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Even though the immediate urgency of the COVID-19 pandemic seems to have passed, many countries
did not reach the vaccination rates they initially aimed for. The stagnation in vaccine uptake during
the height of the pandemic presented policy makers with a challenge that remains unresolved and is
paramount for future pandemics and other crises: How to convince the (often not insubstantial) unvac-
cinated proportion of the population of the benefits of a vaccination? Designing more successful commu-
nication strategies, both in retrospect and looking ahead, requires a differentiated understanding of the
concerns of those that remain unvaccinated. Guided by the elaboration likelihood model, this paper
has two objectives: First, it explores by means of a latent class analysis how unvaccinated individuals
might be characterized by their attitudes towards COVID-19 vaccination. Second, we investigate to what
extent (i) varying types of evidence (none/anecdotal/statistical) can be employed by (ii) different types of
communicators (scientists/politicians) to improve vaccination intentions across these subgroups. To
address these questions, we conducted an original online survey experiment among 2145 unvaccinated
respondents from Germany where a substantial population share remains unvaccinated. The results sug-
gest three different subgroups, which differ regarding their openness towards a COVID-19 vaccination:
Vaccination opponents (N = 1184), sceptics (N = 572) and those in principle receptive (N = 389) to be vac-
cinated. On average, neither the provision of statistical nor anecdotal evidence increased the persuasive-
ness of information regarding the efficacy of a COVID-19 vaccine. However, scientists were, on average,
more persuasive than politicians (relatively increase vaccination intentions by 0.184 standard devia-
tions). With respect to heterogeneous treatment effects among the three subgroups, vaccination oppo-
nents seem largely unreachable, while sceptics value information by scientists, particularly if supported
by anecdotal evidence (relatively increases intentions by 0.45 standard deviations). Receptives seem
much more responsive to statistical evidence from politicians (relatively increases intentions by 0.38
standard deviations).

� 2023 Elsevier Ltd. All rights reserved.
1. Introduction

Despite sufficient vaccination capacity and evidence on vaccine
efficacy [1], many countries around the world did not overcome
the challenge of reaching vaccination rates sufficiently high to
achieve community immunity during the peak of the COVID-19
pandemic. In autumn 2021 (during our data collection), Germany,
among several other European countries, was hit strongly by the
fourth wave of the pandemic and found itself struggling to find
the right policies amidst the increased contagiousness of the Delta
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1 For an overview of our proposed hypotheses, please see https://osf.io/vhjeg/. Fo
specifications of pre-analysis plan deviations, see Appendix A.

2 Please note that the actual number of observations might vary slightly in the
results tables below due to missing values in socio-economic control variables. The
number of missings is, however, very low (see below).

3 We acknowledge that monetary incentives may have severe effects on the study
results, if the financial incentives do influence the participation and/or response
behaviour. The panel provider, Bilendi & respondi, places great importance on
controlling the quality of the panellists through regular checks in order to assure high
quality participants. This starts with the registration process and is continued during
the lifetime of a panellist as well as in every survey participation. When registering
for the panel, an automatic verification checks duplicate registrations with the same
email address. During the registration process, the digital fingerprint highlights
participants with identical IP addresses and browser configurations and automatically
renders these respondents inactive. Furthermore, a double opt-in email with an
invitation to complete the start questionnaire is sent to every new member straigh
after registration. Within the framework of Bilendi & respondi’s quality strategy, the
company does not use routing or river sampling in their controlling measures. The
panellists are invited directly by email to Bilendi & respondi’s client‘s questionnaire
without being diverted to a router in between. This applies also to Bilendi & respondi’s
partners if the company needs additional purchase. Furthermore, Bilendi & respond
always clearly communicates the origin and proportion of external panellists to thei
clients.

4 For the experimental protocol and the survey, please refer to the supplementary
materials and the pre-analysis plan at https://osf.io/vhjeg/.
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and Omicron variants. In response to the stagnating national vacci-
nation rate, the government had introduced increasing restrictions
on unvaccinated citizens. Nevertheless, at the time of writing
(February 2023), the national vaccination rate remains at just
above 75 % (i.e., those having received at least two doses [2]). To
achieve community immunity, estimates of required vaccination
rates range up to 90 %, underlining the importance of effective
immunization campaigns [3]. Such a campaign, however, can only
be created, if the needs and considerations of the unvaccinated,
which have been dominated by concerns about vaccine safety
and efficacy, are sufficiently understood [4–6]. Against this back-
ground, our paper engages in a differentiated classification of the
unvaccinated population and builds on sociopsychological theory
to assess how evidence regarding vaccine efficacy being presented
through different communicators might increase vaccination
willingness.

Existing research suggests that the judgment of information
largely depends on the perception of trustworthiness and credi-
bility of its communicator [e.g., 7]. Particularly for vaccinations,
recent empirical evidence confirms the importance of a trustwor-
thy communicator when it comes to the decision to get vacci-
nated [8,9]. To increase their trustworthiness, communicators
may support their information with evidence [10,11]. An exten-
sive literature on persuasion processes addresses the effects of
information and information attributes on attitude change [see
12, for a review].

According to the dual-process theory of the Elaboration-
Likelihood Model (ELM) [13], the processing of persuasive
messages can occur through two distinct pathways. The first,
known as the ‘‘peripheral route,” runs through quick cognitive
shortcuts, while the second, called the ‘‘central route,” builds
on more elaborate cognitive processing and deliberate reasoning
[e.g., 14]. Thus, different types of evidence may align better with
a certain processing path. Specifically, a distinction can be made
between two forms of evidence: statistical and anecdotal. Previ-
ous research has shown that when subjects do not engage in
deep elaboration, anecdotal evidence is more convincing
[15,16] since it is more descriptive and easier to process via
the peripheral route [17]. In contrast, statistical evidence is
likely to be particularly compelling, if the respective population
considers the subject to be prominent and engages via the
central route.

