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Communicating doctors’ consensus 
persistently increases COVID-19 vaccinations

Vojtěch Bartoš1,2 ✉, Michal Bauer3,4, Jana Cahlíková5 & Julie Chytilová3,4

The reluctance of people to get vaccinated represents a fundamental challenge to 
containing the spread of deadly infectious diseases1,2, including COVID-19. Identifying 
misperceptions that can fuel vaccine hesitancy and creating effective communication 
strategies to overcome them are a global public health priority3–5. Medical doctors are 
a trusted source of advice about vaccinations6, but media reports may create an 
inaccurate impression that vaccine controversy is prevalent among doctors, even 
when a broad consensus exists7,8. Here we show that public misperceptions about the 
views of doctors on the COVID-19 vaccines are widespread, and correcting them 
increases vaccine uptake. We implement a survey among 9,650 doctors in the Czech 
Republic and find that 90% of doctors trust the vaccines. Next, we show that 90% of 
respondents in a nationally representative sample (n = 2,101) underestimate doctors’ 
trust; the most common belief is that only 50% of doctors trust the vaccines. Finally, 
we integrate randomized provision of information about the true views held by 
doctors into a longitudinal data collection that regularly monitors vaccination status 
over 9 months. The treatment recalibrates beliefs and leads to a persistent increase in 
vaccine uptake. The approach demonstrated in this paper shows how the engagement 
of professional medical associations, with their unparalleled capacity to elicit 
individual views of doctors on a large scale, can help to create a cheap, scalable 
intervention that has lasting positive impacts on health behaviour.

COVID-19 is a salient example of a disease with profound economic, 
social and health impacts, which can be controlled by large-scale vac-
cination if enough people choose to be vaccinated. Nevertheless, a 
large percentage of people are hesitant to get a vaccine, preventing 
many countries from reaching the threshold necessary to achieve 
herd immunity9,10. Consequently, rigorous evidence on scalable 
approaches that can help to overcome people’s hesitancy to take 
a COVID-19 vaccine is a global policy priority3–5. Existing research 
has made important progress in documenting the roles of providing 
financial incentives11,12, reminders4,5, information about the efficacy 
of the vaccines13,14, the role of misinformation15 on the intentions of 
the public to get vaccinated and, more recently, also on their actual 
decisions to get a vaccine5 shortly after an intervention. However, little 
is known about whether cheap, scalable strategies with the potential 
to cause lasting increases in people’s vaccination demand and uptake 
exist. A focus on the persistence of the impacts of interventions is 
especially important for vaccines such as those against COVID-19, 
which are often distributed in phases to different demographic groups 
due to capacity constraints, and multiple doses spaced over time are 
required to avoid declines in protection.

In many surveys across the globe, people report that they strongly 
trust the views of doctors6. This makes it crucial to understand how 
people perceive doctors’ views about the COVID-19 vaccine. In this 
paper, we pursue the hypothesis that reluctance to adopt the vaccine 

originates, in part, in misperceptions about the distribution of aggre-
gate views of the medical community: many people may fail to recog-
nize that there is a broad consensus in favour of the vaccine among 
doctors. Furthermore, we argue and show that professional associa-
tions can serve as aggregators of individual views in a medical commu-
nity, by helping to implement surveys eliciting the views of doctors on 
a large scale. Disseminating information of a broad consensus, when 
one exists, can lead to people updating their perceptions of doctors’ 
views and, in turn, may induce lasting changes in vaccination demand 
and uptake.

Our focus on public misperceptions of the views of doctors is 
motivated by a widespread concern that media coverage can create 
uncertainty and polarization in how people perceive expert views, 
even when a broad consensus actually exists. In terms of traditional 
media, a desire to appear neutral often motivates journalists to pro-
vide a ‘balanced’ view by giving roughly equal time to both sides of an 
argument7,16, creating an impression of controversy and uncertainty8. 
Such ‘falsely balanced’ reporting has been shown to be a characteristic 
element of policy debates ranging from climate change7,16 to health 
issues, including links between tobacco and cancer, and potential 
side effects of vaccines8,17. In the context of the COVID-19 vaccines, 
casual observation suggests that media outlets often feature expert 
opinions that highlight the efficacy of approved COVID-19 vaccines 
together with skeptical experts who voice concerns about rapid 
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vaccine development and untested side effects. The media usually 
do not specify which claims are supported by the wider medical 
community, leading the World Health Organization to warn media 
outlets against engaging in false-balance reporting18. Furthermore, 
polarization of beliefs can arise due to echo chambers—people choos-
ing to be exposed to expert opinions or opinion programmes that 
fuel their fears of the vaccine or, alternatively, to those who strongly 
approve of it19–21.

We study these issues in the Czech Republic, which is a suitable set-
ting, given the observed level of vaccine hesitancy among a large share 
of its population, similar to the situation in many other countries. At 
the time of data collection, the acceptance rate of the vaccine in the 
Czech Republic was around 65%, compared to 55–90% in other coun-
tries globally. At the same time, the Czech Republic ranks close to the 
median level of trust and satisfaction with medical doctors, based on a 
comparison of 29 countries6. We provide more background in Section 
3.1 of the Supplementary Information.

We start by documenting and quantifying public misperceptions 
about the views of doctors on the COVID-19 vaccines. Shortly before 
the COVID-19 vaccine rollout began, we implemented a short online 
survey among 9,650 doctors. We found strong evidence of consen-
sus: 90% of doctors intend to get vaccinated themselves and 89% 
trust the approved vaccines. At the same time, we found evidence 
of systemic and widespread misperceptions of the views held by the 
medical community among a nationally representative sample of the 
adult population (n = 2,101): more than 90% of people underestimate 
doctors’ trust in the vaccines and their vaccination intentions, with 
most people believing that only 50% of doctors trust the vaccines 
and intend to be vaccinated.

These findings set the stage for our main experiment, in which we 
tested whether randomized provision of information about the actual 
views of doctors can recalibrate public beliefs and, more importantly, 
cause a lasting increase in vaccination uptake. The experimental design 
aimed to make progress on two important empirical challenges that are 
common in experiments on the determinants of demand for COVID-19 
vaccines. First, as an intention–behaviour gap has been documented 
in the context of flu vaccines and other health behaviours22, measuring 
both vaccination intentions and actual vaccination uptake allows us to 
test whether treatment effects on vaccination intentions translate into 
behavioural changes of a similar magnitude. The initial set of studies 
on COVID-19 vaccination, typically implemented before the vaccines 
became available, only tested impacts on intentions11,14,15, although 
recent exceptions exist5,23.

