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Despite the widespread availability of COVID-19 vaccines, the United States has a depressed
rate of vaccination relative to similar countries. Understanding the psychology of vaccine
refusal, particularly the possible sources of variation in vaccine resistance across U.S.
subpopulations, can aid in designing effective intervention strategies to increase vaccination
across different regions. Here, we demonstrate that county-level moral values (i.e., Care,
Fairness, Loyalty, Authority, and Purity) are associated with COVID-19 vaccination rates
across 3,106 counties in the contiguous United States. Specifically, in line with our hypothesis,
we find that fewer people are vaccinated in counties whose residents prioritize moral concerns
about bodily and spiritual purity. Further, we find that stronger endorsements of concerns about
Fairness and Loyalty to the group predict higher vaccination rates. These associations are robust
after adjusting for structural barriers to vaccination, the demographic makeup of the counties,
and their residents’ political voting behavior. Our findings have implications for health
communication, intervention strategies based on targeted messaging, and our fundamental
understanding of the moral psychology of vaccination hesitancy and behavior.

Public Significance Statement
Why do people refuse to get vaccinated against COVID-19 even when vaccines are widely
available, safe, and efficacious? We show that differences in moral values can help us
understand discrepancies in vaccination rates across U.S. counties. Specifically, Purity
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concerns about bodily and spiritual contamination predicted lower county-level vaccination
rates, while Fairness concerns about equality and proportionality and Loyalty concerns
about patriotism and ingroup cooperation both predicted higher vaccination rates.

Keywords: morality, COVID-19, geospatial analysis, vaccine hesitancy, moral foundations
theory
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Vaccines save lives. Concerted vaccination programs can
pave the way to recovery in global health crises, such as the
COVID-19 pandemic. However, despite the fact that safe and
efficacious COVID-19 vaccines have been developed, and
quick vaccination programs have been implemented glob-
ally, these efforts have been hampered by structural inequi-
ties (Schoch-Spana et al., 2021) and a lack of access to
vaccines in less developed countries (Nkengasong et al.,
2020). In addition, skepticism toward vaccination, despite
considerable evidence for COVID-19 vaccines being safe
(Shimabukuro et al., 2021), limits vaccination programs in
some developed countries. In many U.S. regions, especially
Republican-voting regions, peoples’ concerns regarding the
COVID-19 vaccines have delayed the vaccination process
(Ivory et al., 2021), resulting in the surge of more deadly
variants and preventable fatalities (Mandavilli, 2021). The
delay in acceptance, or refusal of vaccines despite the
availability of vaccine services, is known as “vaccination
hesitancy” (Dubé et al., 2013) and has often been regarded as
one of the most pressing issues in global public health
(MacDonald, 2015). In the present work, we show that
county-level moral values help explain the stark differences
in vaccination rates across the United States, even after
controlling for structural barriers and partisan divides.

Structural Barriers to Vaccination

During the COVID-19 pandemic and after vaccines were
developed, many countries had limited access to COVID-19
vaccines. In contrast, the United States has the largest supply
of COVID-19 vaccine doses (United Nations Children’s
Fund, 2021). Hence, this country provides an ideal context
to test how structural barriers and attitudinal variables affect
vaccination rates. While vaccine hesitancy is a hurdle to
overcome in introducing any new vaccine (De Figueiredo et
al., 2020), there may be other reasons why people, who are
otherwise willing, do not get vaccinated (Tewarson et al.,
2021). Based on existing vaccination programs and early
polls on COVID-19 vaccination intent, it can be concluded
that demand-side challenges persist in the United States
(Naterattner, 2021). In addition, the demographic makeup
of communities can help explain differences in vaccination
rates (Latkin et al., 2021). For example, to examine the

relationship between social determinants of health and racial
disparities in COVID-19 vaccinations, Agarwal et al. (2021)
combined data from state, federal, and other sources and
demonstrated racial and other demographic disparities in
COVID-19 vaccination rates. To quantify structural and
demographic barriers to vaccination rollout, Mishra et al.
(2021) created the U.S. COVID-19 Vaccine Coverage Index
(CVAC) that identifies which regions and communities may
be at risk of poor vaccination coverage. A descriptive exami-
nation of this index suggests that states such as Nevada,
Mississippi, and Oklahoma are the highest concern states in
the country (Mishra et al., 2021). Failure to understand and
address structural barriers to vaccination increases the mor-
tality rate in vulnerable regions and slows down the global
progress toward ending the COVID-19 pandemic.

Ideological Barriers to Vaccination

In addition to structural barriers and demographic char-
acteristics, political ideology is another well-documented
determinant of vaccination attitudes and behaviors in the
United States. There is compelling evidence that conserva-
tives are less likely to express pro-vaccination beliefs com-
pared with liberals (e.g., Killgore et al., 2021). Moreover,
political ideology also has an indirect effect on immunization
propensity: Ideology predicts trust in government, which in
turn predicts attitudes about vaccine choice (Baumgaertner et
al., 2018). According to a recent Gallup poll, Republicans are
twice as likely to believe the widely debunked myth that
vaccines cause autism (Reinhart, 2020). In addition, exposure
to antivaccination tweets by former President Trump, who
publicly expressed antivaccination attitudes, has led to
increased concern about vaccines and their safety among
his conservative supporters (Hornsey et al., 2020).
A longitudinal survey in the United States covering 6

months of the COVID-19 pandemic, from March to August
2020, showed a decrease in intentions of getting a COVID-
19 vaccine when one would become available (Fridman et al.,
2021). Furthermore, a decline in general vaccine attitudes and
intentions of getting the influenza vaccine was also reported.
Follow-up analyses indicated that this substantial decline is
driven by participants who identified as Republicans. Indeed,
Republicans showed a negative trend in vaccination
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intentions, while Democrats remained largely stable with
regard to their vaccination attitudes. As vaccination efforts
continue in the United States during the COVID-19 pan-
demic, the disparity between Republican-voting and
Democratic-voting regions is becoming larger (Ivory et al.,
2021), further making COVID-19 vaccination a polarizing
matter rather than a politically neutral topic.

