy change. However, after states repealed at least some of their
non-medical exemptions, MMR coverage increased by approximately 2 percentage points. Panel B
indicates a 1.5 percentage point increase in hepatitis B coverage, and Panel C shows a 2-percentage
point increase in DTP coverage in the post-period. Finally, Panel D suggests that repealing nonmedical exemptions increased polio vaccination by approximately 1.5 percentage points, though
the relationship is less precisely estimated. Overall, Figure 4 presents compelling evidence that
prohibiting at least some non-medical exemptions improved vaccine coverage.17

There was inadequate search activity for the phrase ‘vaccine exemption’ in Maine during my sample period to
generate a Google Trends Index. Similarly, there was inadequate activity for the phrase ‘medical exemption’ in one of
my treated states (Vermont) and three of my comparison states (Alaska, North Dakota, and Wyoming).
16
Appendix Figure 6 plots the Callaway and Sant’Anna (2021) event study estimates to examine how internet search
behavior changed in relation to these laws. The panels indicate that the increase was limited to the post-period.
17
Appendix Figures 2-5 plot the descriptive statistics for these outcomes for each of the treated states. Consistent with
the event study estimates, the descriptive trends indicate that vaccination was not differentially trending in the preperiod relative to the comparison states. However, there were meaningful increases in vaccination after states
implemented their policies repealing non-medical exemptions.
15
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Table 2 examines how these policies affected vaccination using the two-way fixed effects
specification from equations (1) and (2). Consistent with the event study, Panel A column 1
indicates that state policies repealing at least some non-medical exemptions increased MMR
coverage by 2.3 percentage points. Likewise, column 2 shows a 1.3 percentage point increase in
hepatitis B coverage, column 3 a 2.0 percentage point increase in DTP coverage, and column 4 a
2.0 percentage point increase in polio coverage. Notably, all the estimates are statistically
significant after accounting for the small number of treated clusters, and Appendix Table 1 shows
that these patterns are robust to including state-level time-varying covariates, state-specific linear
time trends, and Census region-by-year fixed effects. For example, after including these covariates,
Appendix Table 2 row 5 indicates that these policies increased hepatitis B coverage by 1.4-2.1
percentage.18
Panel B – which separately accounts for the scope of these policies – indicates that the
increase in vaccination was most pronounced in states banning all non-medical exemptions. In
contrast, the point estimates for those retaining religious exemptions are smaller in magnitude and
often statistically insignificant. Column 1 shows that MMR coverage increased by 2.9 percentage
points after states implemented policies prohibiting all non-medical exemptions. In contrast, there
was only a 1.7 percentage point increase in states which banned personal exemptions but continued
to allow for religious objections. Similarly, columns 2-4 indicate that states prohibiting all nonmedical exemptions experienced 1.7-2.9 percentage point increases in coverage of the hepatitis B,
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Appendix Table 3 shows that these estimates are robust to iteratively excluding each of the treated states, and
Appendix Table 4 shows that the relationships are robust to limiting the sample to only observations obtained from a
census of kindergarteners (instead of, for example, a simple random sample). Indeed, the vaccination estimates in
Appendix Table 4 are uniformly larger in magnitude.
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DTP, and polio vaccines, while the estimates for those allowing religious exemptions were
statistically insignificant.19
5. Conclusion
Faced with falling childhood vaccination rates, the re-emergence of previously eradicated diseases,
and the COVID-19 pandemic, policymakers and employers are grappling with how to best structure
vaccine mandates to increase coverage while respecting individual choice. In this paper, I show that
policies prohibiting personal exemptions but permitting religious exemptions were largely
ineffective at increasing vaccine coverage among kindergarteners. One explanation is that vaccinehesitant parents could easily substitute toward religious exemptions, and indeed I find evidence that
people in these states more intensively searched for the phrase ‘religious exemption.’ In contrast, I
find that policies prohibiting all non-medical exemptions led to meaningful increases in vaccine
take-up – ranging from 1.7 to 2.9 percentage points – despite evidence that some parents sought out
and received medical exemptions for their children. Overall, these findings suggest that
policymakers hoping to increase vaccine coverage should be mindful that their goals may be
undermined by vaccine-hesitant parents continuing to utilize whatever exemptions remain at their
disposal.
The public health response to the 2019 US measles outbreak – which primarily occurred in
in Michigan, New York, and Washington – is estimated to have cost $42 million USD (Pike et al.
2020). This figure does not account for productivity losses or the direct medical costs of measles,
though other work has found that the public health response to measles comprises 68 percent of the
full social costs (Pike et al. 2021).20 Making this adjustment yields a total social cost of

