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A B S T R A C T   

Background: Health education campaigns often aim to create awareness by increasing objective knowledge about 
pathogens, such as COVID-19. However, the present paper proposes that confidence in one’s knowledge more 
than knowledge is a significant factor that leads to a laxer attitude toward COVID-19 and hence lower support for 
protective measures and reduced intention to comply with preemptive behaviors. 
Methods: We tested two hypotheses in three studies conducted between 2020 and 2022. In Study 1, we assessed 
participants’ level of knowledge and confidence, as well as attitudes toward COVID-19. In Study 2, we tested the 
relation between fear of COVID-19 and protective behaviors. In Study 3, we used an experimental approach to 
show the causal effect of overconfidence on fear of COVID-19. In addition to manipulating overconfidence and 
measuring fear of COVID-19, we also measured prophylactic behaviors. 
Results: In Study 1, more overconfident participants had a laxer attitude toward COVID-19. While knowledge had 
an increasing effect on worry, confidence in said knowledge significantly decreased worry about COVID-19. In 
Study 2, participants who were more worried about COVID-19 were more likely to engage in protective be-
haviors (e.g., wearing masks). In Study 3, we show that when overconfidence was experimentally diminished, 
fear of COVID-19 increased. The results support our claim that the effect of overconfidence on attitudes toward 
COVID-19 is causal in nature. Moreover, the results show that people with higher fear of COVID-19 are more 
likely to wear masks, use hand sanitizers, avoid crowded places or social gatherings, and get vaccinated. 
Conclusions: Managing adherence to public health measures is critical when it comes to highly infectious diseases. 
Our findings suggest that efficient information campaigns to increase adherence to public health measures should 
focus on calibrating people’s confidence in their knowledge about COVID-19 to prevent the spread of the virus.   

1. Introduction 

Official responses to highly transmittable viral outbreaks often 
involve some form of public health education. Recent examples of such 
information campaigns include responses to Ebola (Levy et al., 2017), 
Zika (Wilson and Nguyen, 2017), and COVID-19 (Ahorsu et al., 2020; 
Bagcchi, 2021; Bonell et al., 2020) outbreaks. These programs aim to 
increase objective knowledge about a pathogen to change attitudes, and, 
ultimately, behaviors (Weiss and Tschirhart, 1994). While well-designed 
information campaigns can be effective in improving public health 
(Breitbart et al., 2006; Thompson and Harutyunyan, 2006), studies in 
social psychology (Koriat and Bjork, 2005; Oskamp, 1965), sports (Hall 
et al., 2007), climate science (Trémolière and Djeriouat, 2021), among 
several other fields, have shown that confidence in one’s knowledge 
increases faster than knowledge itself, essentially creating an illusion of 

knowledge. Such unjustified confidence has been shown to significantly 
influence attitudes and behaviors, sometimes outperforming any posi-
tive impacts of objective knowledge (Parker and Stone, 2014). Yet the 
different impacts of confidence, knowledge, and associated over-
confidence (i.e., the excess between confidence and knowledge) on at-
titudes toward infectious diseases are critically understudied. For 
instance, are those who objectively know more about, say COVID-19, 
more fearful than those who think they know more about the virus? 
How would such fear of the virus affect protective behaviors (e.g., 
wearing a mask or getting a vaccine) meant to reduce the spread of the 
disease? 

In the context of COVID-19, several studies have investigated the 
predictors of attitudes toward the virus. For example, older women have 
been found to have higher fear of COVID-19 than older men (Cay-
cho-Rodríguez et al., 2022). Also, younger Spanish people reported 
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higher levels of fear of the virus than older people (Martínez-Lorca et al., 
2020). Notably, previous studies have shown ambivalent effects of 
COVID-19 knowledge and scientific literacy on attitude (e.g., Lee et al., 
2021; Motoki et al., 2021; Zhong et al., 2020). However, while most of 
the studies are correlational in nature and focus on specific aspects of 
knowledge (e.g., COVID-19 specific or vaccines), previous research has 
neglected to consider the role that confidence in that knowledge might 
play. In this paper, we propose that confidence, more than knowledge, 
predicts people’ attitudes toward COVID-19. 

