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Background: During the COVID-19 pandemic, public 
perceptions and behaviours have had to adapt rapidly 
to new risk scenarios and radical behavioural restric-
tions. Aim: To identify major drivers of acceptance of 
protective behaviours during the 4-week transition 
from virtually no COVID-19 cases to the nationwide 
lockdown in Germany (3–25 March 2020). Methods: 
A serial cross-sectional online survey was adminis-
tered weekly to ca 1,000 unique individuals for four 
data collection rounds in March 2020 using non-prob-
ability quota samples, representative of the German 
adult population between 18 and 74 years in terms 
of age × sex and federal state (n = 3,910). Acceptance 
of restrictions was regressed on sociodemographic 
variables, time and psychological variables, e.g. trust, 
risk perceptions, self-efficacy. Extraction of homoge-
nous clusters was based on knowledge and behaviour. 
Results: Acceptance of restrictive policies increased 
with participants’ age and employment in the health-
care sector; cognitive and particularly affective risk 
perceptions were further significant predictors. 
Acceptance increased over time, as trust in institutions 
became more relevant and trust in media became less 
relevant. The cluster analysis further indicated that 
having a higher education increased the gap between 
knowledge and behaviour. Trust in institutions was 
related to conversion of knowledge into action.

Conclusion: Identifying relevant principles that 
increase acceptance will remain crucial to the develop-
ment of strategies that help adjust behaviour to con-
trol the pandemic, possibly for years to come. Based 
on our findings, we provide operational recommenda-
tions for health authorities regarding data collection, 
health communication and outreach.

Introduction
Even before the coronavirus disease (COVID-19) out-
break was officially declared a pandemic in March 
2020, several countries had experienced high numbers 
of cases and deaths, necessitating the introduction 
of strict measures to prevent physical contact in an 
effort to slow transmission of the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) [1,2]. Non-
pharmaceutical interventions were implemented in the 
absence of specific treatments or preventive vaccines. 
Responsible authorities had to enact measures and 
rely on citizens’ trust and compliance, while only able 
to provide uncertain information, e.g. about the likeli-
hood of contracting COVID-19 or its potential severity 
[3]. The public was forced to rapidly adapt opinions and 
perceptions to new risk scenarios and radical behav-
ioural changes. Thus, this early COVID-19 outbreak 
period is of particular interest from a public health per-
spective, as it may serve as an exemplary case for the 
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ability of the public to adapt to an emerging infectious 
disease that is rapidly spreading worldwide.

Many studies were conducted during that time to 
assess individuals’ risk perceptions, behaviours and 
trust in information sources, e.g. in the United States 
[3-8], China [9-11], Vietnam [12], Bangladesh [13], 
Indonesia [14], South Africa [15], Nigeria [16], Sierra 
Leone [17], Australia [18], Italy [19,20], Israel [21], Spain 
[22], Egypt [23] and Japan [24], as well as cross-national 
comparisons [25-27]. Most analyses relied on cross-
sectional, single data collections that were not always 
representative of the respective country. The results 
were used to support crisis communication, prepare 
key messages [28] and facilitate implementation of 
rational, adaptive and protective behaviour [29]. A few 
studies used a longitudinal design with two data col-
lections [30-32]; however, they used convenience and 
snowball sampling, which can increase self-selection 
bias and does not allow extrapolation to populations. 
From these studies, we can conclude that risk percep-
tions changed considerably over time. Thus, building 
pandemic response strategies based on a single time 
period may miss prominent changes and trajectories. 
However, knowledge remains limited about how risk 
perceptions and acceptance of measures developed 

from the outset of the pandemic, given the complex 
and dynamic interplay among changing epidemiology, 
news media attention and pandemic control measures 
[33].

Through the COVID-19 Snapshot Monitoring (COSMO) 
[34,35], weekly data on public opinion and perceptions 
have been collected since 3 March 2020, and have 
provided continuous evidence to Germany’s govern-
ment and crisis managers, as well as health commu-
nicators and news media. The distributions of age, sex 
and federal state in each sample of this serial cross-
sectional survey matched the German population for 
each respective variable. The protocol attracted sub-
stantial interest as identified by download statistics 
at  psycharchives.org  and built the basis of a study 
protocol suggested by the World Health Organization 
(WHO) in July 2020 [36,37]. However, to our knowledge, 
this study is the only one of its kind that has assessed 
data from a country that was relatively unaffected at 
the outset of the study period until the lockdown was 
imposed, affecting large parts of society and economy. 
Here, we present data from Germany during this cru-
cial period (3–25 March 2020), which investigates the 
interplay between disease dynamics, political meas-
ures, news media, resulting knowledge and public 

Table 1
Overview of survey participants across four rounds of data collection and respective distributions of demographic variables 
in the population, Germany, 3–25 March 2020 (n = 3,910)

Characteristics German population
Round 1 

 
(3–4 Mar)

Round 2 
 

(10–11 Mar)