Again, Washington’s policy only applied to the MMR vaccine, while the remaining treated states’ policies applied
to all vaccines. Therefore, it is perhaps unsurprising that the point estimate is largest for MMR coverage.
20
The 2019 Washington measles outbreak is estimated to have cost $3.4 million USD. This includes $2.3 million for
the public health response, $1.0 million in productivity losses, and $76,000 in medical costs.
19
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approximately $62 million ($42 million/0.68). At the time of the outbreak, all three states permitted
religious and personal exemptions, with 4.5 percent of Michigan kindergarteners, 1.1 percent of
New York kindergarteners, and 4.3 percent of Washington kindergarteners receiving non-medical
exemptions. If these rates held for older students enrolled in public schools, they would imply
144,500 students receiving non-medical exemptions in these states (National Center for Education
Statistics 2021).21 Assuming that the entire outbreak would have been prevented if these exemptions
were eliminated yields an upper bound cost of approximately $541 per claimed non-medical
exemption for the MMR vaccine ($62 million/114,500).22 Of course, policymakers need to weigh
the cost of all potential outbreaks for a larger set of vaccine preventable diseases than just measles
when deciding whether to prohibit non-medical exemptions, and it is likely that the social value to
preventing outbreaks of other diseases – such as COVID-19 – is considerably higher. However,
these figures suggest an alternative policy choice whereby individuals are required to pay a fee to
claim a disease-specific non-medical exemption.
By leveraging recent policy changes in New York and Washington – as well as older policy
changes in California and Vermont – this paper provides the most up-to-date evidence on the
importance of the scope of policies repealing exemptions for required vaccinations. However, it is
subject to some notable limitations. For one, the estimates are based on kindergarten vaccination
data, so while they may be informative to school districts seeking to combat falling childhood
vaccination rates attributable to the pandemic, they may less easily generalize to employer-based
vaccine requirements. Moreover, the school vaccines I examined are long-established, having each
been around for over 40 years. In contrast, the novelty of the COVID-19 vaccine may induce a
greater share of vaccine-hesitant individuals to undermine the mandates by obtaining allowable

21
22

67,500 in Michigan; 29,700 in New York; 47,300 in Washington.
It is worth noting that some people might value having the exemption option even if they do not in fact utilize it.
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exemptions. Despite such limitations, these results provide the most comprehensive evidence on
how policies limiting the scope of non-medical exemptions affect exemption-related information
seeking behavior, vaccine exemptions, and vaccine coverage.

19

6. References
Abrevaya, Jason and Karen Mulligan (2011). “Effectiveness of State-Level Vaccination Mandates:
Evidence from the Varicella Vaccine,” Journal of Health Economics, 30(5): 966-976.
Albouy, Valerie and Laurent Lequien (2009). “Does Compulsory Education Lower Mortality?”
Journal of Health Economics, 28(1): 155-168.
Arendt, Jacob Nielsen (2005). “Does Education Cause Better Health? A Panel Data Analysis Using
School Reforms for Identification,” Economics of Education Review, 24(2): 149-160.
Bass, Brittany (2016). “The Effect of State Mandated Sex Education on Teenage Sexual Behaviors
and
Health,”
ESSPRI
Working
Paper
20161,
Accessed
at:
https://www.esspri.uci.edu/files/docs/2016/ESSPRI%20Working%20Paper%2020161%20
Brittany%20Bass.pdf (November 2021).
Bednarczyk, Robert A., Adrian R. King, Ariana Lahijani, and Saad B. Omer (2019). “Current
Landscape of Nonmedical Vaccination Exemptions in the United States: Impact of Policy
Changes,” Expert Review of Vaccines, 18(2): 175-190.
Bertrand, Marianne, Esther Duflo, and Sendhil Mullainathan (2004). “How Much Should We Trust
Difference-In-Differences Estimates?” Quarterly Journal of Economics, 119(1): 249-275.
Black, Sandra E., Paul J Devereux, and Kjell G. Salvanes (2008). “Staying in the Classroom and
Out of the Maternity Ward? The Effect of Compulsory Schooling Laws on Teenage Births,”
The Economic Journal, 118(530): 1025-1054.
Blank, Nina R., Arthur L. Caplan, and Catherine Constable (2013). “Exempting Schoolchildren
from Immunizations: States with Few Barriers had Highest Rates of Nonmedical
Exemptions,” Health Affairs, 32(7): https://doi.org/10.1377/hlthaff.2013.0239.
Bradford, W. David and Anne Mandich (2013). “Some State Vaccination laws Contribute to
Greater Exemption Rates and Disease Outbreaks in the United States,” Health Affairs,
Accessed at: https://doi.org/10.1377/hlthaff.2014.1428.
Burlington Free Press (2015a). “House Repeals Philosophical Exemptions to Vaccines,” Accessed
at:
https://www.burlingtonfreepress.com/story/news/local/2015/05/12/house-repealsphilosophical-exemption-vaccines/27207235/.
Burlington Free Press (2015b). “Parents Seek Way Around VT Vaccination Law,” Accessed at:
https://www.burlingtonfreepress.com/story/news/politics/2015/06/08/vaccine-exemptionreligious-philosophical/28568043/.
Callaway, Brant and Pedro H.C. Sant’Anna (2020, forthcoming). “Difference-in-differences with
multiple time periods,” Journal of Econometrics, forthcoming.
20

