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Abstract

Background People’s perceived risk of being infected and having severe illness was conceived as a motivational
source of adherence to behavioral measures during the COVID-19 crisis.

Methods We used online self-reported data, spanning 20 months of the COVID-19 crisis in Belgium (n=221,791;
34.4% vaccinated; July 2020 - March 2022) to study the association between risk perception and motivation.

Results Both perceived infection probability and severity fluctuated across time as a function of the characteristics
of emerging variants, with unvaccinated persons perceiving decreasingly less risk compared to vaccinated ones.
Perceived severity (and not perceived probability) was the most critical predictor of autonomous motivation for
adherence to health-protective measures, a pattern observed at both the between-day and between-person level
among both vaccinated and unvaccinated individuals. An integrated process model further indicated that on days
with higher hospitalization load, participants reported being more adherent because risk severity and autonomous
motivation for adherence were more elevated on these days.

Conclusions These findings suggest that risk severity served as a critical and dynamic resource for adherence to

behavioral measures because it fostered greater autonomous regulation.
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Motivation played a key role during the COVID-19
pandemic to predict individuals’ short- and long-term
adherence to quite intrusive health-protective behavioral
measures, such as wearing face masks, physical distanc-
ing, and accepting a vaccine. Of particular importance is
that individuals are autonomously motivated, that is, they
fully endorse or internalize the necessity of requested
health behaviors [1, 2]. Therefore, the question arises
which factors underlie autonomous motivation.

In the present study, we focus on the role of risk per-
ception [3], which denotes both the estimated probability
of being infected by the virus and the probability of expe-
riencing severe symptoms (e.g., [4]). We had two major

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://orcid.org/0000-0003-0845-9310
http://crossmark.crossref.org/dialog/?doi=10.1186/s12889-024-18020-z&domain=pdf&date_stamp=2024-3-1

Waterschoot et al. BMC Public Health (2024) 24:731

aims. First, we wanted to describe the dynamic evolu-
tion of risk perception as a function of different variants
emerging throughout the pandemic and the individu-
als’ vaccination status. Second, we aimed to investigate
whether risk perception predicts autonomous motivation
and which element (infection probability or severity) is
most predictive. We considered both the between-day
and between-person level of analysis and investigated the
moderating role of the prevailing virus variant and peo-
ple’s vaccination status. Because experts, politicians, and
media reported daily about infections and hospitalization
rates, the present study can help to fine-tune risk com-
munication during a pandemic to foster greater motiva-
tion and adherence to behavioral measures. This study is
part of a long-term and large-scale population study that
was initiated right after the outbreak of COVID-19 in
Belgium and lasted more than 2 and a half years [5].

The role of motivation for health behavior

During the COVID-19 crisis, policymakers faced sev-
eral motivational challenges. To avoid a steep rise in
infections and hospitalizations overloading healthcare
services, it was of paramount importance that citizens
adhered to behavioral measures to contain infections
and were willing to accept vaccination. This means that
people had to be motivated to do so [6]. Yet, not all types
of motivation induction yield the same effects. From the
perspective of Self-Determination Theory (SDT, [7, 8, 9]),
autonomous motivation, which denotes a full and volun-
tary endorsement of the requested health behavior, is of
critical importance. When individuals are autonomously
motivated, they have internalized the value of the health
behavior such that they voluntarily regulate their behav-
ior. For instance, they adhere to corona-safe behaviors to
protect vulnerable people, to avoid overburdening the
health care sector or simply to stay healthy themselves.
In contrast, in the case of controlled motivation, peo-
ple experience internal (e.g., feelings of guilt) or exter-
nal pressure (e.g., avoiding being criticized) to perform
the health behavior, signaling that they have not or only
partially internalized the importance of performing the
health behavior. Finally, amotivation indicates that peo-
ple lack the competencies or energy to engage in the rec-
ommended health behavior or minimize its importance
[10]. Abundant research in the health domain, includ-
ing smoking cessation [11], weight loss [12] and physical
activity [13], has shown that autonomous motivation is a
more reliable predictor of long-lasting behavior change
than controlled motivation and amotivation [14].

