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A B S T R A C T

Background: Low vaccine uptake results in regular outbreaks of severe diseases, such as measles. Selective
mandates, e.g. making measles vaccination mandatory (as currently implemented in Germany), could offer a
viable solution to the problem. However, prior research has shown that making only some vaccinations man-
datory, while leaving the rest to voluntary decisions, can result in psychological reactance (anger) and
decreased uptake of voluntary vaccines. Since communicating the concept of herd immunity has been shown
to increase willingness to vaccinate, this study assessed whether it can buffer such reactance effects.
Methods: A total of N = 576 participants completed a preregistered 2 (policy: selective mandate vs. voluntary
decision)£ 2 (communication: herd immunity explained yes vs. no) factorial online experiment (AsPredicted
#26007). In a first scenario, the concept of herd immunity was either introduced or not and vaccination
either mandatory or voluntary, depending on condition. The dependent variable was the intention to vacci-
nate in the second scenario, where vaccination was always voluntary. Additionally, we explored the mediat-
ing role of anger between policies and intentions.
Findings: Herd immunity communication generally increased vaccination intentions; selective mandates had
no overall effect on intentions, and there was no interaction of the factors. However, selective mandates led
to increased anger when herd immunity was not explained, leading in turn to lower subsequent vaccination
intentions.
Interpretation: Explaining herd immunity can counter potential detrimental effects of selective mandates by
preventing anger (reactance).
Funding: This study was funded by the University of Erfurt and the German Research Foundation (BE-3979/
11�1).

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Vaccination coverage against highly contagious diseases, such
as measles, is often too low to prevent outbreaks [1,2]. In 2018, in
the WHO European Region alone, more than 80,000 people caught
this disease [3], and in 2019/2020 the Samoa outbreak caused over
80 deaths, mainly of children [4,5]. Given the high burden of dis-
ease, mandates are often discussed as a means to counter low vac-
cine uptake. Policymakers sometimes propose selective mandates,
laws requiring only one specific vaccine or a subset of recom-
mended vaccinations, while the rest remain voluntary. A couple of
European countries recently changed their vaccination policies
accordingly, making several vaccinations mandatory [6,7]. For
instance, Germany passed the Measles Protection Act, which came
into force in March 2020 [8]. Currently, the German National
Standing Committee on Vaccination recommends a vaccination
administered in two doses, the first at 11�14 months, the second
at 15�23 months of age [9]. While data from country-wide health
insurance claims indicate that vaccination coverage has been
improving over the past years, children are often vaccinated too
late, especially with regard to the second dose [10]. To mitigate the
risk of outbreaks, the new law requires children, asylum seekers,
and staff in healthcare and childcare facilities to be vaccinated
against measles twice. Parents who refuse to get their children
vaccinated face fines of up to 2500 EUR and a ban from daycare [8].
Under the new German act, all vaccines except measles remain
voluntary.

Health professionals speak both for and against such legislations
[11]. The recent analysis by Vaz and colleagues shows that, across
several European countries, mandatory vaccination against measles
and pertussis was indeed associated with higher vaccination cover-
age for exactly these two diseases [12]. However, leaving ethical con-
siderations to one side, there may be negative effects of selective

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:philipp.sprengholz@uni-erfurt.de
https://doi.org/10.1016/j.eclinm.2020.100352
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.eclinm.2020.100352
http://www.ScienceDirect.com
http://https://www.journals.elsevier.com/eclinicalmedicine


Research in context

Evidence before the study

Prior research on the psychological and behavioral consequen-
ces of selective mandates indicates that (a) making some vacci-
nations mandatory while leaving the rest up to voluntary
decisions can result in psychological reactance and low uptake
for voluntary vaccines, (b) psychological reactance is related to
the subjective importance of individual freedom, and (c)
explaining the prosocial effect of herd immunity can have a
positive effect on individual vaccination intentions, even if indi-
viduals value freedom of choice and liberty.