Cameron, A. Colin and Douglas L. Miller (2015). “A practitioner’s guide to cluster-robust
inference,” The Journal of Human Resources, 50(2): 317-372.
Cameron, A. Colin, Jonah B. Gelbach, and Douglas L. Miller (2008). “). Bootstrap-based
improvements for inference with clustered errors,” The Review of Economics and Statistics,
90(3): 414-427.
Carpenter, Christopher S. and Emily C. Lawler (2019). “Direct and Spillover Effects of Middle
School Vaccination Requirements,” American Economic Journal: Economic Policy, 11(1),
95-125.
Carrera, Mariana, Emily C. Lawler, and Corey White (2021). “Population Mortality and Laws
Encouraging Influenza Vaccination for Hospital Workers,” Annals of Internal Medicine,
https://doi.org/10.7326/M20-0413.
Cawley, John, David Frisvold, and Chad Meyerhoefer (2013). “The Impact of Physical Education
on Obesity among Elementary School Children,” Journal of Health Economics, 32(4): 743755.
Centers for Disease Control and Prevention (2021). “Who Should Get Diphtheria, Tetanus, and
Whooping Cough Vaccines?” Accessed at: https://www.cdc.gov/vaccines/vpd/dtap-tdaptd/public/index.html.
Churchill, Brandyn F. (2021). “How Important is the Structure of School Vaccine Requirement
Opt-Out Provisions? Evidence from Washington, DC’s HPV Vaccine Requirement,”
Journal of Health Economics, 78 https://doi.org/10.1016/j.jhealeco.2021.102480.
Cuffe, Harold E., William T. Harbaugh, Jason M. Lindo, G. Musto, and Glen R. Waddell (2012).
“Evidence of the Efficacy of School-Based Incentives for Health Living,” Economics of
Education Review, 31(6): 1028-1036.
De Chaisemartin, Clement, and Xavier d’Haultfoeuille (2020). “Two-way fixed effects estimators
with heterogeneous treatment effects,” American Economic Review, 110(9), 2964-96.
De Walque, Damien (2007). “Does Education Affect Smoking Behaviors?: Evidence Using the
Vietnam Draft as an Instrument for College Education,” Journal of Health Economics,
26(5): 877-895.
Delamater, Paul L., Timothy F. Leslie, and Y. Tony Yang (2017). “Change in Medical Exemptions
from Immunization in California After Elimination of Personal Belief Exemptions,”
Journal of the American Medical Association, 318(9): 863-864.
Fort, Margherita, Nicole Schneeweis, and Rudolf Winter-Ebmer (2016). “Is Education Always
Reducing Fertility? Evidence from Compulsory Schooling Reforms,” The Economic
Journal, 126(595): 1823-1855.

21

Frisvold, David E. (2015). “Nutrition and Cognitive Achievement: An Evaluation of the School
Breakfast Program,” Journal of Public Economics, 124: 91-104.
Goodman-Bacon, Andrew (2021, forthcoming). “Difference-in-differences with variation in
treatment timing,” Journal of Econometrics, forthcoming.
Gordanier, John, Orgul Ozturk, Breyon Williams, and Crystal Zhan (2020). “Free Lunch for All!
The Effect of the Community Eligibility Provision on Academic Outcomes,” Economics of
Education Review, 77: 101999.
Grossman, Michael (1972). “On the Concept of Health Capital and the Demand for Health,”
Journal of Political Economy, 80: 223-255.
Grossman, Michael (2004). “The Demand for Health, 30 Years Later: A Very Personal
Retrospective and Prospective Reflection,” Journal of Health Economics, 23: 629-636.
Hair, Nicole L., Anja Gruber, and Carly Urban (2021). “Personal Belief Exemptions for SchoolEntry Vaccinations, Vaccination Rates, and Academic Achievement,” Journal of Health
Economics, 78: 102464
Hansen, Benjamin and Matthew Lang (2011). “Back to School Blues: Seasonality of Youth Suicide
and the Academic Calendar,” Economics of Education Review, 30(5): 850-861.
Hofmann, Sarah and Andrea Mühlenweg (2018). “Learning Intensity Effects in Students’ Mental
and Physical Health – Evidence from a Large Scale Natural Experiment in Germany,”
Economics of Education Review, 67: 216-234.
Just, David R. and Joseph Price (2013). “Using Incentives to Encourage Health Eating in Children,”
Journal of Human Resources, 48(4): 855-872.
Holtkamp, Nicholas (2020). “The Human Capital Benefits of Vaccination: Evidence from the
United States’ Earliest School Vaccination Mandates,” Working Paper. Accessed at:
https://static1.squarespace.com/static/5a3b4dcb18b27d4562eebb1b/t/60060411076d375c0
15c8d6e/1611006996728/Holtkamp%2C+Nicholas.+JMP.pdf.
Kaiser Family Foundation (2021). “KFF COVID-19 Vaccine Monitor: October 2021,” Accessed
at: https://www.kff.org/coronavirus-covid-19/poll-finding/kff-covid-19-vaccine-monitoroctober-2021/ (October 2021).
Kearney, Melissa S. and Phillip B. Levine (2015). “Media Influences on Social Outcomes: The
Impact of MTV’s 16 and Pregnant on Teen Childbearing,” American Economic Review,
105(12): 3597-3632.
Kiker, B.F. (1998). “Introduction to Special Issue on Education and Health,” Economics of
Education Review, 17(3): 233-235.