Moral Concerns and Vaccination

Early efforts at studying the effect of various messaging
campaigns on vaccine hesitancy have indicated that emo-
tional appeals, rather than information appeals, lower the
perceived risk of getting vaccinated (Gursoy et al., 2022).
Relatedly, Koinig (2021) found that emotional appeals were
preferred by study participants over informational appeals
when considering social distancing practices with regard to
the COVID-19 pandemic. In addition to emotional appeals,
Jung and Albarracn (2021) found that prosocial interventions
(i.e., messages that remind individuals about the impact of
their being vaccinated on the well-being of others) were, in
certain situations, effective in increasing willingness to get-
ting vaccinated. The apparent effectiveness of emotional and
prosocial appeals suggest the possibility that attitudes about
COVID-19 vaccination are based on deeper intuitions about
the vaccine and, furthermore, the people affected by being
vaccinated. Specifically, we propose that intuitions about
right and wrong—that is, moral intuitions—are related to
vaccine attitudes in the United States and, subsequently, that
messaging campaigns might benefit from focusing on moral
framing.
Moral judgments and convictions about right and wrong are

powerful motivators for both prosocial and antisocial beha-
viors (Graham & Haidt, 2012; Skitka & Mullen, 2002). There
are currently many psychological theories of the fundamental
structure of human morality (e.g., Cushman, 2013; Graham
et al., 2013; Gray & Wegner, 2009; Janoff-Bulman & Carnes,
2013; Rai & Fiske, 2011; Schwartz, 1992).1 Moral founda-
tions theory (MFT; Atari et al., 2022; Graham et al., 2013;
Haidt & Joseph, 2004) has sought to expand the range of moral
judgments and concerns under scientific scrutiny, combining
evolutionary theories with the anthropological work of
Shweder et al. (1997). MFT posits that a set of innate intuitions
lead humans to “gut-level” emotional responses to events in
social contexts (Atari, Mostafazadeh Davani, Dehghani,
2020). For example, people have been found to be unable
to provide justifications for their decisions regarding moral
dilemmas that elicited strong emotional reactions but lacked
rational bases (Haidt, 2001).
According toMFT, moral concerns may be reduced to a set

of five intuitions. Care, Fairness, Loyalty, Authority, and
Purity have been recognized as its core foundations (Graham
et al., 2013). Each foundation has developed in response to an
evolutionarily and culturally recurrent problem in social

living for humans. The foundation of Care is rooted in the
instinct to nurture and protect offspring and weak individuals
in one’s perceived group. Fairness refers to concerns of
equality, justice, reciprocity, and proportionality. Loyalty is
shaped around concerns of unity, solidarity, togetherness,
family, and ingroup protection. Authority centers around
deference to authority and social order within a hierarchical
structure. Finally, Purity relates to physical and spiritual
cleanliness, self-discipline, dignity, valuing sacredness, and
suppressing carnal desires (Graham et al., 2013).
Related to this article, conceptually, although vaccines

provide a kind of purity-relevant protection against disease,
they nevertheless contain elements of the disease and their
administration breaks the body membrane, both of which are
likely to trigger bodily purity-related concerns. Further,
vaccines can be viewed as an unnatural chemical compound,
and the use of it can be seen as a way to contaminate the body
(Hornsey et al., 2018). Other research points to the role of
disgust sensitivity in predicting parental vaccine hesitancy,
where parents who report higher sensitivity toward disgust
show higher hesitancy in getting their kids vaccinated
(Reuben et al., 2020). For these reasons, we expected that
moral purity concerns would be associated with vaccine
hesitancy, rather than acceptance. And this is in fact what
was found in the one previous study linking moral founda-
tions to vaccination. In two studies, Amin et al. (2017) found
that the relationships between Care and Fairness with vaccine
hesitancy (in this case regarding the human papillomavirus
[HPV] vaccine) were not significant, but that Purity (and
Liberty) was significantly associated with vaccine hesitancy
(see also replication of this work by Betsch & Böhm, 2018).2

These authors found that, after controlling for age and
education, medium-hesitancy parents were twice as likely
as low-hesitancy parents to highly endorse Purity. High-
hesitancy participants were also twice as likely to strongly
emphasize Purity (and Liberty). These findings demonstrate
that people’s endorsement of Care and Fairness was not
reliably predictive of their vaccine hesitancy. Purity (and
Liberty), on the other hand, were reliably related to parents’
decision to have their children vaccinated against HPV.
Research has shown that there is substantial geographic

variation in psychological characteristics and that this varia-
tion helps explain regional differences in important real-
world outcomes (e.g., Hoover et al., 2021; Jokela et al.,
2015). For example, there is strong evidence that U.S. states
differ in the aggregated personality traits of their residents
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1 These theories are complementary in a number of ways (Graham, 2013),
but they are generally seen as competitors in the scientific marketplace of
ideas. Our goal here is not to discern between the various theories of human
morality, but to apply the framework (a) that is most relevant to the questions
in this project and (b) for which data are available to construct the models
needed to answer our questions.

2 Some MFT theorists have argued that concerns about Liberty may be
considered an additional moral foundation (Iyer et al., 2012).
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(Rentfrow et al., 2008), and these differences are related to
differences in social, political, and health-related outcomes
(Rentfrow, 2010). Recent research showed that differences in
personality traits can also help explain the stark regional
differences in COVID-19 transmission in the early stages of
the current pandemic (Peters et al., 2020). Similarly, there is
evidence that U.S. counties differ in the estimated moral
values of their residents, and these differences are related to
important outcomes such as the prevalence of hate groups
(Hoover et al., 2021). However, no studies have tested
whether differences in moral values can help explain regional
differences in COVID-19 vaccination rates.

The Present Research

Differences in COVID-19 vaccination rates across U.S.
counties are stark—county-level vaccination rates range from
9% to 96%—and in need of explanation. Past research has
shown that structural barriers (e.g., sociodemographics,
health care accessibility, resource-constrained health sys-
tems; Mishra et al., 2021) and political ideologies can delay
or prevent vaccination efforts. We argue that, to understand
persistent opposition to vaccines despite their health benefits
and wide availability, we need to also consider moral values.
Past research on the psychological barriers to vaccination has
examined vaccine hesitancy and intentions (Amin et al.,
2017), but not actual behavior (see Baumeister et al.,
2007). In the present research, we investigate whether differ-
ences in five moral values (Care, Fairness, Loyalty, Author-
ity, and Purity; Graham et al., 2013) explain differences in
COVID-19 vaccination rates across U.S. counties. That is,
we relate each county’s proportion of residents who have
been fully vaccinated to its structural barriers and demo-
graphic composition as well as the political leanings and
estimated moral values of its residents.
Our overarching prediction is that differences in moral

values help explain discrepancies in COVID-19 vaccination
rates above and beyond structural, demographic, and political
differences. In line with prior research and theorizing, we
hypothesize that counties with residents who prioritize Purity
concerns have lower vaccination rates. With regard to the
other moral foundations, we do not make specific predictions
and consider our analyses exploratory. Based on a function-
alist account of moral foundations, Care and Fairness might
be associated with higher vaccination rate, as getting vacci-
nated helps prevent the spread of the disease to vulnerable
groups (such as older or immunocompromised people).
Loyalty might be associated with higher vaccination rates
if people understand vaccination as an act to protect their
ingroup or, alternatively, with lower vaccination rates if
people understand vaccination to be in conflict with their
ingroup’s values or their patriotic duties. Authority might be
associated with lower or higher vaccination rates depending
on what people understand their leaders’ demands to be.3