Added value of the study

We integrated the given research into a preregistered experi-
mental study about selective vaccination mandates. The results
indicate that the introduction of a selective mandate can elicit
anger (an indicator of reactance), leading to low uptake of vol-
untary vaccinations, but only if no information about herd
immunity is given. While there is evidence of the positive
effects of herd immunity communication on vaccination inten-
tions, we could show that such communication can also buffer
reactance effects of selective mandates.

Implications of all the available evidence

Given the recent change to a selective mandate (measles only)
in Germany, there is an urgent need to improve and shape
immunity communication strategies. In communication
regarding selective mandates, the prosocial benefits of vaccina-
tion should be highlighted, for example, on information sheets
provided before the mandatory vaccination, in communications
with healthcare personnel, and in information campaigns.
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mandates on the uptake of still-voluntary vaccines [13]. When con-
sidering ethics, freedom of choice is usually weighed against social
welfare concerns. In Germany, for example, the national ethics com-
mittee made a strong case against mandates [14]. Regarding the
potential effect on voluntary vaccines, previous work in other areas
has shown that decreasing people’s freedom of choice can result in
reactance, a feeling of anger that elicits the motivation to reassert the
constricted freedom [15,16]. Translating this principle to the area of
vaccination, a behavioral experiment showed that selective mandates
increased the level of anger among individuals with a rather negative
vaccination attitude [17]. In a subsequent voluntary vaccination deci-
sion, those individuals’ vaccination uptake decreased by 39% com-
pared to control group participants who had not previously been
forced to vaccinate. In summary, introducing selective mandates
could have a negative impact on the overall vaccine uptake, given
that people feel reactance and, as a consequence, opt out of further
voluntary vaccinations. Negative attitudes toward vaccination would
foster the effect [17]. In consequence, Omer, Betsch, and Leask explic-
itly warned Germany against introducing a mandate for (just) mea-
sles [18]. German policymakers highlight the public's support for
mandatory measles vaccination. While the 86% agreement found in a
2019 representative survey might seem fairly high, about 14% of the
population are against such legislation [19]. Thus, this considerable
part of the target group could be annoyed when the act comes into
force, consequently showing reactance and opting out of other vac-
cines that are still voluntary. As for vaccine coverage, a decrease of
only a few percentage points could make a dramatic difference, and,
in the absence of suitable mitigation strategies, the well-meant man-
dates could put vaccine coverages for other diseases at risk.
The goal of this contribution was therefore to investigate a com-
munication strategy that could counter the expected reactance effect:
emphasizing the concept of herd immunity. With herd immunity, a
sufficient proportion of a population is immune to an infectious dis-
ease, making it unlikely to spread from person to person; this immu-
nity is usually achieved through vaccination. As a consequence, non-
vaccinated individuals, including those who cannot be vaccinated
because they are too young or suffer from immunodeficiencies, are
protected as well [20]. An online experiment, with more than 2,000
participants from multiple countries, demonstrated the positive
effect of explaining herd immunity on individual vaccination inten-
tions [21]. This positive effect even holds for individuals who value
freedom of choice and liberty [22]. Since reactance is related to the
subjective importance of individual freedom, we hypothesized that
emphasizing the concept of herd immunity would curb reactance
effects driven by selective mandates [23]. This assumption is based
on research showing that perspective-taking can reduce reactance
[24]. Since valuing the collective benefit of vaccination is related to
higher individual empathy [25], emphasizing the collective benefit
of vaccination may elicit enough perspective-taking empathy to
counter the detrimental effects of selective mandates. Moreover,
individual characteristics, personality traits, and confidence in vac-
cines may have an additional impact on the effect of herd immunity
communication. For instance, having a child who cannot be vacci-
nated and has to rely on herd immunity could foster support for
selective mandates � given that the parent knows about herd
immunity. Furthermore, previous research has shown that people
high in communal orientation tend to support vaccinations for the
protection of the community [25]. Accordingly, individuals who
care for the wellbeing of others could be especially sensitive to the
prosocial rationale of herd immunity communication. Confidence in
vaccination may play an important role as well. Betsch and B€ohm
showed vaccination attitudes to be negatively related to anger
when faced with selective mandates (more negative attitudes elicit
more anger) [17]. Therefore, it is worthwhile exploring whether an
explanation of herd immunity has the same anger-buffering effect
in individuals low in vaccine confidence.