22

Lawler, Emily C. (2017). “Effectiveness of Vaccination Recommendations versus Mandates:
Evidence from the Hepatitis A Vaccine,” Journal of Health Economics, 52: 45-62.
Leos-Urbel, Jacon, Amy Ellen Schwartz, Meryle Weinstein, and Sean Corcoran (2013). “Not Just
for Poor Kids: The Impact of Universal Free School Breakfast on Meal Participation and
Student Outcomes,” Economics of Education Review, 36: 88-107.
Lindo, Jason M., Isaac D. Swensen, and Glen R. Waddell (2020). “Persistent Effects of Violent
Media Content,” NBER Working Paper No. 27240.
Lleras-Muney, Adriana (2005). “The Relationship Between Education and Adult Mortality in the
United States,” Review of Economic Studies, 72(1): 189-221.
Los Angeles Times (2021). “Who Will Follow L.A. School District in Mandating Vaccines for
Students?” Accessed at: https://www.latimes.com/california/story/2021-09-13/la-unifiedstudent-vaccine-mandate-outlier-or-forerunner.
Luca, Dara L. (2020). “No Shots, No School: The Effects of School Entry Vaccination
Requirements on Vaccine Uptake and Morbidity,” Working Paper.
Marcus, Jan, Simon Reif, Amelie Wuppermann, and Amélie Rouche (2020). “Increased Instruction
Time and Stress-Related Health Problems among School Children,” Journal of Health
Economics, 70: 102256.
McCrary, Justin and Heather Royer (2011). “The Effect of Female Education on Fertility and Infant
Health: Evidence from School Entry Policies Using Exact Date of Birth,” American
Economic Review, 101(1): 158-195.
Mohanty, Salini, Alison B. Butteinheim, Caroline M. Joyce, Amanda C. Howa, Daniel Salmon, and
Saad B. Omer (2018). “Experiences with Medical Exemptions after a Change in Vaccine
Exemption Policy in California,” Pediatrics, 142(5): e20181051.
Mora, Toni, Esteve Llargués, and Assumpta Recasens (2015). “Does Health Education Affect BMI
Evidence from a School-Based Randomised-Control Trial,” Economics & Human Biology,
17: 190-201.
National Center for Education Statistics (2021). “Enrollment in Public Elementary and Secondary
Schools, by Region, State, and Jurisdiction: Selected Years, Fall 1990 through Fall 2023,”
Accessed at: https://nces.ed.gov/programs/digest/d13/tables/dt13_203.20.asp.
National Public Radio (2019). “New York Ends Religious Exemptions for Required Vaccines,”
Accessed at: https://www.npr.org/2019/06/13/732501865/new-york-advances-bill-endingreligious-exemptions-for-vaccines-amid-health-cris.
Office of Governor Gavin Newsom (2021). “California Becomes First State in Nation to Announce
COVID-19
Vaccine
Requirements
for
Schools,”
Accessed
at:
23

https://www.gov.ca.gov/2021/10/01/california-becomes-first-state-in-nation-to-announcecovid-19-vaccine-requirements-for-schools/ (October 2021).
Orenstein, Walter A. and Alan R. Hinman (1999). “The Immunization System in the United States
– The Role of School Immunization Laws,” Vaccine, 17(3): S19-S24.
Oster, Emily (2018). “Does Disease Cause Vaccination? Disease Outbreaks and Vaccination
Response,” Journal of Health Economics, 57, 90-101.
Packham, Analisa and Brittany Street (2019). “The Effects of Physical Education on Student
Fitness, Achievement, and Behavior,” Economics of Education Review, 72: 1-18.
Pike, Jamison, Andrew J. Leidner, and Paul A. Gastañaduy (2020). “A Review of Measles Outbreak
Cost Estimates from the United States in the Postelimination Era (2004-2017): Estimates
by Perspective and Cost Type,” Clinical Infectious Diseases, 71(6): 1568-1576.
Pike, Jamison, Alan Melnick, Paul A. Gastañaduy, Meagan Kay, Jeff Harbison, Andrew J. Leidner,
Samantha Rice, Kennly Asato, Linda Schwartz, and Chas DeBolt (2021). “Societal Costs
of Measles Outbreaks,” Pediatrics, 147(4): https://doi.org/10.1542/peds.2020-027037.
Rees, Daniel, Joseph J. Sabia, and Gokhan Kumpas (2020). “Anti-Bullying laws and Suicidal
Behaviors among Teenagers,” NBER Working Paper No. 26777.
Richwine, Chelsea J., Avi Dor, and Ali Moghtaderi (2019). “Do Stricter Immunization Laws
Improve Coverage? Evidence from the Repeal of Non-Medical Exemptions for School
Mandated Vaccines,” NBER Working Paper No. 25847.
Schwartz, Amy Ellen and Michah W. Rothbart (2020). “Let Them Eat Lunch: The Impact of
Universal Free Meals on Student Performance,” Journal of Policy Analysis and
Management, 39(2): 376-410.
Seven Days (2021). “State Rep to Introduce Bill that Would Nix Religious Vaccination
Exemption,”
Accessed
at:
https://www.sevendaysvt.com/OffMessage/archives/2021/01/22/state-rep-to-introducebill-that-would-nix-religious-vaccination-exemption.
Stephens-Davidowitz, Seth I. (2013). “The Cost of Racial Animus on a Black Presidential
Candidate: Using Google Search Data to Find What Surveys Miss,” Working Paper.
Accessed at: https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2238851.
Sun, Liyang and Sarah Abraham (2020). “Estimating Dynamic Treatment Effects in Event Studies
with Heterogeneous Treatment Effects,” Journal of Econometrics, Accessed at:
https://doi.org/10.1016/j.jeconom.2020.09.006.
Washington State Department of Public Health (2021). “MMR Vaccine Exemption Law Change
2019,”
Accessed
at:
24