Second, most experiments designed to correct misperceptions 
about the views of others, and other information provision experi-
ments in various domains, including migration, health and political 
behaviour, document treatment effects to be substantially smaller 
when measured with a delay24,25. In theory, the worry is that indi-
vidual perceptions about the views of doctors might shift between 
the time when the treatment takes place and when people decide 
whether to actually get vaccinated, for reasons including regression 
of perceptions to the mean, biased recall or motivated memory26. 
Conversely, researchers have suggested that providing facts about 
a widely shared consensus of trustworthy experts might be resil-
ient to these forces17, as the treatment may reduce incentives to 
seek new information, and condenses complex information into a 
simple fact (‘90% of doctors trust the approved vaccines’), which 
is easy to remember. Understanding whether providing informa-
tion about medical consensus has temporary or lasting effects on 
vaccination demand is informative for policy, in terms of whether 
a one-off information campaign is sufficient, or whether the tim-
ing of messages needs to be tailored for different groups of people 
who become eligible for a vaccine at different points in time, and 
also whether such an information campaign needs to be repeated 
in cases of multiple-dose vaccines.

To address these issues, our experiment is integrated into longitu-
dinal data collection with low attrition rates. The treatment was imple-
mented in March 2021. We used data from 12 consecutive survey waves 
collected from March to November 2021, covering the early period 
when the vaccine was scarce, later when it gradually became available to 
more demographic groups, and finally for several months when it was 
easily available to all adults. This is reflected in the vaccination rates, 
which increased in our sample from 9% in March to 20% in May and to 
nearly 70% in July. Then, it grew slowly to 77% at the end of November. 
This longitudinal, data-collection-intensive approach allows us to esti-
mate: (1) whether disseminating information on the consensus view 
of the medical community has immediate effects on people’s beliefs 
and their intentions to get the vaccination shortly after the interven-
tion; (2) whether the effects translate into actually getting vaccinated, 
even though most of the participants became eligible for the vaccine 
only many weeks after the intervention; and (3) whether the effects 
on vaccine uptake are persistent or whether the vaccination rate of 
untreated individuals eventually catches up, perhaps due to ongoing 
governmental campaigns, stricter restrictions for individuals who 
are not vaccinated, or greater potential life disruptions during severe 
epidemiological periods.

Consensus of the medical community
We conducted a supplementary survey to gather the views of doctors 
on COVID-19 vaccines in February 2021. The survey was implemented 
in partnership with the Czech Medical Chamber (CMC), whose contact 
list includes the whole population of doctors in the country, because 
membership is compulsory. All doctors who communicate with the 
CMC electronically (70%) were asked to participate and 9,650 (24% of 
those contacted) answered the survey. Supplementary Table 1 provides 
summary statistics and documents that the sample is quite similar, in 
terms of age, gender, seniority and location, to the overall population 
of medical doctors in the Czech Republic.

Figure 1 shows the distribution of doctors’ responses. A clear pic-
ture arises, suggesting that a broad consensus on COVID-19 vaccines 
exists in the medical community: 89% trust the vaccine (9% do not 
know and 2% do not trust it), 90% intend to get vaccinated (6% do 
not know and 4% do not plan to get vaccinated) and 95% plan to 
recommend that their patients take a vaccine (5% do not). These 
responses are broadly similar across gender, age, years of medical 
practice and size of the locality in which the doctors live: for all 
sub-groups, we found the share of positive answers to all questions 
ranges between 85% and 100% (Supplementary Table 2). Using prob-
ability weights based on observable characteristics of the entire 
population of doctors in the country makes very little difference in 
the estimated distribution of opinions in our survey. Reassuringly, 
the opinions in our survey are in line with high actual vaccination 
rates (88%) observed among Czech doctors when vaccines became 
available27, despite vaccination not being compulsory for any profes-
sion, including for doctors.

Longitudinal experiment
Our main sample consists of participants in the longitudinal online 
data collection ‘Life during the pandemic’, organized by the authors 
in cooperation with PAQ Research; the data were collected by the NMS 
survey agency (Methods and Supplementary Methods). The informa-
tion intervention was implemented on 15 March 2021 (wave 0). We used 
data from 12 consecutive waves of data collection regularly conducted 
from March to November 2021. This time span covers the period when 
the vaccination was gradually rolled out and eligibility rules changed 
regularly, making the vaccine available for more demographic groups 
(until June 2021), and a period when vaccination was freely available 
for the entire adult population (from July 2021).
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The sample from wave 0 is our ‘base sample’ (n = 2,101). By design, 
the sample is broadly representative of the adult Czech population in 
terms of a host of observable characteristics (for summary statistics, 
see Extended Data Table 1). In addition, the vaccination rate reported 
in our sample closely mimics the levels and dynamics of the overall 
adult vaccination rate in the country (Extended Data Fig. 1). This com-
parison suggests that attitudes to vaccination in our sample are likely 
to be representative of the larger population, in contrast to surveys 
based on convenience samples28. Although this pattern is reassuring, 
we cannot test and fully rule out a possibility that our sample might not 
be representative in terms of unobservable characteristics affecting 
receptivity to the information treatment studied. Furthermore, the 
response rate in the follow-up waves is high, ranging between 76% and 
92%. A large portion of participants (n = 1,212; the ‘fixed sample’) took 
part in all 12 waves of data collection.

The participants were randomly allocated to either the Consensus 
condition (n = 1,050) or Control condition (n = 1,051) in wave 0. In the 
Consensus condition, they were provided with a summary of the sur-
vey among medical doctors, including three charts that displayed the 
distribution of doctors’ responses regarding their trust in the vaccines, 
willingness to get vaccinated themselves and intentions to recommend 
the vaccine to patients. In the Control condition, the participants did 
not receive any information about the survey of medical doctors and 
only filled the regular part of the longitudinal survey.

In all 12 waves, we asked whether respondents got vaccinated against 
COVID-19. The main outcome variable ‘vaccinated’ is equal to one if the 
respondent reported having obtained at least one dose of a vaccine 
against COVID-19. We also elicited prior beliefs on the views of doctors 
about the vaccines in wave 0 shortly before the information interven-
tion, and posterior beliefs in wave 1 2 weeks afterwards.