Working from the above considerations, we set up an online
experiment and collected participants’ responses to a fictitious
scenario. Two hypotheses were preregistered. First, we expected
that the intention to get vaccinated would be higher when herd
immunity had been communicated than when it had not (H1)
[21,22]. Second, we expected that selective mandates would
decrease the intention to get a second, voluntary vaccine against
a different disease when the social benefits of herd immunity had
not been explained (H2). We further explored the role of reac-
tance, assessing its role in mediating the relationship between
the different policies and the vaccination intention for the volun-
tary vaccine. Finally, we explored the results for potential effects
of communal orientation and the confidence in vaccines, as well
as to discover whether participants’ children were old enough to
be vaccinated themselves or whether they had to rely on herd
immunity.

2. Methods

2.1. Design and participants

We decided to conduct the experiment with an American sample.
Since people from the US are already used to selective vaccination
mandates, we expected rather conservative estimates of the effects
of herd immunity communication. Due to cultural similarity regard-
ing previous studies on vaccine communication, the findings should
be generalizable for European countries as well [21]. The study was
preregistered (see AsPredicted #26007, https://aspredicted.org/
di34y.pdf).

https://aspredicted.org/di34y.pdf
https://aspredicted.org/di34y.pdf
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2.1.1. Design
The study implemented a 2 (communication: herd immunity

communication vs. no herd immunity communication) £ 2 (policy:
selective mandate vs. voluntary vaccination) factorial between-sub-
jects design.

2.1.2. Participants
To determine the sample size for this between-subjects design,

we assumed a small- to medium-sized interaction effect
(policy £ communication; Cohen’s f = 0.25) and a high statistical test
power of 1-b > 0.99, resulting in a required N of 300 participants. We
also planned an explorative analysis to contrast the effects for parents
of children that could and could not be vaccinated; we therefore dou-
bled the sample size to N = 600, with exactly half having children up
to 2 years (who could not be vaccinated, according to the scenario)
and the other half having children between 4 and 12 years (who
could be vaccinated; see below). Data collection took place in July
2019. Participants were recruited online using Amazon Mechanical
Turk, a crowdsourcing platform known for inexpensive, rapid collec-
tion of high-quality data [26]. Of 7152 participants who started the
study, 753 were eligible and 600 completed the study (Fig. 1). They
received a fixed compensation of 1.00 USD after completion. Twenty-
four individuals had to be excluded from further analysis because
they completed the study in less than five minutes (preregistered
Fig. 1. CONSORT flow diagram. Note: Non-applicable elements of the CONSORT template we
exclusion criterion). The final sample included in the analysis was
n = 576 Americans (52.4% female, 46.0% male), aged 18�49 years
(meanM = 31.91, standard deviation SD = 5.96).

2.1.3. Randomization
The study was conducted with the online software Unipark by

Questback, which automatically performed randomization. The
experimenters had no influence on the process.

2.1.4. Ethics and consent. The study was conducted in accordance
with German Psychological Association guidelines. All participants
provided written informed consent to use and share their data for sci-
entific purposes without disclosure of their identities. The experi-
ment was conducted at a German university, where institutional
review boards or committees are not mandatory. The research is neg-
ligible-risk research, with no foreseeable risk of harm or discomfort
other than potential inconvenience expected from participation. All
participants knew that they were free to quit the study at any time.

2.2. Materials and measures

After providing demographic information (age, gender, education,
religion, and children’s age), all participants were presented with
two identically constructed scenarios: in each, a fictitious disease
re removed. There was no time interval between intervention allocation and follow-up.



Table 1
Fictitious diseases presented in the first and second scenarios.

Cornosis Holtosis

Cornosis spreads through the air from one person to another. When infected, peo-
ple like you normally suffer from fever and rash. Restlessness and dizziness are
also common. For most adults and children being 3 years or older, symptoms
disappear within two weeks.