The COVID-19 crisis created the opportunity to test
some of the basic premises of SDT at a population level
and over an extensive period. The available research
points to three key findings [5]. First, the benefits of
autonomous motivation emerge for different relevant
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health behaviors during the COVID-19 crisis, such as
adherence to safety measures (e.g., wearing face masks,
keeping distance, and time spent at home; [1, 15]) and the
acceptance of the vaccine [2, 16]. Second, the benefits of
autonomous motivation are not just short-lived but also
relate to long-term desirable outcomes, including a lower
likelihood of infection and the acceptance of a booster
vaccine [17]. Third, the beneficial role of autonomous
motivation was not only observed at the between-per-
son but also at the between-day level. That is, day-to-day
variability in the autonomous motivation of the popula-
tion predicts corresponding day-to-day variation in criti-
cal epidemiological parameters (i.e., lower infection and
hospitalization rates) several weeks later [18]. Overall,
these findings confirm that the benefits of autonomous
motivation are wide-ranging, long-lasting, and robust.

Risk perception as a motivational resource

The key aim of the present study was to examine the role
of risk perception as a critical driver for autonomous
motivation. Within different models of health behavior,
such as the health belief model [4] and the health action
process approach [19], risk perception refers to the judg-
ments and assessments of an individual about potential
threats and their short and long-term consequences.
Applied to the COVID-19 context [20], risk perception
involves two aspects, that is, the probability of being
infected by the virus (i.e., personal vulnerability, infection
probability) and the perceived severity of the symptoms
after actual infection (i.e., severity). Both aspects can be
estimated with respect to one’s personal situation and the
population at large. Importantly, perceived risk can be
different from actual objective risk [21, 22].

Risk perception has generally been found to be an
important predictor of health behavior [23, 24], with
action planning and coping planning as intermediate
steps needed to guarantee that perceived risk translates
into actual behavior [19]. In the present study, we aimed
to systematically investigate the link between risk percep-
tion, autonomous motivation, and adherence to behav-
ioral measures during the COVID-19 pandemic. We
assumed that high perceived risks would provide a legiti-
mate reason for people to endorse the importance (i.e.,
to internalize) of prescribed health-protective behaviors.
Wise et al. [24] provided some preliminary evidence for
this assumption by showing that individuals who per-
ceived higher risks for themselves or for the population
also found it more valuable and meaningful to conform
to the recommended safety measures during the pan-
demic. A similar pattern of findings was observed for
vaccine uptake. Individuals who anticipated becoming
severely ill after infection reported higher autonomous
motivation for vaccination uptake, which eventually pre-
dicted a higher effective uptake of the vaccine [2].
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The present study builds on this limited evidence by
examining the unique and potentially different role of
both aspects of risk perception as resources of autono-
mous motivation. Prior research indicates that perceived
severity typically yields stronger associations with health
behaviors than the perceived probability of infection (e.g.,
[20, 25, 26]). Along similar lines, the severity aspect may
play a more decisive role in fostering autonomous moti-
vation for health-protective behaviors than the perceived
probability of infection. In addition, we also considered
the role of people’s vaccination status and the type of cir-
culating virus as potential moderators of the association
between risk perception and autonomous motivation.

Role of the evolution of the crisis and vaccination
status

Throughout the COVID-19 crisis, different virus vari-
ants became dominant at different moments in time.
Because some variants were more contagious, yet less
ill-making than others, changes in people’s risk percep-
tion may be noticed accordingly. Only a limited number
of previous studies focused on context-dependent varia-
tion of risk perception within persons. Wise et al. [24]
reported longitudinal increases in perceived risk during a
period of increasing infection numbers, whereas Chen et
al. [27] reported lower perceived risk after the introduc-
tion of lockdown measures. Also, levels of risk perception
decreased as the crisis unfolded, presumably because
people perceived the virus to be less unfamiliar and less
unpredictable [28]. To illustrate, the emergence of the
Omicron variant changed the trajectory of the COVID-
19 pandemic [29]. Although its high contagiousness was
a serious concern, people became also more optimistic as
Omicron was less ill-making than previous variants [30,
31]. Yet, the literature remains scarce and no long-term
studies are available so far that describe evolutions in risk
perception as a function of different virus variants. Also,
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the question of whether the association between risk per-
ception and autonomous motivation varies across differ-
ent phases has not been addressed.

Not only the dominant virus type, but also the rela-
tive number of vaccinated and unvaccinated individuals
changed across time, which may have impacted the moti-
vational profile of the assessed persons. Initially (in the
spring and summer of 2021), the group of unvaccinated
persons was large and comprised a mix of uninvited,
doubting, and refusing individuals. However, this hetero-
geneity may have decreased as the vaccination campaign
progressed: the majority of people had received a vaccine
by the end of 2021, leaving only strongly resistant indi-
viduals unvaccinated.

Prior studies reporting a positive association between
risk perception and vaccination intention [2] were con-
ducted before or at the beginning of the vaccination
campaign. Only a few studies showed a difference in risk
perception between those already being vaccinated and
unvaccinated [22]. Therefore, we aim to examine mean-
level differences between vaccinated and unvaccinated
persons as regards both aspects of risk perception, auton-
omous motivation, and behavioral adherence.