Extended Data Table 1 and Supplementary Table 3 show no system-
atic differences in the set of baseline characteristics pre-registered as 
control variables. Nevertheless, because the randomization was not 
stratified on baseline covariates, there are random imbalances in some 
covariates, as expected. Some of the larger differences are for variables 
not included in the set of pre-registered control variables. Specifi-
cally, before the intervention, compared to participants in the Control 
condition, the individuals in the Consensus condition were slightly 
less likely to be vaccinated themselves (standardized mean difference 
(SMD) = 0.069), and expected a smaller percentage of doctors to trust 

the vaccine (SMD = 0.072) or to intend to get vaccinated (SMD = 0.090). 
As these three variables are highly predictive of vaccination uptake, we 
report two main regression specifications: (1) with the pre-registered 
set of control variables, and (2) with control variables selected by the 
LASSO procedure29. To document robustness, we also report estimates 
with no control variables and with alternative sets of control variables.

Misperceptions about doctors’ views
To quantify misperceptions about the views of doctors on COVID-19 
vaccines, we compared the prior beliefs of participants about doctors’ 
views, measured before the intervention, with the actual views of the 
doctors from the CMC survey. We found strong evidence of mispercep-
tions. The average, median and modal guesses are that 57%, 60% and 
50% of doctors, respectively, want to be vaccinated (Fig. 2a), whereas 
in reality 90% of doctors do. The average, median and modal guesses 
about the percentage of doctors who trust the vaccines are 61%, 62% and 
50%, respectively (Fig. 2b), whereas in practice 89% of doctors report 
trusting the vaccines. A vast majority of participants underestimate 
the percentage of doctors who want to be vaccinated (90%) and those 
who trust the vaccines (88%).

The distribution of beliefs reveals that the large underestimation 
does not originate in two distinct groups of participants holding oppo-
site views of the medical consensus—one group thinking that most 
doctors have positive views about the vaccines and the other group 
thinking that most doctors are skeptical about them. Instead, most 
people expect a wide diversity of attitudes across individual doctors. 
Of participants, 81% believe that the percentage of doctors who want to 
be vaccinated is between 20% and 80%. For beliefs about doctors’ trust 
in the vaccines, this number is 76%. Furthermore, these misperceptions 
are widespread across all demographic groups based on age, gender, 
education, income and geographical regions (Supplementary Table 4).

We found several intuitive descriptive patterns that increase con-
fidence in our measures of beliefs. First, beliefs about the vaccina-
tion intentions of doctors and their trust in the vaccines are strongly 
positively correlated (r(2,099) = 0.60, P < 0.001). Second, beliefs 
about doctor’s trust and vaccination intentions are highly predictive 
of respondents’ own intentions and uptake (Supplementary Table 4). 
In the next sub-section, we explore whether this relationship is causal. 
Third, in Supplementary Fig. 1, we show that misperceptions about the 
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Fig. 1 | The views of doctors on COVID-19 vaccines. Supplementary study 
among the members of the CMC (n = 9,650). a, Distribution of responses to the 
question “Will you personally be interested in getting vaccinated, voluntarily 
and free of charge, with an approved vaccine against COVID-19?”. Among 
participants who answered yes, the dark blue refers to those who reported 
already being vaccinated, whereas the light blue refers to those who plan to get 
vaccinated. b, Responses to the question “Do you trust COVID-19 vaccines that 
have been approved by the European Medicines Agency (EMA) approval 

process?”. c, Responses to the question “Will you recommend COVID-19 
vaccination to your healthy patients to whom you would recommend other 
commonly used vaccines?” Among participants who answered yes, the dark 
blue refers to those who would recommend the vaccines even without being 
asked, whereas the light blue refers to those who would recommend only when 
asked. In Supplementary Table 2, we show that the distribution of views is 
similar across various demographic groups and level of seniority.



Nature  |  Vol 606  |  16 June 2022  |  545

doctor’s views are unlikely to arise due to the inattention of participants 
to the questions. The results are very similar when we excluded the 4% 
of participants who did not pass all of the attention checks embedded 
in the survey, and when we excluded the 10% of participants with the 
shortest response times.

Intervention impacts on vaccination
We first established the effects of the intervention on posterior beliefs 
about the views and vaccination intentions of doctors shortly after the 
intervention. We found that the information provided shifts expecta-
tions about the views of doctors (Fig. 3a and Supplementary Table 5). 
Two weeks after the intervention (in wave 1), the Consensus condition 
increased beliefs about the share of doctors who trust the vaccines 
by 5 percentage points (p.p.) (P < 0.001) and beliefs about the share 
of doctors who want to get vaccinated by 6 p.p. (P < 0.001). Next, the 
Consensus condition increased the prevalence of people intending to 
get vaccinated by around 3 p.p. (P = 0.039; Fig. 3b and Supplementary 
Table 6). When we restricted the sample to those who participated in all 
waves, we found the point estimate to be slightly larger (5 p.p., P = 0.001).

Next, we found a systematic, robust and lasting treatment effect on 
vaccine uptake. Four months after the intervention, when vaccines 
became available to all adults, we found that participants in the Con-
sensus condition were around 4 p.p. more likely to be vaccinated than 
those in the Control condition (Figs. 4 and 5). As expected, owing to 

the gradual rollout of the vaccine during the March to June period, the 
effect emerged gradually (Extended Data Table 2 provides more infor-
mation about changes in vaccine eligibility rules). The difference in the 
uptake rates between the Consensus and Control conditions steadily 
increased to 4–5 p.p. in July and remained relatively stable thereafter 
(Fig. 4 and Extended Data Table 3).

In Fig. 5 and Extended Data Table 4, we report results from pooled 
regressions to utilize data from all six waves implemented in July to 
November, include wave fixed effects and cluster standard errors 
at the individual level. The estimated treatment effect is significant 
for both main specifications—when we control for a set of variables 
selected by the LASSO procedure (P = 0.005) and when we control for 
the pre-registered set of variables (P = 0.026). The effect is similar when 
estimated in each of these waves separately (Fig. 4).

The estimated effect size is slightly larger (4.4 p.p.) when we used 
the specification with LASSO-selected control variables than when we 
used the specification with pre-registered control variables (3.5 p.p.). 
Figure 5 shows that this is because the LASSO procedure selects baseline 
beliefs and vaccination status as relevant control variables, whereas 
these variables are not included in the pre-registered set. Consequently, 
both approaches document robust positive treatment effect between 
3.5 and 4.4 p.p. Readers who believe that researchers should control 
for random imbalances in important baseline variables may favour 
the upper bound, whereas readers concerned about departures from 
pre-registered analyses may favour the lower bound.

