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Abstract

The main strategy for combatting SARS-CoV-2 infections in 2020 consisted of behavioural
regulations including contact reduction, maintaining distance, hand hygiene, and mask
wearing. COVID-19-related risk perception and knowledge may influence protective behav-
iour, and education could be an important determinant. The current study investigated differ-
ences by education level in risk perception, knowledge and protective behaviour regarding
COVID-19 in Germany, exploring the development of the pandemic over time. The COVID-
19 Snapshot Monitoring study is a repeated cross-sectional online survey conducted during
the pandemic in Germany from 3 March 2020 (waves 1-28: 27,957 participants aged 18—
74). Differences in risk perception, knowledge and protective behaviour according to educa-
tion level (high versus low) were analysed using linear and logistic regression. Time trends
were accounted for by interaction terms for education level and calendar week. Regarding
protective behaviour, interaction terms were tested for all risk perception and knowledge
variables with education level. The strongest associations with education level were evident
for perceived and factual knowledge regarding COVID-19. Moreover, associations were
found between low education level and higher perceived severity, and between low educa-
tion level and lower perceived probability. Highly educated men were more worried about
COVID-19 than those with low levels of education. No educational differences were
observed for perceived susceptibility or fear. Higher compliance with hand washing was
found in highly educated women, and higher compliance with maintaining distance was
found in highly educated men. Regarding maintaining distance, the impact of perceived
severity differed between education groups. In men, significant moderation effects of educa-
tion level on the association between factual knowledge and all three protective behaviours
were found. During the pandemic, risk perception and protective behaviour varied greatly
over time. Overall, differences by education level were relatively small. For risk communica-
tion, reaching all population groups irrespective of education level is critical.
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Introduction

Since the beginning of 2020, the COVID-19 pandemic has been severely impacting global
health [1]. As in many other countries, Germany has seen an increase in the number of SARS--
CoV-2 infections and has attempted to reduce the spread of the COVID-19 pandemic through
targeted containment measures implemented by national government and local authorities
[2]. In 2020, when vaccinations were not yet available for a large proportion of the population,
the response focused on non-pharmaceutical public health measures [3]. The official German
containment strategy in 2020 was based on three main non-pharmaceutical measures commu-
nicated by the distance-hygiene-mask (DHM) formula [4], conveying the key directives for
individual behaviour: (1) maintaining a physical distance of 1.5 meters (D), (2) following
hygiene rules (H) and (3) wearing non-medical face masks (community masks) in crowded
public spaces and where maintaining distance is impossible (M). Because containment mea-
sures for maintaining distance and wearing face masks were enforced in Germany for the first
time, the population had to become accustomed to these new protective health behaviours.

Theoretical background

The individual application of new forms of protective behaviour to contain COVID-19 rests
on individual (informed) decisions to follow the given rules. Mainly cognitive and affective
processes, but also social processes, drive the acceptance of the rules which enable information
reception and influence risk perception [5]. According to Betsch [6, p.7] risk perception is “the
process of constructing a subjective judgement about the risk of an option”. In the case of
COVID-19, two dimensions of risk perception must be considered. First, the cognitive percep-
tion of the risk of infection by SARS-CoV-2 and of falling ill with COVID-19 are regarded as
the infection probability and severity of the disease, respectively. The second dimension, affec-
tive risk perception, focuses on affective states, such as worries, fear and anxiety about being
infected or getting sick. In the context of infectious diseases, risk is defined and operationalized
with regard to the relevance of cognitive and affective aspects [7]. In numerous studies of pre-
vious epidemics and the current COVID-19 pandemic, risk perception is reported to be an
essential factor influencing protective behaviour [8, 9].

To establish protective behaviour in the population during epidemics, risk perception is
only one influencing dimension that is regarded as relevant based on psychological models of
behaviour change, such as the Health Belief Model (HBM) [10], Protection Motivation Theory
(PMT) [11], or motivational approaches for changing health behaviour. One further important
factor is knowledge [12]. For this reason, studies of protective behaviour during epidemics also
include knowledge, and have conducted knowledge-attitude-practice (KAP) surveys; in this
context, attitude refers to perceived risk, and practice refers to protective behaviour [e.g., 13,
14]. Previous studies of COVID-19 protective behaviour that take knowledge into account
have consistently found a positive association between knowledge level and adherence to
COVID-19 protective behaviour [13, 15, 16].

For an appropriate response to the COVID-19 pandemic, media play an important role in
risk communication, conveying information about the virus, contamination and treatment, as
well as protective behaviour and applicable rules. Protective behaviour in the population is
thought to be more in line with media coverage than the actual spread of an epidemic (“Pan-
demic Public Health Paradox®) [17]. In addition, studies of previous epidemics and the
COVID-19 pandemic have revealed that media coverage can substantially influence public
risk perception [18, 19] and protective behaviour [18, 20]. However, in the current COVID-19
pandemic, the role of perceived adequacy of media coverage has not yet been analysed in detail
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in the context of KAP surveys. Faasse and Newby reported results indicating that closely fol-
lowing media coverage is a predictor of protective behaviour [20].

Furthermore, the COVID-19 pandemic has demonstrated that the spread and burden of
infectious diseases, as well as the side effects of containment measures, are unevenly distrib-
uted along lines of social deprivation, and have the potential to further increase socially-related
health inequalities [21]. Social determinants, such as education, as well as gender and age, have
also been either neglected or minimally considered in psychological models of behaviour
change [10-12], even though behaviour-based prevention measures frequently struggle to
reach population groups with the greatest need, further increasing health inequalities (preven-
tion dilemma) [22]. Studies of the COVID-19 pandemic that consider education may therefore
also provide insights for the further development of models to explain protective behaviour.

State of research regarding differences by education level

Meanwhile, many previous studies have analysed knowledge, risk perception, and protective
behaviour regarding COVID-19 during the pandemic. However, in many of these studies, dif-
ferences according to the education level of respondents are neglected [23-36]. In some stud-
ies, educational differences have been reported.

Regarding knowledge about COVID-19, several studies have reported a positive association
with education level [13, 14, 37-42]. However, in terms of risk perception, the findings of previ-
ous studies on differences by education level have been inconsistent. Some studies reported no
differences in risk perception by education level [43-46]. In addition, although some studies
found higher levels of perceived severity in study participants with little or no educational quali-
fications compared with highly educated individuals [47, 48], other studies reported that people
with lower levels of education more often considered themselves to be at a lower risk of becom-
ing infected with COVID-19 [37, 48]. Regarding protective behaviour against COVID-19, sev-
eral studies found no differences by education level [20, 44, 49-51]. In contrast, other studies
reported that individuals with lower levels of education were less likely to adhere to COVID-19
safety recommendations [39-41, 52]. Furthermore, some studies reported different patterns of
associations with education level for various protective behaviours [37, 53]. Ciancio et al. [48]
tested for interaction effects between education level and age, and found that educational differ-
ences were evident only among older people, with college-educated older individuals practicing
social distancing significantly more often than non-college-educated older individuals.

To date, only a few studies have explicitly focused on education-related differences in risk
perception, knowledge and protective behaviour regarding COVID-19. Findings have been
relatively ambiguous, and only comparable to a limited extent. Moreover, differences between
women and men in the associations between education and risk perception, knowledge and
protective behaviour have not yet been examined in sufficient depth. Almost all previous stud-
ies in this area only covered the early months of the pandemic in 2020, and have tended to
examine relatively small samples. Associations may also vary from country to country,
depending on the educational system, the risk communication strategy, and the imposed pro-
tective measures [45]. Therefore, it must be acknowledged that results from other-especially
non-Western—countries cannot simply be transferred to Germany. In addition, the course of
the pandemic and protection measures, which are often adjusted, could be expected to influ-
ence risk perception, knowledge and protective behaviours [54, 55].

The German context: The development of SARS-CoV-2 infections in 2020

In Germany, from the beginning of the pandemic in March until September, the numbers
of SARS-CoV-2 infections have been considerably smaller compared with most other
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Western European countries (cf. Fig 1). By 24 November 2020, 942,687 infections (cumula-
tive) with SARS-CoV-2 and 14,361 deaths due to COVID-19 were reported in Germany in
total [56]. The first death due to COVID-19 in Germany was recorded on 09 March 2020.
From the beginning of March, the numbers of new infections increased substantially. In
mid-March, childcare centres, schools, restaurants and stores were closed (except for daily
needs). On 23 March 2020, the federal government and federal states implemented compre-
hensive restrictions of social contacts. Meetings of more than two persons were prohibited,
with the exception of persons living in the same household. In public, a minimum distance
of 1.5 meters had to be maintained. After the rate of new infections slowly dropped over the
course from mid-March to late April, the contact restrictions were released at the end of
April. However, the obligation to wear a mask to cover mouth and nose in certain places
and situations (e.g., in stores, public transport, and public buildings) was permanently
introduced in all federal states, accompanied by the DHM formula. After relatively few new
SARS-CoV-2 infections from May to September 2020, an increase in infections has been
recorded since October 2020. Due to an accelerated increase of transmissions in October
2020 with a nationwide 7-day incidence of 110.9 cases per 100,000 population on 31 Octo-
ber, the federal and state governments agreed to introduce tightened regulations on gather-
ings and mask wearing, effective from 2 November 2020, initially until the end of
November. As daily incidence did not drop considerably, these measures have been
extended. On 16 December, stricter restrictions of social contacts came into force again.
Childcare centres, schools, and stores (except for daily needs) were closed once more. These
restrictions have been imposed to reduce the 7-day incidence to a moderate number of 50
cases per 100,000 people in the population.

