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ABSTRACT ARTICLE HISTORY

In this study, we present results from five cross-sectional surveys on Received 8 February 2021
public risk perception of COVID-19 and its association with health pro- Accepted 11 February 2021
tective behaviours in the UK over a 10-month period (March 2020 to
January 2021). Samples were nationally balanced on age, gender, and
ethnicity (total N=6,281). We find that although risk perception varies health .
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betyv_een the time points surveyed, it is con5|_stently, mgmﬁcgntly, and behaviours; coronavirus; risk
positively correlated with the reported adoption of protective health communication;
behaviours, such as wearing face masks or social distancing. There is longitudinal data
also an increase in reported health protective behaviours in the UK
between March 2020 and January 2021. The strength of the association
between risk perception and behaviour varies by time point, with a
stronger relationship in January 2021 compared to March and May
2020. We also assess the stability of the psychological determinants of
risk perception over time. People’s prosocial tendencies and individualis-
tic worldviews, experience with the virus, trust in government, science,
and medical professionals, as well as personal and collective efficacy all
emerged as significant predictors. With few exceptions, these predictors
remained consistent in their relationship with risk perception over time.
Lastly, we find that psychological factors are more predictive of risk per-
ception than an objective measure of situational severity, i.e. the num-
ber of confirmed COVID-19 cases at the time of data collection.
Implications for risk communication are discussed.
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Introduction

The COVID-19 pandemic has affected people’s lives across the globe as probably no other single
event in recent history. In fact, it has been described as “the most severe global health challenge
since the Spanish Flu one century ago” (Cori et al. 2020, p. 2). The pandemic has significantly
impacted people’s lives around the world over the past year, due both to direct effects of the
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virus on physical and mental health, as well as indirect economic and social effects as a result of
attempts to control its spread. Understanding people’s perceptions of the risks associated with
the virus, their reactions to the pandemic, and their behavioural response is therefore important
for helping to navigate and manage the global pandemic (Cori et al. 2020; Van Bavel et al. 2020;
Wardman and Lofstedt 2020).

Scholars have argued that COVID-19 is a risk that is “unfamiliar, invisible, dreaded, potentially
endemic, involuntary, and disproportionally impacts vulnerable populations such as the elderly”
(Chakraborty, 2020, p.1). Since the start of the pandemic researchers around the world have
begun to investigate the determinants of risk perceptions of COVID-19 (e.g., Abdel Wahed et al.
2020; Bruine de Bruin, Saw, and Goldman 2020; Ding et al. 2020; Dryhurst et al. 2020; He et al.
2020; Karasneh et al. 2021; Liu, Zhang, and Huang 2020; Mertens et al. 2020; Qian and Li 2020;
Shao and Hao 2020; Zhong et al. 2021). Perhaps the largest comparative international study of
risk perception is reported by Dryhurst et al. (2020), who found that across ten countries in
Europe, America, and Asia people’s personal experience with the virus, their individualistic and
prosocial values, trust in government, science, and medical professionals as well as a sense of
personal and collective efficacy were among the most important predictors of people’s holistic
perception of the risk of COVID-19 (Dryhurst et al. 2020).

Dryhurst et al. (2020) also noted that risk perception significantly correlated with self-
reported public health compliance in ten countries. Since then, various studies have assessed
the factors that influence behavioural response, such as people’s risk perception (Plohl and
Musil 2021). In fact, scholars have proposed that diverging behavioural responses to the pan-
demic, such as compliance versus non-compliance with public health mandates, are directly
related to differences in risk perceptions (Cori et al. 2020). Some empirical work has started to
provide evidence for the role of risk perception in predicting and explaining compliance with
COVID-19 guidelines (Bruine de Bruin and Bennett 2020; Plohl and Musil 2021; Savadori and
Lauriola 2020). For example, Nelson et al. (2020) found a positive association between concern
about COVID-19 and self-quarantining behaviour in the US, Canada, and Europe, and
Abdelrahman (2020) identified risk perception as a significant predictor of social distancing
behaviour in Qatar. Sobkow et al. (2020) reported a relationship between risk perception and
intentions to carry out preventative behaviours, such as frequent hand washing or disinfecting
of surfaces, in young adults in Poland.

Although important, a significant shortcoming of existing research on risk perception is
that it focuses on one point in time or a very narrow time span and does not assess risk per-
ception, behaviour, or their association over time (e.g., Abdel Wahed et al. 2020; Ding et al.
2020; Dryhurst et al. 2020; He et al. 2020; Karasneh et al. 2021; Liu, Zhang, and Huang 2020;
Loewenstein and Mather 1990; Mertens et al. 2020; Qian and Li 2020; Shao and Hao 2020;
Zhong et al. 2021). In a fast-changing context such as during a global pandemic, it is import-
ant to investigate the stability of proposed models over time, from both a theoretical and
practical perspective. On a theoretical level, replicating findings over time provides more con-
fidence in the stability of models of risk perception and in the robustness of the findings.
From a practical perspective, it is important to know whether any associations are time-point-
specific or whether they are more persistent and durable. This can help in the design of
appropriate risk communication strategies. In fact, scholars have highlighted the need for and
importance of dynamic and longitudinal studies in risk perception research (Loewenstein and
Mather 1990; Siegrist, 2013).

