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Assessing the perceived 
effect of non‑pharmaceutical 
interventions on SARS‑Cov‑2 
transmission risk: an experimental 
study in Europe
Giuseppe Alessandro Veltri 1*, Janina Isabel Steinert 2, Henrike Sternberg 3,8, 
Matteo M. Galizzi 4, Barbara Fasolo 5, Ploutarchos Kourtidis 4, Tim Büthe 2,6 & George Gaskell 4,7

We conduct a large (N = 6567) online experiment to measure the features of non‑pharmaceutical 
interventions (NPIs) that citizens of six European countries perceive to lower the risk of transmission 
of SARS‑Cov‑2 the most. We collected data in Bulgaria (n = 1069), France (n = 1108), Poland (n = 1104), 
Italy (n = 1087), Spain (n = 1102) and Sweden (n = 1097). Based on the features of the most widely 
adopted public health guidelines to reduce SARS‑Cov‑2 transmission (mask wearing vs not, outdoor 
vs indoor contact, short vs 90 min meetings, few vs many people present, and physical distancing of 
1 or 2 m), we conducted a discrete choice experiment (DCE) to estimate the public’s perceived risk 
of SARS‑CoV‑2 transmission in scenarios that presented mutually exclusive constellations of these 
features. Our findings indicate that participants’ perception of transmission risk was most influenced 
by the NPI attributes of mask‑wearing and outdoor meetings and the least by NPI attributes that 
focus on physical distancing, meeting duration, and meeting size. Differentiating by country, gender, 
age, cognitive style (reflective or intuitive), and perceived freight of COVID‑19 moreover allowed 
us to identify important differences between subgroups. Our findings highlight the importance of 
improving health policy communication and citizens’ health literacy about the design of NPIs and the 
transmission risk of SARS‑Cov‑2 and potentially future viruses.
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The COVID-19 pandemic, marked by nearly eight hundred million confirmed cases and seven million deaths 
globally as of November 2023, stands as one of the most significant health crises in recent  history1. Initially 
governments around the world relied heavily on non-pharmaceutical interventions (NPIs), that is, public health 
 interventions2 such as lockdown, isolation, wearing masks, and practicing physical distancing, as immediate 
strategies to curb the spread of the virus. The landscape changed with the development of COVID-19 vaccines 
in late 2020, substantially reducing the risk of severe  infection3, shifted much of the attention to the vaccines. 
Yet, even after the advent of COVID-19 vaccines, NPIs continue to be useful tools for public health behaviours.

One of the reasons for the persistence of NPIs in mitigating COVID-19 is the emergence of highly transmis-
sible variants. While epidemiological models initially suggested that herd immunity could be achieved with 
a 66% vaccination rate, assuming a 90% vaccine  efficacy4, the Delta variant of SARS-CoV-2 proved twice as 
transmissible as its  predecessors5. The increased transmissibility of Delta elevated the herd immunity threshold 
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beyond 90%6. With universal vaccine access lacking, and a significant portion of the global population below 
the vaccination  threshold6,7, implementation of NPIs, alongside vaccination efforts, remained essential to curb 
the spread of the virus. The U.S. Center for Disease Control and Prevention (CDC) emphasised this need when 
it updated its guidance in the summer of 2021, recommending that fully vaccinated individuals wear masks in 
public indoor  spaces8. At the same time, research findings further indicated reduced effectiveness of COVID-19 
vaccines against the Delta variant compared to earlier  strains9, highlighting the need for continuous engagement 
in protective behaviours. Countries that maintained NPIs throughout the pandemic demonstrated more effec-
tive control of the Delta  outbreak6. Taken together, the evidence suggests that NPIs continued to play a crucial 
role in mitigating COVID-19, even after vaccine  rollouts10.

Apart from the emergence of variants and herd immunity, the declining immunity against COVID-19 over 
 time10,11 and asymptomatic infection, especially among vaccinated populations in the case of Omicron  variant12 
provided additional reasons for the continued implementation of NPIs as did vaccine hesitancy. There is a large 
body of literature investigating which parts and which characteristics of the public are vaccine-hesitant13–16. For 
these parts of the population, NPIs might be a more suitable means for protecting public health.

Systematic evidence highlights the importance of different NPIs against COVID-19 and previous 
 epidemics17,18, even beyond the immediate response to a disease outbreak. Notably, during the COVID-19 pan-
demic, measures such as mask-wearing, ventilation, avoidance of large gatherings, schools and restaurants clo-
sures, and physical distancing emerged as highly effective during the COVID-19  pandemic10,19–22. In contrast, 
NPI measures like contact tracing and isolation appeared to be less  effective23. Compliance with pandemic rules, 
however, is not always straightforward, as it can be influenced by sociodemographic factors, behavioural factors, 
and human  perceptions13,24,25. In particular, it can be affected by the high heterogeneity in risk perceptions and 
preferences during public health  emergencies26. Part of the variability in risk perception can be attributed to 
factors like age, with older individuals exhibiting higher risk perception and greater adherence to public health 
 rules26–30. Gender also plays a role, as females demonstrate higher compliance with COVID-19  guidance27–31. 
In terms of levels of education, higher education is positively associated with both COVID-19 risk perception 
and adherence to pandemic  rules28–30. Exposure to  crises32,33, affective responses to  threats34–36, and the variety 
of specific methods used to measure risk  perception37 further contribute to this heterogeneity.

Recent research at the intersection of risk perception and compliance with pandemic rules highlights a 
consistent finding; that is, risk perception substantially predicts compliance  behaviour27–30,38. This aligns with 
existing health behaviour theories, such as the Health Belief  Model39 and the Protection Motivation  Theory40, 
which posit that health behaviours depend on people’s perceived risk, encompassing the perceived severity of 
and vulnerability to a health threat. Within the context of protective behaviours during crises, this suggests that 
higher perceived risk motivates individuals to comply with public health guidelines and associated  NPIs28,41. 
Likewise, recent research suggests that a reduction in risk perception that naturally occurred during the COVID-
19 pandemic corresponds with a decrease in compliance with public health measures, highlighting the interplay 
between risk perception and  behaviour38.