Aim of the study and research questions

As described above, the role of education has only partially been considered in psychological
models of behaviour change. Furthermore, previous findings regarding differences by educa-
tion level in risk perception, perceived media coverage, knowledge and protective behaviour
have been heterogeneous. The course of the COVID-19 pandemic and the timing of protection
measures might be expected to have an effect on the association between education level and
risk perception, knowledge and protective behaviours. However, this aspect has not yet been
investigated in detail.

of schools Use of face masks  in meat factory containment measures
I | L

150000

100000

50000

Number of reported cases
per calendar week

10000

h
|
|
I
|
|
|
i
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

0 1 1

T T
’b\B'bh

T T
]

&, & S
PO

T T — T T T T 7T
P I P PP LA PRS00 N
P S 1O L W o A S
D (D S P R PR G @ D N D

Date of reporting

Fig 1. Number of COVID-19 cases reported to the Robert Koch Institute according to the onset of the disease,
alternatively according to the reporting date [56].

https://doi.org/10.1371/journal.pone.0251694.g001
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Against this background, the present study was conducted to explore education-related dif-
ferences in risk perception, knowledge and protective behaviour regarding COVID-19 among
women and men in Germany over the course of the pandemic. We addressed the following
research questions in detail:

1. Are there differences in risk perception, perceived media coverage, knowledge and protec-
tive behaviour in women and men according to education level?

2. Have the differences in risk perception, perceived media coverage, knowledge and protec-
tive behaviour according to education level changed over the course of the COVID-19
pandemic?

3. Does education level impact adherence to protective behaviour in women and men when
considering risk perception, perceived media coverage and knowledge?

4. Is the impact of risk perception, perceived media coverage and knowledge on protective
behaviour in women and men moderated by education level?

Materials and methods
Data

Analyses were conducted using data gathered by the COVID-19 Snapshot Monitoring
(COSMO) study [57, 58]. The COSMO study is based on a weekly repeated cross-sectional
online survey monitoring knowledge, risk perception, protective behaviour and trust over the
course of the COVID-19 pandemic in Germany. COSMO is a joint project of the University of
Erfurt, the Robert Koch Institute, the Federal Centre for Health Education, the Leibniz Centre
for Psychological Information and Documentation, the Science Media Center, the Bernhard
Nocht Institute for Tropical Medicine, and the Yale Institute for Global Health.

The study participants are part of an online access panel provided by Respondi (https://
www.respondi.com/). The first survey started on 3 March 2020 and was repeated on a weekly
basis. From 26 May 2020 to 27 October 2020 the time interval between waves was extended to
2 weeks, and set back to weekly afterwards. At the end of November 2020, data from 28 waves
were available for data analysis.

For each survey wave, a sample of 1,000 participants aged 18-74 years was targeted. In the
present analyses, data from waves 1 to 28 were used (N[min] = 925, N[max] = 1032). The total
sample size is 27,957 (51% women, 49% men). Until wave 19, the cross-sectional sampling was
restricted to one-time participation. This restriction was released from wave 20 onwards. In
general, case numbers of repeat respondents remain low (N<9) with the exception of waves 20
to 22, in which approximately 575 of the respondents were sampled from participants who
already participated in earlier waves. Repeated participation was controlled for in the multivar-
iate analyses. A detailed description of the sample is presented in Table 1.

The study design aims to achieve a representative distribution of respondents with respect
to basic sociodemographic characteristics. The distribution of age and sex (crossed) as well as
federal state (uncrossed) corresponds in the sample to the German population from German
census data [59, 60].

The questionnaire comprises a series of questions and instruments that were used continu-
ously across all waves. In addition, several questions or instruments were only included for a
limited period of time. Further details regarding the study design can be found in the COSMO
study protocol [57] as well as on the COSMO homepage (URL: https://projekte.uni-erfurt.de/
cosmo02020/cosmo-analysis.html). The questionnaires for each wave are available from https://
dfncloud.uni-erfurt.de/s/Cmzfw8{PRAgzEpA.
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Table 1. Sample description.

Outcome variables

Mean n Missing %
27,957 | ..
.......................................... 27,777,
.......................................... 27,957,
.......................................... 27,957,
.......................................... 27,957,
.......................................... 27,957
2785
.......................................... 22,699
.......................................... 22,569
.......................................... 21,628
Mask wearing (yes in %) (wave 1-28) 67.04 18,342
Predictor variable
Educationlevel e e e Total: 27,957 L e 0.00
O e D A0 | 12413 | e
High 55.60 15544
Control or moderator variables
Gender Total: 27,957 0.00

https://doi.org/10.1371/journal.pone.0251694.t001

The study obtained ethical clearance from the University of Erfurt’s IRB (#20200302/
20200501), and all participants provided written informed consent prior to data
collection.

The data from the COVID-19 Snapshot Monitoring (COSMO) are stored in the repository
PsychArchives (https://doi.org/10.23668/psycharchives.2776) and are made available to scien-
tists upon request. Requests should be submitted to the COSMO consortium by contacting
Prof. Dr. Cornelia Betsch, University of Erfurt, Nordhéuser Str. 63, 99089 Erfurt, Germany
(cornelia.betsch@unierfurt.de).

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 6/26


https://doi.org/10.23668/psycharchives.2776
https://doi.org/10.1371/journal.pone.0251694.t001
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

Variables

Outcome variables. Regarding risk perception, the answers to questions of interest were
recorded using a 7-point scale. In the present study, we used the following items:

« Susceptibility: “How susceptible do you consider yourself to be to infection with the novel
coronavirus?” Not susceptible at all (1)-Very susceptible (7).

o Probability: “How do you estimate your probability of being infected with the novel corona-
virus?” Extremely unlikely (1)-Extremely likely (7).

« Severity: “How do you estimate the severity of an infection with the novel coronavirus for
yourself?” Completely harmless (1)-Extremely dangerous (7).

Regarding the affective dimensions of risk perception, the following variables were included
in the analysis:

o Fear: “The novel coronavirus is for me . . . not frightening (1)-frightening (7)”.
« Worries: “The novel coronavirus is for me . .. not worrying (1)-worrying (7)”.

To measure perceived media coverage, we used a single item, which describes the degree of
satisfaction with the extent and way of presenting information on COVID-19:

o Perceived adequacy of media coverage: “The novel coronavirus is for me . . . inflated by the
media (1)-not considered enough in the media (7)”.

Perceived knowledge was assessed using the following question:

« Perceived knowledge: “How do you rate your level of knowledge about the novel coronavi-
rus?” No knowledge at all (1)-Very much knowledge (7).

Factual knowledge was measured by a binary score composed of the two items on knowl-

edge of COVID-19 treatment options and virus transmission. The score for “correct knowl-
edge” was dichotomized by labelling participants who had answered both knowledge
questions correctly as “correct”, while participants who had answered one or both questions
incorrectly or chose “don’t know” were assigned “not correct”. For samples surveyed after 9
November 2020, when results from clinical trials of a promising vaccine candidate were
announced, answers containing vaccination as treatment option were classified as “correct”
answers.

Protective behaviour was measured by three items which comply with the recommended
DHM formula in Germany: Hand washing, distance maintaining, and mask wearing. Hand
washing (at least 20 seconds) and mask wearing were asked about with the question: “How

often have you adhered to the following rules in the last week to prevent the spread of and
infection with the novel coronavirus?” In waves 1 to 6, only “yes” and “no” were offered as
answer categories in the questionnaire. Maintaining distance (of 1.5 meters minimum to other
people in public) was asked about for the first time in wave 4, with the response categories
“yes” and “no”. From wave 7 onwards, more differentiated response categories were used for
the three protective behaviours in the questionnaire. To ensure the inclusion of data from all
waves for the present analysis, answers were combined into one dichotomous variable, by
aggregating answering categories “never/rarely/sometimes” to “no” and “frequently/always” to

«. »

yes”.
Detailed information on the validity of the used items can be found in the “Survey tool and

guidance” edited by the WHO Regional Office for Europe [61]. The psychological constructs
of the cognitive dimensions of risk perception are validated items adapted from Brewer et al.
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[62], while the validated items for affective dimensions and perceived media coverage were
adapted from Bradley and Lang [63]. The items measuring protective behaviours were adapted
from Steel Fisher et al. [64]. Regarding knowledge, no validated psychological items were used.
The data used were based on a questionnaire in German language. The literal translation of
the items into English by the authors slightly differs from the question wording of the validated
scales in English.

Predictor variable. Regarding education level, only school-completion qualifications
were surveyed, but not vocational qualifications. Beginning with wave 1, education level was
recorded with the answer categories “up to 9 years of school education”, “at least 10 years
(without university entrance qualification)”, and “at least 10 years (with university entrance
qualification)”. For the present analysis, the school-leaving qualifications that do not qualify
for university attendance (“Abitur” in German) were combined into the group “low educa-
High education” was defined by a qualification for university entrance.

Time variable. For the second research question we used the calendar week to track
changes over time, which also allowed us to explore the impact of events like implementation
of containment measures and certain prominent contagion events (outbreaks). Calendar week
was used as a categorical as well as a metric variable. The use of calendar week also accounts
for the changing survey rhythm from weekly to bi-weekly and back.

Control variables. To prevent confounding of cohort, repeat respondent, urban-rural,
regional effects and time effects, all analyses were adjusted for age group (“18-29 years”, “30-
45 years”, “46-60 years”, “61-74 years”), repeat respondent (“yes”, “no”), (official) federal
state, community size (“<5,000 inhabitants”, “5,001-20,000 inhabitants”, “20,001-100,000
inhabitants”, “100,001-500,000 inhabitants”, “>500,000 inhabitants”), and calendar week (cat-

» «

egorical variable). Gender (“female”, “male”) was included either as a stratification variable or

» o«

tion”.

as a control variable.
For the sensitivity analysis, household income was used, which was included in the ques-
tionnaire from wave 11 on, with grouped answer categories.

Data analysis

In the first step (research question 1), we explored gender-specific educational differences for
multiple indicators of risk perception and related outcomes. Differences in risk perception,
perceived media coverage, knowledge and protective behaviour by education level were ana-
lysed using linear or logistic regressions (depending on the scale level of each variable) strati-
fied by gender and adjusted for age group, repeat respondent, community size, federal state,
and categorical calendar week. Because the data do not represent random samples from the
German population, unadjusted means and frequencies are not informative for population
inferences. However, differences between education levels within the COSMO sample provide
a valid basis for evaluating educational differences in risk perception in Germany. We chose to
display average adjusted predictions—predicted values for linear regressions and predicted
probabilities in percent for logistic regressions [65]. They provide easily interpretable results
on the scale of the outcome variables and they enable the exploration of differences between
educational groups without assuming all other independent variables to be constant. Adjusted
predictions for each case were calculated by inserting each case’s observed values on the inde-
pendent variables into the estimated regression equation. The means of the predicted values
and the average predicted probabilities were presented by each educational level alongside
their respective differences and the p-value of the Wald test of the difference (Table 2).