To our knowledge, few studies have been published that have investigated elements of risk
perception and behavioural response to COVID-19 longitudinally. For example, Bruine de Bruin
and Bennett (2020) note that US participants with higher risk perceptions were more likely to
take protective action later versus earlier in March 2020, a conclusion the authors arrived at by
splitting their sample between those who filled out the survey at the beginning versus the
end of the month. Yet the survey itself was still cross-sectional (i.e.,, conducted at a single time
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point). We have only been able to identify three truly longitudinal studies that gathered data
at more than one time point. The first study was conducted at the beginning of the pandemic
in the United States and followed participants over a period of one week finding a significant
relationship between risk perception and engagement in protective behaviours (Wise et al.
2020). The second study collected data relating to travel risk perception and travel behaviour
in the Germany-Austria-Switzerland region at two time points, the first in March 2020 and the
second two weeks later (Neuburger and Egger 2020). The third study looked at the influence
of media exposure on risk perception and protective behaviour in Italy (Rubaltelli et al. 2020).
Data was collected in two rounds: the first in February 2020, at the beginning of the outbreak
in Italy, and the second in March 2020, just after the country had entered a national lockdown.
The authors found that the effect of risk perception on protective behaviours was moderated
by emotion regulation. As far as we have been able to identify, no studies have yet looked at
risk perception and behaviour over a longer timeframe using more data points, so the long-
term stability of predictors of risk perception as well as the relationship between perceived
COVID-19 risk and behaviour remains unknown.

Current study

The current paper tackles this gap in the existing literature. We surveyed people in the United
Kingdom over a period of 10 months. Longitudinal data is generally defined as containing
repeated observations of the same set of items (e.g., people, variables). Although the unit of
interest is often people, repeated cross-sectional studies of the same variables for different people
also constitute a longitudinal design and global time-trends can still be inferred if the variables
under consideration are measured with high consistency (Menard 1991; Ruspini 1999). Here we
provide five national quota samples of the UK population, stratified by age, gender, and ethni-
city, collected at multiple time points: March (before the first national lock-down and govern-
ment preventative measures were put in place), May, July, September 2020 (when there were
varying levels of government measures and restrictions in place) and January 2021 (during the
third national lockdown). Please refer to the supplementary materials for an overview of data col-
lection dates per survey as well as a time line of COVID-19 government measures and restrictions
in the UK between March 2020 and January 2021. One limitation of our original approach
(Dryhurst et al. 2020)" to model holistic risk perception as a function of a set of cognitive, experi-
ential, and socio-cultural determinants is that the process underlying the risk perception model
is implicitly assumed to be in some state of statistical equilibrium (Coleman 1981; Ruspini 1999).
Accordingly, in the current study, we asked the same questions regarding participants’ risk per-
ceptions and specific behaviours they have taken in response to the pandemic as in Dryhurst
et al. (2020) but over five repeated surveys. This rich data allows us to explore levels of risk per-
ception, to model the stability of its psychological predictors, as well as to assess behavioural
responses and their relationship with risk perception over time.

Methods
Participants and procedure

We surveyed residents of the United Kingdom over a time frame of 10 months, at five time
points: March, May, July, and September 2020, and again in January 2021. Participants were
recruited through Prolific (prolific.co) which provided national quota samples stratified by age,
gender, and ethnicity?. We sampled 700 participants for our first data point in March 2020, and
more than 1,000 participants for the remaining four data points, amounting to a total sample of
N=6,281 (exact sample sizes per survey and demographic characteristics are listed in Table S3
of the supplementary materials).
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Measures

Our previous work (Dryhurst et al. 2020) had reported on COVID-19 risk perception around the
world using the data collected in March 2020. To enable repeated cross-sectional analyses of risk
perception and its predictors, we kept all measures identical for the follow-up surveys. “COVID-
19 Risk Perception” was a holistic measure composed of an index encompassing cognitive,
affective, and temporal-spatial dimensions of risk perception (six items, pooled across time points
dstg = 0.79). We refer the reader to the supplementary materials for a full list of items, correla-
tions, and alphas (see Tables S4 and S5 in the supplementary material).

Psychological predictors

The psychological predictor variables were taken from Dryhurst et al. (2020), and included items
on understanding of government strategy (personal knowledge), belief in scientists’ understand-
ing of the virus (social knowledge), direct personal experience with the virus, belief in the
importance of doing things for the benefit of others and society even at personal cost (prosocial
values), individualistic worldviews (measured via the individualism-communitarianism dimension
of Kahan's cultural cognition scale (Kahan 2012)), trust (trust in government, trust in science, trust
in medical practitioners/professionals), and efficacy (personal and collective)®. Some of the pre-
dictors were single item measures while some were indices of several items. A complete list of
items per predictor variable is available in the supplementary materials (Table S4, supplementary
material). Finally, the surveys collected basic demographic variables including gender (binary:
male, female), age, political ideology (left-wing/liberal, right-wing/conservative), and education
(ranging from “no formal education above 16" to “PhD"). Please see Table 1 for an overview of
the measures including example items for each predictor.