Previous literature in the health domain provides only partial evi-
dence of a potential relation between overconfidence and attitudes. For 
example, some studies have explored aspects of overconfidence, such as 
overestimation and overplacement, in the health context (see Dunning 
et al., 2004 for a review). Also, there is some evidence that the 
misperception of one’s knowledge of a health threat (e.g., cardiac arrest) 
is related to lower levels of worry (Radcliffe and Klein, 2002). Moreover, 
other forms of overconfidence (e.g., being unrealistically optimistic 
about future outcomes) have been associated with COVID-19-related 
attitudes and behaviors (Park et al., 2021). However, in addition to a 
lack of evidence on the impact of confidence and knowledge, these 
studies did not specifically measure overconfidence. Thus, there is 
currently no evidence on whether overconfidence in one’s knowledge 
causes overly lax attitudes and failure to carry out preventative behav-
iors and whether such effects are driven by objective knowledge or 
confidence in one’s knowledge. 

The present paper proposes that a false sense of security arising from 
overconfidence may lead to being less afraid of COVID-19, which, in 
turn, can inhibit protective health behaviors. A lack of correspondence 
between performance and confidence judgments, commonly referred to 
as miscalibration, has a flawed metaknowledge at its core – a false 
perception about the boundaries of one’s knowledge (Piehlmaier, 2022; 
Russo and Schoemaker, 1992). In the case of overconfidence, this re-
flects a false sense of superiority, based on subjective feelings of 
competence (Larrick et al., 2007). The overestimation of knowledge can 
make individuals feel that their knowledge is sufficient to enable them to 
navigate a situation safely. However, these perceptions would be 
necessarily flawed due to the inherent uncertainty of a public health 
crisis. Information about COVID-19 should be taken with caution as 
conclusions and results regarding a developing situation, such as the 
pandemic, are often preliminary and come with a margin of error (Lippi 
et al., 2020). Therefore, the rational approach should be to appreciate 
the inherent uncertainty of scientific evidence, especially when 
distributed through third-party channels, such as media outlets. Yet 
despite all this, people might still believe they have all the necessary 
information and relax their attitudes, thinking that they should not care 
and protect themselves. Furthermore, motivational processes may 
maintain and exacerbate such overconfidence to reduce worries, 
enabling more uninhibited behaviors. Thus, we hypothesize that: 

H1. Individuals who exhibit overconfidence in their knowledge will 
demonstrate a laxer attitude toward COVID-19 than individuals who do 
not exhibit overconfidence in their knowledge. 

Throughout the COVID-19 pandemic, news outlets reported on large- 
scale non-adherence. Illegal “quarantine raves” drawing thousands of 
attendees were reported all over the world from Greater Manchester 
(BBC, 2020) to New York (Lipsky, 2021). Non-adherence also extends to 
top-level policymakers, as indicated by several parties in Downing Street 
during national lockdowns. However, less sensational disobedience at 
the individual level (for instance, failing to wear face masks on public 
transportation) is arguably much more common and problematic from a 
public health standpoint. Moreover, even in the presence of highly 
effective vaccines, the World Health Organization (WHO) reiterated that 
using preventive measures, such as wearing facial masks and social 
distancing, remain critically important tools to control the current and 
future outbreaks (WHO, n.d.). Thus, understanding what drives adher-
ence behavior in general, and, more specifically in the case of the 
COVID-19 pandemic, becomes crucial both for individuals and society at 
large. 

Previous research has documented several drivers of people’s 
compliance behaviors with COVID-19 regulations such as age (Daoust, 
2020; Nivette et al., 2021), gender (Galasso et al., 2020), national levels 
of human development index (Lin et al., 2021), and temporal perception 
(Sobol et al., 2020). Only a few studies have been focusing on the atti-
tude toward COVID-19 as a key construct to understanding compliance 
behavior. In particular, fear of Covid has been proposed as one of the key 
psychological drivers to fight the pandemic (Ahorsu et al., 2020). Ac-
cording to the Protection Motivation Theory (Rogers, 1975), people 
would seek protection when they experience a potential threat. More-
over, feeling personally at risk of infection has been associated with a 
greater propensity of engaging in hand washing and social distancing 
behaviors in the early stages of the pandemic (Wise et al., 2020). Such 
results are in line with the Health Belief Model (Rosenstock, 1966) and 
health and risk information-seeking models, such as the Planned Risk 
Information Seeking Model (Kahlor, 2010), which posit that the 
perception of personal risk and affective risk responses (e.g., worry and 
anxiety) are prerequisites of protective and information-seeking be-
haviors. However, current studies provide only partial evidence of the 
predictive power of fear of Covid to explain people’s likelihood to 
engage in prophylactic behaviors. For example, previous research shows 
that individuals with higher fear of COVID-19 were more likely to 
change their behaviors to protect themselves (Harper et al., 2021). Be-
sides, the study is correlational in nature and provides limited insights 
into the predictive role of fear of COVID-19 while controlling for other 
demographic drivers (e.g., gender or age). Thus, we propose that fear of 
COVID-19 can act as a statistically significant and clinically meaningful 
predictor of the likelihood of engaging in preventive behaviors such that 
when people are afraid of COVID-19, they are more likely to engage in 
protective behaviors. Thus, we hypothesize that: 