In the second step (research question 2), educational differences in risk perception, per-
ceived media coverage, knowledge, and protective behaviour were explored over time. We
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Table 2. Risk perception, perceived media coverage, knowledge and protective behaviour in women and men with different education levels.

Education
level
Low | High
Predicted | Susceptibility | 391 386
means' Probability 3.56 | 3.71

Women Men Total
(n=14,133) (n=13,824) (n = 27,957)
Difference | P-value of Education | Difference | P-value of Education | Difference | P-value of
difference level difference level difference
Low | High Low | High
L0 0.082 386 383 <003 0319)388 385 004 0,043,
0.14 < 0.001 || 3.58 | 3.63 0.06 0.026 | 3.57 | 3.67 0.10 < 0.001

Perceived media | 3.46 | 3.36

jcoverage Ll
Perceived 4.78 | 4.99
knowledge

Predicted Factual 85.2 | 89.3

probability (%)* | knowledge
Hand washing 87.8 | 89.1

Distance 90.3 | 90.8
maintaining

Mask wearing 70.4 | 69.4

| e P ) B S o PUPORe Y B S o L Lo
4.0 <0.001 | 81.6 | 863 4.7 <0.001 | 83.4 | 87.9 450 < 0.001

T 120 0.035480.7]806 | 0Ll .. 05014844]849 | . e 0.254.
0.6 0.308 || 83.1 | 85.8 2.7 <0.001 | 86.7 | 883 1.6 < 0.001

e R TN o e R R PN (P e R o R o

Adjusted predictions and differences (contrasts) from linear" or logistic* regressions by education level (main effect), adjusted for age group, repeat respondent,

community size, federal state, and calendar week.

https://doi.org/10.1371/journal.pone.0251694.t002

have described general trends in risk perception, knowledge and protective behaviour over the
course of the pandemic and their differences by educational level. In addition, we explored
whether educational differences found in the first step are stable or fluctuate over the course of
the pandemic, enabling us to assess the robustness of overall differences. For this purpose,
interaction terms for education level and categorical calendar week were added to the multi-
variate regression models and adjusted predictions were calculated for each calendar week.
For descriptive purposes, we reran the same models with metric calendar week as a polynomial
up to the 6th degree. Because the 6th degree polynomial function allows for up to five local
extrema, it enabled us to estimate a curve that eventually corresponded to the trend in official
numbers of SARS-CoV-2 infections over time, which is characterized by two major peaks and
one local outbreak in the between-period. Adjusted predictions for each calendar week strati-
fied by education from both model families were calculated and graphically displayed. The
time axis displaying calendar weeks was labelled with the dates of the Tuesdays, when most of
the field work was conducted in COSMO. In this step, we did not stratify the analysis by gen-
der, but included gender as a further control variable to adjust for gender-specific intercepts.

In the third step (research question 3), for each protective behaviour (hand washing, dis-
tance maintaining, and mask wearing) logistic regressions models were estimated with educa-
tion level as the main predictor, as well as all variables regarding risk perception, perceived
media coverage and knowledge as further predictors (adjusted for age group, repeat respon-
dent, community size, federal state, and calendar week).

Finally, logistic regressions for each protective behaviour (hand washing, distance main-
taining, and mask wearing) were conducted including interaction terms of all risk perception
variables and knowledge with education level separately. For the significant interactions
between risk perception, media coverage or knowledge with education level (research question
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4), we present margin plots to show the moderation effects. All models were calculated sepa-
rately for women and men.

As sensitivity analyses, we added household income as a further control variable to the
models for step 1 and 3 for those waves in which income data were available (from wave 11).
This did not change the results reported below.

Conventional levels of significance were applied (*p < 0.05; **p < 0.01; *** p < 0.001). All
analyses were performed using the Stata/SE15 statistical package (StataCorp, College Station,
TX, USA).

Results
Differences by education level

Table 2 shows the adjusted means and frequencies for each outcome variable for the low- and

high-education groups (main effects), in total and stratified by gender (research question 1).
In the total sample we found differences between individuals with low- and high-education

for all three cognitive dimensions of risk perception (susceptibility, severity and probability).

Low-education respondents considered themselves to be slightly more susceptible compared
with high-education respondents. However, the difference in susceptibility was relatively
small, and was not significant in separate gender groups. Furthermore, low-education respon-
dents assessed SARS-CoV-2 infection as more severe. Regarding respondents’ own probability
of being infected with the SARS-CoV-2 virus, the opposite association was found. Differences
by education level according to severity and probability were evident in both women and men.

Concerning affective dimensions of risk perception (worries and fear), for fear, no differ-
ences by education level were observed. In terms of worries, men in the high-education group
reported worries more often compared with men in the low-education group. In women, no
differences by education level were found.

Media coverage of the pandemic was evaluated as insufficient more often by women in the
low-education group compared with those in the high-education group, whereas, in men, no
differences by education level were evident.

Regarding perceived as well as factual knowledge about COVID-19, women and men with
a high level of education scored substantially higher.

In terms of protective behaviour, some differences by gender were observed. In women,
hand washing was more often applied by individuals in the high-education group, whereas in
men, no differences by education level were found. In contrast, for maintaining distance,
higher compliance was evident for men in the high-education group compared with those in
the low-education group. No significant education-related differences were found in women.
In mask wearing, there were no differences by education level.

Time-based trends of differences by education level

To answer research question 2, we explored differences in risk perception, knowledge and pro-
tective behaviour by education level over time. The adjusted predictions are shown in graphi-
cal form in Figs 2-6.

The depicted growth curves for the different dimensions of risk perception principally cor-
responded to the time-based trends of new infections in Germany (cf. Fig 1).

For susceptibility (Fig 2A), we found small differences by education level at the begin-
ning of the pandemic, with the low-education group considering themselves to be more
susceptible to infection than the high-education group. As the pandemic progressed, edu-
cation level groups converged. The trends for severity (Fig 2C) were similar to susceptibil-
ity with a more pronounced difference in the first phase. In contrast to the assessment of
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Fig 2. Cognitive dimensions of risk perception in individuals with different education levels during the pandemic.
Adjusted predictions from linear regressions with interaction between education level and calendar week (categorial
and metric), adjusted for age group, gender, repeat respondent, community size, and federal state.

https://doi.org/10.1371/journal.pone.0251694.9002

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021

11/26


https://doi.org/10.1371/journal.pone.0251694.g002
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

H

et

méww”mw

i
r I

15-18/03 Closure  29/04 Mandatory  18/06 Major outbreak 02/11 Tightened
of schools use of face masks in meat faclor\/ containment measures
1 1 1 1
] I [ [
554 I I | [
1§ + | I I
I I [ [
|+ * . I [ |
I N | [ |}
591 ? | [ }I, £ 1 +
i } [ 1l
& I 1' | I ‘ I
~ 9 [ | I l } I | S A
= I I i 1 | I
™ 5 4.5 1 | 3 I
= I I 1 i1 ] A |
i | |4 I
Y I I [ |
I I [ [
44 I [ |
I I | [
I I [ [
I I [ [
I I [ [
3.5 ] | |
T rErryrTrrryyr
A SN S A A A SR e SR R SN AN
@R T AT A0 @7 2 QN QT QN 0T @200 VD g
15-18/03 Closure 29/04 Mandatory 18/06 Major outbreak 02/11 Tightened
of schools use of face masks in meat factory containment measures
1 1 1 1
5.5 | [ [
I [ [
I [ |
I [ [
I [ [
5 I [ [
. # I | [
I [ [
A
I} I [ [
oyl + | ' !
bS] | [ [
@0 I 1|‘+ [
I Wt
| |
} [
| |
[ |
[ |
[ [
[ [
| |

|
|
|
|
|
|
|
|
|
|
4.5 |
|
|
|
|
|
|
|
|
|
|

3.5
A R N
Q° Q7 W A L D DS N W
ORI RN RO S P P\ A SR AR S S AP\
+ Low Education (categorical with C.I.) Low Education (polynom.)
= High Education (categorical with C.I.) High Education (polynom.)

Fig 3. Affective dimensions of risk perception in individuals with different education levels during the pandemic.
Adjusted predictions from linear regressions with interaction between education level and calendar week (categorial
and metric), adjusted for age group, gender, repeat respondent, community size, and federal state.

https://doi.org/10.1371/journal.pone.0251694.9003

severity and one’s own susceptibility, the high-education group reported a higher proba-
bility of a personal infection with COVID-19. This slight difference between people with
high and low education levels was consistently observed over the course of the pandemic
(Fig 2B).

According to the affective dimensions of risk perception (worries and fear), only small dif-
ferences by education level were observed. Nevertheless, in terms of worries (Fig 3A), a notice-
able difference by education level was found for the low incidence phase from June to mid-
September 2020 —unlike the cognitive dimensions of risk perception. In these months, individ-
uals with higher levels of education consistently reported higher levels of worries. In terms of
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fear (Fig 3B), a trend similar to the other dimensions of risk perception was observed, but no
significant differences by education level were evident.

In terms of perceived media coverage (Fig 4), an increase in agreement with the statement
that the SARS-CoV-2 virus is not considered enough in the media was observed during
March. Until mid-April, this perception was more pronounced among low-education individ-
uals. Since June, assessment of media coverage remained relatively constant. From this date
on, no substantial differences in assessment between high- and low-education individuals
were detected.

For both perceived and factual knowledge, throughout the entire course of the pandemic,
women and men in the high-education group showed a higher level of knowledge compared
with those in the low-education group. The average perceived knowledge level (Fig 5A)
increased at the beginning of the pandemic and remained at roughly the same level from April
onwards. Factual knowledge (Fig 5B) also exhibited a significant increase at the beginning of
the pandemic. However, from May onwards, a significant drop in factual knowledge was
observed. Since the end of October, factual knowledge increased again, particularly in the low-
education group.