Health protective behaviours

We collected data on a range of health protective behaviours that people could engage in, such
as ‘washing hands more often’, ‘using alcohol-based hand sanitizer more often’, or ‘avoiding pub-
lic transport’. Participants indicated all behaviours they engaged in over the last month and the
sum of these behaviours was used for analysis purposes®. Please refer to the supplementary
materials for a full list of items, including details on item inter-correlations, reliabilities, and vari-
able distributions (Tables S4 and S5 and Figure S1 in the supplementary material). In addition to
our survey data, we used the open dataset of the Oxford COVID-19 Government Response
Tracker® to provide UK data on total confirmed new COVID-19 cases recorded on the day prior
to each participant completing our surveys, to investigate the potential relationship between this
exogenous variable and people’s risk perception of COVID-19.

Results
Risk perception across time

We first investigated risk perception scores in the UK for each of our five successive time points,
which varied from a minimum of 4.90 (July 2020) to a maximum of 5.45 (March 2020) on a 7-
point scale (Figure 1).

Using a One-Way Analysis of Variance (ANOVA), we found a significant difference between
time points in levels of risk perception (F(4, 6275) = 56.31, p<.001, n*>=0.035). Post-hoc tests
using Tukey’s HSD demonstrated significant differences between all time points relative to each
other (see supplementary material, Table S6), except between our first time point in March 2020
(M=5.45, SD=0.98) and our most recent time point in January 2021 (M=5.35, SD=0.91, p =
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Table 1. Survey measures (example items).
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Variable name

Example item

Scale

Risk perception

How worried are you personally about the following
issues at present? - Coronavirus/COVID-19

How likely do you think it is that you will be directly
and personally affected by the following in the
next 6 months? - Catching the coronavirus/
COVID-19

How likely do you think it is that your friends
and family in the country you are
currently living in will be directly affected
by the following in the next 6 months? -
Catching the coronavirus/COVID-19

How much do you agree or disagree with
the following statements? - The coronavirus/
COVID-19 will NOT affect very many people in the
country I'm currently living in

How much do you agree or disagree with the
following statements? - | will probably get sick
with the coronavirus/COVID-19

How much do you agree or disagree with the
following statements? - Getting sick with the
coronavirus/COVID-19 can be serious

Psychological and socio-demographic predictors:

Personal knowledge

Social knowledge

Direct experience

Prosociality

Individualism worldview

Trust in government

Trust in science
Trust in medical
professionals
Personal efficacy
Collective efficacy

Political ideology

Health protective
behaviour items:

How much do you feel you understand the
government's strategy to deal with the
coronavirus/COVID-19 pandemic?

To what extent do you think scientists have a
good understanding of the coronavirus/COVID-19?

Have you ever had, or thought you might have,
the coronavirus/COVID-19?

To what extent do you think it's important to
do things for the benefit of others and society
even if they have some costs to you personally?

6 items, based on Kahan (2012). Example item:
The government interferes far too much in our
everyday lives.

How much do you trust the country’s politicians to
deal effectively with the pandemic?

How much do you trust each of the following?

e  Scientists

e  Scientific knowledge

How much do you trust each of the following?

e Medical doctors and nurses

To what extent do you feel that the personal actions
you are taking to try to limit the spread of
coronavirus make a difference?

To what extent do you feel the actions that your
country is taking to limit the spread of coronavirus
make a difference?

Where do you feel your political views lie on a
spectrum of left wing (or liberal) to right wing
(or conservative)?

Which of the following steps, if any, have you taken in

the last month because of coronavirus/COVID-19?

Select all that apply. Example items:

Washing hands more often

Using alcohol-based hand sanitizer more often
Avoiding public transport

Touching your face less

7 point Likert scale, 1=not at all
worried, 7 =very worried

7 point Likert scale, 1= not at all
likely, 7 =very likely

7 point Likert scale, 1= not at all
likely, 7 =very likely

Reverse coded, 5 point Likert scale,
1 =strongly disagree, 5= strongly
agree

5 point Likert scale, 1= strongly
disagree, 5 =strongly agree

5 point Likert scale, 1 =strongly
disagree, 5 =strongly agree

7 point Likert scale, 1=not at all,
7 = very much

7 point Likert scale, 1= very limited
understanding, 7 =very good
understanding

binary yes-no coding®

7 point Likert scale, 1=not at all,
7 = very much so

6 point Likert scale, 1 =strongly
disagree — 6 =strongly agree

7 point Likert scale, 1=not at all,
7 =very much

5 point Likert scale, 1= cannot be
trusted at all to 5=can be trusted
a lot

5 point Likert scale, 1= cannot be
trusted at all to 5=rcan be
trusted a lot

7 point Likert scale, 1=not at all,
7 =very much

7 point Likert scale, 1=not at all,
7 =very much

7 point Likert scale, 1=very left
wing/ liberal, 7 = very right
wing/ conservative

All selections were summed for
a total score
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Figure 1. Risk perception over time in the UK.
Note: Y-axis denotes level of perceived risk (1-low to 7-high). X-axis denotes time points at which survey data was collected. The UK1 data from
March 2020 (data depicted in red) serves as the baseline and has been reported in Dryhurst et al. (2020).

.179). The starkest mean difference was between March 2020 and July 2020 (M =4.90, SD=0.97,
p <.001, deory = 0.56).

Psychological predictors of risk perception

To examine the temporal stability of the predictors that emerged as playing a role in COVID-19
risk perception in Dryhurst et al. (2020), we first ran a linear regression model of our predictors
from this previous study, pooled across all of our five survey time points for a general overview®
(Table 2).