https://www.doh.wa.gov/CommunityandEnvironment/Schools/Immunization/ExemptionL
awChange.
Wen, Katherine (2020). “Influenza Vaccination Requirements in Nursing Homes: Impacts on
Vaccination,
Illness,
and
Mortality,”
Working
Paper.
Accessed
at:
https://www.katherinewen.com/wen_influenzaVax_nov2020.pdf (September 9th 2021).
White, Corey (2021). “Measuring Social and Externality Benefits of Influenza Vaccination,”
Journal of Human Resources, 56(3): 749-785.
Williams, Joshua T.B., John Rice, Matt Cox-Martin, Elizabeth A. Bayliss, and Sean T. O’Leary
(2019). “Religious Vaccine Exemptions in Kindergartners: 2011-2018,” Pediatrics, 144(6):
https://doi.org/10.1542/peds.2019-2710.
Worden, Lee, Sarah F. Ackley, Jennifer Zipprich, Kathleen Harriman, Wayne T.A. Enanoria, Rae
Wannier, and Travis C. Porco (2020). “Measles Transmission during a Large Outbreak in
California,” Epidemics, 30: 100375.
Zucker, Jane R., Jennifer B. Rosen, Martha Iwamoto, Robert J. Arciuolo, Marisa Langdon-Embry,
Neil M. Vora, Jennifer L. Rakeman, Beth M. Isaac, Antonine Jean, Mekete Asfaw, Simone
C. Hawkins, Thomas G. Merrill, Maura O. Kennelly, Beth Maldin Morgenthau, Demetre
C. Daskalakis, and Oxiris Barbot (2020). “Consequences of Undervaccination – Measles
Outbreak, New York City, 2018-2019,” New England Journal of Medicine, 382: 10091017.

25

Figure 1: Share of Kindergarteners with at Least One Vaccine Exemption

(A)

(B)

(C)

(D)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: The panels plot the share of kindergarteners with at least one vaccine exemption. Panel A
compares the share in California – which repealed all non-medical exemption in 2016 – against the
share in the states which did not repeal vaccine exemptions. Panel B plots the share in New York –
which repealed all non-medical exemptions in 2019 – against the share in the comparison states.
Panel C plots the share in Vermont – which repealed personal exemptions in 2016 – against the share
in the comparison states. Panel D plots the share in Washington – which repealed personal
exemptions for the MMR vaccine in 2019 – against the share in the comparison states.
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Figure 2: Repealing At Least Some Non-Medical Vaccine Exemptions
Reduced the Share of Kindergarteners Receiving Exemptions

(A)

(B)

(C)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: Each panel plots the Callaway and Sant’Anna (2021) event study coefficients obtain from a
separate regression. The independent variable of interest is an indicator for whether the state
implemented a policy prohibiting at least some non-medical exemptions. The dependent variable
in Panel A is the share of kindergarteners receiving at least one medical exemption for a required
school vaccine, in Panel B the share receiving at least one non-medical exemption, and in Panel C
the share receiving at least one medical exemption. The circles denote the point estimates and the
vertical lines the corresponding 95 percent confidence intervals.
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Figure 3: Limiting Non-Medical Vaccine Exemptions
Reduced the Share of Kindergarteners Receiving Exemptions

(A)

(B)

(C)

(D)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: Each panel plots the Callaway and Sant’Anna (2021) event study coefficients obtain from a
separate regression. The independent variable of interest is an indicator for whether the state
implemented a policy prohibiting at least some non-medical exemptions. The dependent variable
in Panel A is the share of covered by the MMR vaccine, in Panel B the share covered by the hepatitis
B vaccine, and in Panel C the share covered by the DT, DTaP, or DT vaccines, and in Panel D the
share covered by the polio vaccine. The circles denote the point estimates and the vertical lines the
corresponding 95 percent confidence intervals.
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Table 1: Limiting Non-Medical Exemptions Reduced Vaccine Exemptions
And Increased Exemption-Related Google Searches
(1)
(2)
(3)
(4)
(5)
Any
Non-Medical
Medical
‘Vaccine
‘Religious
Exemption
Exemption
Exemption
Exemption’
Exemption’
Panel A
Repealed a Vaccine
Exemption