Given heterogeneities in the population and their attitudes
towards different communicators, we propose that communicators
might be able to optimize the effectiveness of their message by
choosing the evidence type that best complements their own cred-
ibility and aligns with the perspective of the recipient of the infor-
mation. We examine these theoretical expectations within a
unique sample of unvaccinated German citizens (N = 2145) who
participated in an online survey experiment specifically targeting
this critical share of the population.

The contribution of this paper is threefold. First, we engage in a
latent class analysis to characterize unvaccinated individuals based
on their attitudes towards the COVID-19 vaccination. In doing so,
we conceptually rely on the 5C-scale of vaccination hesitancy
[18]. Second, to determine the most effective strategies for increas-
ing vaccination uptake, we combine our classification system with
the theoretical framework of the ELM. Specifically, we experimen-
tally examine how different types of evidence (none, statistical,
anecdotal) and communicators (politicians, scientists) can be tar-
geted to the respective subgroups that we have identified. We
argue that treatment effects might vary significantly across sub-
groups if either the motivation or the ability in information pro-
cessing also varies between them. To the best of our knowledge,
this is the first study that considers the potential complementarity
between communicator and evidence to increase messaging effec-
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tiveness and assesses treatment effect heterogeneity across differ-
ent subgroups of unvaccinated respondents.1

The remainder of the paper is structured as follows: Section 2
briefly presents the utilized materials and methods, introduces
the empirical strategy, and outlines the experimental approach.
Subsequently, Section 3 presents the results of the latent class
analysis and our experimental findings. Section 4 concludes with
a brief discussion of the main findings and outlines avenues for
future research.
2. Materials and methods

2.1. Setting and sampling

We conducted an online survey with a sample of 2,1452 unvac-
cinated individuals from Germany between August 20 and Septem-
ber 16, 2021. Respondents were recruited from a German online
access panel maintained by the survey company Bilendi & respondi,
through which participants received an URL via email and could
choose to participate in the survey using their own digital device.
Individuals were eligible to participate in the study if they were at
least 18 years old and had not yet been vaccinated against COVID-
19 (not yet received the first dose). The survey covered socioeco-
nomic characteristics, measures regarding respondents’ elaboration
likelihood to engage with information about COVID-19 vaccines,
and their intentions to get vaccinated. Respondents received ‘mingle
points’ (worth roughly 1 Euro) for participating in the survey, which
they could redeem as cash, vouchers, or donations.3
2.2. Empirical strategy

2.2.1. Latent class analysis
According to the ELM, behavioural intentions are affected by

one’s motivation and ability, e.g., education [19], to engage with
available information. Thus, to assess differences in the responsive-
ness to communicators and the effectiveness of evidence on
COVID-19 vaccination intentions, we first classified and character-
ized different groups of unvaccinated respondents based on their
attitudinal patterns towards COVID-19 vaccinations. For this pur-
pose, we conducted a latent class analysis (LCA). This analysis
was an explorative component of the information experiment as
outlined in the Pre-Analysis-Plan.4

The purpose of LCA is to condense numerous observed ordinal
r
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Fig. 1. LCA model: Identification of classes of vaccination hesitancy.
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variables (reflective indicators) in order to assign probabilities of
belonging to a smaller set of underlying, latent classes [20]. By
reducing dimensionality, LCA facilitates subgroup analyses [21]
which makes it particularly useful to assess heterogeneous effects
in experiments [22]. As reflective indicators, we considered the
extended COVID-19-adapted 5C scale by Betsch et al. [18]. Using
three survey questions for each dimension, the scale captures five
different aspects of vaccination intentions (namely: Confidence,
Complacency, Collective responsibility, Constraints, and Calcula-
tion; see Section 2.3 and Table A15 for details), intended to proxy
the motivation component of the elaboration likelihood of respon-
dents. The LCA method assumes that the underlying latent class
membership (i.e., here classes of vaccination hesitancy) induces
differential response patterns in the reflective indicators (i.e., here
the 5C scale questions). Thus, in the LCA, the 5C scale indicators are
the dependent variables and the categorical latent class variable is
the independent variable, as illustrated in Fig. 1 below. Based on
this, we estimated a generalized structural equation model by
means of an ordered logistic regression using maximum likelihood
estimation.
5 To account for multiple hypothesis testing, we apply also sharpened q-values
ased on Stata code by Anderson [22] (see Tables A11 and A13 in Appendix B).
2.2.2. Survey experiment
The second component of the empirical strategy comprised a

survey experiment testing different information treatments about
the benefits of a COVID-19 vaccination to identify persuasive com-
munication strategies. Specifically, we first informed all partici-
pants about the current COVID-19 incidence in Germany (at the
time of the survey) and described a hypothetical scenario in which
a new COVID-19 vaccine had been developed and approved. In a
second step, respondents were informed that this newly developed
and approved vaccine is highly effective in reducing hospitalization
following a COVID-19 infection. This second step was randomly
varied regarding two components: (i) the profession of the com-
municator of this information and (ii) the type of evidence
employed by the communicator. In our case, anecdotal evidence
referred to a visit to an intensive care unit, while statistical evi-
dence made reference to a clinical study on the efficacy of the
new hypothetical COVID-19 vaccine. Appendix A provides the
exact wording of the experimental treatments.

We estimated ordinary least squares (OLS) and ordered logit
models to test the main hypotheses whether evidence increases
3966
vaccination willingness and whether heterogeneous messaging
and respondent characteristics moderate this effect.