Fig 6 shows the trend for practicing protective behaviours over the course of the pandemic.
Regarding hand washing (Fig 6A), no considerable differences by education level were
observed over time. Notably, adherence rates were highest at the beginning of the pandemic,
then decreased. Maintaining distance (Fig 6B) was practiced by more than 90% of the respon-
dents in March and April almost regardless of their education level. After the first pandemic
peak, compliance somewhat eased. The decline in compliance was slightly more pronounced
among the low-education group, but differences levelled from August on. Regarding mask
wearing (Fig 6C), a steep increase was observed over time. Readiness to wear a mask started to
increase during the first lockdown period in March and April, to approximately 30%. The
introduction of mandatory mask wearing at the end of April induced a widespread application
of the protective behaviour to approximately 80%. From this date onwards, the proportion
remained close to this level. No differences by education level were evident.

Full adjusted effect of education level on protective behaviour

Table 3 presents the full models for all three recommended behaviours stratified by gen-
der (main effects). Risk perception, perceived media coverage and knowledge together
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https://doi.org/10.1371/journal.pone.0251694.g005

with education level were used as predictors for the protective behaviour (research ques-
tion 3). In these final models, a high level of education was associated with lower compli-
ance with wearing a mask among women and lower compliance with hand washing
among men. Education level had no impact on maintaining distance if risk perception,
perceived media coverage and knowledge were also considered, whereas, in the bivariate
model, education-related differences in maintaining distance were observed among men
(Table 2).
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Table 3. Protective behaviours in women and men. Association with education level, risk perception and knowledge.

Women Men
Hand washing Distance maintaining Mask wearing Hand washing Distance maintaining Mask wearing

Education level

Low ref. ref. ref. ref. ref. ref.

High 1.04 0.96 0.87* 0.90* 1.11 1.00
Perceived susceptibility | 097 ] A | LOL o). 099 ] 098 099
Perceived probability | LO3 o, T | LOS o). LOL 7 | 103
Perceived severity | bz Ly Lse L Lo 1207
Worties | LT 1267 24 LT 1297 123
Fer . 105 104 107" 103 096 098
Perceived media coverage | 1.00 | LIE ). LI ). 104 LILT ). L1e
Perceivedknowledge | LIS L L3 ). LOT™ o). 1227 L L8 ). Lo
Factual knowledge

Not correct ref. ref. ref. ref. ref. ref.

Correct 2.05°** 2.47%%* 1.83%** 2.09°** 2.44*** 1.89%**
N 13,430 12,395 13,775 13,037 12,077 13,425
pseudo R? 0.10 0.15 0.51 0.11 0.16 0.38

Odds ratios (unstandardized exponentiated coefficients) from logistic regressions, adjusted for age group, repeat respondent, community size, and federal state, calendar
week, repeated participant

*p <0.05,

*p<0.01,

“** p < 0.001.

https://doi.org/10.1371/journal.pone.0251694.t003

The moderating effect of education level

Regarding research question 4, we finally analysed whether the associations between risk
perception, perceived media coverage or knowledge and protective behaviour were moder-
ated by education level. Although the models for maintaining distance without interaction
effects showed no significant education-related differences, we found interaction effects
between education level and severity. The less severe COVID-19 was perceived to be, the
greater the differences in maintaining distance by education level were (Fig 7A and 7B).
Specifically, we found that, among respondents who rated the SARS-CoV-2 virus to be
harmless, men in the high-education group and-to a lesser extent-women in the high-edu-
cation group maintained distance more often than those in the low-education group. In
contrast, no differences by education level were observed in the group who assessed the
disease as severe.

In men, the results revealed interaction effects between factual knowledge and education
level with regard to all three protective behaviours (Fig 8A-8C). Thus, in men in the low-edu-
cation group, differences in compliance by factual knowledge were significantly greater than
those in the high-education group. The effect was most pronounced in maintaining distance.
No significant moderation effect was found in women.

Discussion

The current analysis focused on differences in risk perception, perceived media coverage,
knowledge and protective behaviour regarding COVID-19 by education level during the pan-
demic in Germany in 2020. After a brief summary of the main findings, the results of the anal-
ysis regarding the different outcomes are discussed separately, outcome by outcome.
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Summary of findings

Analysis of differences according to education level (research question 1) revealed, that differ-
ences in knowledge were the most pronounced. The differences in risk perception, perceived
media coverage, and protective behaviour were much lower, and highly heterogeneous. Thus,
a lower level of education was associated with higher perceived severity, but a lower perceived
probability of being infected. Regarding protective behaviour, we observed a positive associa-
tion between a higher level of education and higher adherence rates for hand hygiene among
women, and a positive association between a higher level of education and maintaining dis-
tance among men.
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Fig 8. Protective behaviours by factual knowledge and education levels among men. Logistic regressions with

interaction of factual knowledge and education level, adjusted for age group, repeat respondent, community size, and
federal state, calendar week.

https://doi.org/10.1371/journal.pone.0251694.g008
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Our exploratory description of differences according to education level over the course of
the COVID-19 pandemic (research question 2) revealed that differences in knowledge by edu-
cation level were almost constant over time. In contrast, risk perception and protective behav-
iour varied markedly over the course of the pandemic, although the differences by education
level were relatively small.

In the third step (research question 3) we analysed whether education level impacted adher-
ence to protective behaviour when considering risk perception, perceived media coverage and
knowledge. In the full adjusted models, we found only small effects of education level. Among
those with a low level of education, the likelihood of wearing a mask was significantly higher
in women, and the likelihood of hand washing was significantly higher in men.

Considering the moderating effects of education level on the association between risk per-
ception, perceived media coverage or knowledge and protective behaviour (research question
4), we found among those who rated the SARS-CoV-2 virus to be harmless, that the high-edu-
cation group maintained distance more often than the low-education group. For those who
assessed the disease as severe, no differences by educational level were found. Moreover, in
men, the association between factual knowledge and all three protective behaviours were also
moderated by education. Thus, in the low-education group, differences in compliance by fac-
tual knowledge were significantly greater than those in the high-education group.

Embedding the findings in the research context

We found the strongest associations of any of our considered outcomes with education level
for the two indicators of personal knowledge of COVID-19 —perceived and factual, thus con-
firming previous research [13, 14, 37, 40-42]. Women and men with higher levels of education
exhibited higher perceived as well as factual knowledge about the virus, infection and treat-
ment. Moreover, trend analysis revealed that differences in knowledge by education level were
stable over the course of the pandemic. We consider that this temporal stability also indicates a
high level of reliability of the results. Salimi et al. [37] proposed that education-related differ-
ences in knowledge may be related to their finding that individuals with lower levels of educa-
tion relied more on social media and less on public health resources to gain COVID-
19-related information (see also [66]). The fact that misinformation about COVID-19 is wide-
spread in social media [67, 68] could be relevant to this finding. Furthermore, a study regard-
ing COVID-19-related health literacy in Germany revealed associations between education
level and items regarding difficulties accessing information about coronavirus and protective
behaviour on the internet, as well as understanding information provided by health profes-
sionals, authorities, and family members [69]. These difficulties in accessing and understand-
ing information about COVID-19 among women and men with low levels of education are
considered to be an important cause of a lower level of knowledge.

Regarding risk perception, heterogeneous patterns of associations with education level
were seen: while perceived probability and severity varied according to education level among
women and men, no differences by education level were found for susceptibility and fear in
either women or men. In terms of worries, differences were observed only in men. The main
results are in accord with findings from other studies: for perceived severity, we found an asso-
ciation between low levels of education and higher levels of severity, as reported by Costa et al.
[47]. Moreover, our finding of an association between low education level and low perceived
probability is in accord with the findings of Salimi et al. [37] and Ciancio et al. [48]. However,
Salimi et al. [37] also observed an association between high education level and high suscepti-
bility, which we did not observe in the current study. Several other studies reported no differ-
ences by education level in risk perception [43-45]. Furthermore, our trend analysis revealed
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that the association between different indicators of risk perception and education level varied
over the course of the pandemic, supporting the assumption that differences according to edu-
cation level are not stable over time, but depend on other factors, such as the infection rate, the
type of risk communication and the measures imposed.

Assessment of the adequacy of media coverage showed a difference by education level only
among women. Women with low levels of education more often assessed the media coverage
as insufficient compared with those with a higher level of education. In another study in Ger-
many, Okan et al. [69] found that 9 out of 10 adults felt well or very well informed about
COVID-19, and that this did not vary with education level, gender, or age. However, in their
study, women more often reported feeling confused by the variety of information on COVID-
19 than men, while no differences by education level were observed. Furthermore, the authors
observed differences by education level depending on the type of media. Specifically, individu-
als with a low level of education more often reported that it is difficult to find information on
the internet, but not in newspapers, magazines or on TV. No differences by gender were
observed [69]. Further research is required to elucidate the relationships between assessment
of perceived media coverage about COVID-19, education level, and risk perception in terms
of protective behaviour.

Regarding compliance with recommended practices to combat the COVID-19 pandemic, a

clear picture was not provided by the current results. Rather, the results varied with the type of
behaviour, as well as between genders. In the bivariate analysis, highly educated women more
often adhered to hand washing, and highly educated men more often adhered to maintaining
distance compared with women and men with low levels of education, respectively. For mask
wearing, however, no difference by education level was evident. These results are in accord
with findings reported by Liidecke and von dem Knesebeck [53], who also found educational
differences in Germany with regard to hand washing and distance maintaining, but not mask
wearing. However, they only included the initial phase of the pandemic and did not differenti-
ate according to gender. In this context, it is also important to note that Ciancio et al. [48]
found education-related differences in social distancing only among older people, but not in
younger people. If this was also the case in Germany, differences according to education level
may have been underestimated in the present analysis, in which people above the age of 75
were excluded.