Gender, political leaning, experience with the virus, prosocial tendencies, relative position on
our individualistic worldviews measure, trust in government, science, and medical professionals,
as well as personal and collective efficacy all emerged as significant predictors of risk percep-
tion in the UK, pooled across our five samples. The only changes between the March 2020
data reported in Dryhurst et al. (2020)—which constitutes the first of the five samples across
time reported in this paper—and the pooled data across all five time points, are that personal
understanding of the government’s strategy emerged as a significant predictor in the March
only model while it is not significant in the pooled model across time points; and political
ideology plays a significant role in the pooled model while it did not in March 2020. All other
effects remained stable and consistent in direction between the March 2020 model and the
model pooled across the full five time points. Specifically, the pooled model shows that predic-
tors of lower risk perception were being male, having no direct experience with COVID-19,
being more politically right-wing or conservative, having more individualistic worldviews,
higher trust in government and a sense of higher collective efficacy. By contrast, predictors of
higher risk perception were being female, having direct experience with COVID-19, having
greater prosocial tendencies, higher trust in science and medical professionals, and higher per-
sonal efficacy.
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Figure 2. Relative importance of individual predictors for the pooled model (all five time points combined) and models per

time point (all five surveys separately).
Note: Error bars denote 1,000 bootstrapped 95% confidence intervals. Confidence intervals that do not include zero are depicted in red. The fig-
ure visualizes the percent that each variable contributes out of the total variance explained.

Relative contributions of psychological predictors

In line with Dryhurst et al. (2020) we used Pratt’s (Pratt 1987) variance partitioning method to
assess the relative importance of each of our predictors in the regression model in further detail.
This method provides more robust insights into the importance of variables than does comparing
betas in the regression output alone (Darlington 1968; Pratt 1987; Tonidandel and LeBreton 2011;
van der Linden 2015). Figure 2 shows the relative contributions of each predictor variable to the
adjusted R? for the pooled and per time point models. The extent to which people hold individual-
istic worldviews was the most important predictor of risk perception in the pooled as well as all
time point models, explaining 11.13% (95% Cl [9.59, 12.81]) of the variance in our pooled model.
The second most important predictor in the pooled model was our measure of personal efficacy
(5.25% [4.02, 6.62]). It was also the second most important predictor in all time point models,
except for March 2020, where it did not emerge as a significant predictor of risk perception in the
UK. Prosociality emerged as the third most important predictor of risk perception in the pooled
model (2.45% [1.58, 3.49]), and was also a consistently important predictor in all individual surveys,
except in July of 2020. We refer the reader to Table S7 (supplementary material) for detailed results
of the variance decomposition analysis for the pooled and by time point models.

Changes in predictors of risk perception over time

To explore possible changes in the relationship between risk perception and the various predic-
tors over time, we next fitted the same model where each predictor interacts with time point as
a five-level factor. Our measures of experience with the virus, individualistic worldviews, trust in
government, scientists and medical professionals, collective efficacy, gender and political ideol-
ogy did not vary in their nature as significant predictors across the five time points. However,
our measures of prosociality (p = .017) and personal efficacy (p < .001) did show variation over
time, as indicated by significant interactions with time in our model which persisted after adjust-
ment for multiple comparisons in the post-hoc testing. Please see supplementary material
(Tables S8 and S9) for the full results of the interaction model.

Post-hoc tests revealed that while prosociality was positively related to risk perception for all
time points, there was a significant difference in the strength of the relationship between March
and July 2020 (p,q; = .008). The relationship was stronger in March compared to July, meaning


https://doi.org/10.1080/13669877.2021.1890637
https://doi.org/10.1080/13669877.2021.1890637

JOURNAL OF RISK RESEARCH 9

Timepoint == UK1 Mar2020 === UK2May 2020 === UK3July 2020 === UK4 Sept 2020 UKS Jan 2021
7 7
6 6
/ —_—
5 5
c (=4
=] k<]
a a _—
@ L 9]
Sa41 L 54
Q Q
< £
2 »
4 74
3 3
2 2
1 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Prosociality Perceived personal efficacy

Figure 3. Panel plot for significant time by predictor interactions in risk perception model.

Note: Interaction between time and prosociality depicted on the left hand side. Interaction between time and perceived personal efficacy
depicted on the right hand side. Y-axis denotes level of perceived risk (1-low to 7-high). X-axis denotes level of prosociality (left panel) and level
of perceived personal efficacy (right panel). Survey time points are depicted in the colour legend on top of the panel. The UK1 data from March
2020 that has been reported in Dryhurst et al. (2020) is depicted in red in both panels.

that a given increase in prosociality was associated with a larger increase in risk perception in
March than in July. The role of personal efficacy showed the biggest differences between time
points. Although personal efficacy was positively related to risk perception across all time points,
the strength of the relationship varied significantly between March and all other time points, i.e.,
May 2020 (pag; = .019), July 2020 (p,q; < .001), September 2020 (p,q; < .001), and January 2021
(Pagj = .029), such that a given increase in personal efficacy was associated with a smaller
increase in risk perception in March than in all other months (Figure 3).