The present study
We investigated the evolution and the role of risk per-
ception as a predictor of autonomous motivation or
volitional internalization of health-protective behaviors
throughout the pandemic. Figure 1 provides an overview
of the conceptual model. We monitored citizens’ risk
perception (i.e., both perceived probability and severity),
autonomous motivation, and behavioral adherence dur-
ing 20 months of the COVID-19 pandemic starting in
July 2020.

Our large dataset allowed us to pursue two aims. First,
we wanted to describe the dynamic evolution of risk
perception as a function of the dominant virus variant

Autonomous

I Adherence
motivation
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circulating in society and of people’s vaccination status.
Although we expected both aspects of risk perception to
evolve in parallel throughout most of the pandemic, we
predicted that the emergence of the highly contagious,
yet less severe Omicron variant in the fall of 2021 may
have led to a dissociation with an increasing perceived
infection probability and a decreasing perceived sever-
ity of illness [29] (Hypothesis 1a). Further, we hypoth-
esized that unvaccinated persons would report fewer
risks compared to vaccinated persons, with the average
discrepancy between both groups widening across time
as both groups become increasingly more homogeneous
(Hypothesis 1b).

Second, at a structural level, we examined the role of
risk perception as a predictor of autonomous motivation.
We hypothesized that perceived severity would be a bet-
ter predictor than perceived probability for the internal-
ization and the willingness to adhere to health-protective
measures (Hypothesis 2). In a more exploratory way,
we examined whether the risk-motivation association
depended on the specific variant (i.e., Omicron) and the
individuals’ vaccination status. One possibility is that
unvaccinated persons may not only perceive fewer risks,
but also be less responsive to the risk perception-motiva-
tion link. Similarly, as the Omicron variant was accom-
panied by less severity, the motivating potential of this
aspect of risk may decrease as well.

Finally, given that we possessed daily assessments of
risk perception, motivation, and adherence and could
retrieve objectively recorded daily infections and hospi-
talizations, we sought to examine the sequential model
depicted in Fig. 1 (Hypothesis 3). We hypothesized that
participants would report a higher risk for infection on
days with higher numbers of infections, while a higher
risk for severe illness was expected on days with a higher
number of hospitalizations. Subsequently, we expected
that daily variation in risk perception would serve as an
intermediate mechanism between daily variation in these
objective parameters and daily variation in autonomous
motivation, which, in turn, would predict daily variation
in behavioral adherence.

Methods

Participants and procedure

The current data collection took place in the context of
a nationwide research project called ‘the Motivation
Barometer’ in Belgium [5]. Through an online question-
naire, which we constructed in Qualtrics, the project
monitored various aspects of people’s psychological
functioning, including their well-being, risk perception,
motivation, and adherence to the COVID-19 measures.
We distributed the survey online through organizations,
national newspapers (e.g., Het Nieuwsblad, Le Soir, etc.),
social media (Facebook, Instagram, Twitter, Linkedin),

Page 4 of 14

and our website (www.motivationbarometer.com) and
promoted it by advertisements in which the topic was
briefly explained. After opening the survey and reading
the introduction about the goals of the research proj-
ect, participants had to complete an informed consent
explaining that their participation was voluntarily, that
data would be analyzed anonymously, and that they
could end their participation at any time without conse-
quences. In addition, we provided contact information
in case of questions or negative feelings. The project was
approved by the ethical committee of Ghent University
(N° 2020/37). We did not pre-register the study and its
hypotheses because the current study and its research
questions developed dynamically during the pandemic
depending on the changing circumstances, which did not
allow us to pre-register the hypotheses.

The study had a serial cross-sectional design and took
place between July 2020 and March 2022. Across 593
days (61% with n>40), 221,791 unique participants com-
pleted the survey (M, = 47.82, range=18-82; 61.8%
female; 34.4% vaccinated participants; 64.4% of all par-
ticipants having started the survey; see Figure S1 for an
overview). From this sample, 80.3% reported no comor-
bidity condition, 16.4% reported one, and 3.3% reported
to have more than one comorbidity. In terms of educa-
tion, 33.1% reported to have no graduation or one in
secondary school, 38% reported a Bachelor’s degree and
28.9% reported to have a Master’s degree.