VIi ¼ a1 þ b1Ev ii � Comi þ b2Comi þ b3Ev ii þ b4X
0 þ �i ð1Þ

VIi in Equation 1 refers to the vaccination intentions of respon-
dent i, Comi, denotes whether a politician or scientist communi-
cated the information treatment, Evii, refers to the type of
provided evidence (none/anecdotal/statistical), X 0 refers to a vector
of socioeconomic control variables, and �i is the error term.5

We also consider how the different subgroups of unvaccinated
respondents (i.e., the identified classes of vaccination hesitancy)
react to the differential messaging. For this purpose, we introduce
interaction terms with LCAi to Eq. (1):

VIi ¼ a1 þ b1Ev ii � Comi þ b2Comi þ b3Ev ii þ b4X
0 þ b5Ev ii

� LCAi þ b6Comi � LCAi þ b7Evii � Comi � LCAi þ b8LCAi þ �i
ð2Þ

We later employ t-tests to assess if treatment effects across sen-
ders and evidence types differ by our assigned classes (LCAi). Since
there is uncertainty in the class assignment when using LCA, we
employed a multiple imputation approach to address this (see
Appendix A for further details in this regard).

2.3. Data and outcome variables

Beyond the information about treatment group assignment, the
survey contained questions about the main dependent variable of
interest: the intention to get vaccinated against COVID. We more-
over collected information on additional explanatory variables,
including demographic and socioeconomic characteristics of
respondents. Question wording and summary statistics for the pri-
mary and secondary outcome variables as well as for selected con-
trol variables are provided in Table 1 below. A full list of all survey
items is shown in Tables A1 and A15 in Appendix B.

2.3.1. Vaccination intention
The main outcome variable is respondents’ intention to get

vaccinated against COVID-19, measured on a 7-point Likert scale.
b



Table 1
Survey items, Question wording and Summary statistics.

Variable Item/Question Scale Summary Stat.

Primary outcome variable:
Vaccination willingness How would you decide if you had the opportunity to get

vaccinated against COVID-19 with this vaccine next week?
Scale from (1) I would definitely not get vaccinated to (7) I
would definitely get vaccinated

Mean: 2.69
SD: 1.62

Secondary outcome variables (mediation analysis): Please think about the new vaccine that was the subject of
some of the previous questions. Now we would like to know
how you assess the information provided by Ms. Sommer on
this new vaccine. Please indicate to what extent you agree or
disagree with the following statements:

Scale from (1) Strongly disagree to (7) Strongly agree

Credibility The information is credible. Mean: 3.11
SD: 1.62

Relevance The information is relevant for my decision to get vaccinated. Mean: 2.80
SD: 1.79

Credible Source Ms. Sommer is credible as the source of information. Mean: 2.89
SD: 1.59

Controls
Age In which year were you born? (transferred to age) Mean: 41.41

SD: 11.82
Gender What gender do you identify with? (1) Female (1) 63.8 %

(2) Male (2) 36.0 %
(3) Diverse (3) 0.1 %
(4) Prefer not to say (4) 0 %

Education What is your highest level of education (educational
qualification)?

(1) No school-leaving qualification (1) 0.5 %

(2) Elementary or secondary school leaving certificate
without completed apprenticeship

(2) 3.0 %

(3) Elementary or secondary school leaving certificate with
completed apprenticeship

(3) 10.9 %

(4) Secondary school leaving certificate, Realschulabschluss (4) 35.6 %
(5) Advanced technical college certificate (5) 8.5 %
(6)Abitur(general higher education entrance qualification) (6) 17.4 %
(7) University of applied sciences or university degree
(Bachelor, Master, Magister, Diplom or Staatsexamen)

(7) 22.1 %

(8) Doctorate/PhD (8) 1.3 %
(9) Other degree: (9) 0.5 %

5C Vaccination attitudes Scale from (1) Strongly
disagree to (7) Strongly agree

The COVID-19 vaccinations are effective. (conf 1) Mean: 3.09
SD: 1.78

I have full confidence in the safety of COVID-19 vaccinations.
(conf 2)

Mean: 2.29
SD: 1.74

As far as COVID-19 vaccinations are concerned, I trust that
government authorities will always decide in the best
interest of the general public. (conf 3)

Mean: 2.56
SD: 1.80

My immune system is so strong, it also protects me from
contracting COVID-19. (comp 1)

Mean: 4.27
SD: 1.88

Vaccination against COVID-19 is superfluous, since diseases
against which one can be vaccinated are generally rare.
(comp 2)

Mean: 3.23
SD: 1.82

COVID-19 is not so bad that I need to be vaccinated against it.
(comp 3)

Mean: 4.17
SD: 2.03

It is costly for me to get vaccinated against COVID-19. (const
1)

Mean: 2.50
SD: 1.81

My discomfort at doctor’s appointments keeps me from Mean: 2.47

(continued on next page)
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We elicited vaccination intentions by asking respondents the fol-
lowing question: ‘‘How would you decide, if you had the opportunity
to get vaccinated against COVID-19 with this vaccine next week?”.
Responses were measured on a scale from (1) ‘‘I would definitely not
get vaccinated” to (7) ‘‘I would definitely get vaccinated.”.6,7