To test our predictions, we combined data on self-reported
moral concerns (106,465 people) with county-level data on
vaccination rates, structural barriers to vaccination, religios-
ity, and political behavior (3,106 counties). We used geos-
patial models to estimate vaccination rates in a cross-section
of time when vaccines had been widely available in the
United States for several months and compare the relative
importance of moral values and other factors in predicting
vaccination rates.
Our research focuses on county-level differences in vacci-

nation rates rather than on individual-level or state-level
differences. We use spatially aggregated rather than
individual-level data as doing so allows us to investigate
actual vaccination behavior instead of relying on self-reports
of vaccination behavior (Baumeister et al., 2007). We use
county-level rather than state-level data as county-level data
are, in many ways, the most meaningful level of analysis for
many psychological, cultural, and political variables in the
United States and are the most granular data reported by the
Centers for Disease Control and Prevention (CDC).While we
control for state-level differences in our analyses, focusing on
state-level differences alone would overlook important sub-
regional patterns in vaccination rates that do not seem to align
with state borders (see Figure 1). Further, we believe that
counties are the most likely and effective entities to enact
policies and interventions to shape responses to the pandemic
(in California, e.g., the San Francisco and Los Angeles
counties have set influential COVID-19 policies throughout
the pandemic).

Method

We combined data from several sources to answer our
research questions. All observations were at the county level
and for the contiguous United States. We made data and
scripts for our analyses, as well as results from our analyses,
available online (https://osf.io/vyuhn/).4 Table 1 reports
descriptive statistics and correlations for measures included
in our analyses.

Vaccination Rates

We operationalized county-level vaccination rates as the
cumulative proportion of the total population of a county who
had received either both doses of a two-dose vaccine (i.e., the
Pfizer-BioNTech or Moderna COVID-19 vaccine) or one
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3 We do not have any county-level data for moral concerns about Liberty,
and therefore cannot analyze its relation to vaccination rates.

4 County-level estimates of moral concerns have the potential of being
misused for targeting in influence campaigns. To mitigate this risk, we do not
share the exact estimates of moral concerns. Instead, we used the “synthpop”
R package (Nowok et al., 2016; Version 1.6-0) to create synthetic data which
mimic the original estimates of moral concerns and preserve the relationships
with the other variables in the data set—but sever the link between each
county and its residents’ moral concerns. All other variables, sufficient to
reproduce Models 1 and 2, are provided unaltered.
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dose of a single-dose vaccine (i.e., the Janssen COVID-19
vaccine). We used a data set that integrates data provided by
the CDC with data provided by State Health Departments to
provide accurate estimates of county-level vaccination rates
(Tiu et al., 2021).5 The CDC data track the numbers of people
who are being vaccinated based on information collected
from jurisdictional clinics, retail pharmacies, long-term care
facilities, dialysis centers, the Federal Emergency Manage-
ment Agency, Health Resources and Services Administration
partner sites, and federal facilities. However, the CDC data
are missing vaccination rates for some states (e.g., Texas) and
counties (e.g., in California) and contain discrepancies with
data reported by local health departments.6 Tiu et al. (2021)
used data from other sources to correct and complete the
CDC data. We used the resulting data on the cumulative
vaccination rates at a cross-section of time (September 9,
2021) for 3,108 counties in the 48 states and the District of
Columbia of the contiguous United States. Vaccination rates
ranged from 9% to 96% (M = 42%, SD = 11%).7

COVID-19 Vaccine Coverage Index

Mishra et al. (2021) created the U.S. CVAC based on five
themes: (a) historical undervaccination (i.e., below standard
vaccination coverage and high vaccine exemption rate); (b)

sociodemographic barriers (i.e., socioeconomic disadvan-
tage, lack of access to information); (c) resource-constrained
health system (i.e., limited workforce, infrastructure, and
strength); (d) health care accessibility barriers (i.e., underin-
sured, delayed care-seeking, lack of transportation, and
limited transit connectivity); and (e) irregular care-seeking
behavior (i.e., lack of a personal doctor, failure to seek
routine care). The CVAC index was introduced to help
identify the community-level barriers affecting vaccine cov-
erage. This index ranks U.S. counties from 0 (lowest con-
cern) to 1 (highest concern) and captures which U.S.
communities are at the greatest risk of inadequate vaccination
coverage. We used the county-level CVAC index to account
for between-county variability of structural predictors in
vaccination rates.

Political Ideology

Since political ideology is related to both COVID-19
vaccination rates (Agarwal et al., 2021) and moral values
(Kivikangas et al., 2021), we controlled for the role of
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Figure 1
Observed and Predicted County-Level Vaccination Rates

Model 2 Model 3

Observed Model 1

0.25 0.50 0.75

Vaccination Rate

Note. Predicted vaccination rates reflect estimates from three geospatial beta regression models that included
demographic and structural differences (Model 1), political differences (Model 2), and the five moral foundations
(Model 3) as predictor variables of county-level vaccination rates. Predictions reflect only the nonspatial, fixed
effects of each model.

5 http://www.vaccinetracking.us.
6 We thank Rex Douglass for bringing these issues to our attention.
7 We report analyses using the original, unaltered, CDC data in the

Supplemental Materials, with qualitatively similar findings.
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political ideology in our statistical models. We collected data
from presidential elections in the United States (MIT Election
Data and Science Lab, 2018) and calculated a county-level
conservatism index by subtracting the votes for the Demo-
cratic party from the votes for the Republican party and
dividing that quantity by the total votes (including for the
Green party) in that county across the 2000–2020 presidential
elections.