Round 3 
 

(17–18 Mar)

Round 4 
 

(24–25 Mar)
Participants (n) Censusa 973 966 1,015 956
Age in years, mean (SD) 46.1 46.4 (15.6) 46.5 (15.7) 46.3 (15.7) 46.0 (16.0)
Sex % n % n % n % n %
Men 49.7 491 50.5 461 47.7 506 49.9 495 51.8
Women 50.3 482 49.5 505 52.3 509 50.1 461 48.2
Educationb

Low 41.7 106 10.9 102 10.6 121 11.9 96 10.0
Middle 37.3 350 36.0 336 34.8 375 36.9 325 34.0
High 21.1 517 53.1 528 54.7 519 51.1 535 56.0
Community sizec

Small town NA 365 37.5 366 37.9 408 40.2 370 38.7
Medium town NA 256 26.3 244 25.3 250 24.6 234 24.5
Large town NA 352 36.2 356 36.9 357 35.2 352 36.8
Employed in the health sector
Yes NA 81 8.3 92 9.5 83 8.2 76 7.9
No NA 892 91.7 874 90.5 932 91.8 880 92.1
Data completenessd

Dropouts NA 52 5.1 65 6.3 71 6.5 291 23.3

COVID-19: coronavirus disease; COSMO: COVID-19 Snapshot Monitoring; NA: not available or applicable for census data; SD: standard 
deviation.

a Figures for the German population are based on the 2011 German census.
b Education was assessed as low (COSMO: up to 9 years of schooling; census: no school or no graduation, elementary or a secondary 

school diploma); middle (COSMO: at least 10 years, without university entrance qualification; census: intermediate graduation and 
upper secondary school, advanced technical college entrance qualification); or high (COSMO: at least 10 years, with university entrance 
qualification; census: general or subject-related university entrance qualification).

c Community size: small: < 20,000 inhabitants; medium: 20,000–100,000 inhabitants; large: > 100,000 inhabitants.
d Dropouts comprise the number of participants who withdrew from the survey after they started.
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opinion. These analyses can serve as a blueprint for 
other studies using a similar protocol and provide rec-
ommendations on implementing such survey systems 
and on how to learn from the data.

Extant research on public health and social measures 
indicates that topic knowledge, trust in the govern-
ment and risk perceptions are relevant to explain the 
acceptance and uptake of such measures [38-40]. This 
is supported by ample theoretical approaches to under-
standing preventive behaviour that point in similar 
directions [41,42], e.g. the Confidence and Cooperation 
model [43], the protection motivation theory [44,45], 
the Health Belief Model [46] and the health action pro-
cess approach [44]. Therefore, our main objective was 
to identify changes in risk perceptions and behaviours 
over time and answer the following research ques-
tions: (i) How did people perceive the disease and the 
pandemic situation from the outset of the pandemic? 
(ii) What did people know about COVID-19 and how 
quickly were they acquiring knowledge? (iii) How much 
did they trust institutions and media? (iv) How well did 
they accept imposed safety measures, and which fac-
tors affected acceptance?

Since translating knowledge into preventive health 
behaviour is a major challenge in health promotion 
[47], we also assessed which groups were compliant 
and which had difficulties following safety measures. 
Such knowledge from this early stage of the pandemic 
can help steer policies, public health measures and 
communication strategies in future waves or local out-
breaks by identifying relevant principles that should 
be considered. With such a dynamic situation, fast and 
effective action may prevent larger outbreaks, whereas 
ineffective strategies may cause irreversible damage, 
e.g. avoidable deaths, misinformation or complacency. 
Thus, identifying factors that facilitate acceptance and 
compliance early on is crucial [48].

Methods

Study context
During the study period (3–25 March 2020), confirmed 
COVID-19 cases in Germany rose from 145 to 39,441 
[49], and the situation transitioned from an issue 
threatening only other countries, such as China or Italy, 
into a severe and real threat in Germany. Pandemic 
control measures shifted drastically from none at all to 
a strict contact ban, wherein citizens were permitted 
to meet only one other person, at a distance of at least 
1.5 m. The first COVID-19-associated deaths occurred 
in Germany on 8 March, just before the second week 
of data collection. The government reacted by closing 
non-essential shops and schools on 13 March, the day 
before the third round of data collection. A strict con-
tact ban was enacted on 22 March, 2 days before the 
fourth round of data collection (Supplementary Figure 
S1: Timeline of relevant events).

Study design
This study was designed as a serial, cross-sectional 
online survey with ca 1,000 unique individuals par-
ticipating in each of the four rounds of data collection. 
Care was taken that participants did not participate 
more than once. Data were collected on 3–4 (round 
1), 10–11 (round 2), 17–18 (round 3) and 24–25 March 
2020 (round 4).