A broad psychological literature - largely based on the Theory of
Planned Behavior [23] provides evidence that intentions are a rel-
evant predictor of actual behaviour, for instance with respect to
other health behaviours during the COVID-19 pandemic [24].
Nonetheless, we are aware that reported intended and actual vac-
cination decisions might differ [25–27]. Hence, we try to address
this concern as follows: First, by sampling respondents with real-
world hesitancy, we select the relevant target group for messaging
campaigns (i.e., the approx. 25 % of the German population that
indeed had not been vaccinated in September 2021 and is largely
still unvaccinated today). Second, we include in our tested messag-
ing recent information on the actual COVID-19 infection numbers
at the time of the data collection. Third, we used messaging as
employed by politicians/scientists [e.g., 28]. We deliberately did
not refer to any of the existing COVID-19 vaccines in the experi-
ment to avoid potential difficulties resulting from vaccine-
specific (negative or positive) associations (e.g., with AstraZeneca),
which would most likely systematically bias reactions to the
employed messages in unintended ways. The indicated efficacy
of the hypothetical new vaccine, however, matches the efficacy
of the preferred vaccines which were used in Germany at that time
(BioNTech and Moderna). Finally, the approval of a new vaccine
was not an unrealistic prospect at the time of the survey, since
new vaccines were still under development (which is even cur-
rently still the case, e.g., for variant-specific vaccines). We recog-
nize that it would be valuable to conduct future research to
measure the impact of messaging campaigns on actual vaccination
decisions.

2.3.2. COVID-19 vaccination attitudes and elaboration likelihood
As outlined above, we employed the 5C scale by Betsch et al.

[18] as reflective indicators for the LCA. We adjusted this scale, ini-
tially designed for general vaccination attitudes, to fit a COVID-19
specific application based on Betsch et al. [9]. The scale aims to eli-
cit five central aspects of attitudes towards vaccination, namely (i)
Confidence in the COVID-19 vaccines and their endorsers (this cap-
tures both safety and effectiveness concerns of the vaccines as well
as confidence in the entities producing, administering, and encour-
aging vaccinations), (ii) Complacency (not perceiving the virus as a
serious risk), (iii) Collective responsibility (willingness to protect
others), (iv) Constraints (structural and psychological barriers),
and (v) Calculation (extensive information searching for weighing
costs and benefits) [18]. We employed the full extended scale,
which consists of three items for each aspect (see Table A15 in
Appendix B for a list of the 15 questions and the exact wording).
6 For the exact wording of the other survey items, please see Table A15 in Appendix
.
7 At the time of the data collection (mid-August-mid-September 2021), COVID-19
accines were still scarce in Germany, but the initially high demand for vaccine shots
ad largely passed. Approx. 61 % of the population were already vaccinated twice and
ot yet eligible for the booster vaccination (Impfdashboard, Bundesministerium für
esundheit, 2023). During this time, the centralized online system and practitioners
ere no longer overwhelmed and citizens could mostly schedule their appointments
r a vaccine without complications. While it was rather unlikely to book an
ppointment within a timeframe as short as one week (though it did occasionally
appen that appointments were cancelled and citizens were offered their appoint-
ent on short notice), we chose this wording of our outcome variable as to more
dequately elicit participants’ vaccination intentions (i) independent of extreme
carcity considerations and (ii) to provide a more concrete time frame for respondents
hen making the decision. In doing so, we hoped to make the question more precise
nd viable for respondents and minimize potential biasing effects of its inherent
ypothetical nature.
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Fig. 2. Classes of vaccination hesitancy: Identification via the 5C scale. Notes: Results refer to mean values of the 5C scale for vaccination attitudes, separately for each class as
identified by the LCA. The mean values shown here are those of the initial 5C scale, measured on a 7-point Likert scale. See Tables A3-A5 in Appendix B for the condensed
scale. Values of the 15 5C items (three items for each aspect) were averaged for each of the five aspects of vaccination hesitancy that we aim to capture. See Figure A1 in
Appendix B for the same graphic with all 15 items. In order to better illustrate class differences regarding the 5C vaccination hesitancy scale, the graph employs a definite
class assignment where respondents were assigned to the class with the maximum predicted probability.
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Moreover, the survey collected information to validate whether the
LCA class assignment, in fact, captures the elaboration likelihood
with which respondents take up the different information treat-
ments. Specifically, we elicited trust in politicians and scientists
(a proxy for motivation to engage with the provided information)
and the perceived value and understanding of anecdotal and statis-
tical evidence (a proxy for ability to engage with the provided
information), all measured on a 7-point Likert scale. Besides build-
ing on the previously validated survey items in the respective cited
works above, we piloted (soft-launched) our survey with a sample
of 110 respondents to validate our outcomes and covariates.

3. Results

3.1. Latent class analysis: Not one, but many publics

The results of the LCA suggest the existence of three underlying
classes of vaccination hesitancy in our sample.8 The classes are
characterized and distinguishable by differential response patterns
to the COVID-19 adjusted 5C scale (see Fig. 2 below and Tables
A2-A5 in Appendix B).9 Given these differing response patterns to
the 5C scale, we expect members of the three classes to have coher-
8 We ran models with one to four and partly five underlying classes, but opted for a
final model with three classes due to a combination of interpretability, reductions in
the goodness of fit improvements, and model convergence problems. In the LCA
where the model’s fit can also be assessed for a single model using the likelihood
ratio test of the fitted model versus the saturated model (G2 statistic), we fail to rejec
the null hypothesis that our model fits just as well as the saturated model.

9 While we initially measured agreement with the items of the 5C scale on a 7
point Likert scale, we condensed the scale into three categories due to skewed and
non-normally distributed data, not allowing the model to converge. The three
condensed categories combined the two extreme points of the initial Likert scale as
well as the three moderate points (initial values 1 or 2 => condensed value 1; values 3
4 or 5 => value 2; values 6 or 7 => value 3). The resulting ordinal variables with three
categories were then used as categorical indicators for the LCA. The initial 7-poin
Likert scale and the condensed scale are, on average, across all 15 items highly
correlated by a value of approximately 0.95.
,
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ently varying attitudes towards getting vaccinated against COVID-19
and have therefore labelled the three classes as opponents, sceptics
and receptives. The following paragraphs explain these differences
by describing response patterns to the 5C scale (see Fig. 2) and stated
intentions to get vaccinated against COVID-19 across classes (em-
ployed as an accuracy check of these labels, see Table 2). We further
contrast socioeconomic characteristics across classes.