Our finding of a positive treatment effect does not rely on a specific 
choice of control variables or estimation strategy. First, the effect is very 
similar when we controlled for various sets of baseline variables other 
than the pre-registered and LASSO-selected sets, as well as when we con-
trolled for none (Fig. 5 and Extended Data Table 4). Second, the effect is 
significant at conventional levels when we calculated P values using the 
randomization inference method (Extended Data Tables 3 and 5). Third, 
the estimated treatment effect is 5.4 p.p. (P = 0.008) when we used base-
line data about vaccination rates, and used a difference-in-difference 
estimation (Supplementary Table 7). Furthermore, the results are robust 
to excluding participants who arguably paid less attention (Extended 
Data Table 5). As in the analysis of vaccination intentions, the estimated 
effects on uptake are slightly larger when we restricted the analysis to 
those who participated in all 12 waves.

Differential attrition cannot explain our findings. First, we found that 
the participation rate is relatively high and does not differ across the 
Consensus and Control conditions on average. There is also no evidence 
of differential attrition by baseline covariates, suggesting that differ-
ent types of individuals were not participating in the Consensus and 
Control conditions (Supplementary Table 8). We found this pattern for 
participation in each of the 11 follow-up waves separately as well as when 
we focused on participation in all waves (being in the fixed sample). 
As a sensitivity test, we imputed missing vaccination status for those 
who did not participate in some of the waves and assumed either that  
(1) their vaccination status has not changed since the last wave for which 
the data are available, or that (2) their status is the same as the one 
reported in the earliest next wave for which the data are available. The 
first approach allowed us to impute all the missing information because 
we know the vaccination status of each participant in the initial wave. 
The second approach allowed us to impute the missing information, 
except in cases when a respondent did not participate in the last wave. 
The effects are robust (Extended Data Table 5).

The effect of the Consensus condition on uptake is lasting. First, 
although in the main estimates we focused on the likelihood of respond-
ents getting at least one vaccine dose, a qualitatively similar and signifi-
cant effect emerges when we focused on the likelihood of participants 
getting two doses (Extended Data Fig. 2). Second, the treatment effect 
emerges during a 3-month period, due to availability restrictions, and 
then is stable across all six follow-up waves covering the July to Novem-
ber period (Fig. 4). Thus, the main effect is not driven by differences in 
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Fig. 2 | Perceptions of doctors’ views on COVID-19 vaccines. A sample of the 
adult Czech population (n = 2,101). a, Distribution of the prior beliefs of 
respondents about what percentage of doctors would like to get vaccinated.  
b, Distribution of the beliefs of respondents about what percentage of doctors 
trust approved COVID-19 vaccines. The dashed line shows the true value, based 
on the responses of doctors in the Supplementary study. The red and blue 
colours show the percentage of those who underestimate and overestimate, 
respectively, doctors’ own vaccination intentions (a) and trust in the COVID-19 
vaccines (b).
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the timing of getting vaccinated. Last, in the September and November 
waves, we asked about the intentions of participants to get a booster 
dose. The estimated effect is very similar in magnitude as the effect on 
uptake of the first dose (around 4 p.p.), suggesting that the information 
intervention elevates vaccination demand even 9 months after it was 
implemented (Extended Data Fig. 2).

Documenting such persistence has interesting implications.  
As the demand for vaccination in the Control condition does not catch 
up with the Consensus condition over such a long period, the results 
suggest that the type of vaccine hesitancy reduced by the Consensus 
condition is resilient to policies, campaigns or any life disruptions that 
participants were exposed to during the period studied. This includes 
a severe COVID-19 wave that took place in November 2021 in the Czech 
Republic, which resulted in one of the highest national mortality rates 
in global comparisons (see Section 3.1 of the Supplementary Informa-
tion and Extended Data Fig. 3).

The point estimates of around 4 p.p. imply a relatively large effect 
size, especially in light of the low costs of the intervention. As the 

vaccination rate in the Control condition was 70–75% during the July 
to November period, the Consensus condition reduces the number 
of those who are not vaccinated by 13–16%. To compare, providing 
truthful information about the vaccination intentions of other peo-
ple was shown to increase intentions to get vaccinated by 1.9 p.p.30. 
Nudging health workers to get vaccinated by referring to vaccinated 
colleagues has been shown to increase the likelihood of their registering 
for vaccination by around 3 p.p.31. More generally, the most successful, 
low-cost behavioural nudges with documented effect on uptake have 
estimated effect sizes up to 5 p.p.4,5, which is quite similar to the effect 
of providing information about consensus in doctors’ opinions studied 
here. In addition, a noteworthy aspect of our study is the documented 
persistence of the effects, which is another crucial margin for assessing 
the intervention effectiveness.

The Supplementary Information describes exploratory analyses 
of how the treatment effect differs across different sub-samples of 
respondents (Supplementary Table 5 and Extended Data Table 5). 
Reassuringly, we found that the positive effect on vaccine uptake is 
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Fig. 3 | Effects of the Consensus condition on posterior beliefs about 
doctors’ views and vaccination intentions. A sample of the adult Czech 
population. a, Estimated effects of the Consensus condition on beliefs about 
the percentage of medical doctors who plan to get vaccinated (left panel) and 
on beliefs about the percentage of doctors who trust approved COVID-19 
vaccines (right panel), measured in wave 1 (29 March; Consensus condition 
n = 970; Control n = 970). b, The dependent variable is an indicator for an 
intention to be vaccinated with a vaccine against COVID-19, measured in wave 0 
(15 March; Consensus condition n = 1,050; Control n = 1,051) and wave 1  
(29 March; Consensus condition n = 970; Control n = 970). We report the results 
of two specifications: (1) a linear probability regression controlling for 
pre-registered covariates: gender, age category (6 categories), household size, 
number of children, region (14 regions), town size (7 categories), education  
(4 categories), economic status (7 categories), household income  