Endorsement of Moral Values

We used the estimates of county-level distribution of moral
values provided by Hoover et al. (2021). These authors relied
on data from the crowdsourcing website YourMorals.org,
which is an online platform for collecting a wide range of
psychological data, including moral values. These county-
level estimates are based on data from 2012 to 2018 (N =
106,465) using the Moral Foundations Questionnaire (MFQ;
Graham et al., 2011). The MFQ measures to what extent
respondents endorse concerns about caring for others and
preventing harm to the weak and vulnerable (Care); about
fairness and equality (Fairness); about being loyal to one’s
family, country, and other ingroups (Loyalty); about respect-
ing hierarchies and protecting traditions (Authority); and
about avoiding indecent, impure, or unnatural acts (Purity).8

Although this is a large sample, it cannot be used to directly
estimate county-level moral values as it does not use proba-
bility sampling at the county level (Hoover & Dehghani,
2019), and many counties have very few respondents. To
address these issues, Hoover et al. (2021) used multilevel
regression and synthetic poststratification (MrsP; Leemann &
Wasserfallen, 2017), a model-based approach for subnational
estimation that extends multilevel regression and poststrati-
fication (MrP; Park et al., 2004). The multilevel model also
included a hierarchical autoregressive prior (Riebler et al.,
2016) that, under the presence of spatial autocorrelation,
induces local spatial smoothing between proximate counties
(Hanretty et al., 2016; Hoover & Dehghani, 2019). To
validate the county-level estimates of moral concerns,
Hoover et al. (2021) analyzed the relation between MFQ

estimates of county-level proportion of conservatives against
ground truth data (i.e., 2016 share of Republican votes by
estimates of county-level proportion). They report a substan-
tial correlation (r = 0.63, 95% CI [0.60, 0.65]) between the
estimated measure and the observed, ground truth measure of
ideological distribution at the county-level, further validating
the county-level estimates produced by MrsP. Other research
has validated the estimates produced by MrP techniques
across different data domains (e.g., Hoover & Dehghani,
2019; Wang et al., 2015).
The resulting estimates of county-level moral values can be

viewed at https://map.yourmorals.org as well as in Figure 2,
which shows the geographic distributions of the estimated
county-level moral values and of county-level conservatism.

Additional Control Variables

In addition to the ones used in the main analyses, we
considered a broader range of measures as control variables
in the robustness checks. First, we included county-level
demographics characteristics from the 2019 American Com-
munity Survey and, where available, the 2020 Decennial
Census (Walker & Herman, 2021): the (log-transformed)
median income; the proportion of residents with a bachelor’s
degree or higher; the (log-transformed) population density;
and the proportions of White non-Latino, Black non-Latino,
and Latino residents. Second, we recalculated the conserva-
tism index using only data from the 2020 presidential election
to distinguish the contribution of long-running political ten-
dencies from the partisan politics of the presidential election
held during the pandemic. Third, we included county-level
rates of religious adherence based on data from the 2010 U.S.
Religion Census (Grammich et al., 2010). Finally, we consid-
ered partial vaccination rates from Tiu et al.’s (2021) data
set—that is, the county-level proportion of residents who
received at least one dose of a vaccine—as an alternative
outcome variable. As these data were not consistently reported
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Table 1
Correlations, as Well as Means and Standard Deviations, for All County-Level Variables Included in the Main Analyses

No. Measure M SD

r

1 2 3 4 5 6 7 8 9

1 % vaccinated 0.42 0.11 — −.01 −.42 −.62 .45 .53 −.61 −.63 −.71
2 % over 65 0.20 0.05 — −.11 .17 −.19 −.26 .20 .14 .18
3 CVAC 0.50 0.29 — .13 .01 .07 .36 .51 .45
4 Conservatism 0.23 0.27 — −.55 −.82 .75 .57 .75
5 Care 3.45 0.05 — .80 −.33 −.31 −.41
6 Fairness 3.35 0.08 — −.58 −.38 −.58
7 Loyalty 2.91 0.09 — .89 .91
8 Authority 3.15 0.12 — .94
9 Purity 2.92 0.21 —

Note. CVAC = COVID-19 Vaccine Coverage Index.

8 Further details and example items are provided in the Supplemental
Materials.
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by Nebraska and South Dakota, analyses focusing on partial
vaccination rates excluded those states.

Analytic Strategy

Vaccination rates are proportions and, as such, bounded
between 0 and 1. We used beta regression with a logit link
function (Ferrari & Cribari-Neto, 2004) to estimate county-
level vaccination rates as a function of relevant predictor
variables. In beta regression, the intercept represents the
average log odds of vaccination when all predictor variables
are zero. Regression coefficients are log-odds ratios and
represent the change in the log odds of vaccination for
each one-unit increase in the predictor variable. We stan-
dardized all predictor variables. We transformed regression
coefficients to odds ratios (ORs) so that they represent the
estimated change in the average odds of vaccination for each
1 SD increase in the predictor variable. The odds of vaccina-
tion, in turn, can be converted to vaccination rates (e.g., odds

of 1 corresponds to a 50% vaccination rate). Our models
included a spatial autocorrelation component to account for
the tendency of neighboring counties to resemble each other
and a nonspatial component to capture residual variation
across counties (Morris et al., 2019; Riebler et al., 2016). Our
models used an adjacency matrix that encoded, for each pair
of counties, whether they share a border (1) or not (0). Our
models also included a varying (random) intercept to account
for differences in policies, resources, and other factors
between states (and the District of Columbia) that were
not captured by the control variables.
To estimate these models, we used the “brms” R package

(Bürkner, 2017, 2018) as an interface to fit Bayesian gener-
alized linear multilevel models in Stan (Stan Development
Team, 2021). Bayesian inference involves choosing a likeli-
hood function and prior distributions. The likelihood func-
tion links the observed data to one or more model parameters
(e.g., regression coefficients) by expressing how likely the
observed data would have been for different values of said
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Figure 2
Estimates of Each County’s Residents’ Endorsement of Moral Concerns and Political Ideology