The first class, vaccination opponents, had the largest preva-
lence in our sample (55.14 %). This class was characterized by rel-
atively low confidence levels in vaccine safety and efficacy, the
system that delivers them, and the (motivations of the) actors
deciding on the need for vaccines (Mean = 1.55). Similarly, vaccina-
tion opponents expressed high levels of complacency (perceived
invulnerability towards the COVID-19 virus) (Mean = 5.52) and
low levels of collective responsibility (Mean = 2.52), which may
make them more susceptible to ‘vaccination free-riding’. Finally,
the aspect of calculation (i.e., in terms of careful searching for
information to weigh infection and vaccination risks and benefits)
was a highly important factor (Mean = 6.19), whereas practical
constraints or inconveniences such as geographical accessibility
did, on average, not seem to present a substantial barrier to vacci-
nation in this identified subgroup (Mean = 1.88). In light of these
characteristics, the class of opponents seems to have opposing atti-
tudes towards a COVID-19 vaccination.

The second class with contrary characteristics, vaccination
receptives, had the smallest prevalence in our sample (18.24 %).
While levels of (i) vaccine confidence and (ii) collective responsi-
bility in getting vaccinated were on average relatively high (Confi-
dence: Mean = 4.80; Collective responsibility: Mean = 5.83), the
degree of (iii) complacency was relatively low compared to the val-
ues in the class of vaccination opponents (Mean = 2.00). Practical
constraints to getting vaccinated were slightly more important
among vaccination receptives (Mean = 2.41), while calculation
aspects were slightly less important than they were among vacci-
nation opponents (Mean = 5.66). In light of these characteristics,
the class of receptives, in principle, seems to support getting a



Table 2
Respondent characteristics by class membership.

Variable (1)
Opponents

(2)
Sceptics

(3)
Receptives

T-test Difference

(N=1,184) (N=572) (N=389) (1)-(2) (1)-(3) (2)-(3)

Willingness to get vaccinated 1.732 3.428 4.495 �1.696*** �2.763*** �1.068***
(0.036) (0.061) (0.102)

Female 0.658 0.592 0.652 0.066*** 0.006 �0.060*
(0.014) (0.021) (0.024)

18-34 yrs. 0.266 0.404 0.365 �0.138*** �0.099*** 0.039
(0.013) (0.021) (0.024)

35-54 yrs. 0.527 0.484 0.460 0.043* 0.067** 0.024
(0.015) (0.021) (0.025)

55 yrs. and above 0.207 0.112 0.175 0.095*** 0.032 �0.063***
(0.012) (0.013) (0.019)

Primary education 0.151 0.142 0.132 0.009 0.019 0.010
(0.010) (0.015) (0.017)

Secondary education 0.375 0.347 0.323 0.027 0.051* 0.024
(0.014) (0.020) (0.024)

Tertiary education 0.474 0.510 0.545 �0.036 �0.071** �0.034
(0.014) (0.021) (0.025)

Residence in new federal states 0.272 0.243 0.198 0.029 0.074*** 0.045
(0.013) (0.018) (0.020)

Intention to vote AFD 0.352 0.219 0.091 0.133*** 0.261*** 0.128***
(0.013) (0.015) (0.012)

Trust in scientists 3.716 4.229 5.532 �0.513*** �1.816*** �1.303***
(0.046) (0.057) (0.064)

Trust in politicians 1.613 2.962 3.653 �1.348*** �2.040*** �0.691***
(0.029) (0.061) (0.085)

Value/Understanding of anecdotal evidence 3.708 3.458 3.126 0.250*** 0.582*** 0.332***
(0.028) (0.036) (0.055)

Value/Understanding of statistical evidence 3.260 3.503 3.972 �0.244*** �0.712*** �0.468***
(0.033) (0.035) (0.047)

F-test of joint significance (F-stat) 52.297*** 97.001*** 25.024***
F-test, number of observations 1,756 1,573 961

Notes: Summary statistics contain means and standard deviations for continuous variables and percentages for categorical variables. All summary statistics are calculated based on the
full sample.
Notes: Variables are binary indicators, except for Willingness to get vaccinated, Trust in scientists, Trust in politicians and Value/Understanding of anecdotal/statistical
evidence, which were measured on a 1-7 point Likert scale, with higher values indicating higher willingness to get vaccinated/trust/self-rated ability, respectively.
Willingness to get vaccinated refers to the willingness to get vaccinated with the hypothetical new COVID-19 vaccine introduced in the survey experiment (i.e., it is the
outcome variable of interest in the empirical analysis of the survey experiment for evaluating treatments effects of evidence and communicator). See Table A9 in the
Appendix for class characteristics regarding the Willingness to get vaccinated with existing vaccines. Class assignment is definite and defined according to each respondents’
highest predicted class probability. The resulting class assignment is captured in a categorical variable with three categories. ***, **, and * indicate significance at the 1, 5, and
10 percent critical level.
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COVID-19 vaccination, but their careful weighing of the risks of a
newly developed vaccine compared to the consequences of infec-
tion may keep them from doing so.