However, when risk perception and media coverage were considered as well as knowledge
in the multivariate models, women with low levels of education were found to be more likely
to adhere to mask wearing, and men with low levels of education were found to be more likely
to adhere to hand washing than highly educated women and men, respectively. We presume
that this finding was likely due to education-related differences in knowledge and risk percep-
tion; the results of the moderation analyses revealed that—particularly in men-the impact of
education level on protective behaviour varied with factual knowledge. Thus, with adequate
factual knowledge, no educational differences in any protective behaviours were evident
among men. However, when factual knowledge was erroneous, differences in education level
were observed. This finding indicates that, in a situation where the low-education group had
the same level of knowledge and risk perception as the high-education group, they would be
likely to adhere to safety measures as often as the high-education group. Regarding severity,
we found a similar result; when the disease was assessed as severe, there was no difference in
education level, but when the disease was assessed as harmless, individuals in the low-educated
group were less likely to maintain distance than the high-educated. Kim and Kim [70] reported
a similar result in Korea, finding no effect of education level on protective behaviour when per-
ceived severity was high. However, when perceived severity was low, a higher level of educa-
tion was associated with more protective behaviour and a lower level of education was
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associated with less protective behaviour. The results could be interpreted by assuming that
factual knowledge as well as risk communication about disease severity appeared to increase
the chances of successfully implementing protective measures.

The current finding of only minor differences in protective behaviour according to educa-
tion level might also be explained by the fact that contact restrictions and the wearing of a
mask were officially ordered, and financial penalties were imposed for non-compliance.

Opverall, the impact of education on risk perception, perceived media coverage, knowledge
and protective behaviour was relatively small (e.g., a maximum of 0.26 units on a scale of 1-7
for risk perception). Education is only one social determinant alongside others, and we assume
that many unobserved factors like household type (living alone or together with a partner and/
or children) as well as income situation (which, for instance, can have an impact on owning a
car or having to rely on public transport) and employment situation (e.g., the opportunity to
work from home) may have further impact on risk perception, media perception, knowledge,
and compliance with recommended protective practices [38, 42, 53]. Furthermore, gender and
age also played an important role [23, 48, 52, 53, 71].

Our trend analysis revealed that both risk perception and protective behaviour were subject
to substantial changes over time. We assume that the development of infection rates and the
respective media coverage, as well as policy and communication regarding protective measures
over time, played an important role. However, the trend analysis presented here remains
merely descriptive. Further studies should analyse changes over the course of the pandemic in
more detail. For example, more comprehensive time series analyses could produce valuable
findings, as the long-lasting load caused by the pandemic requires the population to exhibit
behavioural and mental adaptation to the situation. Analysing these adaptation processes and
the role of education and health literacy within these may provide important insights. How-
ever, panel data would be a necessary requirement in order to observe intraindividual changes
in cognitive and affective risk perception and their consequences on protective behaviour. To
the best of our knowledge, no such data are available for Germany.

Strengths and limitations

The main limitation of the present analysis is that the respondents’ education level only con-
sidered school leaving certificates, and not vocational qualifications. Because of this limited
measure, we speculate that educational differences may have been considerably underesti-
mated in the current study. If more fine-grained and precise data on educational certificates
(particularly for higher level education such as university degrees) were available, greater edu-
cational differences would be likely to have appeared. This caveat, in turn, justifies the report-
ing and discussion of significant differences, even though some of them were relatively small.
Additionally, the robustness of several educational differences was confirmed by their consis-
tency over the course of the pandemic.

School leaving certificates are highly correlated with age, because younger birth cohorts
tend to have more opportunities to obtain certificates that enable access to university, and thus
have higher education levels. Therefore, only age-adjusted results were reported in the current
study.

Another restriction is that people aged 75 and over, who belong to the main risk group,
were not included in the current study. Because of the specific survey mode (online panel),
and because respondents with lower levels of education are not part of the stratified sampling
procedure in COSMO, inference of the results to the wider German population is limited.
However, because age and sex (crossed) as well as federal state (uncrossed) were distributed
according to the German population aged 18 to 75, differences between education levels within
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the COSMO sample provide a valid basis for evaluating educational differences in risk percep-
tion in Germany. Unfortunately, it was not possible to control for income, migration back-
ground or household type over the whole timespan, as these variables were not collected in all
waves of the study.

When interpreting the total effects, it should also be acknowledged that, from June to the
end of October (when infection rates were low) data were only collected biweekly. Therefore,
the data included in the analyses over-represents periods with high incidence rates.

Despite the limitations mentioned above, the current study has some strengths. First, the
study depicted the entire course of the pandemic in Germany to date, and, due to the ongoing
survey, enables detailed descriptions of trends, starting at the very beginning of the pandemic.
Moreover, the comparatively large sample size of the study allows for differentiated analyses.

Conclusions

Risk perception and knowledge are key factors in the containment of the COVID-19 pan-
demic, impacting the adoption of protective behaviour [45, 52]. The current results indicate
that education level should be considered in the development of risk communication strate-
gies. A special focus should be given to increasing knowledge in groups with lower education
levels using target group-specific communication strategies [72] including social media due to
the COVID-19 “infodemic” [73] as well as the interaction of affect and knowledge [74].

Regarding our result that differences by education level were most pronounced in knowl-
edge, the communication of protective behaviour should consider the heterogeneity of indi-
viduals’ ability to understand and evaluate pandemic-related information. Achieving a better
understanding of these kinds of health information suggests that the promotion of health liter-
acy appears to be a promising approach [75, 76]. Knowledge is one part of the cognitive
dimensions of health literacy [77]. COVID-19-related knowledge not only helps people under-
stand which protective behaviour should be applied, but can also influence the motivation to
comply [75]. However, promoting health literacy should not be restricted to providing factual
knowledge, but should also help people assess the validity of information and understand that
information can change based on new scientific findings [76, 78, 79]. At the same time, author-
ities should address uncertainties in knowledge transparently [80] to disprove irrational fears,
misinformation and rumours [72, 81], as well as addressing emotional concerns and worries
[81]. To achieve these targets of risk communication in the COVID-19 pandemic by consider-
ing educational levels, public authorities should involve stakeholders of target groups with dif-
ferent educational levels in developing appropriate risk communication strategies.

Acknowledgments

The authors would like to acknowledge the COSMO study group under the direction of Prof.
Dr. Betsch from the University Erfurt for providing the data. Germany’s COVID-19 Snapshot
Monitoring (COSMO) is a joint project of the University of Erfurt (Cornelia Betsch [PI], Lars
Korn, Philipp Sprengholz, Philipp Schmid, Lisa Felgendreff, Sarah Eitze), the Robert Koch
Institute (RKI; Lothar H. Wieler, Patrick Schmich), the Federal Centre for Health Education
(BZgA; Heidrun Thaiss, Freia De Bock), the Leibniz Centre for Psychological Information and
Documentation (ZPID; Michael Bosnjak), the Science Media Center (SMC; Volker Stollorz),
the Bernhard Nocht Institute for Tropical Medicine (BNITM; Michael Ramharter), and the
Yale Institute for Global Health (Saad Omer). Special thanks go to Khamai Simpson for their
assistance with the literature search. We thank Benjamin Knight, MSc., from Edanz Group
(https://en-author-services.edanz.com/ac) for editing a draft of this manuscript.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 21/26


https://en-author-services.edanz.com/ac
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

Author Contributions

Conceptualization: Petra Rattay, Niels Michalski, Olga Maria Domanska, Susanne Jordan.

Formal analysis: Petra Rattay, Niels Michalski, Anna Kaltwasser.

Methodology: Petra Rattay, Niels Michalski.

Visualization: Petra Rattay, Niels Michalski, Anna Kaltwasser.

Writing - original draft: Petra Rattay, Niels Michalski, Olga Maria Domanska, Susanne

Jordan.

Writing - review & editing: Petra Rattay, Niels Michalski, Olga Maria Domanska, Anna Kalt-

wasser, Freia De Bock, Lothar H. Wieler, Susanne Jordan.

References

1.

10.

11.

12.

13.

14.

Clark A, Jit M, Warren-Gash C, Guthrie B, Wang HHX, Mercer SW, et al. Global, regional, and national
estimates of the population at increased risk of severe COVID-19 due to underlying health conditions in
2020: A modelling study. Lancet Glob Health. 2020; 8(8):e1003—e17. https://doi.org/10.1016/S2214-
109X(20)30264-3 PMID: 32553130

Federal Ministry of Health (Germany). Coronavirus SARS-CoV-2: Chronik der bisherigen MaBnahmen
[Coronavirus SARS-CoV-2: Chronicle of previous measures] 2020 [cited 2020 October 7]. Available
from: https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html

European Centre for Disease Prevention and Control (ECDC). Guidelines for non-pharmaceutical inter-
ventions to reduce the impact of COVID-19 in the EU/EEA and the UK. 24 September 2020. Stockholm:
ECDC; 2020 [cited 2020 October 7]. Available from: hitps://www.ecdc.europa.eu/sites/default/files/
documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf

Federal Ministry of Health (Germany). Organising everyday life 2020 [cited 2020 October 7]. Available
from: https://www.zusammengegencorona.de/en/inform/organising-everyday-life/

Betsch C, Schmid P. Angst essen Impfbereitschaft auf? Der Einfluss kognitiver und affektiver Faktoren
auf die Risikowahrnehmung im Ausbruchsgeschehen [Does fear affect the willingness to be vacci-
nated? The influence of cognitive and affective aspects of risk perception during outbreaks]. Bundesge-
sundheitsbla. 2013; 56(1):124-30.

Betsch C. Zur Rolle der Risikowahrmehmung und Risikokommunikation bei Praventionsentscheidungen
am Beispiel der Impfentscheidung [On the role of risk perception and risk communication in prevention
decisions using the example of the vaccination decision]. Habilitation thesis. Erfurt: University Erfurt; 2012.