Confirmed COVID-19 cases and relationship to risk perception

Since the number of confirmed COVID-19 cases has played an important role in the media and
public discourse throughout the pandemic (e.g., through discussions of the ‘R’ number), we
wanted to explore whether there was a relationship between the number of reported confirmed
COVID-19 cases and people’s risk perception. We found a significant positive correlation, albeit
small, between confirmed COVID-19 cases and people’s reported risk perception level (r=0.10,
t=8.36, df = 6278, p < .001)”. Similar to Wong and Sam (2010) who studied the relationship
between people’s psychobehavioural responses to the 2009 HIN1 influenza outbreak in Malaysia
and reported deaths, we visualize confirmed COVID-19 cases and risk perception in Figure 4. As
Figure 4 shows, while the two are correlated, risk perception did not vary in complete unison
with new cases across time. For instance, while cases went up from March to May, risk percep-
tion went down. Overall, there is a positive trend, with risk perception rising as cases are rising
(at least within the scope of our sampled time points). Of interest is also that although cases
rose steeply between our September 2020 and January 2021 samples, the rise in risk perception
between those time points was comparatively smaller.

Of greater interest was to explore the role that confirmed COVID-19 cases would play for risk
perception in light of our psychological predictors. We therefore included confirmed cases as an
additional covariate in our psychological predictor model. Confirmed COVID-19 cases emerged as
a significant predictor in the model, being positively related to risk perception (Table 3). All pre-
viously observed effects in the psychological predictor model remained consistent. We also
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Figure 4. Risk perception and confirmed COVID-19 cases per time point.
Note: Y-axis denotes number of confirmed COVID-19 cases (upper panel) and level of perceived risk (1-low to 7-high) (lower panel). X-axis
denotes time points at which survey data was collected. Data points show means and 95% confidence intervals.

explored the relative importance of the different variables in the model. Pratt’'s decomposition
analyses (Pratt 1987) demonstrated that while confirmed COVID-19 cases are a significant pre-
dictor of risk perception in the model, the importance of other psychological variables is larger.
Individualism worldviews, personal efficacy, and prosociality still emerged as the three most
important predictors of risk perception, explaining the most variance (Figure 5, and supplemen-
tary material, Table S10).

Health protective behaviours over time

We next analysed people’s reported health protective behaviours over time (Figure 6). One-
way Analysis of Variance (ANOVA) revealed a significant difference between time points (F(4,
6263) = 128.96, p<.001, n? =0.076). Post-hoc testing using Tukey HSD showed significant dif-
ferences in behaviour between time points, except between May 2020 (M =5.45, SD =1.68)
and September 2020 (M=5.59, SD=1.81, p = .233), as well as between July 2020 (M =5.76,
SD=1.71) and September 2020 (p = .050), and July 2020 and January 2021 (M = 5.94,
SD=1.78, p = .061) (see supplementary material, Table S11 for full results). The biggest differ-
ence for consecutive time points was between March (pre lock-down and national measures)
and May 2020 (when restrictions started to gradually ease) with a substantial increase in


https://doi.org/10.1080/13669877.2021.1890637
https://doi.org/10.1080/13669877.2021.1890637
https://doi.org/10.1080/13669877.2021.1890637

Table 3. Risk perception predictor model including COVID-19 cases.
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Risk perception

std. Beta
Predictors (std. Cl)
Gender (Male) —0.20 ***
(—0.24 to — 0.15)
Age —0.00
(—0.03 —0.02)
Education —0.02
(—0.04 — 0.00)
Political ideology —0.05 ***
(—0.08 to — 0.02)
Personal knowledge —0.01
(—0.04 —0.02)
Social knowledge —0.01
(—0.04 —0.01)
Direct experience 0.16 ***
(0.11—0.21)
Prosociality 0.09 ***
(0.06 —0.11)
Individualism worldview —0.28 ***
(—0.31 to — 0.26)
Trust in government —0.06 **
(—0.09 to — 0.02)
Trust in science 0.07 ***
(0.04 —0.10)
Trust in medical 0.04 **
professionals (0.02 —0.07)
Personal efficacy 0.18 ***
(0.15 —0.20)
Collective efficacy —0.03 *
(—0.07 to — 0.00)
Confirmed COVID-19 cases 0.07 ***
(0.04 —0.09)
Observations 6253
R’/ R* adjusted 0.239 / 0.237

*p <005, **p<001, ***p<0.001.

protective behaviours (dpedges' corrected=0.73). Notably, except for a dip in September 2020,
the data shows a constant increase in protective behaviours between March 2020 and
January 2021.

Relationship between health behaviours and risk perception over time

We were interested in investigating the relationship between people’s reported health protective
behaviours and their levels of risk perception. We first looked at the relationship between the
two variables in our whole sample, i.e. pooled across time points. Regressing health protective
behaviours on risk perception revealed a significant positive association between the two varia-
bles (b=0.63, SE = 0.02, p < .001, model R* = 0.11). We next set to investigate possible changes
in the relationship over time. Analysis of Covariance (ANCOVA), modelling time point as a five
level factor and risk perception as a continuous covariate, revealed a significant interaction
between risk perception and time on health protective behaviours (F(4, 6257) = 4.08, p = .003,
partial n° =0.003). Across all time points there was a positive relationship between risk percep-
tion and reported health protective behaviours, meaning higher levels of risk perception were
associated with higher amounts of protective behaviours. However, the strength of the associ-
ation varied by time point. Specifically, we found a significant difference between March 2020
and January 2021 (p,q; = .002), as well as between May 2020 and January 2021 (p,q; = .021) (see
supplementary material, Table S12 for full interaction analysis results). The relationship between
risk perception and behaviour was significantly stronger in January 2021 than it was in March
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Figure 5. Relative importance of psychological predictors and confirmed COVID-19 cases for the pooled model (all five time
points combined).