The third class, vaccination sceptics, had a prevalence of
approximately one-quarter of our sample (26.63 %). In this class,
respondents attributed a similar, moderate relevance to all the
investigated reasons against or in favor of a COVID-19 vaccination
(Confidence Mean = 3.44; Collective responsibility: Mean = 4.00;
Complacency: Mean = 3.87; Constraints: Mean = 3.42). The only
exception was calculative considerations of the vaccination deci-
sion, which presented the most dominant factor in this class
(Mean = 5.20).10 In light of these characteristics, the class of sceptics
seems to have serious doubts towards a COVID-19 vaccination but
does not oppose it as strongly as the class of opponents.

In line with the above characterization, we find that the three
classes differed linearly in their intentions to get vaccinated with
the hypothetical COVID-19 vaccine introduced in the survey exper-
iment (see Table 2 below). Reported willingness was on average
lowest among opponents (Mean (SD) = 1.73(1.23)) and highest
among the class of vaccination receptives (Mean (SD) = 4.50
10 Due to the condensed indicators employed in the LCA, we additionally conducted
a latent profile analysis (LPA) as a robustness check, which employs the initial 7-point
Likert scale as continuous indicators of the latent classes. Class prevalences and
characteristics (i.e., marginal class probabilities and class means) were very similar to
in the LCA and are presented in Tables A6-A8 in Appendix B.
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(2.00)). Sceptics, coherently, indicated moderate intentions to get
vaccinated (Mean (SD) = 3.43(1.46)).11 Reassuringly, this pattern
also holds for respondents’ willingness to get vaccinated with the
existing developed and widely known COVID-19 vaccines, underlin-
ing the credibility of our outcome variable with respect to having
chosen a hypothetical vaccine (see Table A9 in Appendix B).

Regarding demographic and socioeconomic characteristics, the
class of opponents differed from the other two classes, e.g., with
respect to age, gender, educational attainment, and federal state
of residence (see Table 2). Specifically, opponents were, on average,
(i) older than receptives and sceptics, (ii) more likely to be female
compared to sceptics, and (iii) less educated and were more likely
to reside in Germany’s new Eastern federal states than members of
the receptives class. However, the classes differed much more
clearly in terms of their intentions and beliefs than in terms of
socioeconomic characteristics: Looking at respondents’ (i) reported
voting intentions in the next national election,12 (ii) their trust in
scientists and (iii) politicians, as well as their perceived value and
understanding of (iv) anecdotal and (v) statistical evidence, there
seems to be a near-linear pattern across the three classes (see
11 While we argue for a differentiated assessment across the identified subgroups
ithin the unvaccinated population, we also consider average effects within the
ntire sample of unvaccinated respondents (Mean: 2.69; SD: 1.84).
12 The next national elections in Germany were held a couple of weeks after the
urvey was fielded.
w
e
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Table 2): The more supportive a class’ attitude is towards a COVID-
vaccination (i.e., receptives > sceptics > opponents), the less often
respondents of this class indicated their intention to vote for the
AFD party in the next national election (a right-wing party in the
German parliament, which opposed pandemic-related restrictions),
the higher was their trust in scientists and politicians, the more they
valued statistical evidence, and the less they valued anecdotal
evidence.

Our findings partly resemble those by Rieger et al. (2022), who
surveyed a representative sample of both vaccinated and unvacci-
nated German respondents and also find that women, right-wing
voters and respondents with less trust in the political system were
more likely to oppose vaccination. Yet, our results contrast Rieger
et al. (2022) in that older and less educated respondents and
respondents living in the new federal states are also more likely
to oppose vaccination [29].13
3.2. Survey experiment: Average effects of communicator and evidence
type

We briefly report the average treatment effects of the tested
communication strategies in the entire sample and then examine
a potential heterogeneity in their effectiveness in terms of commu-
nicator and evidence type across the identified classes. In all of the
results reported here, the dependent variable is respondents’ will-
ingness to get vaccinated with the new hypothetical COVID-19
vaccine.14,15

Table 3 below presents the estimation results for average treat-
ment effects: First, the coefficient of scientists as communicators is
statistically significant at the 5 % level and positive in both estima-
tions (Columns (1) and (2)), suggesting that scientists were on
average more persuasive as communicators than politicians.
Employing scientists as the communicator relatively increased
the reported willingness to get vaccinated, on average, by approx-
imately 0.184 standard deviations.

Second, the statistically insignificant coefficients of both evi-
dence types in Columns (3) and (4) suggest that neither the provi-
sion of statistical nor anecdotal evidence, on average, increased the
persuasiveness of information about the efficacy of a COVID-19
vaccine.

Third, Columns (5) and (6) and the t-tests at the bottom of the
table report the results for the interaction between types of evi-
dence and each communicator. The t-tests on the point estimates
reveal that there are no significant differences between no evi-
dence (reference category), anecdotal evidence, and statistical evi-
dence – neither for politicians nor for scientists as communicators.
Therefore, when informing the average unvaccinated public about
the efficacy of COVID-19 vaccines, it does not seem to matter what
form of evidence communicators use, and whether they use any at
all.16
13 Notably, while we focused on the unvaccinated population, Rieger et al. (2022)
focused on the general public i.e., vaccinated and unvaccinated individuals. Aside
from the different samples, the different outcome variables in terms of vaccination
intentions (individual outcome) in our study and attitudes towards mandatory
vaccinations (collective outcome) in Rieger et al. (2022) lack comparability and thus
prevent strong conclusions [r7].
14 All models are estimated using OLS regressions. To account for the ordered scale
of the dependent variable, we report results of ordered logit estimations in Appendix
(see Table A10).
15 After the respondents received the treatment and were asked about their
willingness to get vaccinated, we conducted an attention test in which we asked the
participants what profession –the communicating person in the treatment has. 54 %
of the respondents answered this question correctly. Table A12 in Appendix B
presents the regression results if only the respondents who answered the question
correctly are considered.
16 In the appendix, we also present the main results, when accounting for multiple
hypotheses testing via sharpened q-values [30].
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3.3. Survey experiment: Heterogeneity by classes of vaccination
hesitancy

We now turn to possibly differing effects of the explored treat-
ments due to respondents’ differential elaboration likelihood, as
reflected in the identified classes of vaccination opponents, scep-
tics, and receptives. The results of this exercise are presented in
Figs. 3 and 4 below, and we discuss them in turn for each class
separately.