Leppin A, Aro AR. Risk perceptions related to SARS and Avian Influenza: Theoretical foundations of
current empirical research. Int J Behav Med. 2009; 16(1):7-29. https://doi.org/10.1007/s12529-008-
9002-8 PMID: 19214752

Ahmad M, Iram K, Jabeen G. Perception-based influence factors of intention to adopt COVID-19 epi-
demic prevention in China. Environ Res. 2020; 190:109995. https://doi.org/10.1016/j.envres.2020.
109995 PMID: 32739626

Bashirian S, Jenabi E, Khazaei S, Barati M, Karimi-Shahanjarini A, Zareian S, et al. Factors associated
with preventive behaviours of COVID-19 among hospital staff in Iran in 2020: An application of the Pro-
tection Motivation Theory. J Hosp Infect. 2020; 105(3):430-3. https://doi.org/10.1016/}.jhin.2020.04.
035 PMID: 32360337

Rosenstock IM. Why people use health services. Milbank Mem Fund Q. 1966; 44(3):Suppl:94-127.
PMID: 5967464

Rogers RW. A protection motivation theory of fear appeals and attitude change. J Psychol. 1975
(91):93-114.

West R, Michie S, Rubin GJ, Amlot R. Applying principles of behaviour change to reduce SARS-CoV-2
transmission. Nat Hum Behav. 2020; 4(5):451-9. https://doi.org/10.1038/s41562-020-0887-9 PMID:
32377018

Al-Hanawi MK, Angawi K, Alshareef N, Qattan AMN, Helmy HZ, Abudawood Y, et al. Knowledge, atti-
tude and practice toward COVID-19 among the public in the Kingdom of Saudi Arabia: A cross-sectional
study. Front Public Health. 2020; 8:217. https://doi.org/10.3389/fpubh.2020.00217 PMID: 32574300

Hager E, Odetokun IA, Bolarinwa O, Zainab A, Okechukwu O, Al-Mustapha Al. Knowledge, attitude,
and perceptions towards the 2019 Coronavirus pandemic: A bi-national survey in Africa. PloS one.
2020; 15(7):e0236918. https://doi.org/10.1371/journal.pone.0236918 PMID: 32726340

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 22/26


https://doi.org/10.1016/S2214-109X(20)30264-3
https://doi.org/10.1016/S2214-109X(20)30264-3
http://www.ncbi.nlm.nih.gov/pubmed/32553130
https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/covid-19-guidelines-non-pharmaceutical-interventions-september-2020.pdf
https://www.zusammengegencorona.de/en/inform/organising-everyday-life/
https://doi.org/10.1007/s12529-008-9002-8
https://doi.org/10.1007/s12529-008-9002-8
http://www.ncbi.nlm.nih.gov/pubmed/19214752
https://doi.org/10.1016/j.envres.2020.109995
https://doi.org/10.1016/j.envres.2020.109995
http://www.ncbi.nlm.nih.gov/pubmed/32739626
https://doi.org/10.1016/j.jhin.2020.04.035
https://doi.org/10.1016/j.jhin.2020.04.035
http://www.ncbi.nlm.nih.gov/pubmed/32360337
http://www.ncbi.nlm.nih.gov/pubmed/5967464
https://doi.org/10.1038/s41562-020-0887-9
http://www.ncbi.nlm.nih.gov/pubmed/32377018
https://doi.org/10.3389/fpubh.2020.00217
http://www.ncbi.nlm.nih.gov/pubmed/32574300
https://doi.org/10.1371/journal.pone.0236918
http://www.ncbi.nlm.nih.gov/pubmed/32726340
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Ning L, Niu J, Bi X, Yang C, Liu Z, Wu Q, et al. The impacts of knowledge, risk perception, emotion and infor-
mation on citizens’ protective behaviors during the outbreak of COVID-19: a cross-sectional study in China.
BMC Public Health. 2020; 20(1):1751. https://doi.org/10.1186/s12889-020-09892-y PMID: 33225934

Zhong BL, Luo W, Li HM, Zhang QQ, Liu XG, Li WT, et al. Knowledge, attitudes, and practices towards
COVID-19 among Chinese residents during the rapid rise period of the COVID-19 outbreak: a quick
online cross-sectional survey. Int J Biol Sci. 2020; 16(10):1745-52. https://doi.org/10.7150/ijbs.45221
PMID: 32226294

Reintjes R, Das E, Klemm C, Richardus JH, Kessler V, Ahmad A. "Pandemic Public Health Paradox":
Time Series Analysis of the 2009/10 Influenza A / H1N1 Epidemiology, Media Attention, Risk Percep-
tion and Public Reactions in 5 European Countries. PloS one. 2016; 11(3):e0151258. https://doi.org/10.
1371/journal.pone.0151258 PMID: 26982071

Oh S-H, Lee SY, Han C. The effects of social media use on preventive behaviors during infectious dis-
ease outbreaks: The mediating role of self-relevant emotions and public risk perception. Health Com-
munication. 2020:1-10. https://doi.org/10.1080/10410236.2020.1724639 PMID: 32064932

Paek H-J, Hove T. Risk Perceptions and Risk Characteristics. Oxford: Oxford University Press; 2017.
https://doi.org/10.1093/acrefore/9780190228613.013.283

Faasse K, Newby J. Public Perceptions of COVID-19 in Australia: Perceived Risk, Knowledge, Health-
Protective Behaviors, and Vaccine Intentions. Frontiers Psychol. 2020; 11:551004-. https://doi.org/10.
3389/fpsyg.2020.551004 PMID: 33117223

Wachtler B, Michalski N, Nowossadeck E, Diercke M, Wahrendorf M, Santos-Hévener C, et al. Socio-
economic inequalities and COVID-19 —A review of the current international literature. Journal of Health
Monitoring. 2020; 5(S7).

Jordan S, von der Lippe E. Teilnahme an verhaltenspraventiven MaBnahmen. Ergebnisse der Studie
zur Gesundheit Erwachsener in Deutschland (DEGS1) [Participation in health behaviour change pro-
grammes: results of the German Health Interview and Examination Survey for Adults (DEGS1)]. Bun-
desgesundheitsbla. 2013; 56(5—6):878—84.

Bruine de Bruin W, Bennett D. Relationships between initial COVID-19 risk perceptions and protective
health behaviors: A national survey. Am J Prev Med. 2020; 59(2):157—67. https://doi.org/10.1016/j.
amepre.2020.05.001 PMID: 32576418

Geldsetzer P. Use of rapid online surveys to assess people’s perceptions during infectious disease out-
breaks: A cross-sectional survey on COVID-19. J Med Internet Res. 2020; 22(4):e18790. https://doi.
org/10.2196/18790 PMID: 32240094

Jose R, Narendran M, Bindu A, Beevi N, L M, Benny PV. Public perception and preparedness for the
pandemic COVID 19: A Health Belief Model approach. Clin Epidemiol Glob Health. 2020. https://doi.
org/10.1016/j.cegh.2020.06.009 PMID: 33521389

McFadden SM, Malik AA, Aguolu OG, Willebrand KS, Omer SB. Perceptions of the adult US population
regarding the novel coronavirus outbreak. PloS one. 2020; 15(4):e0231808. https://doi.org/10.1371/
journal.pone.0231808 PMID: 32302370

Niepel C, Kranz D, Borgonovi F, Emslander V, Greiff S. The coronavirus (COVID-19) fatality risk per-
ception of US adult residents in March and April 2020. Br J Health Psychol.n/a(n/a). https://doi.org/10.
1111/bjhp.12438 PMID: 32519364

Wong CML, Jensen O. The paradox of trust: Perceived risk and public compliance during the COVID-
19 pandemic in Singapore. J Risk Res. 2020:1-10.

Roy D, Tripathy S, Kar SK, Sharma N, Verma SK, Kaushal V. Study of knowledge, attitude, anxiety &
perceived mental healthcare need in Indian population during COVID-19 pandemic. Asian J Psychiatr.
2020; 51:102083-. https://doi.org/10.1016/j.ajp.2020.102083 PMID: 32283510

Samadipour E, Ghardashi F, Aghaei N. Evaluation of risk perception of Covid-19 disease: A commu-
nity-based participatory study. Disaster Med Public Health Prep. 2020:1-20. https://doi.org/10.1017/
dmp.2020.311 PMID: 32873355

Xie K, Liang B, Dulebenets MA, Mei Y. The impact of risk perception on social distancing during the
COVID-19 pandemic in China. Int J Environ Res Public Health. 2020; 17(17):6256. https://doi.org/10.
3390/ijerph17176256 PMID: 32867381

Abdelrahman M. Personality traits, risk perception, and protective behaviors of Arab residents of Qatar
during the COVID-19 pandemic. Int J Ment Health Addict. 2020:1-12.

Daoust JF. Elderly people and responses to COVID-19 in 27 countries. PloS one. 2020; 15(7):
€0235590. https://doi.org/10.1371/journal.pone.0235590 PMID: 32614889

Masters NB, Shih S-F, Bukoff A, Akel KB, Kobayashi LC, Miller AL, et al. Social distancing in response
to the novel coronavirus (COVID-19) in the United States. PloS one. 2020; 15(9):€0239025. https://doi.
org/10.1371/journal.pone.0239025 PMID: 32915884