Holtosis spreads through the air from one person to another. When infected, peo-
ple like you normally suffer from seizures and stomach ache. Qualm and lack of
concentration are also common. For most adults and children being 3 years or
older, symptoms disappear within two weeks.

But for children below 3 years, symptoms are much worse. They often face severe
vomiting and diarrhea with extreme dehydration, potentially leading to kidney
failure.

But for children below 3 years, symptoms are much worse. They often face severe
tinnitus and ague, potentially leading to palsy of separate parts of the body.

There is a vaccination against Cornosis. This vaccination effectively protects against
infection but is not available for those at high risk � children below 3 years can-
not get vaccinated.

There is a vaccination against Holtosis. This vaccination effectively protects against
infection but is not available for those at high risk � children below 3 years can-
not get vaccinated.

For those who can get vaccinated, adverse events such as fever, rash, restlessness,
dizziness, vomiting and dehydration have been reported.

For those who can get vaccinated, adverse events such as seizures, stomach ache,
qualm, lack of concentration, tinnitus and ague have been reported.

Note: For each participant, the choice of disease for the first scenario was made at random, the disease not drawn becoming the one used in the second scenario. Vaccination
was mandatory or voluntary in the first scenario, depending on policy condition, and always voluntary in the second scenario. Full materials are available at https://osf.io/
pnjs9/.
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(Table 1: Cornosis and Holtosis, randomly drawn as first or second
disease) was described as leading to symptoms of low to medium
severity in adults and children above three years of age. Younger chil-
dren were described as being at risk for more severe complications
and long-term consequences. Vaccination against the disease was
available, but only for those three years old or more. The fictitious
vaccine also had some side effects, so that the participants had to
weigh the pros and cons of vaccination, one of the pros being the pro-
tection of others. Participants had to pass a short cloze test to ensure
proper encoding. Those who failed the test returned to the materials,
read about the disease again, and repeated the test until they passed
it. While the two diseases differed in symptoms and adverse events,
the respective severities and probabilities were designed to be equal.

2.2.1. Manipulation of herd immunity communication
The herd immunity manipulation took place directly after the first

scenario. Participants in the herd immunity communication condi-
tion were presented with an interactive simulation already used by
Betsch et al. [21]. The simulation allowed the observation of the
spread or decline of an infection, given low versus high coverage
over time. Participants could move back and forth in time to see the
advantage of herd immunity induced by high vaccination rates. A
short text emphasized the social benefits of getting vaccinated (that
is, the protection of young children who could not be vaccinated
against the fictitious diseases). The other participants did not receive
any information about the concept of herd immunity.

2.2.2. Policy manipulation
After reading the first scenario, participants in the selective man-

dates policy condition were informed that the government had
recently introduced mandatory vaccination for the disease and that
they were going to be vaccinated by their doctor during the next reg-
ular check-up. Individuals in the voluntary vaccination policy condi-
tion were informed that the vaccination was voluntary but
recommended by the government.

2.2.3. Dependent measure
After reading the second disease scenario, participants were asked

how likely they were to get vaccinated against the disease if they had
the chance to do it right now (on a 20-point sliding scale ranging
from 1 = not at all to 20 = very much; no numerical anchors were pro-
vided in any of the measures; this resembles a probability estimate in
5-point steps).

2.2.4. Additional measures
We measured the level of anger [27] as a proxy for reactance, rep-

resented by the mean of ratings of how angry, irritated, and annoyed
participants felt after the first scenario, having learnt about the
selective mandate or voluntary vaccination policy. Three correspond-
ing items and two fillers were presented after asking participants
about how they felt about the vaccination decision (sample item: I
feel angry; ratings ranged from 1 = not at all to 7 = very much; Cron-
bach’s alpha = 0.95). At the start of the study, right after asking partic-
ipants for demographic information, we also assessed their
communal orientation using a subset of the scale established by
Clark, Ouellette, Powell, and Milberg, with six items rated on scales
ranging from 1 = not at all to 7 = very much (sample item: I believe
people should go out of their way to be helpful; Cronbach’s alpha = 0.78)
[28]. At the end of the study, we measured the 5C psychological ante-
cedents of vaccination (short form), including vaccine confidence
(each of the five items was measured on a scale ranging from 1 = not
at all to 7 = very much) [25].
2.3. Analysis software