(11 categories) and baseline vaccination intentions, and (2) a double-selection 
LASSO linear regression selecting from a wider set of controls in Extended Data 
Table 1, including prior vaccine uptake and beliefs about the views of doctors. 
Markers show the estimated effects and the whiskers denote the 95% 
confidence interval based on Huber–White robust standard errors. The 
estimated effects and Student's t-test (two-sided) P values are reported in the 
figure. No adjustments were made for multiple comparisons. We report 
estimates for (1) all observations, full sample (diamond and square), and (2) for 
a sub-sample of participants who took part in all 12 waves (Consensus condition 
n = 614; Control n = 598), fixed sample (triangle and circle). In the lower part of 
the figure, we report the timing, the total number of observations and the 
Control mean for each wave. See Supplementary Section 3.5 for further 
specification details. Supplementary Tables 5 and 6 show the regression results 
for a and b in detail, respectively.
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concentrated among those who underestimated doctors’ trust and 
vaccination intentions, whereas no systematic effect was observed 
among overestimators. In addition, the effect is driven by those who 
initially did not intend to get vaccinated, in line with the interpretation 
that the intervention changed the views of individuals who were initially 
skeptical about the vaccine. Nevertheless, the analysis of heterogenous 
effects should be treated as tentative because the differences in coef-
ficients are not always significant and we did not adjust for testing of 
multiple hypotheses.

Given that vaccination status is self-reported, we provide several tests 
documenting that the observed effect does not arise due to priming or 
the experimenter demand motivating some people in the Consensus 
condition to report being vaccinated even when they were not. We begin 
by noting that the observed treatment effect is lasting and emerged 
only gradually over several months, as more people became eligible to 
get vaccinated. By contrast, priming and experimenter demand effects 
are typically thought to be relevant mainly for responses shortly after 
a treatment25,32.

To probe more directly, we used two distinct approaches to verify 
the reported vaccination status in the main dataset. First, inspired by 
existing work25,33, we used additional data about vaccination status 
collected for us by a third, independent party among the same sample. 
As the survey agency, graphical interface and topic of the survey were 
different from our main data collection, the experimenter demand 
effect that might be potentially associated with treatment in our main 
survey is unlikely to affect responses in the third-party verification sur-
vey. Only two respondents (one in the Consensus condition and one in 
the Control condition) reported being vaccinated in the main survey, 
but reported the opposite in the verification survey (Extended Data 
Table 6), so mismatch in reporting of being vaccinated is very rare in 
general and not related to treatment. We arrive at a similar conclusion 

using the second verification approach that links reported vaccination 
status with an official proof of vaccination: an EU Digital COVID certifi-
cate issued by the Czech Ministry of Health. We showed that respond-
ents in the Consensus condition compared to the Control condition 
are not less willing or able to provide verifiable information from the 
certificate (Extended Data Table 6). Finally, we showed that the effect 
of the Consensus condition on lower prevalence of those reporting not 
being vaccinated in the main survey is almost fully explained by greater 
prevalence of those reporting being vaccinated and having their vac-
cination status verified (Supplementary Table 9). More details about 
the methods and results of both verifications appear in the Methods 
section and in Section 3.4 of the Supplementary Information.

Discussion
Our results shed light on the role that misperceptions of the distribu-
tion of expert views have in vaccine hesitancy, and also show how this 
barrier can be lifted by providing accurate information. We provide 
evidence that (1) the vast majority of medical doctors in the Czech 
Republic trust the approved COVID-19 vaccines, (2) the vast major-
ity of respondents in a nationally representative survey substantially 
underestimate the percentage of doctors with positive views of the 
vaccine, and (3) correcting these misperceptions has lasting positive 
effects on vaccine uptake. Although existing experiments have made 
progress in identifying low-cost strategies to increase vaccination 
intentions4,13–15 and uptake5 measured shortly after the intervention, 
this paper integrates the experiment in longitudinal online data col-
lection and contributes by identifying a low-cost, scalable treatment 
that has lasting effects on behaviour.

Scientists, and the medical community as a whole, have invested 
enormous efforts to develop and deliver COVID-19 vaccines. However, 
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Fig. 4 | Effects of the Consensus condition on vaccination uptake. A sample 
of the adult Czech population. Estimated effects of the Consensus condition by 
survey wave on getting at least one dose of a vaccine against COVID-19.  
We report the same four specifications as in Fig. 3 (linear probability model 
with pre-registered controls using full (diamond) and fixed (triangle) samples, 
and double-selection LASSO linear regression selecting from controls 
in Extended Data Table 1 using full (square) and fixed (circle) samples). Markers 
show the estimated effects and the whiskers denote the 95% confidence 
interval based on Huber–White robust standard errors. The estimated effects 

and Student's t-test (two-sided) P values are reported in the figure. No 
adjustments were made for multiple comparisons. We report estimates for  
(1) all observations, full sample (diamond and square), and (2) for a sub-sample 
of participants who took part in all 12 waves, fixed sample (triangle and circle). 
In the lower part of the figure, we report the timing, the total number of 
observations and the Control mean for each wave. Full sample: Consensus 
condition n = 807–970, Control n = 800–973; see Extended Data Table 2 for 
exact n per wave. Fixed sample: Consensus condition n = 614; Control 
n = 598. Extended Data Table 3 shows the regression results in detail.
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much less collective effort has been directed at informing the pub-
lic of the high levels of trust in the vaccine across the broad medical 
community. Here we show that professional medical associations can 
serve as aggregators of individual doctors’ views, by facilitating opin-
ion polls among doctors. Resulting data can be used in campaigns to 
tackle vaccine hesitancy and also as input for media reports. Although 
we cannot empirically pin down the sources of the misperceptions 
observed in our study, we suspect that they originate, at least in part, 
in a journalistic norm in which balance is often considered a mark of 
objective and impartial reporting, and a way to attract the attention of 
news consumers34. Our results strengthen the case for supplementing 
contrasting views on controversial issues with information about how 
prevalent such views are35.