Participants
Non-probability quota samples were used, matching 
the German adult population in terms of age × sex and 
federal state, according to the German census. Study 
participants were members of an ISO 26362:2009-com-
pliant online panel [50]. The externally contracted 
company responsible for data collection financially 
compensated participants. The questionnaire was pro-
grammed by the COSMO research group. All individuals 
between the ages of 18 and 74 years who completed 
the survey were eligible for inclusion in the analyses. 
Participants were admitted to the survey or excluded 
based on quotas. Response rates, defined as the 
number of people who participated in relation to the 
number of people invited, ranged between 15.1% (third 
data collection round) and 20.2% (second data collec-
tion round). We included a total of 3,910 individuals, 
with nround 1 = 973, nround 2 = 966, nround 3 = 1,015 and nround 

4 = 956 for each of the four collection rounds. During 
the third and fourth data collection rounds, one partici-
pant was excluded because of previous participation.

Measures and procedure
At the outset of each of the four data collection rounds, 
participants received a link to the online questionnaire, 
which took between 15 and 25 min to complete. During 
each data collection round, the same core questions 
assessing demographics and psychological variables 
were included in the survey. Each questionnaire con-
tained unique questions not reported here. The original 
questionnaires are accessible online [35].

Demographic variables
In the survey, participants provided sociodemographic 
information on their age, sex, education (low: up to 
9 years of schooling; medium: at least 10 years of 
schooling without university entrance qualification; 
high: at least 10 years of schooling with university 
entrance qualification), whether or not they worked in 
the healthcare sector and the size of their community 
(small: < 20,000 inhabitants; medium: 20,000–100,000 
inhabitants; large: > 100,000 inhabitants).

Psychological variables
All variables are described in detail in 
the  Supplementary Methods  [51]. The questionnaire 
comprised relevant theoretical concepts, as detailed 
above, to (i) assess trust in governmental and health 
institutions and media (one item each, using ratings 
on Likert-type scales ranging from 1 to 7); (ii) knowl-
edge about SARS-CoV-2 and COVID-19 (three right/
wrong items); (iii) knowledge about several protective 
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Figure 1
Epidemiological, informational and psychological aspects at the onset of the COVID-19 pandemic in Germany, 25 
February–24 March 2020 (n = 3,910)
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behaviours (summary score); (iv) cognitive risk percep-
tion, e.g. susceptibility to SARS-CoV-2 infection (rat-
ings on Likert-type scales ranging from 1 to 7 [52]); 
(v) affective risk perception, e.g. feeling fear, worry or 
thinking about the coronavirus all the time [53] (mean 
score across three Likert-type scales ranging from 1 to 
7); (vi) self-efficacy in protecting oneself against the 
disease (one item, Likert-type scale ranging from 1 to 
7); (vii) perceiving the outbreak as media hype (one 
item; Likert-type scale ranging from 1 to 7); (viii) protec-
tive behaviours practised (yes/no) and (ix) acceptance 
of restrictions of freedom, as a proxy for acceptance of 
safety measures (one Likert-type scale ranging from 1 
to 7).

Time
We included time as a between-subjects variable to 
assess whether the dependent variables changed over 
time.

Google Trends search volume
Google Trends data indicate how often certain key-
words are searched on the internet and serve as a 
proxy for information demand and attention paid to a 
topic. Data on the Google search volume were down-
loaded from Google Trends [54]. In contrast to common 
words used in the scientific literature, news outlets 
and laypeople in Germany used the term ‘corona’ 
much more frequently than COVID-19 or SARS-CoV-2; 
therefore, we focussed on the search term ‘corona’ 
only. Thus, the data represent only the search interest 
regarding ‘corona’, relative to the maximum interest 
(number of searches) for Germany between 25 February 
and 25 March 2020. As provided by Google Trends, a 
value of 100 indicated peak popularity for the term, 50 
indicated moderate popularity and zero indicated that 
there was not enough data for this term.

Newspaper volume data
WHO noted that, along with the COVID-19 pandemic, 
there has also been an ‘infodemic’, i.e. an abundance 
of information that includes misinformation [55]. 
Considering that news media are an important source 
of health information [56], we used the frequency with 
which news outlets reported about the COVID-19 pan-
demic as an indicator of information density and avail-
ability. To study the amount of newspaper reporting in 
Germany during the study period and the week prior 
(25 February–25 March 2020), we collected data from 
the Wiso press database (https://www.wiso-net.de) 
using the filter ‘Presse Deutschland’ to exclude articles 
from Switzerland and Austria. Altogether, 158 newspa-
pers, magazines and online news portals generated 
hits within the search strings for all texts containing 
the keywords ‘corona’ or ‘covid’.

Power and precision
We chose a large sample size to detect small effects 
and to increase the probability of congruence between 
the distribution of the demographics in the sample 
and the German population (regarding age × sex and 

federal state), comprising approximately 1,000 individ-
uals per data collection round [57]. Deviations occurred 
because of decreased or increased invitations to par-
ticipants in the face of open quotas. Given a sensitivity 
power analysis for zero-order correlations (p = 0.05), a 
sample size of 1,000 is sufficient to detect correlation 
coefficients of (at least) r = 0.08 with sufficient power 
of 0.8 in each survey.