Statistical analyses were performed in R (version 3.5.2). For the
moderated mediation analysis, the lavaan package (version 0.6�5)
was used [29].
2.4. Role of funding

This study was funded by the University of Erfurt and the German
Research Foundation (BE-3979/11�1). The funders had no role in
study design, data collection and analysis, decision to publish, or
preparation of the manuscript.
3. Results

We conducted the preregistered regression analysis to exam-
ine the effects of policy (selective mandates vs. voluntary vaccina-
tion) and communication (herd immunity vs. no herd immunity)
as well as their interaction on vaccination intentions for the vol-
untary second vaccination (adjusted R2 = 0.038, F(3, 572) = 8-605,
p < .001). Results revealed a statistically significant main effect of
herd immunity communication, b = 2.802, t(572) = 4.418, p <

.001, h2 = 0.040. Participants in the herd immunity communica-
tion condition reported a mean likeliness to get vaccinated of
16.14 or 79.9% (SD = 4.67 or 24.6 percentage points), compared to
13.92 or 68.0% (SD = 6.25 or 32.9 percentage points) for those
who received no information about herd immunity. This confirms
H1. There was no evidence for a main effect of policy, |t| < 1. Fur-
thermore, no significant interaction between the communication
and policy conditions could be found, t(572) = �1.299, p = .195,
contradicting H2.

https://osf.io/pnjs9/
https://osf.io/pnjs9/


Table 2
Moderated mediation regression analysis.

Mediator variable model (outcome: level of anger)

Predictor B SE CI lower CI upper
Constant 2.436 0.155 2.133 2.740
Policy (a1) 1.109 0.226 0.667 1.552
Communication condition (a2) �0.122 0.213 �0.539 0.294
Policy £ Communication condition (a3) �0.772 0.306 �1.372 �0.172
Dependent variable model (outcome: vaccination intention in second scenario)
Predictor B SE CI lower CI upper
Constant 17.628 0.412 16.820 18.436
Policy (c) 0.454 0.443 �0.415 1.323
Anger (b) �1.007 0.118 �1.238 �0.777
Conditional indirect effect of selective mandate via level of anger on vaccination intention in second scenario
Moderator condition B SE CI lower CI upper
Herd immunity communication ((a1 + a3) * b) �0.340 0.212 �0.755 0.076
No herd immunity communication (a1 * b) �1.117 0.262 �1.631 �0.603

Note: Policy condition: 0 = voluntary vaccination, 1 = selective mandate. Communication condition: 0 = no herd immu-
nity communication, 1 = herd immunity communication. Both mediator and dependent variable models are based on
OLS regressions. Letters in parentheses refer to the coefficients displayed in Fig. 3. Bold values are statistically signifi-
cant with p < .05. CI lower and CI upper are the lower and upper endpoints of the 95% confidence interval.
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3.1. Exploratory analysis

We explored the effects of age, gender, education, and religion,
none of which revealed any additional main or interaction effects in
the above analysis. Moreover, we extended the above regression
model by adding the predictors communal orientation (M = 5.21,
SD = 1.03), whether children were old enough to get vaccinated, and
all possible interaction terms. In comparison to the original model
(adjusted R2 = 0.038), the amount of explained variance decreased
(adjusted R2 = 0.035). No additional significant main or interaction
effects could be found. In sum, demographic variables, communal ori-
entation, and children’s ages played no significant roles in predicting
vaccination intentions.