2.5 3.0 3.5

Care

2.5 3.0 3.5

Fairness

2.5 3.0 3.5

Loyalty

2.5 3.0 3.5

Authority

2.5 3.0 3.5

Purity

-0.5 0.0 0.5

Conservatism

Note. For an interactive visualization of county-level moral values, see https://map.yourmorals.org.
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model parameters. Our models used a beta likelihood with a
logit link function. Prior distributions state how plausible
different values of said model parameters are before consid-
ering the observed data. Our models used weakly informative
prior distributions, β ∼ Student − t(3, 0, 2.5) on the log-odds
scale, for the fixed intercept, the regression coefficients, and
the standard deviation of the varying intercept. Bayesian
inference applies Bayes’ theorem to update prior distribu-
tions in light of the observed data to produce posterior
distributions. Posterior distributions state how plausible dif-
ferent values of the model parameters are given the observed
data. We report point estimates, based on the median of
posterior samples, and 95% uncertainty intervals, based on
the quantiles of posterior samples, for relevant model
parameters.
To compare the relative importance of structural, political,

and moral variables for predicting vaccination rates, we
compared a series of models. Model 1 included only the
proportion of residents over 65 and the CVAC index as
predictor variables. We controlled for the proportion of
residents over 65 because this age group both had earlier
access to vaccination in most states and is at a higher risk of
serious illness or death after infection. Model 2 included
political ideology as an additional predictor variable. Model 3
included all predictor variables from previous models as well
as county-level estimates of moral values.
We used 10-fold cross-validation to estimate how well

each model predicted observations outside the sample used to
estimate it. As a measure of out-of-sample prediction accu-
racy, we calculated each model’s expected log predictive
density (ELPD), that is, the logarithm of the joint posterior
predictive probability of all observations. To compare mod-
els, we calculated the difference in out-of-sample prediction
accuracy for each pair of models (ΔELPD), with positive
values indicating that a model made more accurate predic-
tions than a comparison model.9 We divided this difference
by its standard error (z = ΔELPD/SE) to account for the
uncertainty of cross-validation as an estimate of out-of-
sample prediction accuracy (Vehtari et al., 2017). We
selected a more complex over a simpler model when the
difference in prediction accuracy was much larger than its
standard error.10 In addition, we report a Bayesian analogue
of R2 with its 95% uncertainty interval (Gelman et al., 2019)
as a measure of within-sample model fit.

Results

We report results from our main analyses investigating
the relative importance of demographic, structural, political,
and moral differences for predicting country-level vaccina-
tion rates as well as results from additional analyses inves-
tigating how robust our findings were to different analytic
choices.

Main Analyses

Figure 3 shows the results of our main analyses. Model 1,
which included only structural and demographic predictor
variables, explained R2 = 19%, [16%, 22%] of variance in
vaccination rates. Both the CVAC index (OR = 0.82, [0.80,
0.84]) and the proportion of residents over 65 (OR = 0.97,
[0.96, 0.98]) were associated with lower odds of vaccina-
tion.11 Model 2, which included partisanship as an additional
predictor variable, explained R2 = 54%, [52%, 56%] of
variance in vaccination rates and thus accounted for more
within-sample variance than Model 1 (ΔR2 = 35%, [31%,
39%]). In the direction expected, a 1 SD increase in conser-
vatism was associated with OR = 0.79, [0.78, 0.80] times
lower odds of vaccination. As Model 2 made more accurate
out-of-sample predictions than Model 1 (ΔELPD = 2170.9,
SE = 135.4) and this difference was z = 16.0 times greater
than its standard error, we conclude that political ideology
predicts vaccination rates above and beyond structural and
demographic barriers to vaccination in the United States.
Model 3, which included county-level endorsement of

moral concerns as additional predictor variables, explained
R2 = 64%, [62%, 65%] of variance in vaccination rates and
thus accounted for more within-sample variance than Model
2 (ΔR2 = 10%, [7%, 12%]). As shown in Figure 1, the
predicted values for county-level vaccination rates based on
Model 3 were highly consistent with the observed rates.
We found evidence that moral concerns about Fairness,

Loyalty, and Purity, but not about Care or Authority, were
associated with county-level vaccination rates. A 1 SD
increase in Fairness was associated with OR = 1.06, [1.01,
1.11] times higher odds of vaccination. Likewise, a 1 SD
increase in Loyalty was associated with OR = 1.14, [1.09,
1.19] times higher odds of vaccination. In contrast, a 1 SD
increase in Purity was associated withOR= 0.80, [0.75, 0.86]
times lower odds of vaccination in line with our prediction.
As Model 3 made more accurate out-of-sample predictions
thanModel 2 (ΔELPD= 559.0, SE= 65.5) and this difference
was z = 8.5 times greater than its standard error, we conclude
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9 Spatial autoregressive models are nongenerative models, that is, they
cannot make predictions for areas not included in the model. To still compare
the relative prediction accuracies of our models, we used only the nonspatial,
fixed effects to estimate each model’s out-of-sample prediction accuracy.
Likewise, we only used the nonspatial, fixed effects to estimate R2 values.

10 For a conventional interpretation, consider the critical values to be
jΔELPD=SEj > 1.96 for p < .05; 2.58 for p < .01; and 3.29 for p < .001 in a
two-sided null hypothesis significance test of the difference in out-of-sample
prediction accuracy.

11 Readers might be surprised to read that the proportion of residents over
65 is associated with lower vaccination rates in a county since adults over 65
are more likely to be vaccinated than other age groups in the United States
(Center for Disease Control and Prevention, 2021). However, this association
reverses in the expected direction in Models 2 and 3. This is an example of
the ecological fallacy (Hehman et al., 2019; Robinson, 2009) since residents
in counties with a greater proportion of residents over 65 also tend to be more
conservative (r= 0.17), lower in Care (r=−.19) and Fairness (r=−.26), and
higher in Loyalty (r = −.20), Authority (r = −.14), and Purity (r = .18).
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that moral concerns predict vaccination rates above and
beyond political, demographic, and structural variables.12

To better understand the importance of each moral concern
for predicting vaccination rates, we estimated five alternative
versions of Model 3 that each included only a single moral
concern as predictor variable (while controlling for demo-
graphic, structural, and political variables). We again found
that Fairness (OR = 1.06, [1.03, 1.09]) was associated with
higher odds of vaccination while Purity (OR = 0.87, [0.85,
0.90]) was associated with lower odds of vaccination (Figure
S5). In addition, we found that Care (OR= 1.03, [1.02, 1.05])
was associated with higher odds of vaccination while Author-
ity (OR = 0.92, [0.90, 0.94]) was associated with lower odds
of vaccination. When not controlling for the other moral
foundations, there was less evidence that Loyalty (OR= 0.98,
[0.96, 1.01]) was associated with the odds of vaccination.