Statistical analysis
We used unweighted [58], stepwise linear regression 
analyses with backward elimination as follows: (i) 
first step: demographic variables and time, (ii) sec-
ond step: psychological variables and (iii) third step: 
interactions between psychological variables and time. 
Statistical requirements were tested and fulfilled (see 
the  Supplement). To identify which variables affected 
acceptance of restrictive measures, we used ordinary 
least squares regressions (packages lm, glm) in the 
statistical software R (R Foundation, Vienna, Austria) 
plus the modern applied statistics with S (MASS) 
package [59]. We further examined acceptance of new 
behavioural rules over time and factors influencing this 
acceptance by using a classification-type approach to 
extract profiles from homogenous groups of those who 
complied or did not comply with the requested behav-
iour. For extraction of homogenous groups, we used 
a k-means cluster analysis and multinomial logistic 
regression to examine group members’ characteristics. 
Cases with missing data for any of the predictors were 
excluded from the analyses, which were all repeated 
using multiple imputation, eliciting no substantial 
differences in results compared with listwise dele-
tion, as documented in the Supplement (Sensitivity of 
linear regression results). Data and analysis codes are 
available online [51].

Ethical statement
The University of Erfurt’s institutional review board 
approved this study (Number 20200501), which is in 
line with the 2013 Declaration of Helsinki. Participants 
provided informed consent before participating in the 
study.

Results
An overview of the study participants across the four 
rounds of data collection compared to respective dis-
tributions of demographic variables in the German 
population is presented (Table 1).

Descriptive data
We found an increasingly active search for informa-
tion based on Google Trends data and an increas-
ing availability of information in the news media 
(Figure 1A). Despite the steep increase in news 
media reporting, the situation was viewed as less of 
a news media-hyped story as time passed, and trust 
in media increased correspondingly. SARS-CoV-2- 
and COVID-19-related knowledge was high during 
these 4 weeks, and increased between the first and 
last round of our survey [60]. Knowledge about the 
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lack of medical treatments and vaccines, in particu-
lar, increased between the second and third round 
(Supplementary Table S1: Participants’ characteristics 
across the time points), the period during which the 
largest increase in information searches and availabil-
ity occurred. Interestingly, Google searches peaked rel-
atively soon after the first COVID-19-associated death, 
reaching further local maxima when new regulations 
took effect. The cognitive risk perceptions, e.g. regard-
ing susceptibility, increased very slowly (Figure 1B), but 
affective risk perceptions increased sharply between 
the first COVID-19-associated death and the closing 
of non-essential shops and schools. As affective risk 
perceptions increased, acceptance of restrictive meas-
ures increased to a similar extent. Trust in institutions 
remained high, even after strict measures were imple-
mented, potentially because of the high acceptance 
of strict measures at that time. Suggested protective 
behaviours increased over time (Figure 1C). 

Acceptance of restrictive policies
When predicting the acceptance of restrictive policies, 
the addition of psychological variables to the demo-
graphics increased the amount of explained variance 
from 9% to 19% (Table 2). Acceptance of restrictive pol-
icies increased with age and employment in the health-
care sector. Both age and employment in the health 
sector are risk factors, as age increases the likelihood 
for severe disease and being employed in the health 

sector increases the risk of being exposed to the virus. 
Regarding psychological dimensions, both cognitive 
and affective risk perceptions were significant predic-
tors of acceptance. Generally, acceptance of restrictive 
measures increased over time and was higher among 
those with greater trust in institutions and media. 
However, these effects changed over time, as indicated 
by several interaction effects. Trust in institutions 
became more relevant over time (Figure 2A), whereas 
trust in media became somewhat less relevant over 
time (Figure 2B). Greater knowledge of COVID-19 was 
associated with lower acceptance of restrictions early 
in the outbreak, but this association diminished over 
time (Figure 2C).

Population groups and acceptance
Knowledge about effective preventive behaviour is not 
a guarantee of compliance [47]; therefore, we extracted 
profiles of homogenous groups of people to examine 
knowledge and compliance with requested behaviour. 
On the basis of eight items on pandemic-related knowl-
edge, e.g. knowing that handwashing is an effective 
preventive measure, and eight items on various pro-
tective and crisis-related behaviours, e.g. cancelling 
planned travels (see the  Supplement), four distinct 
clusters were identified based on results from all four 
data collection rounds (see Figure 3).