Note: Error bars denote 1,000 bootstrapped 95% confidence intervals. Confidence intervals that do not include zero are depicted in red. The fig-
ure visualizes the percent that each variable contributes out of the total variance explained.
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Figure 7. Plot of time by risk perception interaction on health protective behaviours.
Note: Y-axis denotes number of health protective behaviours taken (0-8). X-axis denotes level of perceived risk (1-low, 7-high). Survey time point
depicted in color legend on top of the panel.

and May 2020, such that an increase in risk perception of one unit was associated with a larger
increase in protective health behaviours in January 2021 than in March and May 2020. Also of
note is that the association between risk perception and health protective behaviours was stron-
gest in January 2021 out of all our sampled time points, meaning that a one unit increase in risk
perception was associated with the largest increase in protective behaviours in January 2021
(Figure 7).

Discussion

Cross-sectional research on risk perception is like a snapshot of a scene. It gives an overall picture, but provides
no information about how the scene is evolving over time. Thus a snapshot can present a highly selective or
even misleading image if the landscape it depicts is changing over time. Time series research, on the other
hand, is like a movie; it provides information about how a scene changes over time, but often fails to present
the big picture.

(Loewenstein and Mather 1990, p.173)

Risk perception over time

Across five surveys conducted between March 2020 and January 2021 we investigated people’s
risk perception of COVID-19 and behavioural response in the United Kingdom. For both risk per-
ception and behaviour our data showed a number of interesting changes over the timeframe.
Risk perception generally remained high with means between 4.9 (July 2020) and 5.45 (March
2020) on a 7-point scale for the various time points. However, there have been significant fluctu-
ations in risk perception between time points. Risk perception levels were high in March 2020,
then dropped consistently in our May and July 2020 samples, to then rise again in September
2020 and January 2021. In fact, reported risk perception in our samples was consistently and sig-
nificantly different between all consecutive time points.
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This illustrates that risk perception is a dynamic process (Loewenstein and Mather 1990). Of
particular note here is that risk perception in January 2021 was at the same level as almost a
year earlier, in March 2020, at the onset of the pandemic in the UK (the difference in risk percep-
tion levels between these two time points was non-significant). The decline in risk perception
levels between March and the summer of 2020 could be a reflection of the first national lock-
down in the UK which took place between March and July 2020 (with partial ‘easing’ of restric-
tions from May onwards, to the complete lifting of lockdown in July). The autumn then started
seeing a renewed uptick in infections, with another national lockdown in November 2020 and
again in December 2020 extending into January 2021 (ongoing at the time of writing) in an
attempt to control infection rates. The new B1.1.7. variant which was announced in December
2020, and its effects on prevalence and deaths might have played an additional role in the
heightened perception of risk observed in our January 2021 survey.

Health protective behaviours over time

The adoption of health protective behaviours in the United Kingdom also shows a changing pat-
tern along our sampled time points. Reported levels of protective behaviours were lowest in
March 2020, our first data point at the beginning of the pandemic, with a general increase in
behaviours towards January 2021, which revealed the highest observed level of all of our sam-
ples, and a slight plateau in between (as shown through a non-significant difference between
our July and September 2020 samples). Since our behavioural index does not include items man-
dated by official rules (such as guidelines surrounding social gatherings) but represents behav-
iours that are at the discretion of each individual, the increase in reported health protective
behaviours suggests that people in the UK—at least in our surveyed samples—have increased
their own personal actions voluntarily in response to the pandemic threat.

Predictors of risk perception

With regards to the psychological and socio-demographic predictors of risk perception our com-
bined data set encompassing all five surveys revealed a pattern remarkably consistent with the
first survey, reported in Dryhurst et al. (2020). Participants’ prosocial tendencies and the extent
to which they hold individualistic worldviews, their experience with the virus, trust in govern-
ment, science, and medical professionals, as well as perceptions of personal and collective effi-
cacy all correlated significantly with risk perception in the pooled data. Higher prosocial
tendencies, trust in science and medical professionals, and personal efficacy were associated
with higher levels of risk perception, while higher individualistic worldviews, trust in government,
and collective efficacy were associated with lower risk perception. Males also consistently
reported lower risk perception than females. Direct personal experience with the virus was
related to higher risk perception. This finding is in line with results reported in Dryhurst et al.
(2020), as well as Qian and Li (2020) who reported a positive link between risk involvement and
increased risk perception in China. Understanding of the government strategy (personal know-
ledge) and belief in scientist's understanding of the virus (social knowledge) were not signifi-
cantly related to risk perception in our model. Although studies on COVID-19 have reported
associations between knowledge and risk perception (Zhong et al. 2021), our data—both at the
onset of the pandemic in the UK (Dryhurst et al. 2020) as well as longitudinally over the course
of a year reported here—suggests that socio-cultural and experiential factors play a larger role
for risk perception compared to more ‘objective’ and cognitive factors, such as personal know-
ledge and COVID-19 case reports. This finding is consistent with work on “risk as feelings”, i.e.
accounts that the affective system often dominates human risk response (Leiserowitz 2006;
Loewenstein et al. 2001; Slovic et al. 2004; van der Linden 2014; van der Linden 2015; Weber
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2006), including in the context of other risks, such as climate change (e.g. see Leiserowitz 2006;
van der Linden 2015; Xie et al. 2019).