3.3.1. Opponents
For vaccination opponents, the results in Fig. 3 show that nei-

ther the communicator nor the provision and type of evidence
seem to be crucial for the persuasiveness of the information about
COVID-19 vaccine efficacy. In accordance with this, the results in
Fig. 4 suggest no clear communication strategy for politicians
and scientists to target vaccination opponents: for both communi-
cators, there are no significant differences between the evidence
types.

3.3.2. Sceptics
For sceptics, the results are more unequivocal. First, concerning

the communicator, column 2 row 2 of Fig. 3 shows that the coeffi-
cient for scientists is 0.2 standard deviations higher than for politi-
cians. This difference is statistically significant at the 5 % level
(average p-value17: 0.023). This comparatively strong effect sug-
gests that it may be the subgroup of sceptics that drives the effect
found for the average population.

Second, we observe that, for sceptics, the provision of evidence
about the efficacy of the COVID-19 vaccine does seem to matter.
Compared to the no evidence condition, both anecdotal evidence
and statistical evidence have a positive and statistically significant
effect at the 1 % level (average p-value: 0.006 for anecdotal evi-
dence and 0.019 for statistical evidence). However, sceptics seem
not to differentiate between the evidence type since we found no
statistically significant difference between anecdotal and statistical
evidence.

Third, in terms of the explored interaction between communi-
cator and evidence type, the results in Fig. 4 below reveal that sci-
entists in particular can enhance the persuasiveness of their
conveyed information by providing additional evidence (average
p-value anecdotal evidence: 0.012; average p-value statistical evi-
dence: 0.043). While the provision of anecdotal evidence seems to
be the most promising in this regard, the effects are not signifi-
cantly different from statistical evidence (average p-value: 0.574).

3.3.3. Receptives
For the group with the highest willingness to get vaccinated, the

results reveal no statistically significant differences between com-
municators and the evidence types. Interestingly, however, the
results in Fig. 4 suggest that politicians providing statistical evi-
dence offer the most promising communication strategy (average
p-value: 0.010; reference group are politicians without any evi-
dence). This is surprising since, on average, neither politicians
nor statistical evidence taken separately had a statistically signifi-
cant effect on respondents’ reported vaccination intentions.

In sum, the above findings reveal notably different patterns
across the three identified classes of vaccination hesitancy and
point towards potentially promising communication strategies,
especially for sceptics and receptives. These insights had not been
visible by just exploring average effects. Moreover, the statistically
significant subgroup effects are substantially larger in magnitude,
17 We report average p-values as our estimations are based on 1,000 simulations o
Equation 1 with a probabilistic assignment of respondents to the respective classes
f
.



Table 3
Treatment effects of evidence type and communicator on vaccination intentions.

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

Politician Reference category
Scientist 0.184⁄⁄ 0.185⁄⁄

(2.32) (2.34)
No Evidence Reference category
Anecdotal Evidence 0.137 0.153

(1.41) (1.57)
Statistical Evidence 0.0354 0.0477

(0.36) (0.49)
No Evidence Reference category
x Politicians
Anecdotal Evidence 0.204 0.209
x Politicians (1.49) (1.53)
Statistical Evidence 0.143 0.159
x Politicians (1.04) (1.16)
No Evidence 0.300⁄⁄ 0.297⁄⁄

x Scientists (2.18) (2.16)
Anecdotal Evidence 0.372⁄⁄⁄ 0.395⁄⁄⁄

x Scientists (2.70) (2.88)
Statistical Evidence 0.228⁄ 0.234⁄
x Scientists (1.66) (1.70)

Ex post t-tests (t-values):
No Evidence Scientists vs. Anecdotal Evidence Scientists 0.28 0.50
No Evidence Scientists vs. Statistical Evidence Scientists 0.27 0.21
Anecdotal Evidence Scientists vs. Statistical Evidence Scientists 1.09 1.37

Socioeconomic Controls No Yes No Yes No Yes
Observations 2142 2141 2142 2141 2142 2141

Notes: The table shows standardized regression coefficients. Estimations in Columns (2), (4), and (6) include controls for age, gender, level of education, state of residency, and
level of income. t statistics in parentheses.
⁄, ⁄⁄, ⁄⁄⁄ indicate significance at the 1, 5, and 10 percent critical level

Fig. 3. Heterogeneity by Class: Separate Treatment Effects of Evidence Type and Communicator on Vaccination Intentions. Notes: The figure shows the mean estimation
coefficient and 95 % confidence intervals of 1,000 simulations for each of the three classes of vaccination hesitancy. Class assignment for each respondent is based on the class
membership probability, which is derived from the LCA. The left column shows the treatment effects of the communicator, with the reference category ”Politician”. The right
column shows treatment effects for evidence type with the reference category ”no evidence”. Estimations include controls for age, gender, education level, state of residency,
and income level. Detailed estimation results are available in Table A11, A13, and A14 in Appendix B.
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Fig. 4. Heterogeneity by Class: Interacted Treatment Effects of Communicator-Evidence Combinations on Vaccination Intentions. Notes: The figure shows mean treatment
effects and 95 % confidence intervals of 1,000 simulations for each of the three classes of vaccination hesitancy. The reference category is ‘‘No Evidence Politicians”. Class
assignment for each respondent is based on the class membership probability, which is derived from the LCA. Estimations include controls for age, gender, education level,
state of residency, and income level. Detailed estimation results are available in Table A11, A13, and A14 in Appendix B.