In the evolving landscape of research on risk perception during the COVID-19 pandemic, a critical gap 
persists regarding the effects of NPIs on individuals’ risk perception concerning SARS-CoV-2 virus transmis-
sion. Our research aims to address this gap by conducting a comprehensive assessment of how the most widely 
adopted NPIs during the COVID-19 pandemic affect people’s risk perception of virus transmission. Concretely, 
we employ a discrete choice experiment (DCE)42, in which the defining characteristics of each NPI becomes 
an attribute, varied systematically across the choice sets to investigate how participants’ risk perception vary in 
response to specific NPIs. The NPIs included: (a) personal protective equipment—i.e., mask wearing vs. not; (b) 
settings of a meeting—i.e., indoors vs. outdoors; (c) size of gathering—i.e., two people vs. ten people; (d) dura-
tion of contact—i.e., 15 min vs. 90 min; and (e) physical distance—i.e., 1 m vs. 2 m. A detailed discussion of our 
methods and findings is presented in the subsequent sections.

Findings
In Supplementary Annex Sects. 1 and 2, we report the full set of descriptive statistics for our sample, including 
socio-demographic variables, Cognitive Reflective Test (CRT) scores and Perceived Freight of COVID-19 (PFC) 
scores. None of the distributions shows extreme skewness. We also report the parameter estimates based on a 
conditional logistic regression, with the regression coefficients representing the change in the probability of 
choice for each unit of change in the predictor.

NPI features and perceived risk of transmission
Since in the analysis of the DCE data, we have multiple tests for each participant, Table 1 shows the False Discov-
ery Rate LogWorth for each attribute, defined as − log10 (FDR p-value). The table also presents the FDR p-value 
for each attribute calculated using the Benjamini–Hochberg correction for multiple hypotheses  testing43. This 
technique adjusts the p-values to correct the false discovery rate for multiple tests.

The marginal probabilities and utilities of each attribute are reported in Table 2. The results suggest that par-
ticipants interpreted the attributes in the desired direction desired by health authorities. For example, wearing 
a face mask has an estimated negative utility of − 0.40, suggesting that a DCE scenario containing the wearing 
of a face mask was less likely to be selected and thus deemed as less risky compared to a scenario in which a 
face mask was not worn. By the same token, the attributes environment (i.e., indoors vs outdoors), the distance 
between people, duration of contact, and the number of people present were also pointing in the expected direc-
tion. Specifically, an outdoors setting had a negative utility of − 0.41, whereas adopting social distancing, i.e., 
being 2 m away from others, had a negative utility of − 0.08. Being in contact with two people instead of ten had 
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a negative utility of − 0.13, while a short 15-min meeting (versus a 90-min one) had a smaller negative utility 
of − 0.04 (see Table 6 in the Supplementary Annex).

The findings reported in Table 1 indicate that the two foremost attributes shaping participants’ assessment 
of the Sars-CoV-2 transmission risk are the environment and the use of face masks (see higher False Discovery 
Rate Log Worth). We converted the parameters of the logit regression into odds ratios and percentages to allow 
for a more straightforward interpretation. Meeting outdoors instead of indoors reduced the probability that 
respondents selected the transmission risk as the highest by 34%. Similarly, wearing a face mask rather than not 
wearing one reduced the probability by 33%. The other three NPI attributes were perceived as substantially less 
meaningful: The next most important attribute was the number of people involved in the contact. The presence 
of a small number of  people3 instead of ten reduced the perceived transmission risk by 12%. The final two NPI 
attributes were least relevant for respondents’ judgement of the transmission risk, despite the prominent role 
that they have played in the media and public health campaigns or signage. Maintaining a social distance of 
1 meter rather than 2 meters decreased the perceived transmission risk by just 9%. Finally, having a short 15 min 
meeting instead of a long 90-min one was the least influential attribute in participants’ evaluations, decreasing 
the judged transmission risk only by 4%.

NPI features and perceived risk of transmission: cross‑country comparisons
In the next step, we explore the cross-country variation in the perception of transmission risk (Table 3, Supple-
mentary Annex 2). For this, we include the country of residence as an interaction term to identify whether the 
effect of the attribute aj is smaller or larger in respondents from a specific country (odds ratio for the interaction 
term). Looking first at the two attributes with the largest weight, the effect of “wearing a face mask” is larger 
(reduces the perceived transmission risk more) in France, Italy and Spain, compared to Sweden, Bulgaria and 
Poland, while the effect of being outdoors is larger (reduces the perceived transmission risks to a larger extent) 
in Sweden, France, Spain and Bulgaria but less so in Italy. Turning to the attributes that have the least impact, 
social distancing (at 2 m) is considered more important in Spain, Sweden and Bulgaria, but less so in France or 
Italy, while meeting fewer people (two rather than ten people) has more relevance in France and Sweden and 

Table 1.  Discrete choice experiment results models features (N = 6567).

Non-pharmaceutical intervention 
attribute False discovery rate LogWorth False discovery rate p-value Likelihood-ratio chi-square Degree of freedom Prob > ChiSq

Face mask 3330.793 0.00000 6653.126 1  < 0.0001***

Duration 15.466 0.00000 66.546 1  < 0.0001***

Distance 59.285 0.00000 267.416 1  < 0.0001***

Environment 3557.559 0.00000 7107.195 1  < 0.0001***

People 149.709 0.00000 683.477 1  < 0.0001***

Table 2.  Discrete choice experiment results for the main effect analysis of attributes, overall results (N = 6567). 
AICc = 59,274.572; BIC = 59,318.917; − 2 × LogLikelihood = 59,264.571; − 2 × Firth LogLikelihood = 59,211.763.