Interestingly, political leaning was not a significant predictor in our model in March 2020
(Dryhurst et al. 2020), however, our results here show a significant influence of political ideology
on risk perception in the later stages of the pandemic (July 2020 onwards), as well as in the
pooled model across time. Specifically, results indicate that those with a more conservative or
right-wing ideology tended to report lower levels of risk perception. These findings are in line
with other recent work on the relationship between political ideology and risk perception sur-
rounding COVID-19 in the US (e.g., Bruine de Bruin, Saw, and Goldman 2020; Calvillo et al. 2020,
Kerr et al. 2020). The gender effect (males being less concerned) is consistent with Dryhurst et al.
(2020) for our March 2020 data, as well as with recent findings on the link between gender and
risk perception of COVID-19 specifically (e.g., Ding et al. 2020; Karasneh et al. 2021) and with
other findings on gender effects in the risk perception literature more generally (e.g., Finucane
et al. 2000).

Relative importance of predictor variables of risk perception

Potentially more interesting than ‘raw’ associations between predictor variables and risk percep-
tion, are the results reported for the relative importance of our variables. The extent to which
people hold individualistic worldviews explained most of the variance in our pooled model, fol-
lowed by their feelings of personal efficacy, and prosocial tendencies. Trust in science ranked
four and gender fifth. Interestingly, the importance of direct personal experience with the virus
dropped in our overall model compared to the March 2020 data (Dryhurst et al. 2020).

Changes in predictors of risk perception over time

In addition to assessing predictors of risk perception in our overall dataset, we investigated
potential changes over time. Our data showed that prosociality and personal efficacy varied in
their relationship with risk perception between our various surveys, as evidenced by a significant
interaction with time for both predictor variables. Prosociality showed a stronger relationship
with risk perception in March compared to July 2020, and for personal efficacy the relationship
with risk perception was significantly different between March 2020, the onset of the pandemic
in the UK, and all subsequent time points we sampled. This could possibly be due to an
enhanced awareness of prosocial values and their importance for tackling the spread of COVID-
19 at the beginning of the pandemic, as people ‘pulled together’ for the common cause. An
increase in government messaging about personal actions to limit the spread of the virus, which
started as part of the national lockdown after our first survey, may have affected the relationship
between people’s sense of personal efficacy and risk perception over time.

Risk perception - behaviour relationship over time

Looking at the relationship between risk perception and health protective behaviours over time
we consistently find a positive relationship, i.e. higher risk perception is associated with more
reported health behaviours. We also find a significant interaction with time. Risk perception and
behaviour were more strongly correlated in January 2021 compared to both March and May
2020, suggesting that later in the pandemic a given increase in risk perception was associated
with a larger increase in reported health behaviours compared to earlier in the pandemic. These
findings are generally consistent with the literature that has highlighted the important link
between risk perception and health protective behaviours, both generally and during pandemics
(Abdelrahman 2020; Bish and Michie 2010; Bruine de Bruin and Bennett 2020; Floyd, Prentice-
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Dunn, and Rogers 2000; Nelson et al. 2020; Plohl and Musil 2021; Rudisill 2013; Savadori and
Lauriola 2020; Sobkow et al. 2020; van der Weerd et al. 2011; Wise et al. 2020).

External versus psychological predictors of risk perception

It is also noteworthy that when including the number of confirmed COVID-19 cases in our
pooled psychological predictor model, all significant effects previously observed (in the psycho-
logical predictor model), remained significant and effects did not change direction. Our results
furthermore suggest that personal and socio-cultural psychological predictors play a more
important role for risk perception than an objective measure of situational severity. Overall, these
results speak to the relative importance and stability of personal and socio-cultural dimensions
in explaining COVID-19 risk perceptions over time. Descriptively, risk perception tracked COVID-
19 cases over time in our data, except for one disparity; when cases went up from March to
May, risk perception went down. This overall pattern is in line with findings by Loewenstein and
Mather (1990) who state that “for a variety of problems, subjective risk perceptions track the
objective levels of problems surprisingly closely” (p.173). However, regarding the magnitude of
the descriptive trends in our data, we find that risk perception did not mirror changes in the
number of confirmed COVID-19 cases exactly. For instance, we observed that while confirmed
cases rose steeply between September 2020 and January 2021, the increase in risk perception
between the two time points was comparatively small. This observation may point to other fac-
tors playing a larger role in shaping risk perception, apart from objective situational severity.
Raude et al. (2019), who investigated risk perception of an epidemic of mosquito-borne disease
in French Guiana over time, suggest risk habituation effects as one such potential factor.

Limitations and future research

Of course, our research is not without limitations. First, we rely on correlational and not experi-
mental data. All findings presented are therefore associations and we cannot claim causality (or
directionality). We do not know, for instance, whether risk perception drives behaviour or vice
versa (or both), especially because we did not repeatedly survey the same individuals. Future
work could examine the direction of the risk perception-behaviour link over time. Importantly,
other work that has looked at the relationship between risk perception and behaviour on
COVID-19 does suggest risk perception as an antecedent of behaviour (Savadori and Lauriola
2020), but the use of cross-lagged panel models would allow for a more detailed examination.