Table 2
Results of regressing acceptance of restrictive policies on demographics, time and psychological variables, Germany, 3–25 
March 2020 (n = 3,910)

Predictors

Model 1 
 

(demographics and time)

Model 2 
 

(psychological variables)

Model 3 
 

(interactions between psychological 
variables and time)

Beta CI p value Beta CI p value Beta CI p value
Age (years) 0.13 0.10 to 0.16 < 0.001 0.07 0.04 to 0.10 < 0.001 0.07 0.04 to 0.10 < 0.001
Occupation in the health 
sector 0.03 −0.00 to 

0.06 0.099 0.04 0.01 to 0.07 0.010 0.04 0.01 to 0.07 0.011

Time (round) 0.28 0.25 to 0.31 < 0.001 0.19 0.16 to 0.22 < 0.001 −0.05 −0.22 to 0.13 0.594
Cognitive component of risk NA 0.07 0.04 to 0.10 < 0.001 0.12 0.05 to 0.19 0.001
Trust in institutions NA 0.07 0.03 to 0.10 < 0.001 −0.10 −0.18 to −0.02 0.012
Trust in media NA 0.11 0.07 to 0.14 < 0.001 0.24 0.16 to 0.32 < 0.001
Affective component of risk NA 0.23 0.20 to 0.27 < 0.001 0.22 0.19 to 0.26 < 0.001
Self-efficacy NA 0.03 −0.01 to 0.06 0.120 0.02 −0.01 to 0.05 0.146
COVID-19 knowledge NA −0.08 −0.1 to −0.01 0.021
Trust in institutions * time NA 0.36 0.21 to 0.51 < 0.001
Trust in media * time NA −0.21 −0.32 to −0.09 < 0.001
COVID-19 knowledge * time NA 0.16 0.02 to 0.30 0.026
Cognitive component of risk 
* time NA −0.08 −0.20 to 0.03 0.136

Observations 3,731 3,731 3,731
R2/adjusted R2 0.093/0.092 0.187/0.186 0.195/0.192

CI: confidence interval; COVID-19: coronavirus disease; NA: variable not included in the respective model; R2: coefficient of determination.
Variables in the model were age, sex, education, occupation in the health sector, community size, trust in institutions, trust in media, 

COVID-19 knowledge, knowledge regarding protective behaviour, cognitive component of risk, affective component of risk, self-efficacy, 
time (round) and the interactions of the psychological variables and time.
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Participants in Cluster 1 are considered ‘informed com-
pliant’ because they score high on both knowledge 
and behaviour (Figure 3A). Those grouped in Cluster 2, 
defined as ‘complacent’, can be characterised as well-
informed, but falling short in acting on their knowledge 
about COVID-19. Participants in Cluster 3 are regarded 
as ‘non-compliant’, which features those practising lit-
tle or no protective behaviours. This cluster also con-
tains the largest share of participants with very low 
knowledge levels. Participants in Cluster 4, classed 
as ‘ignorant but compliant’, scored low in knowledge, 
but nevertheless took appropriate actions to prevent 
the spread of the virus. At the beginning of the pan-
demic, more than half the participants belonged to the 
two clusters scoring low in knowledge (Clusters 3: non-
compliant and 4: ignorant but compliant) (Figure 3B). 
The share of people in these two clusters decreased 
over time. The share of the ‘informed compliant’ cluster 
increased significantly over time, while the share of the 
‘non-compliant’ cluster decreased sharply. At the end 
of data collection, around 60% of the participants were 
in the two clusters scoring high on knowledge. Even so, 
the clusters that were not fully compliant with appro-
priate measures still comprised around half of all par-
ticipants. It is noteworthy that among those who did 

not comply, the share of those who also lacked knowl-
edge was relatively small.

In the next step, we examined which variables 
explained cluster membership using a multinomial 
logistic regression approach. We used time (round), 
sociodemographic and psychological factors as sets 
of predictors in a full model (entering all sets simul-
taneously) and in single models (entering only one 
set) (Table 3). The analysis revealed that being older 
increased preventive behaviours and high knowledge 
levels, i.e. the likelihood of being in the ‘informed com-
pliant’ cluster. Notably, having a higher education level 
increased the gap between knowledge and behaviour, 
in that higher education was related positively to being 
in the ‘non-compliant’ or ‘ignorant but compliant’ 
cluster. Cognitive and affective risk perceptions were 
related to showing more protective behaviour, which is 
indicated by the negative associations with belonging 
to the ‘non-compliant’ cluster or the ‘complacent’ clus-
ter. Trust in institutions was related to turning knowl-
edge into action, as trust was related negatively with 
belonging to the ‘non-compliant’ cluster. 

Figure 2
Result of regressing the acceptance of restrictions on trust and knowledge over time, Germany, 3–25 March 2020 (n = 3,910)
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The results indicate that trust in institutions (government, health authorities) became more important over time for the acceptance of 
restrictive measures (panel A), while the importance of trust in media declined over time (panel B). Though greater knowledge decreased 
compliance at the beginning of the German epidemic, knowledge was rather unrelated with compliance a month later (panel C). Round 
denotes the round of data collection; ratings were collected on Likert-type scales ranging from 1 to 7.
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Discussion
Published studies on protective behaviour during the 
COVID-19 pandemic have demonstrated that motiva-
tion and knowledge are relevant drivers [61]. However, 
most of these studies took place at a later stage in the 
pandemic and collected data only once, sometimes 
twice, which does not allow understanding of change 
over time [3-27]. As early action is critical, given uncer-
tain and potentially drastic consequences [48], it is of 
utmost importance to learn how people adapt to such 
a situation so that policymakers are more informed 
regarding how to guide people’s behaviour effectively.