Measures

Prior to measuring the psychological variables, we asked
for people’s age, gender (i.e., male or female), vaccina-
tion status (i.e., vaccinated or not vaccinated), number of
comorbidities (i.e., respiratory condition, diabetes, heart
disease or hypertension, lung disease, liver disease, can-
cer, disease affecting the immune system, and a disease
not specified in this list), and education level (i.e., no
graduation or secondary graduation, Bachelor degree or
Master degree).

Risk perception

We measured risk perception using four items [32]. Two
items assessed participants’ estimated probability to be
infected by the coronavirus in the near future (1 = “Very
small’ to 5 = ‘Very big’; rbetween—person :'43' rbetween—days
=.87, p’s<.001) and two items assessed participants’ esti-
mated severity of the symptoms when being infected (1 =
‘Not at all serious' to 5 = "Very serious’; r,gyeen—person =62
Thetween—days =8% P <.001). They answered both questions
twice, once with respect to themselves and once with
respect to the Belgian population.
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Autonomous motivation

We assessed people’s motivation to adhere to the corona
safety measures with an adapted version of the Behav-
ioral Regulation in Sport Questionnaire [33]. After the
stem “Over the past week, I've adhered to these mea-
sures because’, people answered four items for autono-
mous motivation on a 5-point scale ranging from 1 (“not
at all true”) to 5 (“totally true”). Two item examples are
“because I find it personally relevant” and “because
these behaviors are an expression of my personal values”
(abetween—person =.89; abetween—days = '92)‘

Adherence to the measures

We tapped people’s self-reported adherence with one
item for each of the three most important and stable
COVID-19 measures introduced in Belgium that were
put in place across the assessment period, that is, “to
wash your hands frequently’, “to wear your face mask
when mandatory or recommended’;, and “to maintain
physical distance from others.” Participants were asked to
indicate on a scale ranging from 1 (“I do not adhere to it at
all”) to 5 (“I totally adhere to it”) the extent to which they
followed each of the three measures (@peqyeen—person=:72;
abetween—days = '92)‘

Epidemiological data

We obtained data on daily infections and daily hospi-
talizations from Sciensano, the national public health
institute [34]. As these parameters are expressed in expo-
nentials, we applied a log transformation to include these
variables in linear analyses.
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Phases of the pandemic

We divided the total period into distinct phases based
on the dominance of a SARS-CoV-2 variant, with domi-
nance being reached when more than 50% of the identi-
fied cases on a given day is caused by the same variant
(e.g., [35, 36, 37]). As can be noticed in Fig. 2, four differ-
ent phases were distinguished. As no single variant was
dominant in the first phase of the pandemic, this phase
was labeled as Undefined (i.e., 10 July 2020—20 February
2021). From February 2021 onwards, the Alpha (i.e., 21
February- 30 June 2021), Delta (i.e., 1 July— 29 December
2021), and Omiicron (i.e., 30 December 2021-3 March
2022) variant became consecutively dominant, with these
three phases being labeled accordingly.

Analysis plan

Before conducting the preliminary and main analyses,
we focused on missing data analysis, thereby reporting
the percentage of missing values for each study variable
(see Table 1) [38]. Because more than 10% of the sam-
ple is composed of partial respondents (i.e., reporting
at least one construct but also missing at least one con-
struct), the multiple imputation approach (i.e., 50 times
in the current study) using the predictive mean matching
algorithm [39] was used as the missing data treatment in
the current study [40]. Doing this has the advantage of
generating unbiased and accurate standard errors under
MCAR (Little’s [41] MCAR test: x> (17)=16.03, p=.62),
which is appropriate for hypothesis testing [42]. In doing
this, we included all study variables, including miss-
ing data, as well as sociodemographic and crisis-related
variables (i.e., cases, hospitalizations). All subsequent
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Fig. 2 Overview of percentual shift of different COVID-19 variants in Belgium across the pandemic. Note. non_who represents those variants that were

unlabeled by the World Health Organization (WHO)
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Table 1 Descriptive statistics and Pearson correlations between assessed variables at the between-day level (below the diagonal) and

the between-person level (above the diagonal)

Variable M sD IcC 1. 2. 3. 4, 5.

1. Perceived infection 297 084 09 46™ 38" 28"

2. Perceived severity 293 0.93 15 03 617" 507

3. Autonomous motivation 336 122 12 12" 76™ 65"

4. Adherence 3.90 0.99 11 04 82" 75"

5. Infections 826 121 - 63" -38" 03 01

6. Hospitalizations 761 068 - 29" 08 09" 05 41"

Note. * p <.05, ** p <.01, ***p <.001. Perceived infection and perceived severity had, respectively, 14% and 15% missing values, while autonomous motivation and adherence contained,

respectively, 4% and 5% missing values

analyses and reported results are based on this (pooled)
imputed dataset.