Term Estimate Odds ratios Percentage Std error Lower 95% of estimate Upper 95% of estimate

Face mask [yes]  − 0.40387 0.67  − 33 0.00526  − 0.414211  − 0.393591

Duration [15 min]  − 0.04263 0.96  − 4 0.00524  − 0.052924  − 0.032371

Distance [about 1 m] 0.08525 1.09  + 9 0.00524 0.0749876 0.0955421

Environment [outdoors, open air]  − 0.41644 0.66  − 34 0.00526  − 0.426779  − 0.406155

People [2 people]  − 0.13021 0.88  − 12 0.00501  − 0.140043  − 0.120397

Table 3.  Odds ratios conditional to the participants’ country, base percentage, country additional effect, and 
cumulative effect in brackets. ***p < 0.000, **p < 0.001, *p < 0.05, n.sp > 0.05.

NPI attribute Base percentages

Additional country effect in percentages

France Italy Spain Sweden Bulgaria Poland

Face mask [yes]  − 34%***  − 10%*** (− 44%)  − 9%*** (− 43%)  − 19%*** (− 53%)  + 12%*** (− 22%)  + 23%*** (− 11%)  + 9%*** (− 25%)

Duration [15 min]  − 5%***  + 0.01%n.s  + 0.02%n.s.  + 0.001%n.s.  + 0.01%n.s.  + 0.0001%n.s.  − 0.01%n.s.

Distance [about 1 m]  + 9%***  − 1%*** (+ 8%)  − 4%*** (+ 5%)  + 1%*** (+ 10%)  + 8%*** (+ 17%)  + 3%*** (+ 12%)  − 0.2%*** (+ 9.2%)

Environment [outdoors, open air]  − 35%***  − 4%*** (− 39%)  + 6%*** (− 29%)  − 3%*** (− 38%)  − 14%*** (− 49%)  + 12% (− 22%)  + 2%*** (− 33%)

People [2 people]  − 13%***  − 4%*** (− 17%)  + 3%*** (− 10%)  + 1%*** (− 12%)  − 7%*** (− 20%)  + 5%*** (− 8%)  + 2%*** (− 11%)
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less in Italy, Spain, Bulgaria and Poland. The duration of a meeting has the same non-significant effect across all 
countries in our sample.

NPI features and perceived risk of transmission: gender and age comparisons
Tables 4 and 5 show the effects of interaction terms that include participants’ gender and age. Notably, the two 
most important attributes (face masks and being outdoors) are even more important for women than men (full 
results in Supplementary Annex Sect. 3). The other attributes show some small differences but are less relevant 
than wearing face masks or being outdoors.

Concerning age (full results in Supplementary Annex Sect. 4), the most noticeable difference is the evaluation 
by the 18–24 years old group who do not perceive ‘being outdoors’ as decreasing the risk of transmission—in 
contrast to older age groups, particularly the 55–64 years old age group, who do.

NPI features and perceived risk of transmission: cognitive style and perceived fright
Next, the analysis investigates how cognitive style measured by the cognitive reflective test (CRT) and the ‘per-
ceived fright’ of COVID-19 influence the weight of NPI attributes on transmission risk. First, we look at the 
conditional effects on the attributes’ odds ratios of two different scores of CRT tendency, the CRT reflective and 
CRT intuitive scores (see Tables 6, 7, full results are reported in Supplementary Annex Sect. 5).

The CRT reflective score was computed following the procedure by Primi et al.44. The score distribution is 
reported in the Supplementary Annex Table. Respondents with high CRT reflective scores weigh each NPI attrib-
ute in the same direction as the main effect model. In other words, they added additional weight to or found a 
lower risk of transmission when the attributes pointed in the direction of the NPI (wearing a face mask, short 
meetings, few people, outdoors and with 2 m of social distance). Interestingly, participants with higher CRT 
reflective scores weighted the attribute ‘being outdoors’ as being more important than the others in lowering 
the perceived risk of transmission.

A strikingly contrasting picture appears in the model of the conditional effects on the attributes’ odds ratios 
of the CRT intuitive score. Only two interactions are statistically significant, namely the interactions between the 

Table 4.  Odds ratios conditional to the participants’ gender, base percentage, gender additional effect, and 
cumulative effect in brackets. ***p < 0.000, **p < 0.001, *p < 0.05, n.s.p > 0.05.

NPI attribute Base percentages Female Male

Face mask [yes]  − 30%***  − 8%*** (− 38%)  − 2%*** (− 32%)

Duration [15 min]  + 0.03%n.s.  + 0.005%n.s.  − 0.007%n.s.

Distance [about 1 m]  + 7%***  + 3%*** (+ 10%)  − 0.005%n.s. (+ 7%)

Environment [outdoors, open air]  − 28%***  − 13% (− 41%)  − 2%*** (− 30%)

People [2 people]  − 10%***  − 4%*** (− 14%)  − 1%*** (− 11%)

Table 5.  Odds ratios conditional to the participants’ age group, base percentage, age group additional effect, 
and cumulative effect in brackets. ***p < 0.000, **p < 0.001, *p < 0.05, n.s.p > 0.05.

NPI attribute Base percentages Age 18–24 Age 25–34 Age 35–44 Age 45–54 Age 55–64

Face mask [yes]  − 32%***  + 1%*** (− 31%)  − 0.001%n.s.  − 3%*** (− 35%)  − 4%*** (− 28%)  + 1%*** (− 31%)

Duration [15 min]  − 3%**  + 0.03%n.s.  + 0.02%n.s.  + 0.001%n.s.  + 0.02%n.s.  − 0.004%n.s.

Distance [about 1 m]  + 8%***  + 0.05%n.s.  − 0.001%n.s.  + 0.001%n.s.  − 0.01%n.s.  + 0.03%n.s.