The data reported here are unique, as they were col-
lected weekly during the 4-week period from the 
report of the first COVID-19 cases in Germany to the 
first national lockdown. Our data indicated that public 
perceptions and opinions adapted rapidly to the new 
threat and to the need for radical behavioural changes, 
which were partially regulated by strict policies man-
dated by the German government. The dynamic spread 
of COVID-19 was mirrored by affective risk data; feel-
ings of fear and being at risk increased sharply at the 
outset and were more closely related to acceptance of 
strict measures rather than perceived susceptibility to 
contracting the disease. Other published studies from 

the same time period also indicate that perceiving gov-
ernmental actions as non-efficacious was related to 
increased worry and fear [26]. Thus, while facing dras-
tic measures may be a cue that elicits fear, the lock-
down also may have led to a containment of fear [31] 
and an increase in trust. As the pandemic progresses 
further, it will be relevant to assess how adaptation to 
the threat and decreasing risk perceptions affect the 
acceptance of strict measures and trust in government 
authorities.

Our data reveal that trust in institutions played an 
increasing role in the acceptance of measures as cases 
increased and more restrictive measures were imple-
mented. Thus, at these critical points in time, German 
health authorities and the government seem to have 
acted in ways that strengthened trust. Not only did the 
relationship between trust and acceptance of measures 
increase, but so did average trust itself. This suggests 
that trust will remain a crucial factor as the pandemic 
continues. Trust can be achieved through transparency 
and the use of available evidence [62]. However, evi-
dence changes quickly during such a dynamic situa-
tion [63]. Meta-communication about how knowledge 
changes and how this knowledge is still used to update 
policies may increase trust in acting authorities.

Figure 3
Clusters resulting from differences between knowledge about protective measures and actual behaviours, and variations in 
size over time, Germany, 3–25 March 2020 (n = 3,910)
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A. Cluster profiles B. Cluster distribution over the rounds

Four clusters resulted from the analysis (left) across all four data collection rounds: Cluster 1: informed compliant, (light green) scored high 
on both knowledge and behaviour, Cluster 2: complacent (pink) was well-informed, but fell short in acting on their knowledge, Cluster 3: 
non-compliant (purple) included those practising little or no protective behaviour and contains the largest share of participants with very 
low knowledge levels and Cluster 4: ignorant but compliant (grey) scored low in knowledge, but nevertheless took appropriate actions to 
prevent the spread of the virus. Compared with all other clusters, the informed compliant cluster remains relatively small over time. While 
clusters with high knowledge levels comprise 60% of the sample in round 4, half of the samples are still either not compliant at all or 
comply less than their knowledge would suggest. A detailed list of the items used and rationale for the number of clusters extracted can be 
found in the Supplement.
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Table 3
Multinomial logistic regression predicting cluster membership, displaying log odds for the full model and single sets of 
variables, Germany, 3–25 March 2020 (n = 3,910)

Categorya

Full model Single models

Cluster 2: 
 

complacent

Cluster 3: 
 

non-compliant

Cluster 4: 
 

ignorant but 
compliant

Cluster 2: 
 

complacent

Cluster 3: 
 

non-compliant

Cluster 4: 
 

ignorant but 
compliant

Intercept
1.938*** 

 
(0.339)

3.854*** 
 

(0.375)

1.214*** 
 

(0.345)

0.417*** 
 

(0.119)

0.982*** 
 

(0.121)

0.812*** 
 

(0.117)

Time
0.034 

 
(0.044)

−0.234*** 
 

(0.049)

−0.195*** 
 

(0.045)

−0.043 
 

(0.041)

−0.409*** 
 

(0.045)

−0.234*** 
 

(0.042)

Sociodemographic variables

Intercept NA
0.480*** 

 
(0.186)

0.314 
 

(0.199)

0.289 
 

(0.190)

Age
−0.003 

 
(0.003)

−0.004 
 

(0.003)

−0.006** 
 

(0.003)

−0.006** 
 

(0.003)

−0.008** 
 

(0.003)

−0.007** 
 

(0.003)

Higher education: Yes
0.071 

 
(0.096)

0.154 
 

(0.107)

0.197** 
 

(0.099)

0.110 
 

(0.095)

0.176* 
 

(0.102)

0.215** 
 

(0.097)

Sex: Female
0.049 

 
(0.093)

−0.065 
 

(0.104)

0.245** 
 

(0.095)

0.001 
 

(0.091)

−0.186* 
 

(0.098)

0.188** 
 

(0.093)

Occupation health sector: Yes
0.025 

 
(0.160)