Robustness Checks

Our main analyses controlled for, what we considered to
be, the most plausible confounding variables—that is, struc-
tural and demographic barriers to vaccination—as well as for
long-running voting tendencies to test whether county-level
moral values would predict vaccination rates above and
beyond differences in political ideology. That said, we
recognize that the set of variables we chose to consider in

our main analyses is only one of a multiverse of different sets
of variables a reasonable researcher might have considered
and that considering different sets of variables might have
resulted in reaching different conclusions (Gelman & Loken,
2014). To test how robust our conclusions were to making
different analytic choices, we conducted a multiverse analy-
sis (Steegen et al., 2016) in which we, first, defined a
multiverse of all plausible combinations of analytic choices
and, second, reran our analyses for each of those
combinations.
Figures 4 and 5 show the results of our multiverse analysis.

Each figure consists of three subfigures (a–c) which, in turn,
consist of a lower and an upper section. Each vertical slice of
a subfigure represents one analysis we ran. For example, the
slice highlighted in red shows the result of Model 3 reported
in the Main Analyses section—that is, a model that uses full
vaccination rates as the outcome variable and controls for the
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Figure 3
Results From the Geospatial Beta Regression Models Estimating Vaccination Rates as a Function
of Demographic, Structural, Political, and Moral Predictor Variables

Intercept

% over 65

CVAC

Conservatism

Care

Fairness

Loyalty

Authority

Purity

(a)
Model 1 Model 2 Model 3

0.8 1.0 1.2 0.8 1.0 1.2 0.8 1.0 1.2
OR

SDState

SDCounty

R2

ELPD (SE)

(b)

128.6 [105.4, 168.8]

0.13 [0.09, 0.18]

0.37 [0.35, 0.40]

19% [16%, 22%]

-246.5 (272.7)

129.7 [108.9, 171.1]

0.14 [0.10, 0.18]

0.27 [0.25, 0.30]

54% [52%, 56%]

1924.4 (206.6)

135.3 [113.5, 179.3]

0.13 [0.10, 0.18]

0.26 [0.23, 0.28]

64% [62%, 65%]

2483.4 (195.8)

Model 1 Model 2 Model 3

Note. (a) Coefficients with 95% uncertainty intervals as odds ratios. (b) Dispersion parameter (ϕ) for the beta
regression, standard deviations for the varying intercepts across states (SDState) and counties (SDCounty), and
within-sample variance explained (R2) with 95% uncertainty intervals as well as the out-of-sample expected log
predictive density (ELPD) with its standard error (SE). CVAC = COVID-19 Vaccine Coverage Index.

12 A model with fewer predictor variables can often make more accurate
out-of-sample predictions than a model with more predictor variables. To
find the model with the best out-of-sample prediction accuracy, we estimated
32 models that included all possible combinations of the five moral concerns
(while controlling for demographic, structural, and political variables). We
found that thesemodels varied in their out-of-sample prediction accuracy and
within-sample variance explained (Figure S3) and that a model with all moral
foundations except authority outperformed a model with all moral founda-
tions while all models with at least one moral foundation outperformed the
model without any (Figure S4).
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proportion of over 65-year-olds, the CVAC index, and
conservatism in the 2000–2020 presidential elections. The
lower section of each subfigure uses lines to show, for each
model we ran, which variables the model included besides
the five moral foundations (not unlike a punch card). Spe-
cifically, we varied (in order of presentation) whether models

considered full or partial vaccination rates as the outcome
variable and whether models controlled for the proportion of
over 65-year-olds; for the CVAC index, the CVAC sub-
scales, or the CVAC subscales except historical undervacci-
nation; for conservatism in the 2000–2020 presidential
elections or in the 2020 presidential election; for rates of
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Figure 4
Estimated Odds Ratios for the Relationships of Care (a), Fairness (b), and Loyalty (c) With Vaccination Rates as a Function of
Which Other Variables Were Included in the Analysis

Note. Original model is highlighted in red. CVAC = COVID-19 Vaccine Coverage Index. See the online article for the color version of this
figure.
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religious adherence; for the (log-transformed) population
density; for the (log-transformed) median income and pro-
portion of residents with a bachelor’s degree or higher; and
for the proportions of White non-Latino, Black non-Latino,

and Latino residents. In total, we thus estimated 768 models
to test how robust our estimates of the relationships between
county-level moral values and vaccination rates were across
all combinations of analytic choices. The upper section of
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Figure 5
Estimated Odds Ratios for the Relationships of Authority (a) and Purity (b) With Vaccination Rates and Within-Sample Variance
Explained by all Five Moral Foundations (c) As a Function of Which Other Variables Were Included in the Analysis

Note. ΔR2 is the estimated within-sample variance explained by the five moral foundations expressed as the difference in explained variance to a
model that includes the same predictor variables but not the five moral foundations. Original model is highlighted in red. CVAC = COVID-19
Vaccine Coverage Index. See the online article for the color version of this figure.
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each subfigure (a–c) shows how 95% uncertainty intervals
for the ORs for the relationships between county-level moral
values and vaccination rates varied across the 768 models.
Both parts of each subfigure show models ranked from the
lowest (left) to the highest (right) OR for a given moral
foundation. If models that include a variable consistently
rank higher than models that do not include that variable, we
can conclude that the estimated effect sizes depend on
including that variable.
We found that ORs for the relationships between county-

level moral values and vaccination rates varied as a function
of some analytic choices. Models that controlled for each
county’s racial composition estimated, on average, greater
ORs for Authority (OR = 1.21;ΔOR = 0.25), Fairness (OR =
1.13; ΔOR = 0.10), and Purity (OR = 0.90; ΔOR = 0.05) but
lower ORs for Loyalty (OR = 0.93; ΔOR = −0.24) and Care
(OR = 0.97; ΔOR = −0.05) than models that did not include
this control variable. Models that controlled for each county’s
conservatism in the 2020 presidential election estimated
greater ORs for Purity (OR= 0.98;ΔOR= 0.16) and Loyalty
(OR = 1.12; ΔOR = 0.10) but lower ORs for Fairness (OR =
0.99; ΔOR = −0.14) and Authority (OR = 1.04; ΔOR =
−0.06) than models that did not include this control variable.
In addition, models that controlled for each county’s median
income and education estimated, on average, greater ORs for
Purity (OR = 0.92; ΔOR = 0.08). Other analytic choices,
such as focusing on partial vaccination rates or controlling for
religious adherence, did not, to the same extent, affect the
estimated ORs (jΔORj < 0.05). In summary, the multiverse
analysis suggests that the relationships between moral values
and vaccination rates might be sensitive to controlling for
each county’s racial composition and conservatism in the
2020 presidential election—but that they are robust to most
other analytic choices.13