J. Eger, L.C. Kaplan and H. Sternberg Vaccine 41 (2023) 3964–3975
ranging from 0.38 (politicians addressing receptives based on sta-
tistical evidence) to 0.45 standard deviations (scientists addressing
sceptics based on anecdotal evidence). This evidence suggests that
the different groups of vaccination hesitant respondents indeed
express different elaboration likelihoods depending on the com-
munication strategies explored here.18
4. Discussion and conclusion

Despite soaring case numbers and a sufficient supply of vaccine
doses at their disposal, policy makers in several countries struggled
with convincing their unvaccinated population of the benefits of a
COVID-19 vaccination. Previous immunization campaigns have
included various strategies to increase vaccination rates, ranging
from mandatory vaccination, structured appointment planning
and reminders, to carefully designed information campaigns
[31,32]. Evidence on the effectiveness of the different immuniza-
tion campaigns is, therefore, urgently needed to inform political
decision making. Given that mandatory vaccinations were highly
contested politically [29], we investigated how to persuasively
communicate information about the efficacy of a COVID-19 vacci-
nation to the unvaccinated parts of the population.

Previous research suggests that the effectiveness of information
campaigns depends crucially on the communicator (e.g., the media,
politicians, religious leaders), the content of the message, and the
characteristics of the targeted population (e.g., scepticism, social
attitudes) [8,33,34]. Our latent class analysis points towards the
existence of three distinct subgroups within the sample of unvac-
cinated respondents, who can be differentiated in terms of their
views and motivations regarding a COVID-19 vaccination: oppo-
nents, sceptics, receptives.
18 Appendix A and Figures A2-A4 contain additional analyses that analyse whethe
the reported effects are due to class differences in (i) perceptions of the credibility o
the information, (ii) the relevance of the information for one’s reported intention to
get vaccinated, and (iii) the credibility of the information source.
r
f
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While vaccination opponents seem rather difficult to target, our
findings suggest potentially fruitful combinations of communica-
tors and evidence types for the other two subgroups. Specifically,
we found that anecdotal evidence provided by scientists is a
promising communication strategy to encourage vaccination
intentions in the subgroup of sceptics.

Similarly, statistical evidence presented by politicians fortified
intentions within receptives. For the case of sceptics, one potential
explanation for the somewhat unexpected result could be that sci-
entists are already perceived as highly credible by this subgroup.
While anecdotal evidence may decrease the perceived distance
towards the public, the additional credibility gains from statistical
evidence are limited. Thus, providing communicator-evidence
combinations that are less present in the public debate could prove
particularly effective.

These insights suggest that, in the short term, receptives and
sceptics are the most promising target groups for German vaccina-
tion campaigns. Yet, in the medium term, opponents need not be
forgotten. While mandatory vaccinations [35,36] may appear as
the only strategy to target strict vaccination opponents, politicians
and researchers are advised to focus on ways how to rebuild trust
and address beliefs in misinformation within this population
group, not only in Germany [37,38,39,40]. The inconsistency in
vaccine related communication in Germany has led to a loss of
trust in political and scientific decision-makers [41]. It is therefore
important to rebuild this trust through evidence-based communi-
cation. The way we understand and perceive the credibility of a
source significantly impacts our processing of messages and can
also significantly affect related behaviours [42,43]. Using evidence
to validate relevant and reliable information can therefore also be
vital to build trust and credibility in the vaccines themselves and
their safety.

We acknowledge the following limitations of our study: First,
the choice to employ an outcome variable that measures intentions
to get vaccinated with a hypothetical vaccine is likely both a limi-
tation and strength of our study. On the one hand, the hypothetical
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vaccine may be more vague and less informative to respondents.
But, on the other hand, using existing vaccines like Astra Zeneca
would have come with serious repercussions in terms of pre-
defined opinions about them and would have likely biased the
results of the messages tested in the survey experiment. The same
logic applies to the hypothetical communicators of the messages
being ‘‘a scientist” or ‘‘a politician”, deliberately not mentioning
specific individuals already well-known to participants in the Ger-
man pandemic context. Second, we acknowledge that our outcome
variable merely measures intentions to get vaccinated as opposed
to actual vaccination decisions (though evidence with respect to
the Theory of Planned Behavior suggests that stated intentions
and observed behaviour are closely related [23,24]). Third,
researchers and policy makers should, naturally, interpret our find-
ings with caution in terms of external validity and the potential
discrepancies between the measured effects of employing a mes-
sage once in an online survey compared to the effects of employing
messages repeatedly in real-world situations. External validity
concerns also include the sample being recruited from an incen-
tivized online panel population. This population may differ some-
what from the representative German population in respects
other than the included quotas, though methodological research
on this issue has so far not convincingly confirmed these concerns
[44–46].

In terms of avenues for future research, further studies may
want to examine the perceived relevance of the provided informa-
tion more closely - a factor that might increase the persuasiveness
of information campaigns. Specifically, in this paper, we examined
an information treatment about COVID-19 hospitalization risk, but
information and evidence on the infection probability or the risk of
long-COVID might have a higher relevance [47].

In sum, our study employed sociopsychological theory to chal-
lenge the view of the existence of a single homogeneous group of
unvaccinated citizens. By drawing on a large sample of unvacci-
nated citizens and combining latent class analysis with experimen-
tal methods, we encourage decision-makers to carefully consider
heterogeneities in the effectiveness of their communication strate-
gies, especially regarding their communicator and employed evi-
dence type.
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