A set of preliminary analyses was conducted to check
for the effect of sociodemographic variables on the study
variables. Categorical background variables (i.e., gender,
comorbidity, education level) were examined using a
MANCOVA to identify multivariate effects, and through
ANOVASs to identify univariate effects. Pearson corre-
lations were used to examine the associations between
age and assessed outcomes at the between-subject level.
Indeed, to examine the associations between the (contin-
uous) study variables, we calculated Pearson correlations
on both the between-subjects and the between-days lev-
els. The use of such a multilevel approach was justified by
the Intra-Class Coefficient (ICC), representing the simi-
larity of participants within days or, put differently, the
variation between days.

To examine mean level changes in aspects of risk
perception, autonomous motivation, and behavioral
adherence across different phases of the pandemic as
a function of vaccination status (Hypothesis 1), we per-
formed a series of multiple linear mixed regression mod-
els. Herein, the variable days was included as a random
intercept, because accounting for a meaningful amount
of between-days variance (see ICC-values) avoids biased
parameter estimates [43]. Within these models, the phas-
ing of the pandemic is introduced as a predictor at the
between-day level, while vaccination status and back-
ground variables are introduced as predictors at the
between-person level. A cross-level interaction, testing
for the interplay between phasing and vaccination sta-
tus, was introduced as an additional predictor. In these
analyses, the first phase (i.e., Undefined) was not included
as the vaccination rollout had not started yet at the time,
thus preventing us from examining the role of vaccina-
tion status. Further, we centered continuous variables in
the models and checked model assumptions (i.e., normal-
ity of residuals, influential observations). Multicollinear-
ity was checked by the Variance Inflation Factor (VIF>4
indicates multicollinearity). The output of the model
involves the ANOVA reporting of the F-values, p-values
for the statistical significance and partial eta-squares (1721,)
as effect sizes for the sake of practical significance [44].

With the current large dataset, p-values tend to become
significant when effects are small. Effects are interpreted
as small when #?,>0.0099, medium when ;72p>0.0588
and large when ﬂgp>0.1379 ([45]); pp. 278-280). In the
visual output of the model, we still included the average
of the Undefined phase as it serves as a useful reference
point in the crisis.

To examine the structural role of risk perception in
the prediction of autonomous motivation and adher-
ence (i.e.,, Hypothesis 2), we used a similar procedure.
We introduced phases at the between-day level and
risk perception and aspect of risk perception (i.e., prob-
ability, severity) at the between-person level. Also, the
cross-level interaction between all three predictors was
inserted to examine whether the descriptive evolution
of risk perception was phase- and aspect-dependent. In
an additional set of analyses, we investigated whether the
evolutions in risk perception across time would depend
on vaccination status (thus involving a 4-way interaction
between phase, risk perception, aspect of risk perception
and vaccination status). These analyses were performed
on a truncated sample, that is, a sample excluding the
first phase of the pandemic because all individuals were
still unvaccinated at that time.

To examine the extent to which daily risk perception
would serve as a resource of daily autonomous motiva-
tion and subsequent daily adherence, while being pre-
dicted by daily variation in the epidemiological situation
(i.e., Hypothesis 3), we performed a Multilevel Structural
Equation Model (MSEM) using the R-package lavaan
[46]. We created latent variables for both aspects of risk
perception, autonomous motivation, and adherence. This
model was examined at the between-day level, while con-
trolling for between-person differences in the variables in
the model.

We report how we determined our sample size, all
data exclusions (if any), and all sanitary behaviors in the
study, and we follow JARS. All data, analysis code, and
research materials are available at Zenodo (after contact-
ing the responsible author) and Open Science Frame-
work (https://osf.io/5cqhr/). We analyzed the data using
R, version 4.1.2.
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Fig. 3 Visualization of two-way interactions between phases and vaccination status. Note. The mean of the Undefined phase was added to this figure for
the sake of information. Values from the Alpha to the Omicron phase are the output of the model in Table 2

that the difference between vaccinated and unvaccinated
persons widened in the transition from the Alpha to the
Delta phase and remained rather stable during the sub-
sequent Omicron phase. Specifically, vaccinated persons
reported higher risk perception for both aspects, higher
autonomous motivation and higher adherence from the
Delta phase on compared to the unvaccinated.