Environment [outdoors, 
open air]  − 34%***  + 10%*** (− 24%)  + 4%*** (− 30%)  − 0.007%n.s.  − 4%*** (− 38%)  − 11%*** (− 45%)

People [2 people]  − 11%***  + 0.03%n.s.  + 0.009%n.s.  + 0.001%n.s.  − 0.006%n.s.  + 0.03%n.s.

Table 6.  Odd ratio conditional to the cognitive reflective test-reflective score, base percentage, reflective score 
additional effect, and cumulative effect in brackets. ***p < 0.000, **p < 0.001, *p < 0.05, n.s.p > 0.05.

NPI attribute Base percentages

Additional CRT effect in percentages

CRT reflective

Face mask [yes]  − 31%***  − 3%*** (− 34%)

Duration [15 min]  − 3%**  − 1%** (− 4%)

Distance [about 1 m]  + 6%***  + 2%*** (+ 8%)

Environment [outdoors, open air]  − 27%***  − 6%*** (− 33%)

People [2 people]  − 9%***  − 3%*** (− 12%)
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CRT intuitive score and the attributes ‘face mask’ and ‘environment’ (see Table 6). Participants with higher CRT 
intuitive scores give even more weight to the transmission risk reduction in the presence of a face mask. However, 
they also give less weight to the effect of being outdoors on transmission risk reduction, compared to baseline.

A third model analyses the interaction between the NPI attributes and PFC (Perceived Fright of COVID-19), 
Table 8 (full results are reported in Supplementary Annex Sect. 6) reports the attributes’ odds ratios converted 
into probabilities and the odds ratio ratios of the four different levels of COVID-19 fear measured by PFC. For 
participants in the first level (who believe “COVID-19 is not frightening”), the effect of wearing a face mask on 
the perceived transmission risk reduction drops from − 32 to 3%. The change goes in the same direction but is 
much smaller for participants who are in level 2 of PFC, it drops from − 32 to − 27%). For respondents who 
express more fear of COVID-19 (levels 3 and 4), the presence of face masks, being outdoors or meeting with 
fewer people reduces the infection risks more than those who are less afraid of COVID-19 (PFC levels 1 and 2). 
For respondents with a very low level of PFC, wearing a face mask and being outdoors does little to reduce their 
perception of transmission risk.

Conclusions
The findings of this large DCE provide useful insights for improving public health guidance and increasing future 
resilience to pandemic events caused by novel transmissible viruses that need to be contained by NPIs. First, 
we reveal that participants assessed the perceived risks of SARS-Cov-2 transmissions based on two main NPI 
attributes: wearing face masks and meeting outdoors. Other NPIs that featured prominently in public health 
communications were largely ignored, including social distancing, the meeting duration and the number of 
people at a meeting. Analyses of the effects by country, gender, and age identified some differences between 
subgroups within the sample but overall confirmed the general finding that some NPI attributes are rarely 
taken into consideration and have only a small impact on the perceived reduction of the risk of transmission. 
These findings imply that people do not, or cannot, consider all of the facets that are simultaneously present in 
a real-life scenario. These findings align with the behavioural insight that people reduce or ‘substitute’ complex 
multidimensional contexts with relatively simple  heuristics45,46.

Our study was based on the combination of national samples and a discrete choice online experiment, and 
it suffers from the limitations associated with these ways of collecting data. The DCE was a simulated scenario, 
and while we aimed at the highest ecological validity possible, it remained a stylized version of reality in terms 
of decision-making. That said, DCEs have been used successfully to elicit health  preferences47, and findings from 
this experimental method appear to be internally, ecologically and externally valid. The unique opportunity of 
carrying out our DCE on several national samples of unvaccinated citizens during the peak of the first phase of 
the pandemic adds further value to our study.

These findings have two implications for public health policy. Firstly, policymakers and designers of infor-
mation campaigns should align the communication of NPIs to the public’s perception of how these NPIs lower 
the transmission risk (in addition to taking into account their actual epidemiological importance for the virus 
transmission). This is all the more important for the NPIs that are universally considered most important: wearing 
a face mask or being outdoors. For instance, while being outdoors objectively reduced the risk of  transmission48,49, 
and most of our participants made their decisions in the DCE accordingly, this was less so the case for younger 

Table 7.  Odd ratio conditional to the cognitive reflective test-intuitive score, base percentage, intuitive score 
additional effect, and cumulative effect in brackets. ***p < 0.000, **p < 0.001, *p < 0.05, n.s.p > 0.05.

NPI attribute Base percentages

Additional CRT effect in percentages

CRT intuitive

Face mask [yes]  − 31%***  − 2%*** (− 33%)

Duration [15 min]  − 4%***  + 0.001%n.s.

Distance [about 1 m]  + 8%***  − 0.002%n.s.

Environment [outdoors, open air]  − 36%***  + 1%* (− 35%)

People [2 people]  − 13%***  − 0.002%n.s.

Table 8.  Odd ratio conditional to the level of perceived fright of covid (PFC), base percentage, PFC score 
additional effect, and cumulative effect in brackets. ***p < 0.000, **p < 0.001, *p < 0.05, n.s.p > 0.05.

Attribute Base percentages PFC level 1 PFC level 2 PFC level 3 PFC level 4

Face mask [yes]  − 32%***  + 29%*** (− 3%)  + 5%*** (− 27%)  − 3%*** (− 35%)  − 12%*** (− 44%)

Duration [15 min]  − 4%***  − 0.01%n.s  + 0.003%n.s  + 0.005%n.s  + 0.004%n.s

Distance [about 1 m]  + 9%***  + 0.02%n.s  − 0.007%n.s  + 0.002%n.s  − 0.02%n.s

Environment [outdoors, open air]  − 35%***  + 8%*** (− 27%)  − 3%*** (− 38%)  + 2%*** (− 33%)  − 4%*** (− 39%)

People [2 people]  − 12%***  + 5%*** − 7%)  + 0.004%n.s  − 1%*** (− 13%)  − 3%*** (− 15%)
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participants. This suggests that the communication of the impact of being outdoors versus indoors has to be 
communicated differently to young adults who need and desire to be indoors more than other age groups.