Panel B
Repealed All Non-Medical
Exemptions

Repealed Some NonMedical Exemptions

CDC Data?
Google Trends Data?
Treated States with Missing Data
Control States with Missing Data
Mean
Observations

(6)
‘Medical
Exemption’

-2.004***
(0.499)
[0.160]

-2.173***
(0.586)
[0.119]

0.146
(0.154)
[0.747]

12.839*
(6.874)
[0.112]

8.683**
(3.885)
[0.043]

18.816***
(3.652)
[0.039]

-2.293***
(0.375)
[0.150]

-2.650***
(0.533)
[0.105]

0.352**
(0.148)
[0.263]

13.462***
(0.860)
[0.093]

5.596
(4.452)
[0.231]

20.316***
(3.815)
[0.151]

-1.715*
(0.913)
[0.642]

-1.696*
(0.951)
[0.642]

-0.059
(0.061)
[0.346]

12.217
(13.601)
[0.596]

11.769**
(5.067)
[0.246]

13.468***
(1.169)
[0.378]

Y

Y

Y
Y
-

Y
-

Y
VT

ME

-

AK, ND,
WY

10.156
450

10.963
459

9.822
423

-

-

CO, DE, DC,
IL, MN, MO,
SC, TX, WY

CO, DE, DC,
IL, MN,
SC, WY

2.616
420

2.322
422

AR, CO, DE,
DC, IL,
MN, MO,
SC, TX, WY
0.281
417

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: The dependent variable in column 1 is the share of kindergarteners receiving at least one exemption for a required school vaccine, in column 2 the
share receiving a non-medical exemption, and in column 3 the share receiving a medical exemption. The dependent variable in column 3 is the Google
Trends Index for the phrase ‘vaccine exemption,’ in column 5 the phrase ‘religious exemption,’ and in column 6 ‘medical exemption.’ The independent
variable of interest in Panel A is an indicator for whether the state implemented a law repealing at least some non-medical exemptions. The regression
includes the controls from equation (1) and is estimated via OLS. The independent variables in Panel B are indicators for whether the state implemented a
policy prohibiting all non-medical exemptions or at least some non-medical exemptions, and the regressions in Panel B are estimated using equation (2) via
OLS. Standard errors, shown in parentheses, are clustered at the state level. Wild bootstrap p-values are reported in brackets.
*** p < 0.01, ** p < 0.05, * p < 0.10
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Table 2: Limiting Non-Medical Exemptions Reduced Exemptions and Increased Vaccine Coverage
(1)
(2)
(3)
(4)
MMR
Hepatitis B
DTP, DTaP, or DT
Polio
Dependent Variable →
Coverage
Coverage
Coverage
Coverage
Panel A
Repealed a Vaccine
2.316***
1.292**
1.960**
2.036**
Exemption
(0.809)
(0.594)
(0.839)
(0.945)
[0.040]
[0.049]
[0.056]
[0.096]
Panel B
Repealed All Non-Medical
Exemptions

2.939***
(0.741)
[0.228]

1.721***
(0.545)
[0.232]

2.683**
(1.191)
[0.453]

2.856***
(0.693)
[0.453]

1.692*
(0.845)
[0.239]

0.792
(0.544)
[0.245]

1.390
(0.743)
[0.228]

0.322
(0.557)
[0.228]

Treated States with Missing Data

-

-

-

Control States with Missing Data

AK, DE, DC, HI,
NH, NJ, NC,
OK, WY

AL, AK, DE, DC,
HI, IL, ME, MT,
NH, NJ, NC,
OK, WY
95.474
394

AK, DE, DC, HI,
NH, NJ, NC,
OK, PA, WY

AK, DE, DC, HI,
NH, NJ, NC,
OK, WY

94.355
424

94.460
430

Repealed Some Non-Medical
Exemptions

Mean
Observations

94.137
430

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: The dependent variable in column 1 is the share of kindergarteners covered by the MMR vaccine, in column 2 the share covered by the
hepatitis B vaccine, in column 3 the share covered by the DT, DTaP, or DTP vaccines, and in column 4 the polio vaccine. The independent variable
of interest in Panel A is an indicator for whether the state implemented a law repealing at least some non-medical exemptions. The regression
includes the controls from equation (1) and is estimated via OLS. The independent variables in Panel B are indicators for whether the state
implemented a policy prohibiting all non-medical exemptions or at least some non-medical exemptions, and the regressions in Panel B are estimated
using equation (2) via OLS. Standard errors, shown in parentheses, are clustered at the state level. Wild bootstrap p-values are reported in brackets.
*** p < 0.01, ** p < 0.05, * p < 0.10
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7. Appendix
Appendix Figure 1: Google Searches for ‘Vaccine Exemption’