As anger was a relevant variable in previous work [17], we
explored its role here, too. The mean anger was M = 2.70, SD = 1.89.
Selective mandates in the first scenario significantly elicited anger
(Table 2, top panel). However, herd immunity communication
reduced anger in the selective mandates policy condition, revealing a
significant interaction effect (Fig. 2 and Table 2, top panel). When
forced to vaccinate in the first scenario, those who were not briefed
about herd immunity felt more anger than those who were briefed
(simple slope: b = 1.109, SE = 0.226, 95%CI [0.667, 1.552]). This effect
was much weaker and not significant for those participants who
Fig. 2. Effects of policy and communication on anger. Note: Selective vaccination
mandates caused higher ratings of anger than voluntary vaccinations did. When infor-
mation about herd immunity was given, this effect did not appear. Anger was assessed
as a mean of angriness, annoyance, and irritation after the first vaccination. Error bars
indicate 95% confidence intervals. Further analysis revealed that higher levels of anger
had a significant negative effect on the intention to receive a voluntary vaccination
(middle panel of Table 1).
were provided with information about herd immunity (simple slope:
b = 0.337, SE = 0.207, 95%CI [�0.068, 0.742]).

Given these differences, we explored whether anger mediated the
relationship between policy and vaccination intentions in the second
scenario and whether this was only the case when herd immunity
had been communicated. Fig. 3 displays the tested moderated media-
tion model.

Table 2 provides the results (bottom panel). Indeed, the moder-
ated mediation analysis showed that the indirect effect of selective
mandates via anger on vaccination intentions (a1 £ b) was only sig-
nificant when no information about herd immunity was given.
Results remained stable and did not qualitatively change when con-
trolling for participants’ age, gender, education, religion, communal
orientation, or whether their children were old enough to get vacci-
nated.

We finally explored whether vaccine confidence (M = 5.28,
SD = 1.68) played a role in the level of anger elicited and whether
herd immunity communication altered the level. Please note, how-
ever, that confidence was assessed after the dependent variables. We
conducted an OLS regression with policy condition, herd immunity
communication, and confidence as predictors (see https://osf.io/
pnjs9/). While the pattern reported above remained stable, low confi-
dence increased anger after mandatory vaccination (interaction pol-
icy x confidence, b = �0.438, SE = 0.128, 95%CI [�0.690, �0.186]); it
did not, however, affect the effectiveness of the herd immunity com-
munication (no three-way interaction, b = 0.060, SE = 0.175, 95%CI
[�0.283, 0.402]).
4. Discussion

In order to ensure herd immunity against vaccine-preventable
contagious diseases, it is essential that the vaccination coverage of
the population remains above a disease specific threshold, e.g. 95%
for measles [2,20]. In many countries, vaccine hesitancy hinders
immunization efforts, resulting in regular outbreaks [1]. Selective
vaccination mandates may represent a viable solution to the prob-
lem. In Italy, for instance, mandatory vaccinations against ten infec-
tious diseases were introduced in 2017 after the country was struck
by repeated measles outbreaks. Within 24 months after the change
in legislation, coverage rates for the mandated vaccines had increased
by between 3% and 7% depending on the disease [30]. For measles,
the required immunization threshold of 95% was nearly attained
[30]. Despite the measurable improvement in coverage rates, debates
about ethical concerns and reactance effects of selective mandates on
voluntary vaccinations are unbroken. The present study focused on

https://osf.io/pnjs9/
https://osf.io/pnjs9/


Fig. 3. Moderated mediation model. Note: This model explores whether anger elicited by the selective mandate (vs. voluntary vaccination) policy mediates the relation between
policy and the intention to get the second voluntary vaccine—and whether this is only the case when herd immunity has been communicated. The indices in the conceptual diagram
(left) and statistical model (right) refer to the effects indicated in Table 2. The results show a significant conditional indirect effect (policy on intention via anger, but only when herd
immunity was not communicated).
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diminishing potential negative psychological and behavioral effects
of selective mandates by providing individuals with information
about the concept of herd immunity. The analyses showed that com-
municating (vs. not communicating) about herd immunity had a sig-
nificant positive effect on the intention to get vaccinated, replicating
previous work [15]. Interestingly, this effect occurred independently
of participants’ communal orientation and whether herd immunity
was expected to be relevant to them because their children could not
get vaccinated. Previous research showed that the benefit of commu-
nicating herd immunity is also independent of underlying moral val-
ues [16]. Cumulative evidence, demonstrating several replications
and independence from individual dispositions and conditions, sug-
gests that emphasizing the social benefits of vaccination has great
value in vaccine communication. This finding is in line with our first
hypothesis.