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 23/26


https://doi.org/10.1186/s12889-020-09892-y
http://www.ncbi.nlm.nih.gov/pubmed/33225934
https://doi.org/10.7150/ijbs.45221
http://www.ncbi.nlm.nih.gov/pubmed/32226294
https://doi.org/10.1371/journal.pone.0151258
https://doi.org/10.1371/journal.pone.0151258
http://www.ncbi.nlm.nih.gov/pubmed/26982071
https://doi.org/10.1080/10410236.2020.1724639
http://www.ncbi.nlm.nih.gov/pubmed/32064932
https://doi.org/10.1093/acrefore/9780190228613.013.283
https://doi.org/10.3389/fpsyg.2020.551004
https://doi.org/10.3389/fpsyg.2020.551004
http://www.ncbi.nlm.nih.gov/pubmed/33117223
https://doi.org/10.1016/j.amepre.2020.05.001
https://doi.org/10.1016/j.amepre.2020.05.001
http://www.ncbi.nlm.nih.gov/pubmed/32576418
https://doi.org/10.2196/18790
https://doi.org/10.2196/18790
http://www.ncbi.nlm.nih.gov/pubmed/32240094
https://doi.org/10.1016/j.cegh.2020.06.009
https://doi.org/10.1016/j.cegh.2020.06.009
http://www.ncbi.nlm.nih.gov/pubmed/33521389
https://doi.org/10.1371/journal.pone.0231808
https://doi.org/10.1371/journal.pone.0231808
http://www.ncbi.nlm.nih.gov/pubmed/32302370
https://doi.org/10.1111/bjhp.12438
https://doi.org/10.1111/bjhp.12438
http://www.ncbi.nlm.nih.gov/pubmed/32519364
https://doi.org/10.1016/j.ajp.2020.102083
http://www.ncbi.nlm.nih.gov/pubmed/32283510
https://doi.org/10.1017/dmp.2020.311
https://doi.org/10.1017/dmp.2020.311
http://www.ncbi.nlm.nih.gov/pubmed/32873355
https://doi.org/10.3390/ijerph17176256
https://doi.org/10.3390/ijerph17176256
http://www.ncbi.nlm.nih.gov/pubmed/32867381
https://doi.org/10.1371/journal.pone.0235590
http://www.ncbi.nlm.nih.gov/pubmed/32614889
https://doi.org/10.1371/journal.pone.0239025
https://doi.org/10.1371/journal.pone.0239025
http://www.ncbi.nlm.nih.gov/pubmed/32915884
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Parsons Leigh J, Fiest K, Brundin-Mather R, Plotnikoff K, Soo A, Sypes EE, et al. A national cross-sectional
survey of public perceptions of the COVID-19 pandemic: Self-reported beliefs, knowledge, and behaviors.
PloS one. 2020; 15(10):e0241259. https://doi.org/10.1371/journal.pone.0241259 PMID: 33095836

Wolf MS, Serper M, Opsasnick L, O’Conor RM, Curtis L, Benavente JY, et al. Awareness, attitudes,
and actions related to COVID-19 among adults with chronic conditions at the onset of the U.S. outbreak:
A cross-sectional survey. Ann Intern Med. 2020; 173(2):100-9. https://doi.org/10.7326/M20-1239
PMID: 32271861

Salimi A, EIHawary H, Diab N, Smith L. The North American layman’s understanding of COVID-19: Are
we doing enough? Front Public Health. 2020;8. https://doi.org/10.3389/fpubh.2020.00008 PMID:
32117848

Abdelhafiz AS, Mohammed Z, Ibrahim ME, Ziady HH, Alorabi M, Ayyad M, et al. Knowledge, percep-
tions, and attitude of Egyptians towards the novel Coronavirus Disease (COVID-19). J Community
Health. 2020:1-10. https://doi.org/10.1007/s10900-019-00710-0 PMID: 31372797

Haftom M, Petrucka P, Gemechu K, Mamo H, Tsegay T, Amare E, et al. Knowledge, Attitudes, and
Practices Towards COVID-19 Pandemic Among Quarantined Adults in Tigrai Region, Ethiopia. Infect
Drug Resist. 2020; 13:3727-37. https://doi.org/10.2147/IDR.S275744 PMID: 33116693

Kebede Y, Yitayih Y, Birhanu Z, Mekonen S, Ambelu A. Knowledge, perceptions and preventive prac-
tices towards COVID-19 early in the outbreak among Jimma university medical center visitors, South-
west Ethiopia. PloS one. 2020; 15(5). https://doi.org/10.1371/journal.pone.0233744 PMID: 32437432

Honarvar B, Lankarani KB, Kharmandar A, Shaygani F, Zahedroozgar M, Rahmanian Haghighi MR,
et al. Knowledge, attitudes, risk perceptions, and practices of adults toward COVID-19: A population
and field-based study from Iran. Int J Public Health. 2020:1-9. https://doi.org/10.1007/s00038-019-
01314-0 PMID: 31748922

Zhong Y, LiuW, Lee T-Y, Zhao H, Ji J. Risk perception, knowledge, information sources and emotional
states among COVID-19 patients in Wuhan, China: A cross-sectional survey. Nurs Outlook. 2020.

Harapan H, Anwar S, Nainu F, Setiawan AM, Yufika A, Winardi W, et al. Perceived risk of being infected
with SARS-CoV-2: A perspective from Indonesia. Disaster Med Public Health Prep. 2020:1-16. https://
doi.org/10.1017/dmp.2020.351 PMID: 32907679

Tran V-T, Ravaud P. COVID-19-related perceptions, context and attitudes of adults with chronic condi-
tions: Results from a cross-sectional survey nested in the ComPaRe e-cohort. PloS one. 2020; 15(8):
e€0237296-¢. https://doi.org/10.1371/journal.pone.0237296 PMID: 32760127

Dryhurst S, Schneider CR, Kerr J, Freeman ALJ, Recchia G, van der Bles AM, et al. Risk perceptions of
COVID-19 around the world. J Risk Res. 2020:1-13.

He S, Chen S, Kong L, Liu W. Analysis of risk perceptions and related factors concerning COVID-19
epidemic in Chongging, China. J Community Health. 2020:1-8. https://doi.org/10.1007/s10900-019-
00710-0 PMID: 31372797

Costa MF. Health belief model for coronavirus infection risk determinants. Rev Saude Publica. 2020;54.
https://doi.org/10.11606/s1518-8787.2020054002577 PMID: 32491053

Ciancio A, Kampfen F, Kohler IV, Bennett D, Bruine de Bruin W, Darling J, et al. Know your epidemic,
know your response: Early perceptions of COVID-19 and self-reported social distancing in the United
States. PloS one. 2020; 15(9):e0238341. https://doi.org/10.1371/journal.pone.0238341 PMID: 32886671

Plohl N, Musil B. Modeling compliance with COVID-19 prevention guidelines: The critical role of trust in sci-
ence. Psychol Health Med. 2020:1-12. https://doi.org/10.1080/13548506.2020.1772988 PMID: 32479113

Seale H, Heywood AE, Leask J, Sheel M, Thomas S, Durrheim DN, et al. COVID-19 is rapidly changing:
Examining public perceptions and behaviors in response to this evolving pandemic. PloS one. 2020; 15
(6):€0235112. https://doi.org/10.1371/journal.pone.0235112 PMID: 32574184

El-Masry EA, Mohamed RA, Ali RI, Al Mulhim MF, Taha AE. Novel coronavirus disease-related knowl-
edge, attitudes, and practices among the residents of Al-Jouf region in Saudi Arabia. J Infect Dev Ctries.
2021; 15(1):32-9. https://doi.org/10.3855/jidc. 14243 PMID: 33571143

Yildinm M, Geger E, Akgiil O. The impacts of vulnerability, perceived risk, and fear on preventive
behaviours against COVID-19. Psychol Health Med. 2021; 26(1):35-43. https://doi.org/10.1080/
13548506.2020.1776891 PMID: 32490689

Ludecke D, von dem Knesebeck O. Protective behavior in course of the COVID-19 outbreak—Survey
results from Germany. Front Public Health. 2020; 8(567). https://doi.org/10.3389/fpubh.2020.572561
PMID: 33072712

Abir T, Kalimullah NA, Osuagwu UL, Yazdani DMN-A, Mamun AA, Husain T, et al. Factors associated
with the perception of risk and Inowledge of contracting the SARS-Cov-2 among adults in Bangladesh:
Analysis of online surveys. Int J Environ Res Public Health. 2020; 17(14):5252. https://doi.org/10.3390/
ijerph17145252 PMID: 32708161

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 24/26


https://doi.org/10.1371/journal.pone.0241259
http://www.ncbi.nlm.nih.gov/pubmed/33095836
https://doi.org/10.7326/M20-1239
http://www.ncbi.nlm.nih.gov/pubmed/32271861
https://doi.org/10.3389/fpubh.2020.00008
http://www.ncbi.nlm.nih.gov/pubmed/32117848
https://doi.org/10.1007/s10900-019-00710-0
http://www.ncbi.nlm.nih.gov/pubmed/31372797
https://doi.org/10.2147/IDR.S275744
http://www.ncbi.nlm.nih.gov/pubmed/33116693
https://doi.org/10.1371/journal.pone.0233744
http://www.ncbi.nlm.nih.gov/pubmed/32437432
https://doi.org/10.1007/s00038-019-01314-0
https://doi.org/10.1007/s00038-019-01314-0
http://www.ncbi.nlm.nih.gov/pubmed/31748922
https://doi.org/10.1017/dmp.2020.351
https://doi.org/10.1017/dmp.2020.351
http://www.ncbi.nlm.nih.gov/pubmed/32907679
https://doi.org/10.1371/journal.pone.0237296
http://www.ncbi.nlm.nih.gov/pubmed/32760127
https://doi.org/10.1007/s10900-019-00710-0
https://doi.org/10.1007/s10900-019-00710-0
http://www.ncbi.nlm.nih.gov/pubmed/31372797
https://doi.org/10.11606/s1518-8787.2020054002577
http://www.ncbi.nlm.nih.gov/pubmed/32491053
https://doi.org/10.1371/journal.pone.0238341
http://www.ncbi.nlm.nih.gov/pubmed/32886671
https://doi.org/10.1080/13548506.2020.1772988
http://www.ncbi.nlm.nih.gov/pubmed/32479113
https://doi.org/10.1371/journal.pone.0235112
http://www.ncbi.nlm.nih.gov/pubmed/32574184
https://doi.org/10.3855/jidc.14243
http://www.ncbi.nlm.nih.gov/pubmed/33571143
https://doi.org/10.1080/13548506.2020.1776891
https://doi.org/10.1080/13548506.2020.1776891
http://www.ncbi.nlm.nih.gov/pubmed/32490689
https://doi.org/10.3389/fpubh.2020.572561
http://www.ncbi.nlm.nih.gov/pubmed/33072712
https://doi.org/10.3390/ijerph17145252
https://doi.org/10.3390/ijerph17145252
http://www.ncbi.nlm.nih.gov/pubmed/32708161
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Tooher R, Collins JE, Street JM, Braunack-Mayer A, Marshall H. Community knowledge, behaviours
and attitudes about the 2009 H1N1 Influenza pandemic: A systematic review. Influenza Other Respir
Viruses. 2013; 7(6):1316-27. https://doi.org/10.1111/irv.12103 PMID: 23560537

Robert Koch Institute. Coronavirus Disease 2019 (COVID-19)—Daily situation report of the Robert
Koch Institute. 24/11/2020. Updated status for Germany 2020 [cited 2020 November 24]. Available
from: https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Nov_2020/
2020-11-24-en.pdf?__blob=publicationFile

Betsch C, Wieler L, Bosnjak M, Ramharter M, Stollorz V, Omer S, et al. Germany COVID-19 Snapshot
Monitoring (COSMO Germany): Monitoring knowledge, risk perceptions, preventive behaviours, and
public trust in the current coronavirus outbreak in Germany. PsychArchives. 2020.