−0.687*** 
 

(0.203)

−0.161 
 

(0.168)

0.116 
 

(0.158)

−0.515*** 
 

(0.195)

−0.094 
 

(0.165)

Community sizeb: Medium 
town

0.092 
 

(0.117)

0.051 
 

(0.131)

−0.037 
 

(0.120)

0.102 
 

(0.115)

0.105 
 

(0.125)

−0.018 
 

(0.119)

Community sizeb: Large town
0.106 

 
(0.108)

0.163 
 

(0.119)

0.116 
 

(0.109)

0.087 
 

(0.106)

0.140 
 

(0.114)

0.103 
 

(0.107)

Psychological variables

Intercept NA
2.027*** 

 
(0.304)

3.560*** 
 

(0.333)

1.096*** 
 

(0.307)

Trust in institutions
0.054 

 
(0.036)

−0.138*** 
 

(0.039)

0.055 
 

(0.037)

0.050 
 

(0.036)

−0.143*** 
 

(0.038)

0.050 
 

(0.036)

Cognitive risk
−0.191*** 

 
(0.035)

−0.169*** 
 

(0.040)

−0.017 
 

(0.036)

−0.196*** 
 

(0.035)

−0.174*** 
 

(0.039)

−0.029 
 

(0.035)

Affective risk
−0.130*** 

 
(0.039)

−0.378*** 
 

(0.043)

−0.137*** 
 

(0.040)

−0.125*** 
 

(0.037)

−0.434*** 
 

(0.041)

−0.184*** 
 

(0.038)

Self-efficacy
−0.135*** 

 
(0.037)

−0.054 
 

(0.042)

−0.002 
 

(0.038)

−0.141*** 
 

(0.036)

−0.083** 
 

(0.041)

−0.035 
 

(0.037)

Goodness of fit

AIC 10,209.020

Time: 10,664.130 
 

Sociodemographic variables: 10,755.330 
 

Psychological factors: 10,268.810

Nagelkerke’s pseudo R2 0.104

Time: 0.031 
 

Sociodemographic variables: 0.011 
 

Psychological factors: 0.078

AIC: Akaike information criterion. NA: not applicable in the full model.
a Reference is Cluster 1: informed compliant.
b Community size: small: < 20,000 inhabitants; medium: 20,000–100,000 inhabitants; large: > 100,000 inhabitants.
Four clusters resulted from the analysis across all four data collection rounds (Figure 3): Cluster 1: informed compliant scored high on both 

knowledge and behaviour, Cluster 2: complacent was well-informed, but fell short in acting on their knowledge, Cluster 3: non-compliant 
included those practising little or no protective behaviour and contains the largest share of participants with very low knowledge levels 
and Cluster 4: ignorant but compliant scored low in knowledge, but nevertheless took appropriate actions to prevent the spread of the 
virus. Table displays the estimated multinomial logistic regression coefficients and standard errors in brackets. Significance values are as 
follows: *p < 0.1; **p < 0.05; ***p < 0.01.
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News media have been an important source of informa-
tion, especially at the beginning of the pandemic and 
when new restrictions first came into effect. As data 
from Italy indicate, consumption of more media reports 
was also related to higher risk perceptions [30]. In 
addition, although news media are an important 
knowledge source, nearly half the study’s participants 
were not fully compliant when the lockdown was imple-
mented, despite high knowledge levels. Interestingly, 
participants with higher education levels fell into the 
two clusters in which knowledge and behaviour were 
not related, e.g. ‘non-compliant’ and ‘ignorant but 
compliant’. More highly educated individuals may have 
more freedom to choose whether they comply with 
rules, possibly because they were less likely to work 
in frontline jobs involving situations with increased 
risk of SARS-CoV-2 infection [64,65]. Furthermore, we 
found that women’s display of protective behaviours 
was unrelated to knowledge, and those who felt they 
were at lower risk practised less protective behaviours, 
regardless of knowledge. Men tended to be non-com-
pliant, regardless of knowledge. Findings from other 
countries also suggest that men were a main target 
group for interventions as they showed less preven-
tive behaviours [31,66]. Younger people were also an 
important group to assess because they were less 
likely to be in the ‘informed compliant’ Cluster 1, pos-
sibly because of high knowledge but lower risk percep-
tions and thus lower motivation to protect themselves.

The four clusters described can be used to identify tar-
get groups for further interventions. Inspecting poten-
tial levers suggests that strategies addressing affect 

may be useful because feeling at risk was a relevant dif-
ference between those categorised as ‘informed com-
pliant’ and the other clusters. However, it is important 
to note that these findings do not mean that appeals 
to fear are the solution to promoting compliance [67]. 
Eliciting strong fear may erode trust and create reac-
tance, i.e. a state of anger and counter-reaction [68]. 
Strategies that increase self-efficacy in complacent 
people could increase protective behaviour and help 
turn knowledge into action. Recommendations from 
the analyses are summarised in the Box.