To guide efforts to scale up this intervention, we discuss what types 
of factors may affect its efficiency and how we view the boundary condi-
tions in terms of the applicability of the intervention beyond the context 
that we studied. We estimate the effects of a one-time intervention, 
among a sample in which most people probably paid attention to the 
information. Understanding whether the efficiency of the interven-
tion can be fostered by repeated provision of information, as some 
research has suggested36, and which modes of delivery, such as media 
advertisements, text messages or informational mail flyers, can best 
attract a sufficient degree of attention is an important next step for 
future research. Next, in many settings, implementing such information 
campaigns by governments, health insurance companies or healthcare 
providers may help to facilitate access to the contacts of large numbers 

of individuals4,5 and to address the need for a trusted source to pro-
vide the information intervention. Furthermore, in theory, this type 
of intervention should have larger effects: (1) the greater the trust in 
medical doctors in a given country is, and (2) the greater the prevalence 
of misperceptions about the views of doctors towards a vaccine is. We 
studied this intervention in a country with an approximately median 
level of trust in doctors6, which provides some confidence that our 
findings from the Czech Republic may extend to other settings. At the 
same time, to our knowledge, because this is the first paper to provide 
direct evidence of the prevalence and size of misperceptions about 
the views of doctors on COVID-19 vaccines, we can only speculate how 
widespread such misperceptions are in other settings. Given that the 
likely sources of the misperceptions—false-balance reporting and echo 
chambers—are not specific to the Czech Republic, and given that mis-
perceptions about scientific consensus have been documented in other 
countries in other domains, including health and climate change24,37, 
we suspect that this bias in beliefs about COVID-19 vaccines is relatively 
widespread. We hope to see more research on this front.

Online content
Any methods, additional references, Nature Research reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
ability are available at https://doi.org/10.1038/s41586-022-04805-y.
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Extended Data Table 4 shows the regression results in detail.
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Methods

Supplementary survey among doctors
To gather the views of doctors on COVID-19 vaccines, we implemented 
a survey in partnership with the CMC, to maximize coverage of the 
medical community. The survey was implemented online in February 
2021. Because membership in the CMC is compulsory, the CMC has a 
list of contacts for the whole population of doctors in the country. The 
CMC approached all doctors who communicate with the CMC electroni-
cally (70%) and asked them to participate in a short survey, using the 
Qualtrics platform. Of doctors contacted, 9,650 (24%) answered the 
survey. The doctors in our sample work in all regions of the country, 
are on average 52 years of age, 64% are female individuals and 62% have 
more than 20 years of experience. A comparison of characteristics 
of doctors in our sample and of all doctors in the Czech Republic is 
presented in Supplementary Table 1.

Main experiment
Sample. Our main sample consisted of 2,101 participants of the lon-
gitudinal online data collection ‘Life during the pandemic’, organized 
by the authors in cooperation with PAQ Research and the NMS survey 
agency. In March 2020, the panel began to provide real-time data on 
developments in economic, health and social conditions during the 
COVID-19 pandemic. We used data from 12 consecutive waves of data 
collection conducted at 3–4-week intervals between mid-March and 
the end of November 2021.

The information intervention was implemented on 15 March 2021, 
which we labelled as wave 0. The sample from wave 0 is the ‘base sample’ 
(n = 2,101, 1,052 female participants and 1,049 male participants, mean 
age of 52.9 years (s.d. = 15.98), youngest 18 years of age, oldest 92 years 
of age). The base sample is broadly representative of the adult Czech 
population in terms of sex, age, education, region, municipality size, 
employment status before the COVID-19 pandemic, age × sex, and age 
× education. Prague and municipalities with more than 50,000 inhabit-
ants are oversampled (boost 200%). Sample statistics are presented in 
Extended Data Table 1. The sample is close to being representative of 
the adult Czech population in terms of attitudes to COVID-19 vaccines. 
The development of the proportion of people getting vaccinated in the 
Control condition very closely mimics the actual vaccination rates in the 
Czech Republic (Extended Data Fig. 1), when we weighted the observations 
in our sample to be representative in terms of observable characteristics.

An important feature of the panel is that participants agreed to be 
interviewed regularly, and the response rate is high throughout the 
study: it ranges between 76% and 92% in individual follow-up waves, 
and is 86% for the last wave, implemented at the end of November 
2021. Of participants, 1,212 (58%) took part in all 12 waves of data col-
lection: they form the ‘fixed sample’. Consequently, in the analysis, we 
report the main results for (1) all participants from the base sample who 
responded in a given wave, which we denote ‘full sample’, and for (2) the  
‘fixed sample’, composed of individuals who participated in all 12 waves, 
eliminating the potential role of differences in samples across waves 
and making it easier to gauge the dynamics of treatment effects.

Information intervention. In wave 0, the participants were randomly 
assigned to either the Consensus condition (n = 1,050) or the Control 
condition (n = 1,051). In the Consensus condition, they were informed 
that the CMC conducted a large survey of almost 10,000 doctors from 
all parts of the country to collect their views on COVID-19 vaccines. They 
were also informed that the views were similar for doctors of different 
genders, ages and regions. Then, the participants were shown three 
charts displaying the distribution of responses of doctors regarding 
their trust in the vaccines, willingness to get vaccinated themselves 
and intentions to recommend the vaccine to their patients. Each of the 
charts was supplemented by a short written summary. The exact word-
ing and the charts are provided in Section 3.3 of the Supplementary 

Information. In the Control condition, the participants did not receive 
any information about the survey of medical doctors.

Data. Before the information intervention in wave 0, we elicited prior 
beliefs about doctor’s views to quantify misperceptions about doctors’ 
opinions. Specifically, the participants were asked to estimate (1) the 
percentage of doctors in the Czech Republic who trust the approved 
vaccines, and (2) the percentage of doctors who are either vaccinated 
or intend to get vaccinated themselves. Later, in wave 1, we elicited 
posterior beliefs to estimate whether people in the Consensus condi-
tion actually updated their beliefs about doctors’ views based on the 
information provided. In each of the 12 waves, we asked respondents 
to report whether they got vaccinated against COVID-19. The main out-
come variable ‘vaccinated’ is equal to one if the respondent reported 
having obtained at least one dose of a vaccine against COVID-19.

In the analysis, we report two main regression specifications: (1) a 
linear probability regression controlling for pre-registered covariates: 
gender, age (6 categories), household size, number of children, region 
(14 regions), town size (7 categories), education (4 categories), eco-
nomic status (7 categories), household income (11 categories) and prior 
vaccination intentions, and (2) a double-selection LASSO linear regres-
sion selecting from a wider set of controls in Extended Data Table 1, 
including prior vaccine uptake and beliefs about the views of doctors.

Additional data to verify vaccination status
We collected two sets of additional data to verify the reported vaccina-
tion status in the main dataset.