Source: Google Trends 2011-2021
Note: The solid dark line plots the Google Trends Index for the term ‘Vaccine
Exemption.’ The Index is constructed by first taking a random sample of Google
searches and determining what share of those searches were for the term ‘Vaccine
Exemption.’ The year-month when this ratio was maximized is set equal to 100. The
remaining values are constructed by taking each year-month ratio divided by the ratio
at the maximum point.
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Appendix Figure 2: MMR Coverage

(A)

(B)

(C)

(D)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2021
Note: The panels plot the share of kindergarteners receiving the MMR vaccine. Panel A compares
the share in California – which repealed all non-medical exemption in 2016 – against the share in the
states which did not repeal vaccine exemptions. Panel B plots the share in New York – which repealed
all non-medical exemptions in 2019 – against the share in the comparison states. Panel C plots the
share in Vermont – which repealed personal exemptions in 2016 – against the share in the comparison
states. Panel D plots the share in Washington – which repealed personal exemptions for the MMR
vaccine in 2019 – against the share in the comparison states.
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Appendix Figure 3: Hepatitis B Coverage

(A)

(B)

(C)

(D)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2021
Note: The panels plot the share of kindergarteners receiving the hepatitis B vaccine. Panel A
compares the share in California – which repealed all non-medical exemption in 2016 – against the
share in the states which did not repeal vaccine exemptions. Panel B plots the share in New York –
which repealed all non-medical exemptions in 2019 – against the share in the comparison states.
Panel C plots the share in Vermont – which repealed personal exemptions in 2016 – against the share
in the comparison states. Panel D plots the share in Washington – which repealed personal
exemptions for the MMR vaccine in 2019 – against the share in the comparison states.
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Appendix Figure 4: DTP, DTaP, or DT Coverage

(A)

(B)

(C)

(D)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2021
Note: The panels plot the share of kindergarteners receiving the DTP, DTaP, or DT vaccines. Panel
A compares the share in California – which repealed all non-medical exemption in 2016 – against the
share in the states which did not repeal vaccine exemptions. Panel B plots the share in New York –
which repealed all non-medical exemptions in 2019 – against the share in the comparison states.
Panel C plots the share in Vermont – which repealed personal exemptions in 2016 – against the share
in the comparison states. Panel D plots the share in Washington – which repealed personal
exemptions for the MMR vaccine in 2019 – against the share in the comparison states.
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Appendix Figure 5: Polio Coverage

(A)

(B)

(C)

(D)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2021
Note: The panels plot the share of kindergarteners receiving the DTP, DTaP, or DT vaccines. Panel
A compares the share in California – which repealed all non-medical exemption in 2016 – against the
share in the states which did not repeal vaccine exemptions. Panel B plots the share in New York –
which repealed all non-medical exemptions in 2019 – against the share in the comparison states.
Panel C plots the share in Vermont – which repealed personal exemptions in 2016 – against the share
in the comparison states. Panel D plots the share in Washington – which repealed personal
exemptions for the MMR vaccine in 2019 – against the share in the comparison states.
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Appendix Figure 6: Repealing At Least Some Non-Medical Vaccine Exemptions
Increased Vaccine-Hesitant Information Seeking Behavior

(A)

(B)

(C)

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: Each panel plots the Callaway and Sant’Anna (2021) event study coefficients obtain from a
separate regression. The independent variable of interest is an indicator for whether the state had
passed a policy prohibiting at least some non-medical exemptions. The dependent variable in Panel
A is the Google Trends Index for the phrase ‘vaccine exemption,’ in Panel B the Google Trends
Index for the phrase ‘religious exemption,’ and in Panel C the Google Trends Index for the phrase
‘medical exemption.’ The circles denote the point estimates and the vertical lines the corresponding
95 percent confidence intervals.
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Any Vaccine Exemption

Appendix Table 1: Summary Statistics
Did the State Repeal a
Vaccine Exemption
Full
Policy?
Sample
No
Yes
2.616
2.565
3.164

Timing Among States
Repealing a Vaccine
Exemption Policy
Pre-Policy Post-Policy
3.415
2.510

Non-Medical Exemption

2.322

2.282

2.764

3.027

2.080

Medical Exemption

0.281

0.268

0.414

0.412

0.420

MMR Coverage

94.137

94.147

94.033

93.454

95.540

DTP, DTaP, or DT Coverage

94.355

94.390

93.978

93.562

95.060

Hepatitis B Coverage

95.474

95.485

95.364

95.000

96.310

Polio Coverage

94.460

94.516

93.853

93.358

95.140

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
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Appendix Table 2: The Relationship between Policies Repealing Non-Medical
Exemptions and Vaccine Coverage is Robust to Alternative Specifications
(1)
(2)
(3)
(2) + State(2) + Census
(1) +
Specific
Division-byCovariates
LTT
Year FE
1. Any Exemption

-1.960***
(0.501)
[0.164]

-1.113
(0.668)
[0.154]

-2.106***
(0.460)
[0.093]

2. Non-Medical Exemption

-2.131***
(0.575)
[0.132]

-1.188
(0.716)
[0.187]

-2.333***
(0.534)
[0.073]

3. Medical Exemption

0.136
(0.128)
[0.630]