This study has some limitations. Firstly, our estimates 
of article output containing ‘corona’ did not exclude 
double mentions, which may be due to different edi-
tions of local newspapers. However, the data provide 
an estimate of the topic’s presence in news media. 
Secondly, the survey data were collected online. We 
refrained from including people over 75 years of age 
because coverage bias for online surveys in this age 
group may be particularly prominent [69], and con-
founders that might affect health could come into 
play, e.g. more active lifestyles in older adults who use 
the internet vs non-users [70]. We also refrained from 
including people under 18 years of age, as parental con-
sent would have been necessary. Thirdly, other work 
has documented psychological strain and the conse-
quences of the pandemic for children and adolescents 
[71,72], but this was beyond the scope of this study. 
Fourthly, our study also relied on self-reporting, which 
may be subject to social desirability bias [73], consid-
ering that individuals with high social desirability may 
not only report more compliant behaviour, but may also 

Data collection
• Install a representative population panel that enables rapid surveillance of psychological factors that can affect 

acceptance of measures at the early stages of a pandemic (or other major health crisis) to identify target groups for 
health communication and other interventions.

Health communication
• Install a mechanism through which to communicate results to different audiences in a timely and understandable fashion, e.g. 

to national and local crisis teams, politicians, news media and the general public.
• Provide information, e.g. about how a pathogen is transmitted, to allow for informed compliance, e.g. protective behaviour. 

Delivering relevant knowledge is necessary, but insufficient to elicit desired behaviour.
• Increase awareness of the social impact of non-compliance in order to increase the motivation of well-informed but non-

compliant individuals. Although feeling at least somewhat at risk is necessary, communicating daily case numbers may not 
be sufficient, as perceived susceptibility was less important. Be wary of using strong fear appeals, as they can backfire and 
increase opposition to measures. If risks are pointed out, provide information to increase self-efficacy, i.e. empower people to 
protect themselves and others.

• Knowledge–behaviour gaps may be particularly high among the well-educated. Identify target groups and whether these 
groups lack knowledge or motivation to comply.

• High trust can turn knowledge into action, but trust may change over time, particularly during crises with long durations. 
Thus, maintaining trust is vital. Changing policies can increase trust if risk perceptions are high, and the measures are 
viewed as appropriate. However, changing policies can also create challenges in preserving trust. Highlighting that 
decisions are evidence-based, and that evidence changes often, can be helpful.

  Outreach
• Find ways to boost compliance. For example, if women comply regardless of knowledge, encourage women in campaigns 

to help their family and friends. If elderly people comply based on high knowledge, motivate them to explain their 
reasons for compliance to their families.

• Cluster analyses can be used to identify important sources of information to ensure optimal outreach from 
communication campaigns.

Box
Recommendations for healthcare authorities
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actually be more compliant when it is currently socially 
desirable to do so. Finally, the statistical analyses are 
unweighted [58]. As the sample’s characteristics devi-
ated from the general population in terms of education 
and age, this potentially inflates the sizes of the ‘non-
compliant’ and ‘ignorant but compliant’ clusters.

In general, the repeated cross-sectional data do not 
permit causal inferences, but they still permit impor-
tant insights into changes in average perceptions and 
behaviour over time, given that participants in each 
group were sampled randomly from the same popu-
lation. Moreover, non-probability online surveys were 
the only viable method available during the lockdown 
period for gathering data in a timely manner; personal 
interviews were precluded by the risk of transmission, 
phone studios for computer-assisted telephone inter-
viewing surveys were closed and available probability-
based survey infrastructures either were restricted to 
certain research groups or did not provide sufficient 
capacities to accommodate this study. Multiple rea-
sons may explain the response rates of 15–20% for 
contacted individuals. A large number of participants 
matching the quotas had to be recruited during a 
very short period of time. This required inviting larger 
groups, as people may not have seen the invitation 
in their email inbox or could not find time to answer 
within the very short time frame. Moreover, response 
rates decreased with age and were lower in small fed-
eral states [74], which may have lowered the overall 
response rate. It remains possible that individuals with 
particular interest in the topic are overrepresented, but 
this limitation pertains to all survey methods.

Conclusion
As the COVID-19 pandemic continues, knowledge 
about acceptance factors that drive individual protec-
tive behaviour, such as physical distancing, is crucial 
to further support strategies that help adjust behav-
iour to control the pandemic. It is important to note 
that such data always will be a snapshot with many 
confounding factors, such as news media reports, 
political discussions and decisions, case numbers and 
deaths. This naturally impedes causal interpretations 
of changes over time. If resources allow, a complemen-
tary longitudinal study design could add important 
insights. Nevertheless, the current study provides col-
leagues in other countries with a blueprint for analys-
ing, interpreting and using the data collected in other 
countries (Box). This may help identify cross-national 
commonalities and differences relevant to public 
health measures aimed at controlling this pandemic, 
as well as future outbreaks of new pathogens.
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