Third-party verification. First, we used data collected for us by a third, 
independent party. We took advantage of the fact that different survey 
agencies have access to the panel our respondents are sampled from 
(the Czech National Panel). Although the main data collection was 
implemented by one agency (NMS), we partnered with another agency 
(STEM/MARK) to include a question on vaccination status in a survey  
implemented on its behalf among the same sample. As the survey agency,  
graphical interface and topic of the survey were different from our main 
data collection, we believe that respondents considered the two surveys 
to be completely independent of each other, and thus experimenter 
demand unlikely had a role in the second survey. The response rate 
was high (92.8%) and independent of the treatment (Extended Data 
Table 6). Out of 1,801 participants in wave 11, 1,672 also took part in the 
third-party verification survey implemented 2 weeks later. This allowed 
us to compare reported vaccination status at the individual level for a 
vast majority of our sample, and to test whether Consensus affects the 
level of consistency in reporting of being vaccinated across surveys.

Certificate verification. The second verification links the reported vac-
cination status with an official proof of vaccination. We exploited the fact 
that all vaccinated people receive an EU Digital COVID certificate issued 
by the Czech Ministry of Health, which was often used as a screening 
tool at the time of data collection. We collected the data on vaccination 
certificates among respondents from our full sample who (1) participated 
in wave 11, and (2) reported to have at least one dose of the COVID-19 vac-
cine in wave 11 (n = 1,414). We asked respondents whether they had the 
certificate with them. Of participants, 96% confirmed that they had the 
certificate with them, and this proportion is very similar across the Con-
sensus and Control conditions (χ2(1,n = 1,414) = 0.999, P = 0.318). Those 
with a certificate were asked to type in several specific pieces of informa-
tion about the applied vaccine that are unlikely to be known by someone 
without a certificate (for example, the correct answer for those who got 
a vaccine from Pfizer/Biontech is ‘SARS-CoV-2 mRNA’). Assessment of 
the typed text by independent raters suggests that, conditional on their 
having the certificate, more than 94% of respondents actually looked at 
the certificate when responding to our detailed questions. This rate is 
again very similar across conditions (χ2(1,n = 1,364) = 0.473, P = 0.492).



More details about both verification procedures and results are in 
the Supplementary Information.

Ethics approval
The research study was approved by the Commission for Ethics in 
Research of the Faculty of Social Sciences of Charles University. Par-
ticipation was voluntary and all respondents provided their consent 
to participate in the survey.

Reporting summary
Further information on research design is available in the Nature 
Research Reporting Summary linked to this paper.

Data availability
The experiment and analyses were pre-registered on the AEA RCT Reg-
istry (AEARCTR-0007396). The dataset generated and analysed for 
the main experiment is available in the Harvard Dataverse repository 
(https://doi.org/10.7910/DVN/RH0T6R). The availability of the dataset 
from the supplementary survey with medical doctors is subject to the 
approval of the CMC.

Code availability
The code to replicate the analyses and figures is available in the Harvard 
Dataverse repository (https://doi.org/10.7910/DVN/RH0T6R).
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Extended Data Fig. 1 | Comparison of development of vaccination rate in 
the Control group (Sample of adult Czech population) and the Czech adult 
population. The horizontal axis represents a timeline. Population data means 
are for a Tuesday following the start of the data collection (Mondays) at a 
respective wave denoted by diamonds. The weighted Control group means are 
denoted by triangles. Control condition n = 800–1,051, depending on survey 

wave. Source of population data: Opendatalab, a website set up by the Faculty 
of Information Technologies at the Czech Technical University in Prague using 
open data from the Czech Ministry of Health (https://ockovani.opendatalab.
cz/statistiky), ISSN 2787-9925 - http://aleph.techlib.cz/F/?func=direct&doc_
number=000017426&local_base=STK02 (accessed on January 12, 2022)38.

https://ockovani.opendatalab.cz/statistiky
https://ockovani.opendatalab.cz/statistiky
http://aleph.techlib.cz/F/?func=direct&doc_number=000017426&local_base=STK02
http://aleph.techlib.cz/F/?func=direct&doc_number=000017426&local_base=STK02


Extended Data Fig. 2 | Effects of the Consensus condition on the second 
dose uptake and on intentions to uptake a third (booster) dose (Main 
Experiment, Sample of adult Czech population). This figure plots estimated 
treatment effects on 1) the second dose uptake (two doses were designed  
as a complete vaccination cycle for the most commonly used vaccines), and  
on 2) intentions to uptake a third (booster) dose. Markers show the estimated 
effects, the whiskers denote the 95%-confidence interval based on standard 
errors clustered at the individual level. Estimated effects and t-test (two-sided) 
p-values are reported in the Figure. No adjustments for multiple comparisons. 
Diamonds and triangles report estimates from a linear probability regression 

that controls for the pre-registered set of control variables. Squares and circles 
report estimates from a double-selection LASSO linear regression (dsregress 
command in Stata 17) selecting from a set of covariates in Extended Data 
Table 1. All regressions include wave fixed effects. In the upper part of the 
Figure we report the timing and control mean. We report estimates for the full 
sample (diamonds and squares) and for a restricted sample of respondents 
participating in all 11 waves (triangles and circles). Full sample: Consensus 
condition n = 807–904, Control condition n = 800–897, depending on survey 
wave. Fixed sample: Consensus condition n = 614; Control condition n = 598.
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Extended Data Fig. 3 | Weekly average of newly confirmed Covid-19 cases 
per 100,000 population. Case data source: The Czech Ministry of Health 
(https://onemocneni-aktualne.mzcr.cz/api/v2/covid-19/osoby.csv, Accessed 

on January 12, 2022). Population data source: The Czech Statistical Office 
(https://www.czso.cz/csu/czso/obyvatelstvo-podle-petiletych-vekovych-skupin- 
a-pohlavi-v-krajich-a-okresech, Accessed on January 12, 2022) and ref. 38.

https://onemocneni-aktualne.mzcr.cz/api/v2/covid-19/osoby.csv
https://www.czso.cz/csu/czso/obyvatelstvo-podle-petiletych-vekovych-skupin-a-pohlavi-v-krajich-a-okresech
https://www.czso.cz/csu/czso/obyvatelstvo-podle-petiletych-vekovych-skupin-a-pohlavi-v-krajich-a-okresech


Extended Data Table 1 | Demographic characteristics: summary statistics and randomization check for the full sample  
(Main Experiment, Sample of adult Czech population)