Considering ORs for each moral foundation in isolation
might, however, be misleading. For example, Loyalty was
associated with higher odds of vaccination when not control-
ling for each county’s racial composition (OR = 1.15, [1.04,
1.33]), as in the main analyses, whereas Authority was
associated with higher odds of vaccination when controlling
for each county’s racial composition (OR = 1.20, [1.08,
1.38]). Figure 5(c) shows the additional within-sample vari-
ance explained by all fivemoral foundations, expressed as the
difference in variance explained by the control variables as
well as the five moral foundations and the variance explained
by the control variables alone (ΔR2), as a function of which
other variables were included in the model. Controlling for
each county’s conservatism in the 2020 presidential election
(ΔR2 = .02 vs. ΔR2 = .19) or in the 2000–2020 presidential
election (ΔR2 = .06 vs. ΔR2 = .17)—and, to a lesser extent,
for each county’s racial composition (ΔR2 = .10 vs. ΔR2 =
.17) or median income and education (ΔR2 = .11 vs. ΔR2 =
0.16)—reduced the additional within-sample variance ex-
plained by the five moral foundations. Other analytic choices

did not reduce the estimated difference in the additional
within-sample variance explained by county-level moral
values. In summary, the multiverse analysis suggests that
the importance of moral values in explaining county-level
differences in vaccination rates is sensitive to controlling for
differences in political ideology and racial composition—but
robust to most other analytic choices.14

Discussion

The first COVID-19 vaccines received emergency use
authorization in the United States in December 2020. Despite
the vaccines’ demonstrated safety, efficacy, and abundant
availability, as of September, 2021, many Americans refuse
to get vaccinated. This refusal has had steep costs for the
country: On September 9, 2021, President Biden said “We’ve
been patient. But our patience is wearing thin, and your
refusal has cost all of us” before ordering sweeping federal
mandates to combat the pandemic (Miller, 2021). While
many universities and other institutions put vaccine mandates
in place to provide a safe environment for their students and
employees, in many states, people can be granted exemptions
on the basis of “philosophical,” “religious,” and “moral”
reasons (Chuck, 2020). But what exactly are these moral
concerns? In the present research, we show that county-level
moral values predict COVID-19 vaccination rates, even after
adjusting for structural barriers, demographic characteristics,
and political voting behavior. To our knowledge, this is the
first study of the geospatial association between moral values
and actual vaccination behavior.
Using MFT’s typology of moral concerns (Care, Fairness,

Loyalty, Authority, and Purity), we found that counties with
residents who prioritized Purity (+1 SD) tended to have 0.80
times lower odds of vaccination. That is, our model predicted
that if, in September 2021, a county had been average with
respect to all other predictor variables, a 1 SD increase in
Purity would, all else equal, have decreased vaccination rates
by −5%. Several mechanisms might account for the rela-
tionship between Purity concerns at county-level and lower
demand for COVID-19 vaccines. First, Purity concerns have
been found to be associated with the rejection of new things
and novel experiences (Atari, Graham, Dehghani, 2020;
Lewis & Bates, 2011); therefore, high concerns over keeping
the human body’s integrity and “naturalness” may be linked
to avoiding these vaccines because they may be perceived
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13 On average, a 1 SD increase in the proportion of Black, non-Latino
(OR = 0.74, [0.64, 0.83]) and Latino/Hispanic (OR = 0.92, [0.87, 0.97])
residents, but not of White, non-Latino residents (OR = 0.86, [0.72, 1.01]),
was associated with lower odds of vaccination. On average, a 1 SD increase
in the 2020 Republican vote share was associated with lower odds of
vaccination (OR = 0.65, [0.56, 0.71]).

14 In the multiverse analysis, we focused on within-sample variance
explained instead of out-of-sample prediction accuracy since running 10-
fold cross-validations for 768 models would have been too computationally
demanding.

754 REIMER ET AL.



as novel, contaminated, and unnatural (Scott et al., 2016).
This is consistent with some of the reasons Americans in
conservative-leaning counties mention when asked about
their refusal. For example, individuals may be worried that
the vaccines are too new (e.g., “I’m really cautious about
what goes into my body”; Bosman et al., 2021). Second, it
might be possible that individuals who have heightened
Purity concerns may hold less favorable attitudes toward
science as well as stronger conspiracist beliefs which in turn
may discourage them from voluntarily getting the COVID-19
vaccine (Pivetti et al., 2021).
In addition, we found that, after accounting for their

residents’ political behavior, counties with residents who
prioritized Loyalty or Fairness (+1 SD) tended to have,
respectively, 1.13 and 1.07 times higher odds of vaccination.
That is, our model predicted that if, in September 2021, a
county had been average with respect to all other predictor
variables, a 1 SD increase in Fairness or Loyalty would, all
else equal, have increased vaccination rates by +2% and
+3%, respectively. That Fairness concerns predict higher
demand for COVID-19 vaccinations is unsurprising: Report-
ing on the pandemic has repeatedly stressed the importance
of protecting vulnerable groups (e.g., older or immunocom-
promised people) from infection and highlighted the dispa-
rate impact of COVID-19 on disadvantaged communities.
That Loyalty concerns predict higher demand for COVID-19
vaccinations is, in some ways, surprising: After all, Loyalty
concerns are consistently associated with political conserva-
tism (Graham et al., 2009; Kivikangas et al., 2021) which, in
the United States, has been consistently associated with
resistance to vaccination. Getting vaccinated, however, can
also be understood as a patriotic act to protect one’s ingroup
and relatives from infection—an idea that seems to have
intuitive appeal as political leaders have used it to urge U.S.
citizens to get vaccinated (e.g., “If you haven’t gotten
vaccinated, please do it now. It’s the most patriotic thing
you can do,” Biden, 2021a; “Get vaccinated now : : : it’s
your patriotic duty,” Biden, 2021b). That said, this finding
should be interpreted with some caution as Loyalty was only
associated with (higher) vaccination rates when controlling
for the four other moral foundations—suggesting that Loy-
alty to one’s country is, on its own, not enough to motivate
vaccination behavior. This does not, however, rule out that
connecting vaccination to Loyalty can be an effective strat-
egy to convince vaccine-hesitant citizens to get vaccinated.
While generally caution should be exercised when infer-