0.042
(0.110)
[0.714]

0.215
(0.144)
[0.351]

4. MMR Coverage

2.401**
(0.906)
[0.060]

2.022**
(0.876)
[0.049]

2.342**
(1.141)
[0.125]

5. Hepatitis B Coverage

1.436**
(0.594)
[0.096]

1.372**
(0.545)
[0.051]

2.130***
(0.656)
[0.056]

6. DTP, DTaP, or DT Coverage

2.008**
(0.846)
[0.083]

1.724**
(0.828)
[0.167]

2.360**
(1.033)
[0.122]

7. Polio Coverage

2.211**
(1.005)
[0.124]

1.265
(0.907)
[0.259]

2.354**
(0.985)
[0.119]

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: The dependent variables are listed in the table rows. The independent variable of interest is an indicator for
whether the state implemented a law repealing at least some non-medical exemptions. The estimates are obtained from
equation (1) using OLS. Column 1 estimates equation (1) but includes the state-level time-varying controls referenced
in the context. Column 2 augments this specification with state-specific linear time trends. Column 3 augments the
specification with Census division-by-year fixed effects. Standard errors, shown in parentheses, are clustered at the
state level. Wild bootstrap p-values are reported in brackets.
*** p < 0.01, ** p < 0.05, * p < 0.10
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Appendix Table 3: The Relationship between Policies Repealing Non-Medical
Exemptions and Vaccine Coverage is Robust to Excluding Each Treated State
(1)
(2)
(3)
(4)
No
No
No
No
California
New York
Vermont
Washington
1. Any Exemption

-1.657**
(0.729)
[0.290]

-2.098***
(0.556)
[0.290]

-1.708**
(0.754)
[0.292]

-2.403***
(0.233)
[0.052]

2. Non-Medical Exemption

-1.640**
(0.758)
[0.301]

-2.297***
(0.647)
[0.253]

-1.961**
(0.928)
[0.298]

-2.615***
(0.333)
[0.013]

3. Medical Exemption

-0.042
(0.048)
[0.460]

0.169
(0.176)
[0.777]

0.230
(0.191)
[0.688]

0.200
(0.163)
[0.534]

4. MMR Coverage

1.615**
(0.664)
[0.093]

2.473***
(0.910)
[0.080]

3.076***
(0.583)
[0.084]

2.117**
(0.896)
[0.094]

5. Hepatitis B Coverage

1.103**
(0.457)
[0.125]

2.114**
(0.934)
[0.107]

2.632***
(0.734)
[0.086]

1.933**
(0.956)
[0.093]

6. DTP, DTaP, or DT Coverage

1.103**
(0.457)
[0.129]

2.114**
(0.934)
[0.090]

2.632***
(0.734)
[0.089]

1.933**
(0.956)
[0.104]

7. Polio Coverage

1.084*
(0.616)
[0.213]

2.360**
(1.010)
[0.084]

2.749***
(0.927)
[0.231]

1.899*
(1.080)
[0.201]

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: The dependent variables are listed in the table rows. The independent variable of interest is an indicator for
whether the state implemented a law repealing at least some non-medical exemptions. The estimates are obtained
from equation (1) using OLS. Column 1 excludes observations from California from the sample, Column 2 excludes
observations from New York, column 3 excludes observations from Vermont, and column 4 excludes observations
from Washington. Standard errors, shown in parentheses, are clustered at the state level. Wild bootstrap p-values are
reported in brackets.
*** p < 0.01, ** p < 0.05, * p < 0.10

39

Appendix Table 4: The Relationship between Policies Repealing Non-Medical Exemptions and Vaccine
Coverage is Robust to Limiting the Sample to States Conducting a Census of Kindergarteners
(1)
(2)
(3)
(4)
(5)
Any
MMR
Hepatitis B
DTP, DTaP, or DT
Polio
Dependent Variable →
Exemption
Coverage
Coverage
Coverage
Coverage
Repealed a Vaccine
Exemption

Mean
Observations

-1.973***
(0.514)
[0.111]

2.500***
(0.836)
[0.025]

1.503**
(0.616)
[0.053]

2.094**
(0.883)
[0.048]

2.100**
(0.974)
[0.073]

2.673
319

94.361
317

95.520
284

94.471
312

94.615
317

Source: CDC Vaccination Coverage and Exemptions among Kindergartners 2011-2019
Note: The dependent variables are listed in the column headers. Column 1 examines the share of kindergarteners receiving at least one exemption for a required school
vaccine, column 2 the share covered by the MMR vaccine, column 3 the share covered by the hepatitis B vaccine, column 4 the share covered by the DT, DTaP, or DTP
vaccines, and column 5 the share covered by the polio vaccine. The independent variable of interest is an indicator for whether the state implemented a law repealing at
least some non-medical exemptions. The estimates are obtained from equation (1) using OLS. The sample is limited to observations where the state performed a census of
kindergarteners in the state. Standard errors, shown in parentheses, are clustered at the state level. Wild bootstrap p-values are reported in brackets.
*** p < 0.01, ** p < 0.05, * p < 0.10
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