Second, although we use national quota samples for all of our surveys, we did not obtain
true probability samples. We thus cannot draw conclusions about how our observed effects
would play out in populations who are not traditionally included in survey research. We note
however, that our research is based on relatively high-quality samples compared to other
research conducted on coronavirus perceptions which has primarily relied on student (e.g., Ding
et al. 2020; Sobkow et al. 2020) or online convenience samples (e.g., Nelson et al. 2020), leading
to non-representative distributions on, for instance, gender and ethnicity as noted by the authors
(Karasneh et al. 2021; Nelson et al. 2020).

Third, for the presented analyses of confirmed COVID-19 cases an important limitation to
keep in mind is that it is an exogenous, not a psychological variable. In other words, we did not
measure people’s perceptions of the number of confirmed cases at the time they took the sur-
vey. It might be that people were not aware of the number of cases as they completed the sur-
vey or that they thought it was different from the actual number used in the model. Results may
therefore differ if an assessment of each participants’ perception of the COVID-19 case number
had been included in the surveys. Lastly, our surveys across time were not taken from the same
people but from independent samples. Hence, any trends across time and any comparisons we
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draw between time points have to be evaluated in that light: They constitute a snapshot of the
overall sampled population at each time point, but it is not a repeated assessment of how risk
perception and behaviour have changed in the same people over time.

Conclusion

In this paper we relied on five surveys assessing risk perception and health protective behav-
iours related to COVID-19 in the UK over a timeframe of nearly a year, which provides import-
ant insights into how the public has perceived and reacted to the pandemic. Our work goes
beyond traditional cross-sectional research by assessing the stability of a psychological risk per-
ception model over time and thereby makes an important contribution to the literature on
predictors of risk perception in an emotive context and its relationship to health protective
behaviours. For example, we found that socio-cultural factors may play more of a role in risk
perception than knowledge and objective information, and that these conclusions remain
robust and generalizable over time. Risk communicators can benefit from these insights about
the underpinnings of people’s psychological reactions to the pandemic in their development
of risk communication strategies. For example, our results suggest that risk perception is not
primarily shaped by the objective severity of the situation but rather by a host of psycho-
logical considerations, including people’s values and worldviews and the degree to which peo-
ple feel they can make a difference to reduce the spread of the virus. Moreover, our data
show that while health protective behaviours are indeed linked to risk perception, other factors
are likely to play a role as well given that risk perception only explained about 11% of the
variance in health behaviour pooled across waves. Although risk communicators may be
tempted to try to increase perception of the risk of COVID-19 as a means of ramping up
greater protective behaviour in the population, we caution that a fearful population is not
necessarily a desirable endpoint. Risk is dynamic and public risk perception may be underesti-
mating or overestimating (panic) the actual risk at different times. We therefore encourage evi-
dence-based risk communication and urge future research to paint a more complete picture of
the drivers and inhibitors of health protective behaviours to help with the development of
appropriate risk communication strategies.

Notes

1. Because the same constructs were not consistently included in each follow-up survey for each of the ten
countries included in the original paper from Dryhurst et al. (2020), we decided to focus only on the country
for which we have high consistency in the repeated measurements: the United Kingdom.

2. We note that while all set quotas were largely met in the earlier rounds of the survey, some age quotas set by
the provider were not fully met in the later rounds of data collection. As we fit age as a predictor in our main
models, we don't believe this to be a significant concern for our results.

3. One item from the predictor list used for the March 2020 survey in Dryhurst et al. (2020) was dropped and not
collected in subsequent survey rounds: social amplification of risk through friends and family. This item asked
participants whether they had received information about COVID-19 from friends and family. This measure was
deemed appropriate during the initial phase of the pandemic, but dropped later on as we assumed that most
people would have heard about the virus from their social circles by then.

4. The full list of behaviours, which was designed in March 2020, included items which have since been externally
mandated at times (e.g., during full lockdowns), such as ‘avoiding social events (e.g., parties, family
gatherings)’, ‘eating out less at restaurants’, and ‘staying home from work’. To avoid a potential confound for
our analysis over time, these items were excluded from the list, and only voluntary behaviours were used for
analysis. Please see the results for an analysis using all behavioural items in the supplementary materials.
Results were largely in line with the voluntary behavioural index presented here, except that the interaction
between health behaviours and risk perception over time did not stay significant in the post-hoc testing phase
when adjusting for multiple comparisons.

5. https://www.bsg.ox.ac.uk/research/research-projects/coronavirus-government-response-tracker
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6. For all reported models, we assessed multi-collinearity between variables, as well as homogeneity of variance,
normality of residual distributions, and the presence of influential outliers. Please refer to the supplementary
materials (section ‘Model Diagnostics’) for the results of these analyses.

7. Results of a non-parametric correlation analysis, performed as a robustness check, were in line with the
parametric findings. Spearman’s rank correlation rho = 0.10, p < .001. Please note that we also investigated all
reported analyses for the COVID-19 cases-risk perception relationship using deaths instead of cases. Results for
deaths are in line with the reported results for cases.

8. Participants were given a broad range of possible answers. Those who reported they had tested positive for
the virus, or suspected that they were infected were coded as having direct experience with the COVID-19
virus. Suspected infections were included here as many countries did not undertake tests for low risk cases in
the early months of the pandemic. The coding followed Dryhurst et al. (2020) for comparability.
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