ring policy insights from behavioral and psychological find-
ings (IJzerman et al., 2020), the present geospatial relation
between moral values and vaccination behavior may have
important implications for health communication and large-
scale interventions. For example, in high-Purity regions,
health communication can be framed in a way that is
consistent with that county’s Purity concerns among other
values, a technique called “moral reframing,” a

communication tool that can work across the political divide
(Feinberg & Willer, 2019). An interesting case of moral
reframing can be seen in Utah: After tailing in national
vaccination rates, the Mormon leaders started referring to
the COVID-19 vaccine as a “literal godsend” and an answer
to their prayers (Walch, 2021), which resulted in a boost in
vaccination rates (Alberty, 2021).15 Similar strategies can be
used to frame the vaccine as a protective shield guarding
against the disgusting contaminating disease.
Likewise, in vaccine-hesitant conservative regions, health

communication can appeal to residents’ Loyalty concerns by
framing vaccination as a patriotic duty to protect fellow
citizens. Morally reframed messages can be particularly
influential because the recipients perceive a “match” between
their own moral convictions and the argument in favor of the
other side’s policy position. Moral convictions are immutable
aspects of one’s identity (Skitka et al., 2021; Strohminger &
Nichols, 2014). Since moral convictions are held so strongly,
arguments that appeal to them are difficult to discount, even
when used to argue for a position one would typically
oppose. Indeed, some moral reframing techniques have
already been shown to be effective in health communication
during the COVID-19 pandemic (Kaplan et al., 2021). These
intervention-related insights may be incorporated with prior
effective communication strategies (e.g., Jung & Albarracn,
2021) to encourage people to get vaccinated.
While our results are the first to characterize the role of

county-level moral values in predicting the regional uptake of
COVID-19 vaccines, and to examine real-world behavior
instead of self-reported vaccine hesitancy or intentions,
several limitations are worth noting. First, caution should
be applied when interpreting our geospatial findings, that is,
just because a county that is high in Purity is more likely to
have a low vaccination rate does not necessarily imply that
this association is driven by residents high in Purity refusing
to get vaccinated (the ecological fallacy; see, e.g., Hehman
et al., 2019). We argue, however, that an individual-level
interpretation of county-level associations between moral
values and vaccination behavior is indeed plausible as our
findings align with findings of prior individual-level studies
(Amin et al., 2017; Pivetti et al., 2021) and as our analyses
controlled for a broad range of alternative explanations for
these county-level associations. Related to this issue, caution
also should be applied when generalizing our findings to
other levels of spatial aggregation, that is, just because
counties higher in Purity tend to have low vaccination rates
does not imply that the same association holds across more
granular (e.g., towns or neighborhoods) or less granular (e.g.,
states) levels of analysis. This potential lack of generalizabil-
ity across spatial units has been termed the modifiable aerial
unit problem (Manley, 2013). Previous psychological

T
hi
s
do
cu
m
en
t
is
co
py
ri
gh
te
d
by

th
e
A
m
er
ic
an

P
sy
ch
ol
og
ic
al

A
ss
oc
ia
tio

n
or

on
e
of

its
al
lie
d
pu
bl
is
he
rs
.

T
hi
s
ar
tic
le

is
in
te
nd
ed

so
le
ly

fo
r
th
e
pe
rs
on
al

us
e
of

th
e
in
di
vi
du
al

us
er

an
d
is
no
t
to

be
di
ss
em

in
at
ed

br
oa
dl
y.

15 We would like to thank Fritz Götz for this example.
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research using geospatial analysis has been able to replicate
the observed construct–outcome associations across different
spatial layers (e.g., Ebert et al., 2021), but this has not always
been the case (Ebert et al., 2022).16

Second, our results may not generalize to other countries.
A crucial context which made the testing of our predictions
possible was the fact that vaccines have been abundantly
available in the United States. This certainly is not the case in
many other countries at the moment; however, future work is
encouraged to replicate these regional findings when vac-
cines become largely available for the general public across
countries. Third, our study was not prospective in nature,
hence these relationships are subject to change in the future;
however, given that vaccines have been conveniently and
freely available for several months, that is unlikely. Fourth,
we acknowledge that our MFQ data, collected between 2012
and 2018, are temporally out of sequence with the CVAC and
vaccination data (both collected in 2021). We note that there
is evidence that individual differences in adherence to moral
concerns (Graham et al., 2011) as well as regional differences
in other psychological characteristics (Elleman et al., 2018)
are relatively stable over time. Nonetheless, future research
should further investigate the temporal dependency between
moral concerns and moral behavior at the aggregate level.
A final limitation is that our findings are, to some extent,

specific to the analytic choices we made. Our multiverse
analysis suggested that controlling for each county’s racial
composition and for how its residents voted in the 2020
presidential election would have diminished the importance
of county-level moral values for explaining differences in
vaccination rates. Controlling for a variable tends to assume
that the control variable affects both the predictor and
outcome variable and, if not controlled for, confounds the
relationship between the two—that is, it assumes a specific
causal model for the relationships between the control,
predictor, and outcome variables (Rohrer, 2018). However,
this assumption is not always the most plausible causal
model. For example, while it is likely that support for Donald
J. Trump in the 2020 presidential election is a proximal cause
of lower vaccination rates, it is not plausible that it also
explains differences in moral values based on data from 2012
to 2018. As such, the voting behavior in the 2020 presidential
election might be a mediator, rather than a confounder, in the
relationships between moral values, political ideology, and
vaccination behavior.17 In contrast, our multiverse analysis
showed that our findings are robust to a broad range of other
analytic choices, such as controlling for religious adherence
or using partial vaccination rates as the relevant outcome
variables.

Conclusion

Combining county-level estimates of moral values and of
real-world vaccination behavior, we demonstrated that moral

values add to our understanding and prediction of vaccination
rates during the COVID-19 pandemic at a regional level of
analysis. Our findings showed that higher Purity concerns
about bodily and spiritual contamination, lower Loyalty
concerns about ingroup cooperation, and lower Fairness
concerns about equality and proportionality are associated
with lower rates of COVID-19 vaccination, even after con-
trolling for structural barriers, demographic makeup, and
political voting behavior across U.S. counties.

16 We would like to thank Fritz Götz for pointing out this potential
limitation.

17 Relatedly, we calculated our index of political ideology based on a
longer time span (2000–2020) to capture long-running voting tendencies
instead of short-term political preferences.
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