Hypothesis 2: predictive validity of risk perception

To examine the predictive validity of both aspects of
risk perception, we first performed linear mixed regres-
sion models including a three-way interaction between
risk perception, the aspect of risk perception, and phase.
As can be noticed in Table 3, a risk perception by aspect
interaction of medium effect size was obtained. Fig-
ure 4 shows that perceived severity was more strongly

associated with both autonomous motivation and adher-
ence than perceived probability. This significant two-way
interaction was further moderated by the phase of the
pandemic, thus yielding a significant three-way interac-
tion with a small effect size. As can be seen in Fig. 4, the
relation of perceived infection with autonomous motiva-
tion (grey lines; upper figure) and behavioral adherence
(bottom figure) decreased across time, while associations
between perceived severity and both autonomous moti-
vation and adherence (black lines) remained stable across
the different phases of the pandemic. Specifically, the
most pronounced differences in the role of both aspects
of risk perception are observed in the Omicron phase,
during which perceived probability of infection was more
modestly related to both outcomes compared to the pre-
vious phases.
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Table 3 output of linear mixed regression model including standardized coefficients and partial eta-squared values

Autonomous motivation Adherence

Fixed effects B p-value n, B p-value n,

Between-subject predictors
Age 13 <001 02 13 <001™ 02
Gender[female] 07 <001™" 01 a3 <001™ 02
Comorbity 02 <001 00 -02 <001 00
Education level 03 <001 00 03 <001™ 00
Vaccination status[unvaccinated] -25 <001 03 -1 <001™ 01
Aspect[severity] —-04 <001™ 04 -03 <001 00
Risk perception 37 <001™ 15 25 <001™" 09
Aspect[severity] : Risk perception 1 <001 06 09 <001 05

Between-days predictors
Phases[Alpha] -4 <001 04 -15 <001™ 03
Phases[Delta] -30 <001™" -30 <001
Phases[Omicron] -32 <001 -27 <001™

Cross-level interactions
Phases[Alpha] : Aspect[severity] 01 <001™ 01 00 21 01
Phases[Delta] : Aspect[severity] 10 <001 08 <001™
Phases[Omicron] : Aspect[severity] 1 <001 10 <001™
Phases[Alpha] : Risk perception 02 <001 02 05 <001™ 01
Phases[Delta]: Risk perception -06 <001 -02 <001
Phases[Omicron]: Risk perception -06 <001 -03 <001™
Phases[Alpha] : Aspect[severity]: Risk perception -01 <001™ 03 00 11 02
Phases[Delta] : Aspect[severity]: Risk perception 04 <001 04 <001
Phases[Omicron] : Aspect[severity]: Risk perception 04 <001™ 04 <001™

Random effects:

Number of days 0.14 0.17

Residual 0.83 0.87

Max VIF 3.56 3.76

Rz(marginal/conditiona\) .35/41 .29/.35

Note. “'p<.001, "p<.01, p<.05

In a next step, we checked whether the pattern of asso-
ciations between both aspects of risk perception and out-
comes across the pandemic would be any different for
vaccinated versus unvaccinated persons. The effect sizes
of these four-way interactions were zero, indicating that
the associations observed in Fig. 4 equally apply to vac-
cinated and unvaccinated persons.

Hypothesis 3: risk perception as an intervening mechanism
Figure 5 shows the output and fit indices of the M-SEM
with standardized coefficients on the between-day level.
Daily variation in infection and hospitalization numbers
related positively with, respectively, perceived infec-
tion probability and perceived severity. Daily perceived
severity (and not perceived probability), in turn, related
positively to daily autonomous motivation, which related
positively to daily adherence. A significant indirect effect
(Bindirect=-24, p<.001) was obtained from daily hospital-
izations to daily adherence via daily levels of perceived
severity and autonomous motivation. Such a pathway
was not found for perceived infection by infection num-
bers (Bindirect=-02, p=43). Finally, it is worth noting that

daily hospitalizations still yielded a supplementary posi-
tive association with daily autonomous motivation and
that daily perceived severity yielded a supplementary
positive association with daily adherence to health-pro-
tective measures.

Discussion

The present study provides a unique and fine-grained
insight into the evolution and role of risk perception
during the COVID-19 pandemic. Prior research indi-
cated large individual differences in people’s perceived
risks, which explain variability in one’s (intentions to)
adherence to the sanitary measures [19], autonomous
motivation for vaccination [2] and intention to take the
vaccine [17]. We aimed to extend this body of work by
monitoring individuals’ perceived risk for 20 months
(i.e., descriptive aim) and examining which aspect of
risk perception (i.e., probability of infection or severity)
yielded the strongest motivational effect (i.e., structural
aim), an issue we explored at both the between-person
and between-day level. In addressing both aims, we also
considered the role of vaccination status and the phase of
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the pandemic. The data allowed us to highlight four key
findings.