Interestingly, respondents considered the importance of social distancing for reducing transmission risk as 
less pronounced, even though it was widely promoted as an important measure, along with the use of face masks 
and with being outdoors. The underlying reasons for the different evaluation by respondents in this study needs 
further investigation, but regardless, we can infer a second course recommendation for health policymakers: 
“boost” the appreciation and improve communication on NPI attributes that the public generally ignores. NPIs 
about social distancing, the number of people to meet, and the duration of a meeting were generally given little 
weight in the assessment of transmission risk and, therefore, do not reduce the perceived risk of transmission 
as much as they could and should. Notably, social distancing and other neglected NPIs are the very measures 
featured in the recommended safety guidelines of most countries around the world. Raising awareness about the 
safety-related behaviours that are less prominent in people’s risk assessment is a possible behavioural intervention. 
Examples of making neglected criteria and behaviours more salient include reminders to pay attention to the 
aspects that are often ‘naturally’ neglected such as promoting physical distancing through floor/pavement mark-
ings or through signs on chairs and benches to leave space between one person and the next. Overall, the goal 
would be to help citizens to apply a multi-attributes risk assessment rather than relying on just one or two criteria.

The heterogeneity analysis by cognitive style shows that there are differences in the perception of transmission 
risk and of the role of the different attributes between more heuristic-prone individuals (i.e., those with higher 
scores in the intuitive CRT test) and those with high reflective CRT scores which are more inclined to systematic 
thinking. Most people were in the former group and assessed the transmission risk based on one or two aspects 
only (usually face masks and being outdoor/indoor). In contrast, only a minority of respondents were capable 
of using several NPI attributes in their evaluations. A possible policy lesson of this finding could be to advertise 
packages of NPI measures in a simplified format to reduce cognitive load. One example could be the combined 
“AHA” rule applied in Germany, which was used as an abbreviation for (1) distance (“Abstand”), (2) hygiene 
(“Hygiene”), and (3) wearing masks (“Atemschutz”).

The broader message from this study is that people’s understanding of complex transmission risk models is 
generally simple, and this should be reflected in developing policy interventions. Because of bounded cogni-
tive  ability50, complex multidimensional scenarios cannot be absorbed, processed and acted upon with perfect 
accuracy. This is true in an online choice experiment with stylised constellations of NPI features and even more 
true in complex real-life situations where the social pressure to remove or lower face masks below one’s nose, 
move a step closer to another person, go out or stay indoors are all simultaneously present in our mind and in 
our social environment.

Not knowing the distribution of ‘systematic thinkers’ in one’s population, it is reasonable to expect that most 
of the public confronting a novel virus with a high transmission risk will use a small amount of the publicly avail-
able information when making their judgments about transmission risk. As a result, the recommended course of 
action is to ensure that campaigns include the minimum amount of epidemiologically important criteria. Other 
criteria (e.g., number of people involved), which lower transmission risks but are naturally weighed less, should 
be addressed by ‘distributed cognition’51. This involves using choice architecture to reduce the cognitive burden 
when the probability of a multi-criteria risk assessment by citizens is low. This study contributes to establishing 
a realistic picture of people’s decision-making processes and behaviours in the context of a pandemic. Further 
aspects of the decision-making process, such as the role of cognitive  scarcity52 and the underlying reasons for 
discrepancies in risk assessments require further research.

Methods
Overall data collection (sample and procedure)
Online surveys were conducted in six European countries, namely Bulgaria (n = 1069), France (n = 1108), Poland 
(n = 1104), Italy (n = 1087), Spain (n = 1102) and Sweden (n = 1097). The surveys were fielded in June 2021. In 
each country, the sample comprised unvaccinated respondents aged 18 years and older in the participant pool 
of the survey company Respondi. The survey experiment was carried out according to the current EU regula-
tions. The Ethical Committee of the University of Trento approved the experimental protocol. All participants 
gave their informed consent.

A quota sample was selected to match the census population of each target country in terms of (1) gender, 
(2) age, (3) education level, and (4) region or state within each country. The online survey took between 20 and 
30 min (average 24 min) to complete and included the DCE, the sociodemographic information. The expanded 
version of the Cognitive Reflective Test (CRT)43,53 that distinguishes between those with low or high reflective 
tendency and low or high intuitive tendency.

Participants’ Perceived Fright of COVID-19 (PFC) was measured as a 5-level variable with a value of 1 indi-
cating lowest fear and a value of 5 indicating highest fear, with 5 taken as the baseline. No personally identifying 
information was collected, and the data was fully anonymised. Upon completing the survey, participants received 
vouchers worth between three and five Euros, depending on the countries’ income levels.

Discrete choice experiment
The DCE method goes beyond both traditional qualitative assessments of risk perception and quantitative rank-
ing and evaluation surveys, which do not provide information on the strength of preferences and the trade-offs or 
the likelihood of choosing one course of action over  another46. An advantage of the DCE method instead involves 
the respondent in making a series of discrete choices, requiring trade-offs between different combinations of 
attributes, in this case, transmission NPIs, which allows the researcher to determine the relative importance of 
each NPI feature.
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The DCE methodology is based on random utility maximization theory, which assumes that individuals 
choose the utility-maximizing option when presented with a choice set containing alternative scenarios.