Means in columns 1, 2, and 3. Column 4 reports p-values of a Wilcoxon rank-sum test (two-sided) for equality between the Control  and Consensus conditions for non-binary variables  
(Household size, Number of children, Beliefs about doctors' intentions and Beliefs about doctors’ trust), whereas for all remaining categorical variables we use Pearson's chi-squared test.  
Full sample used (Consensus n = 1,050; Control n = 1,051). The omnibus randomization test of joint significance presents a p-value of an F-test (two-sided) for an OLS regression with Consensus 
as a dependent variable and the set of covariates reported in the table as independent variables for the wave 0 sample. + We did not elicit beliefs about the third type of information provided to 
respondents in the Consensus condition (the willingness of doctors to recommend Covid-19 vaccines to patients), to economize on time, since we expected this type of belief to be highly  
correlated with the other two about doctors’ views (indeed, the pairwise correlation coefficient between Wave0 beliefs about doctors’ trust and vaccination intentions is r(2,099) = 0.60, p < 0.01).
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Extended Data Table 2 | Timeline of the Main Experiment (Sample of adult Czech population)

In Panel A, we report dates, wave order indicators, and numbers of participants. In Panel B, we report when the Consensus treatment was implemented and which outcome variables were 
collected in each wave. See Supplementary Information for exact wording of questions and of the Consensus treatment. In Panel C, we report the vaccination eligibility status of groups using 
the information from a government run website (https://covid.gov.cz/situace/registrace-na-ockovani/casova-osa-ockovani). We report eligibility status at the start of the data collection for a 
respective wave. Once a group becomes eligible, it remains eligible in subsequent waves. The only group for which the eligibility was withdrawn were school employees, on March 28, 2021. 
More details about the development of vaccine eligibility is in the Background section of the Supplementary Information.

https://covid.gov.cz/situace/registrace-na-ockovani/casova-osa-ockovani


Extended Data Table 3 | Effect of the Consensus condition on respondents’ vaccination uptake

OLS coefficients. Huber-White robust standard errors in parentheses. Randomization inference Z-test (two-sided) p-values in square brackets (ritest command in Stata). The dependent variable 
in all columns is an indicator for vaccination uptake, equal to 1 if the respondent reported having obtained at least one dose of a vaccine against Covid-19. Panel A uses the full sample. Panel B 
uses a sample of respondents participating in all 11 waves. Columns report results for each wave separately (wave 1 in Column 1 to wave 11 in Column 11). In all columns we use the pre-registered 
set of controls. Estimated coefficients from a double-selection LASSO linear regression (dsregress command in Stata 17) selecting from a set of covariates in Extended Data Table 1 are reported 
in the bottom parts of each panel. T-test (two-sided) p-values reported as *p < 0.10; **p < 0.05; ***p < 0.01. No adjustments for multiple comparisons.
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Extended Data Table 4 | Effect of the Consensus condition on respondents’ vaccination uptake: Robustness

OLS coefficients. Standard errors clustered at the respondent level in parentheses. The dependent variable in all columns is an indicator for vaccination uptake, equal to 1 if the respondent 
reported having obtained at least one dose of a vaccine against Covid-19. Panel A uses the full sample: Consensus condition n = 5,145 (981 clusters=respondents); Control n = 5,137 (983 
clusters=respondents). Panel B uses a sample of respondents participating in all 11 waves: Consensus n = 3,684 (614 clusters=respondents); Control n = 3,588 (598 clusters=respondents). We use 
data on the uptake from waves 6–11 when vaccines were available for all adults. Columns 1–9 report results from regressions by adding sets of controls as indicated in the bottom part of the 
table. The categories correspond to controls as presented in Extended Data Table 1. Column 7 uses the pre-registered set of controls. Column 10 reports results from a double-selection LASSO 
linear regression model (dsregress command in Stata 17) selecting from a set of covariates in Extended Data Table 1, reported in the bottom parts of each panel. The categories from which 
LASSO selected controls are indicated by "Yes". +LASSO selected age to be included among control variables for the estimates for the full sample (but not for the fixed sample). All columns 
include wave fixed effects. T-test (two-sided) p-values reported as *p < 0.10; **p < 0.05; ***p < 0.01. No adjustments for multiple comparisons.



Extended Data Table 5 | Effect of the Consensus condition on respondents' vaccination uptake: additional results

OLS coefficients. Standard errors clustered at the respondent level in parentheses. Randomization inference p-values in square brackets (ritest command in Stata). The dependent variable in 
all columns is an indicator for vaccination uptake, equal to 1 if the respondent reported having obtained at least one dose of a vaccine against Covid-19. Wave 6–11 sample used. Column 1 uses 
the full sample: Consensus condition n = 5,145 (981 clusters=respondents); Control n = 5,137 (983 clusters=respondents. Column 2 uses a sample of respondents participating in all 11 waves: 
Consensus n = 3,684 (614 clusters=respondents); Control n = 3,588 (598 clusters=respondents). Column 3 imputes missing vaccination uptake data by using the latest vaccination status in an 
earlier wave for each missing wave. Column 4 imputes missing vaccination uptake data by using the first reported vaccination status in a non-missing subsequent wave. Column 5 restricts 
the full sample to respondents who passed all attention checks embedded in the survey. Columns 6 and 7 restrict the sample to respondents underestimating and overestimating trust in the 
Covid-19 vaccines, respectively. Columns 8 and 9 restrict the sample to respondents underestimating and overestimating doctors’ intentions to get vaccinated, respectively. Columns 10 and 11 
restrict the sample to respondents without and with intentions to get vaccinated prior to wave 0, respectively. In all columns we use the pre-registered set of controls. All columns include wave 
fixed effects. Estimated coefficients from a double-selection LASSO linear regression (dsregress command in Stata 17) selecting from a set of covariates in Extended Data Table 1 are reported in 
the bottom part of the panel. Rows titled “Comparison” in each panel report a chi-square statistic and a p-value for a test of equivalence of coefficients across two respective models estimated 
using seemingly unrelated regressions (suest command in Stata 17). For LASSO selected controls, we use OLS models with controls selected by LASSO. T-test (two-sided) p-values reported as 
*p < 0.10; **p < 0.05; ***p < 0.01. No adjustments for multiple comparisons.



Article
Extended Data Table 6 | Third party and certificate verification

Column 1 reports observations for those who participated in wave 11 and [Panel A: participated in the third party verification, Panel B: reported being vaccinated with at least one dose of a  
vaccine against Covid-19]. Sample means in columns 2, 3, 5, 6, 8, 9. Columns 4, 7, and 10 report Pearson's chi-squared test F-statistic and a corresponding p-value in parentheses. Supplementary 
Section 3.4 describes both verification methods.
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