First, the perceived severity of symptoms after infec-
tion was found to be a more salient aspect of risk than the
perceived probability of becoming infected throughout
the pandemic until Omicron emerged. At that point, the
more contagious, yet less sick-making character of Omi-
cron altered the individuals’ risk perception and both
aspects of risk started to dissociate rather than evolving
in parallel.

Second, individuals’ vaccination status reduced the per-
ceived risk, a finding in line with earlier literature [3]. Yet,
the time frame of the present study allowed us to observe
a widening difference between the vaccinated and unvac-
cinated persons across time. Presumably, in the early

months of the vaccination campaign, unvaccinated indi-
viduals represented a more heterogeneous group, with
the groups becoming increasingly homogeneous as the
pandemic evolved. Likely, the unvaccinated group gradu-
ally consisted of people who explicitly refused the vac-
cine. Despite being better protected against illness, the
vaccinated people still perceived higher risks than unvac-
cinated, a finding also reported by Qin et al. [3]. Several
reasons may help to account for these mean-level differ-
ences. Unvaccinated persons may adjust their behavior to
minimize risks (e.g., avoiding close contacts), they might
follow different types of media than vaccinated persons
do or they may minimize the risks to justify their lack of
vaccination. Future longitudinal research could follow-
up the same participants to examine whether such a
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decrease effectively emerges across time within the same
group of participants.

Third, as hypothesized, only the severity aspect of risk
was related to autonomous motivation to adhere to the
measures. As can be noticed in Fig. 4, each of the associa-
tions between perceived severity and autonomous moti-
vation was significant and positive across the four phases
of the pandemic, a finding that applied to both vacci-
nated and unvaccinated individuals. Despite the mean
level differences in risk perception between both groups,
perceived risk was found to have a similar motivating role
for both. Stated differently, both groups seem equally risk
responsive, although the threshold to perceive risks dif-
fered between both groups.

Fourth, the critical role of severity was also docu-
mented at the between-day level. That is, on days when
the population reported higher risks, they were more
autonomously motivated, which in turn led to higher
adherence to the prevailing corona measures at that
moment. Interestingly, objectively registered hospitaliza-
tions on a given day were positively related to perceived
severity, but were unrelated to perceived infection prob-
ability. In turn, infection numbers were related to per-
ceived infection probability, but did not act as a predictor
of autonomous motivation on a daily base.

In terms of theoretical relevance, our findings shed
light on an underexplored source of internalization
within Organismic Integration Theory [47, 33], one of
the six mini-theories of Self-Determination Theory. For
people to fully accept and internalize a behavioral regu-
lation, they need to perceive the behavior as meaningful
and valuable. When the risk of severe illness, either for
oneself or for close others, was elevated, people perceived
engagement in health behaviors as more valuable and
important. Perceived severity, therefore, might provide
a legitimate reason for people to engage in long-lasting
health-protective behavior. This finding is intriguing and

particularly important because strong internalization
of health behaviors was observed despite the long last-
ing violation of the basic needs of people for autonomy,
competence, and relatedness [48]. For example, keeping
physical distance runs counter to our natural tendencies
and may be experienced as socially alienating. Despite
these frustrations of basic needs, risk severity served as
an important source of internalization. Presumably, risk
severity was a legitimate and sufficient reason to endorse
health-protective behaviors. At the same time, risk sever-
ity seems a rather fragile source of internalization, with
its motivational power quickly fading out when risks
were no longer perceived as severe.

Practical implications

The current study provides novel insights into the moti-
vational effects of risk perception and its relevance for
communication strategies during crisis management.
First, the consistent role of autonomous motivation in
predicting health protective behavior underscores its
practical importance. People are not just carrying out (or
oppose) instructions by policymakers. They are problem
solvers themselves who want to understand the problem
and the ways to contain it. This means that policymakers
should address them as co-problem solvers together with
the policymakers and should use any means to induce
this sense of co-responsibility rather than putting pres-
sure on people to act responsibly. Presenting graphical
‘if-then’ scenarios could provide such information where
prospective infection curves are related to different levels
of behavioral adherence [49].

Second, perceived severity appears a more powerful
determinant of autonomous motivation for health pro-
tective behavior than perceived probability. Interestingly,
actual hospitalization rates as communicated by the
media impact particularly perceived severity and, as such,
already contributes to internalized motivation. However,
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several caveats should be added here. For example, the
dissociating association of perceived infection probabil-
ity and perceived severity with autonomous motivation
observed during the Omicron variant [50] suggests the
need for continuous monitoring of risk perception and
flexible strategies to adapt crisis communication appro-
priately. Another caveat is that enhancing perceived
severity in risk communication may induce worry and
anxiety in a substantial part of the population (e.g., [51]).
The implication is that strategies to enhance severity per-
ception should be flanked by clear communication of
behavioral options to empower people to efficiently avoid
or reduce the perceived severity (among which is, for
example, vaccination).