In our DCE, respondents were presented with 8 binary choices (16 items in total) employed to estimate the 
relative risk of COVID-19 transmission for each of the five NPIs attributes. Specifically, the choice sets varied 
with respect to the following attributes: (a) personal protective equipment: mask/no mask, (b) environment: 
indoors vs outdoors, (c) duration of contact: short (15 min) vs long (90 min), (d) the number of people: few (2 
people) vs many (10 people) and (e) physical distance: short (1 m) vs long (2 m). Respondents were presented 
with pairs of mutually exclusive combinations of these public health guidelines attributes and asked to select 
which one out of two (hypothetical) scenarios they perceived as riskier regarding SARS-Cov-2 transmission (see 
Table 9 for an example of one of the 8 choice sets). Supplementary Annex Sections 3–5 report the models and 
additional details for the DCE analysis.

The analysis also allowed us to investigate whether participants engage in a multi-attribute evaluation of all 
the available information in each scenario or simplify the task with a heuristic basing their judgements on a few 
attributes only. When the experiment was carried out, at that specific stage of the COVID-19 pandemic, we did 
not have any prior information about any differential weight of NPI attributes, therefore, we designed a neutral 
utility design using an orthogonal d-optimal  design54.

Because our primary interest lies in comparing groups rather than individuals, as they are the target of 
potential public health policy interventions, we performed a conditional logistic regression rather than a random 
parameters logit. We used a conditional logit regression, as stated in the paper:

where P
(

i|j
)

 is the probability that individual i chooses alternative j, Xij is a vector of observed variables for alter-
native j and individual i, β is a vector of coefficients to be estimated, e is the base of the natural logarithm, and the 
denominator 

∑

kǫce
β′Xik is the sum of the exponentiated utilities of all available alternatives in the choice set C.

Data availability
All data generated or analysed during this study are made publicly available via the Open Science Framework 
under the following link: https:// osf. io/ 72jrq/.

Received: 4 January 2023; Accepted: 23 February 2024

References
 1. World Health Organization. WHO Coronavirus (COVID-19) Dashboard. https:// covid 19. who. int/ (2023).
 2. UK Health Security Agency. Effectiveness of Non-pharmaceutical Interventions to Reduce Transmission of COVID-19 in the UK: A 

Rapid Mapping Review. https:// assets. publi shing. servi ce. gov. uk/ media/ 65144 556b1 bad40 0144f d910/ NPI_ and_ COVID_ mappi 
ng_ review. pdf (2023).

 3. Centers for Disease Control and Prevention. Benefits of Getting a COVID-19 Vaccine. https:// www. cdc. gov/ coron avirus/ 2019- ncov/ 
vacci nes/ vacci ne- benefi ts. html (2023).

 4. MacIntyre, C. R., Costantino, V. & Trent, M. Modelling of COVID-19 vaccination strategies and herd immunity, in scenarios of 
limited and full vaccine supply in NSW, Australia. Vaccine 40(17), 2506–2513 (2022).

 5. Dhawan, M. et al. Delta variant (B.1.617.2) of SARS-CoV-2: Mutations, impact, challenges and possible solutions. Hum. Vaccin. 
Immunother. 18(5), 883. https:// doi. org/ 10. 1080/ 21645 515. 2022. 20688 83 (2022).

 6. Zhang, Y., Quigley, A., Wang, Q. & MacIntyre, C. R. Non-pharmaceutical interventions during the roll out of covid-19 vaccines. 
BMJ 375, n2314. https:// doi. org/ 10. 1136/ bmj. n2314 (2021).

 7. Our World in Data. Coronavirus (COVID-19) Vaccinations (2023).
 8. Christie, A. et al. Guidance for implementing COVID-19 prevention strategies in the context of varying community transmission 

levels and vaccination coverage. Morb. Mortal. Wkly. Rep. 70(30), 1044–1047 (2021).
 9. Baraniuk, C. Covid-19: How effective are vaccines against the delta variant? BMJ 1, n1960. https:// doi. org/ 10. 1136/ bmj. n1960 

(2021).
 10. Niu, Z. & Scarciotti, G. Ranking the effectiveness of non-pharmaceutical interventions to counter COVID-19 in UK universities 

with vaccinated population. Sci. Rep. 12(1), 13039. https:// doi. org/ 10. 1038/ s41598- 022- 16532-5 (2022).
 11. Menegale, F. et al. Evaluation of waning of SARS-CoV-2 vaccine-induced immunity. JAMA Netw. Open 6(5), e2310650 (2023).
 12. Shang, W. et al. Percentage of asymptomatic infections among SARS-CoV-2 omicron variant-positive individuals: A systematic 

review and meta-analysis. Vaccines 10(7), 1049 (2022).
 13. Steinert, J. I. et al. COVID-19 vaccine hesitancy in eight European countries: Prevalence, determinants, and heterogeneity. Sci. 

Adv. 8(17), 1–15 (2022).
 14. Mathieu, P. et al. Population perception of mandatory childhood vaccination programme before its implementation, France, 2017. 

Eurosurveillance 24, 25 (2019).

P
(

i|j
)

=
eβ′Xij

∑

kǫce
β′Xik

,

Table 9.  Examples of the DCE transmission risk scenarios.

NPI attributes Scenario 1 Scenario 2

Mask wearing With mask Without mask

Environment Outdoors Indoors

Contact duration 90 min 15 min

Number of people 10 people 2 people

Physical distance 1 m apart 2 m apart

https://osf.io/72jrq/
https://covid19.who.int/
https://assets.publishing.service.gov.uk/media/65144556b1bad400144fd910/NPI_and_COVID_mapping_review.pdf
https://assets.publishing.service.gov.uk/media/65144556b1bad400144fd910/NPI_and_COVID_mapping_review.pdf
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/vaccine-benefits.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/vaccine-benefits.html
https://doi.org/10.1080/21645515.2022.2068883
https://doi.org/10.1136/bmj.n2314
https://doi.org/10.1136/bmj.n1960
https://doi.org/10.1038/s41598-022-16532-5


8

Vol:.(1234567890)

Scientific Reports |         (2024) 14:4857  | https://doi.org/10.1038/s41598-024-55447-1

www.nature.com/scientificreports/

 15. Buchan, S. A. & Kwong, J. C. Trends in influenza vaccine coverage and vaccine hesitancy in Canada, 2006/07 to 2013/14: Results 
from cross-sectional survey data. CMAJ Open 4(3), E455–E462 (2016).