Betsch C, Wieler LH, Habersaat K. Monitoring behavioural insights related to COVID-19. Lancet. 2020;
395(10232):1255-6. https://doi.org/10.1016/S0140-6736(20)30729-7 PMID: 32247323

Betsch C, Korn L, Felgendreff L, Eitze S, Schmid P, Sprengholz P, et al. German COVID-19 Snapshot
Monitoring (COSMO)—Wave 17 (21.07.2020). PsychArchives. 2020.

Munnich R, Gabler S. Stichprobenoptimierung und Schatzung im Zensus 2011 [Sample optimization
and estimation in the 2011 census]. In: Federal Statistical Office (Germany), editor. Statistik und Wis-
senschaft [Statistics and science]. 212012.

World Health Organization. Regional Office for Europe. Survey tool and guidance: rapid, simple, flexible
behavioural insights on COVID-19: 29 July 2020. Copenhagen; 2020 2020. Contract No.: WHO/
EURO:2020-696-40431-54222.

Brewer NT, Chapman GB, Gibbons FX, Gerrard M, McCaul KD, Weinstein ND. Meta-analysis of the
relationship between risk perception and health behavior: the example of vaccination. Health Psychol.
2007; 26(2):136—45. https://doi.org/10.1037/0278-6133.26.2.136 PMID: 17385964

Bradley MM, Lang PJ. Measuring emotion: the Self-Assessment Manikin and the Semantic Differential.
J Behav Ther Exp Psychiatry. 1994; 25(1):49-59. https://doi.org/10.1016/0005-7916(94)90063-9
PMID: 7962581

SteelFisher GK, Blendon RJ, Ward JR, Rapoport R, Kahn EB, Kohl KS. Public response to the 2009
influenza A H1N1 pandemic: a polling study in five countries. Lancet Infect Dis. 2012; 12(11):845-50.
https://doi.org/10.1016/S1473-3099(12)70206-2 PMID: 23041199

Williams R. Using the Margins Command to Estimate and Interpret Adjusted Predictions and Marginal
Effects. The Stata Journal. 2012; 12(2):308-31.

Gecer E, Yildinm M, Akgiil ©. Sources of information in times of health crisis: evidence from Turkey dur-
ing COVID-19. J Public Health (Berl.). 2020. https://doi.org/10.1007/s10389-020-01393-x PMID:
33072495

Allington D, Duffy B, Wessely S, Dhavan N, Rubin J. Health-protective behaviour, social media usage
and conspiracy belief during the COVID-19 public health emergency. Psychol Med. 2020:1-7. https:/
doi.org/10.1017/S003329172000224X PMID: 32513320

Islam MS, Sarkar T, Khan SH, Mostofa Kamal A-H, Hasan SMM, Kabir A, et al. COVID-19-Related Info-
demic and lts Impact on Public Health: A Global Social Media Analysis. Am J Trop Med Hyg. 2020; 103
(4):1621-9. https://doi.org/10.4269/ajtmh.20-0812 PMID: 32783794

Okan O, Bollweg TM, Berens EM, Hurrelmann K, Bauer U, Schaeffer D. Coronavirus-related health lit-
eracy: A cross-sectional study in adults during the COVID-19 infodemic in Germany. Int J Environ Res
Public Health. 2020; 17(15). https://doi.org/10.3390/ijerph17155503 PMID: 32751484

Kim S, Kim S. Analysis of the Impact of Health Beliefs and Resource Factors on Preventive Behaviors
against the COVID-19 Pandemic. Int J Environ Res Public Health. 2020; 17(22):8666. https://doi.org/
10.3390/ijerph17228666 PMID: 33266386

Levkovich I, Shinan-Altman S. The impact of gender on emotional reactions, perceived susceptibility
and perceived knowledge about COVID-19 among the Israeli public. Int Health. 2021. https://doi.org/10.
1093/inthealth/ihaa101 PMID: 33449111

Loss J, Boklage E, Jordan S, Jenny M, Weishaar H, El Bcheraoui C. Risikokommunikation bei der Ein-
dammung der COVID-19-Pandemie: Herausforderungen und erfolgversprechende Ansatze [Risk com-
munication in containing the COVID-19 pandemic: challenges and promising approaches].
Bundesgesundheitsbla. 2021; 64(3): 294-303.

Tangcharoensathien V, Calleja N, Nguyen T, Purnat T, D’Agostino M, Garcia-Saiso S, et al. Framework
for Managing the COVID-19 Infodemic: Methods and Results of an Online, Crowdsourced WHO Tech-
nical Consultation. J Med Internet Res. 2020; 22(6):e19659. https://doi.org/10.2196/19659 PMID:
32558655

Visschers VHM, Wiedemann PM, Gutscher H, Kurzenhauser S, Seidl R, Jardine CG, et al. Affect-induc-
ing risk communication: Current knowledge and future directions. J Risk Res. 2012; 15(3):257-71.

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 25/26


https://doi.org/10.1111/irv.12103
http://www.ncbi.nlm.nih.gov/pubmed/23560537
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Nov_2020/2020-11-24-en.pdf?__blob=publicationFile
https://www.rki.de/DE/Content/InfAZ/N/Neuartiges_Coronavirus/Situationsberichte/Nov_2020/2020-11-24-en.pdf?__blob=publicationFile
https://doi.org/10.1016/S0140-6736(20)30729-7
http://www.ncbi.nlm.nih.gov/pubmed/32247323
https://doi.org/10.1037/0278-6133.26.2.136
http://www.ncbi.nlm.nih.gov/pubmed/17385964
https://doi.org/10.1016/0005-7916(94)90063-9
http://www.ncbi.nlm.nih.gov/pubmed/7962581
https://doi.org/10.1016/S1473-3099(12)70206-2
http://www.ncbi.nlm.nih.gov/pubmed/23041199
https://doi.org/10.1007/s10389-020-01393-x
http://www.ncbi.nlm.nih.gov/pubmed/33072495
https://doi.org/10.1017/S003329172000224X
https://doi.org/10.1017/S003329172000224X
http://www.ncbi.nlm.nih.gov/pubmed/32513320
https://doi.org/10.4269/ajtmh.20-0812
http://www.ncbi.nlm.nih.gov/pubmed/32783794
https://doi.org/10.3390/ijerph17155503
http://www.ncbi.nlm.nih.gov/pubmed/32751484
https://doi.org/10.3390/ijerph17228666
https://doi.org/10.3390/ijerph17228666
http://www.ncbi.nlm.nih.gov/pubmed/33266386
https://doi.org/10.1093/inthealth/ihaa101
https://doi.org/10.1093/inthealth/ihaa101
http://www.ncbi.nlm.nih.gov/pubmed/33449111
https://doi.org/10.2196/19659
http://www.ncbi.nlm.nih.gov/pubmed/32558655
https://doi.org/10.1371/journal.pone.0251694

PLOS ONE

Differences in risk perception, knowledge and protective behaviour regarding COVID-19 by education

75.

76.

77.

78.

79.

80.

81.

Van den Broucke S. Why health promotion matters to the COVID-19 pandemic, and vice versa. Health
Promot Int. 2020; 35(2):181-6. https://doi.org/10.1093/heapro/daaa042 PMID: 32297931

Paakkari L, Okan O. COVID-19: health literacy is an underestimated problem. Lancet Public Health.
2020; 5(5):e249—-e50. https://doi.org/10.1016/S2468-2667(20)30086-4 PMID: 32302535

Serensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z, et al. Health literacy and pub-
lic health: A systematic review and integration of definitions and models. BMC Public Health. 2012;
12:1-13. https://doi.org/10.1186/1471-2458-12-1 PMID: 22214479

Abel T, McQueen D. Critical health literacy and the COVID-19 crisis. Health Promot Int. 2020. https://
doi.org/10.1093/heapro/daaa040 PMID: 32239213

Sentell T, Vamos S, Okan O. Interdisciplinary perspectives on health literacy research around the
world: More important than ever in a time of COVID-19. Int J Environ Res Public Health. 2020; 17(9).

Wegwarth O, Wagner GG, Spies C, Hertwig R. Assessment of German Public Attitudes Toward Health
Communications With Varying Degrees of Scientific Uncertainty Regarding COVID-19. JAMA network
open. 2020; 3(12):€2032335. https://doi.org/10.1001/jamanetworkopen.2020.32335 PMID: 33301021

Mheidly N, Fares J. Leveraging media and health communication strategies to overcome the COVID-19
infodemic. J Public Health Policy. 2020; 41(4):410-20. https://doi.org/10.1057/s41271-020-00247-w
PMID: 32826935

PLOS ONE | https://doi.org/10.1371/journal.pone.0251694 May 12, 2021 26/26


https://doi.org/10.1093/heapro/daaa042
http://www.ncbi.nlm.nih.gov/pubmed/32297931
https://doi.org/10.1016/S2468-2667(20)30086-4
http://www.ncbi.nlm.nih.gov/pubmed/32302535
https://doi.org/10.1186/1471-2458-12-1
http://www.ncbi.nlm.nih.gov/pubmed/22214479
https://doi.org/10.1093/heapro/daaa040
https://doi.org/10.1093/heapro/daaa040
http://www.ncbi.nlm.nih.gov/pubmed/32239213
https://doi.org/10.1001/jamanetworkopen.2020.32335
http://www.ncbi.nlm.nih.gov/pubmed/33301021
https://doi.org/10.1057/s41271-020-00247-w
http://www.ncbi.nlm.nih.gov/pubmed/32826935
https://doi.org/10.1371/journal.pone.0251694