Third, individual differences and contextual variables
play an important role in the divergence between per-
ceived risk and actual risk, as is illustrated by our find-
ings on the role of vaccination status. Despite being less
protected against illness, unvaccinated persons perceived
lower risks than vaccinated persons, which probably
contributed to the decision not to take a vaccine. Unvac-
cinated persons may need tailored information. Our find-
ings suggest that personalized severity information could
contribute to foster autonomous motivation to take a
vaccine. Fourth, we believe that our findings are not only
critical for managing a pandemic, but also offer valuable
lessons for future societal challenges that require behav-
joral involvement of the population, such as countering
climate change [5].

Limitations

The current research has several limitations that help
to contextualize the findings. First, because of its self-
selected nature, the current sample was not representa-
tive of the Belgian population. Specifically, the current
sample is older than the average population (M, = 41.4)
and include more female participants (51%), which may
have led to an overestimation of risk and autonomous
motivation across the pandemic as older and female par-
ticipants on average scored higher on these outcomes.
Some argued for alternative methods to deal with non-
representativity of datasets, like using weighing. How-
ever, such a procedure might result in biased parameters
and loss of accuracy [52], while the usefulness of weight-
ing in datasets may be less relevant when focusing on
structural associations.

Second, the present study did not include data before
July 2020 because risk perception was not assessed in
the early months of the pandemic. This is unfortunate as
the first months of the pandemic were indeed character-
ized by high levels of unpredictability of the COVID-19
virus, presumably causing even higher levels of risk than
observed later in time. Also, additional aspects of risk
perception could have been included, such as affective
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risk perception (e.g., the extent to which the risk makes
people feel dread, [53]).

Third, common method variance (i.e., variance attrib-
uted to the measurement method rather than to the
measured construct) must be considered a potential con-
found in the current research [54], because a large part of
the constructs has been measured in the same survey on
the same point in time. Also, for some of the variables,
item characteristics were identical, as illustrated by the
use of the same response scale for, e.g., motivation and
adherence. Bias resulting from common method variance
might not only impact the strength but also the direc-
tion of associations. Specifically, it might either inflate
or deflate the observed relationships (i.e., leading to both
Type I and Type II errors), depending on their association
when method effects are controlled for [54]. This consid-
eration does not apply to the objectively registered daily
hospitalizations and infections, which yielded a rather
differentiated pattern of associations with risk percep-
tion. Also, it is worth noting that we took a few design-
related steps to mitigate this bias, such as emphasizing
the anonymous and confidential nature of the survey
and providing clear instructions to respond honestly and
thoughtfully. Another step we took is that we randomized
the order of items during data collection and we included
only unique participants without repeated measures
to reduce common method bias caused by sequence or
memory. However, these measures may not fully elimi-
nate the problem [54], and future research could consider
additional measures to reduce common method variance
by including, for instance, objective behavioral indicators
(e.g., mobility data) as a different source of information
or by using different response scales for self-reported
assessments [54].

Finally, we did not account for other relevant covari-
ates than sociodemographical variables to examine the
robustness of the findings. Especially in the prediction
of behavioral adherence, other factors might be relevant,
such as the context-specificity of one’s behavior (e.g., role
of strangers or friends who (fail to) comply with the mea-
sures [55]).

Conclusion

Motivation played a key role in managing the COVID-
19 pandemic, because health protective behaviors were
required by policymakers. Although prior work indicated
that volitional or autonomous motivation predicts bet-
ter adherence of sanitary behaviors, the question which
of the factors foster autonomous motivation received
far less attention. The present study showed that espe-
cially perceived severity serves as critical, yet fluctuat-
ing driver of autonomous motivation. Using data being
collected across 20 months of the COVID-19 pandemic
in Belgium, risk perception steadily decreased, with a
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gradually widening discrepancy between vaccinated and
unvaccinated persons. At the same time risk perception,
especially the severity aspect, acted as a critical factor
promoting internalization for both unvaccinated and
vaccinated persons. This severity perception was itself
more elevated on days when more people were hospital-
ized. The present findings have several implications for
appropriate communication with the broader public to
preserve optimal levels of motivation for and adherence
to health protective behaviors.
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