 16. Schwarzinger, M., Watson, V., Arwidson, P., Alla, F. & Luchini, S. COVID-19 vaccine hesitancy in a representative working-age 
population in France: A survey experiment based on vaccine characteristics. Lancet Public Health 6(4), e210–e221 (2021).

 17. Peak, C. M., Childs, L. M., Grad, Y. H. & Buckee, C. O. Comparing nonpharmaceutical interventions for containing emerging 
epidemics. Proc. Natl. Acad. Sci. 114(15), 4023–4028. https:// doi. org/ 10. 1073/ pnas. 16164 38114 (2017).

 18. Iezadi, S. et al. Effectiveness of non-pharmaceutical public health interventions against COVID-19: A systematic review and meta-
analysis. PLoS ONE 16(11), e0260371. https:// doi. org/ 10. 1371/ journ al. pone. 02603 71 (2021).

 19. Rode, G. et al. Hyperschematia after right brain damage: A meaningful entity? Front. Hum. Neurosci. 8, 1 (2014).
 20. Liu, Y. et al. What matters: Non-pharmaceutical interventions for COVID-19 in Europe. Antimicrob. Resist. Infect. Control 11(1), 

3. https:// doi. org/ 10. 1186/ s13756- 021- 01039-x (2022).
 21. Blocken, B. et al. Ventilation and air cleaning to limit aerosol particle concentrations in a gym during the COVID-19 pandemic. 

Build. Environ. 193, 107659 (2021).
 22. Kwon, S. et al. Association of social distancing and face mask use with risk of COVID-19. Nat. Commun. 12(1), 3737 (2021).
 23. Mendez-Brito, A., El Bcheraoui, C. & Pozo-Martin, F. Systematic review of empirical studies comparing the effectiveness of non-

pharmaceutical interventions against COVID-19. J. Infect. 83(3), 281–293. https:// doi. org/ 10. 1016/j. jinf. 2021. 06. 018 (2021).
 24. Palm, R., Bolsen, T. & Kingsland, J. T. The effect of frames on COVID-19 vaccine resistance. Front. Polit. Sci. 3(661257), 1–11 

(2021).
 25. de Figueiredo, A., Larson, H. J. & Reicher, S. D. The potential impact of vaccine passports on inclination to accept COVID-19 vac-

cinations in the United Kingdom: Evidence from a large cross-sectional survey and modeling study. EClinicalMedicine 1, 101109. 
https:// doi. org/ 10. 1016/j. eclinm. 2021. 101109 (2021).

 26. Guenther, B., Galizzi, M. M. & Sanders, J. G. Heterogeneity in risk-taking during the COVID-19 pandemic: Evidence from the 
UK lockdown. Front. Psychol. 12, 1–15 (2021).

 27. Kollmann, J., Kocken, P. L., Syurina, E. V. & Hilverda, F. The role of risk perception and affective response in the COVID-19 pre-
ventive behaviours of young adults: A mixed methods study of university students in the Netherlands. BMJ Open 12(1), e056288. 
https:// doi. org/ 10. 1136/ bmjop en- 2021- 056288 (2022).

 28. Abu Hatab, A., Krautscheid, L. & Amuakwa-Mensah, F. COVID-19 risk perception and public compliance with preventive meas-
ures: Evidence from a multi-wave household survey in the MENA region. PLoS ONE 18(7), e0283412. https:// doi. org/ 10. 1371/ 
journ al. pone. 02834 12 (2023).

 29. Dimitrijevska-Markoski, T. & Nukpezah, J. A. COVID-19 risk perception and support for COVID-19 mitigation measures among 
local government officials in the US: A test of a cultural theory of risk. Adm. Soc. 55(3), 351–380. https:// doi. org/ 10. 1177/ 00953 
99722 11472 43 (2023).

 30. Cipolletta, S., Andreghetti, G. & Mioni, G. Risk perception towards COVID-19: A systematic review and qualitative synthesis. Int. 
J. Environ. Res. Public Health 19(8), 4649 (2022).

 31. Friedl, A., Pondorfer, A. & Schmidt, U. Gender differences in social risk taking. J. Econ. Psychol. 77, 102182 (2020).
 32. Pat-Horenczyk, R. et al. Risk-taking behaviors among Israeli adolescents exposed to recurrent terrorism: Provoking danger under 

continuous threat? Am. J. Psychiatry 164(1), 66–72 (2007).
 33. Eckel, C. C., El-Gamal, M. A. & Wilson, R. K. Risk loving after the storm: A Bayesian-network study of Hurricane Katrina evacuees. 

J. Econ. Behav. Organ. 69(2), 110–124 (2009).
 34. Harper, C. A., Satchell, L. P., Fido, D. & Latzman, R. D. Functional fear predicts public health compliance in the COVID-19 pan-

demic. Int. J. Ment. Health Addict. 19(5), 1875–1888. https:// doi. org/ 10. 1007/ s11469- 020- 00281-5 (2021).
 35. Sunstein, C. R. Terrorism and probability neglect. J. Risk Uncertain. 26, 121–136 (2003).
 36. Slovic, P., Finucane, M. L., Peters, E. & MacGregor, D. G. Risk as analysis and risk as feelings: Some thoughts about affect, reason, 

risk and rationality. Feel Risk New Perspect. Risk Percept. 24(2), 311–322 (2013).
 37. Bran, A. & Vaidis, D. C. Assessing risk-taking: What to measure and how to measure it. J. Risk Res. 23(4), 490–503. https:// doi. 

org/ 10. 1080/ 13669 877. 2019. 15914 89 (2020).
 38. Savadori, L. & Lauriola, M. Risk perceptions and COVID-19 protective behaviors: A two-wave longitudinal study of epidemic and 

post-epidemic periods. Soc. Sci. Med. 301, 114949. https:// doi. org/ 10. 1016/j. socsc imed. 2022. 114949 (2022).
 39. Janz, N. K. & Becker, M. H. The health belief model: A decade later. Health Educ. Q. 11(1), 1–47. https:// doi. org/ 10. 1177/ 10901 

98184 01100 101 (1984).
 40. Rogers, R. W. A protection motivation theory of fear appeals and attitude change. J. Psychol. 91(1), 93–114. https:// doi. org/ 10. 