Selective mandates, however, did not have the expected
overall negative effect on the intention to receive another
voluntary vaccine, and there was no mitigating interaction effect
(policy £ communication); this finding contradicts our second
hypothesis. However, the explorative moderated mediation
showed that the selective mandate in the first scenario signifi-
cantly elicited anger, but only when no information about herd
immunity was given. Also, higher levels of anger had a negative
effect on the intention to get vaccinated in the second scenario,
voluntary vaccination. Thus, information about the social benefits
of herd immunity buffered the negative effect of the selective
mandate.

Analysis of the potentially moderating effects of vaccine confi-
dence revealed that, for people low in confidence, the introduction of
selective mandates resulted in especially high reactance. This is
understandable because forcing someone into an untrusted behavior
probably leads to even lower trust and confidence. However, impor-
tantly, the herd immunity communication worked equally well in
these participants (as there was no three-way interaction). It is note-
worthy, however, that most people in this study, as in real life [31],
had high vaccine confidence. We suggest that further studies explic-
itly focus on individuals who hold negative attitudes toward vaccina-
tion (or have low vaccine confidence), assessing the impact of herd
immunity communication in these especially vulnerable popula-
tions. Assessing its effectiveness also given different antecedents
and barriers of getting vaccinated seems valuable, too, thus
including not only confidence but also complacency, calculation,
and constraints [25]. Finally, confidence should be measured
before the assessment of vaccination intentions to be tested as a
real experimental moderator.

The results should be generalized with caution. They were drawn
from an American sample, but we expect a similar or even stronger
effect of herd immunity communication for European countries like
Germany. As stated above, people from the US are used to selective
mandates. For Germany, where there have been no mandates for dec-
ades, herd immunity communication may even have a stronger
impact on mitigating reactance induced by mandatory vaccination.
Moreover, the fictitious scenario and the assessment of vaccination
intentions without prior medical consultation may not be a perfect
representation of real vaccine decision-making. Although intention
usually predicts behavior, there may be a gap between the two
caused by barriers such as limited access to vaccination services
[25,32,33]. However, such lab research is important to inform future,
potentially expensive, field studies. To overcome this limitation, we
highly recommend conducting a field study about the effects of intro-
ducing selective vaccination mandates. For instance, as soon as the
measles vaccination mandate is enacted in Germany in 2020, (a) det-
rimental effects on the acceptance of still-voluntary vaccinations
against, for example, meningococcus, pneumococcus, or HPV, should
be monitored; and (b) the buffering effect of herd immunity commu-
nication revealed in this study should be investigated under real-life
conditions.

In sum, communicating the social benefits of herd immunity has
several benefits. First, it can generally increase vaccination intentions
by triggering prosocial motives. Second, it provides full information
about the rationale of the mandate, increasing transparency in public
policy and reducing objections toward vaccination mandates. Third,
it could reduce reactance effects elicited in those feeling forced by
policies. If selective mandates are introduced, the prosocial benefits
of vaccination should therefore be highlighted on information sheets
provided before the mandatory vaccinations take place. Of course,
descriptions of the principle should be easy to understand and ideally
supported by an interactive simulation [21]. Further, it should be
emphasized that the vaccination especially protects those who
have low responsibility for not being vaccinated, such as young
children or individuals suffering from immunodeficiencies [34].
The dialog between healthcare personnel and patients plays a
crucial role as well. For patients and parents, healthcare profes-
sionals are the most trusted source of information regarding vac-
cination [35]. Thus, when talking about vaccination, doctors and
nurses should stress the importance of protecting others—loved
ones, friends, the community, and society as a whole. On a larger
scale, the introduction of selective vaccination mandates should
be accompanied by public information campaigns highlighting
the social benefits of vaccination. Overall, we conclude that com-
municating the social benefits of herd immunity is a crucial com-
munication measure, especially when introducing selective
vaccination mandates. Without it, vaccination uptake for other
diseases may decline, putting public health at risk.
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