1080/ 00223 980. 1975. 99158 03 (1975).
 41. Hromatko, I., Tonković, M. & Vranic, A. Trust in science, perceived vulnerability to disease, and adherence to pharmacological 

and non-pharmacological COVID-19 recommendations. Front. Psychol. 12, 4. https:// doi. org/ 10. 3389/ fpsyg. 2021. 664554/ full 
(2021).

 42. Louviere, J. J., Flynn, T. N. & Carson, R. T. Discrete choice experiments are not conjoint analysis. J. Choice Modell. 3(3), 57–72 
(2010).

 43. Benjamini, Y. & Hochberg, Y. Controlling the false discovery rate: A practical and powerful approach to multiple testing. J. R. Stat. 
Soc. Ser. B (Methodol.) 57(1), 289–300 (1995).

 44. Primi, C., Morsanyi, K., Chiesi, F., Donati, M. A. & Hamilton, J. The development and testing of a new version of the cognitive 
reflection test applying item response theory (IRT). J. Behav. Decis. Mak. 29(5), 453–469 (2016).

 45. Kahneman, D. Thinking, Fast and Slow (Penguin, 2011).
 46. Raab, M. & Gigerenzer, G. The power of simplicity: A fast-and-frugal heuristics approach to performance science. Front. Psychol. 

6(1672), 1–6 (2015).
 47. O’Hara, N. N. Eliciting health care preferences with discrete choice experiments. JAMA Netw. Open 5(4), e228794 (2022).
 48. Dönges, P. et al. Interplay between risk perception, behavior, and COVID-19 spread. Front. Phys. 10, 842180 (2022).
 49. Woike, J. K., Hafenbrädl, S., Kanngiesser, P. & Hertwig, R. The transmission game: Testing behavioral interventions in a pandemic-

like simulation. Sci. Adv. 8(8), 0428 (2022).
 50. Simon, H. A. A behavioral model of rational choice. Q. J. Econ. 69(1), 99–118 (1955).
 51. Heersmink, R. Dimensions of integration in embedded and extended cognitive systems. Phenom. Cogn. Sci. 14, 577–598 (2015).
 52. Veltri, G. A. & Ivchenko, A. The impact of different forms of cognitive scarcity on online privacy disclosure. Comput. Hum. Behav. 

73, 238–246 (2017).
 53. Toplak, M. E., West, R. F. & Stanovich, K. E. Assessing miserly information processing: An expansion of the cognitive reflection 

test. Think. Reason. 20(2), 147–168 (2014).
 54. Street, D. J., Burgess, L. & Louviere, J. J. Quick and easy choice sets: Constructing optimal and nearly optimal stated choice experi-

ments. Int. J. Res. Mark. 22, 459–470 (2005).

Author contributions
G.A.V.: Conceptualization, Methodology, Funding, Formal Analysis, Writing—Original draft preparation. 
G.G.: Conceptualization, Methodology. J.S.: Methodology, Data curation, Validation. H.S.: Methodology, Data 

https://doi.org/10.1073/pnas.1616438114
https://doi.org/10.1371/journal.pone.0260371
https://doi.org/10.1186/s13756-021-01039-x
https://doi.org/10.1016/j.jinf.2021.06.018
https://doi.org/10.1016/j.eclinm.2021.101109
https://doi.org/10.1136/bmjopen-2021-056288
https://doi.org/10.1371/journal.pone.0283412
https://doi.org/10.1371/journal.pone.0283412
https://doi.org/10.1177/00953997221147243
https://doi.org/10.1177/00953997221147243
https://doi.org/10.1007/s11469-020-00281-5
https://doi.org/10.1080/13669877.2019.1591489
https://doi.org/10.1080/13669877.2019.1591489
https://doi.org/10.1016/j.socscimed.2022.114949
https://doi.org/10.1177/109019818401100101
https://doi.org/10.1177/109019818401100101
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.1080/00223980.1975.9915803
https://doi.org/10.3389/fpsyg.2021.664554/full


9

Vol.:(0123456789)

Scientific Reports |         (2024) 14:4857  | https://doi.org/10.1038/s41598-024-55447-1

www.nature.com/scientificreports/

curation, Validation. B.F.: Writing—Reviewing and Editing. P.K.: Writing—Reviewing and Editing. M.G.: Writ-
ing—Reviewing and Editing. T.B.: Funding, Writing—Reviewing and Editing.

Funding
This research has been supported by the European Union’s Horizon 2020 research and innovation program, 
PERISCOPE: Pan European Response to the Impacts of COVID-19 and future Pandemics and Epidemics, under 
grant agreement no. 101016233.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 024- 55447-1.

Correspondence and requests for materials should be addressed to G.A.V.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

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:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2024

https://doi.org/10.1038/s41598-024-55447-1
https://doi.org/10.1038/s41598-024-55447-1
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Assessing the perceived effect of non-pharmaceutical interventions on SARS-Cov-2 transmission risk: an experimental study in Europe
	Findings
	NPI features and perceived risk of transmission
	NPI features and perceived risk of transmission: cross-country comparisons
	NPI features and perceived risk of transmission: gender and age comparisons
	NPI features and perceived risk of transmission: cognitive style and perceived fright


	Conclusions
	Methods
	Overall data collection (sample and procedure)
	Discrete choice experiment

	References