H2. Individuals with a more negative attitude (i.e., higher fear) toward 
COVID-19 have a greater likelihood of engaging in protective behaviors. 

A summary of our theoretical model is illustrated in Fig. 1 below. 

Fig. 1. Conceptual model.  
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2. Method 

We conducted three studies to test the effect of overconfidence on 
attitude toward COVID-19 and preventive behaviors. We conducted the 
first two studies between August 2020 and October 2021 using Ama-
zon’s Mechanical Turk (MTurk), an online participant pool commonly 
employed for data collection in experimental and cross-sectional 
research (Goodman and Paolacci, 2017), including on vaccinations (e. 
g., Acar-Burkay and Cristian, 2022) and COVID-19 research (Latkin 
et al., 2021). The sample of Study 1 was composed of mostly U.S. resi-
dents. Instead, the sample from Study 2 was composed of only U.S. 
residents. We conducted the third study with U.S. residents in September 
2022 on Prolific, an alternative pool that research has shown to produce 
high-quality data on different measures, including attention, honesty, 
comprehension, and reliability (Peer et al., 2022; Srichan et al., 2020). 
The combined usage of MTurk and Prolific entails higher demographic 
diversity and a greater degree of external validity, compared to other 
online-based convenience samples (Moss et al., 2020). All respondents 
were paid $1 in exchange for their participation in our short (~5 min) 
surveys. The three studies were preregistered and received ethical 
approval from the University of Sussex Business School before data 
collection. All participants in the studies were 18 years or older. All 
instruments, data, statistical code, and output logs are publicly available 
as part of the preregistration (OSF link). 

To determine our target sample size, we conducted an a priori power 
analysis using G*Power (version 3.1.9.4). Due to the lack of previous 
research explicitly using our measure of attitude in Study 1, we define 
our effect size by what other papers have been showing with similar 
dependent variables. For example, according to Srichan et al. (2020), 
one could infer a medium effect size. Thus, we set a conservative type I 
and II error rate both to 0.50, and aimed to detect f2 = 0.15, with 8 
predictors, concluding a target sample size of N ≥ 160. In Study 2 and 3, 
following existing literature (e.g., Clark et al., 2020; Mertens et al., 
2020; Nivette et al., 2021), we set an effect size respectively of f2 = 0.12 
and 0.07, concluding a target sample size of N ≥ 198 and 333. 

3. Study 1: General overconfidence and COVID-19 attitudes 

The aim of study 1 was to explore if overconfidence in one’s general 
knowledge is connected to a laxer attitude toward COVID-19 during the 
first wave of the virus. 

3.1. Participants 

In August 2020, we recruited 260 participants on MTurk with the 
following characteristics: 40% female, mean age 34.74 (SD = 9.96, 
range = 18–67), 80% held at least a bachelor’s degree, 61% married, 
81% full-time employed, 22% working in the healthcare sector, and 34% 
living with a healthcare worker. Given the nature of MTurk samples, 
there were no missing observations. 

3.2. Measures 

Our key dependent variable was COVID-19 attitudes, measured on a 
5-point Likert scale, ranging from strongly disagree (1) to strongly agree 
(5). At the time of data collection, there was no established scale to 
measure attitude toward COVID-19. Consequently, we measured atti-
tude with 12 items based on previous literature (Cowling et al., 2020; 
Srichan et al., 2020; Zhong et al., 2020). Higher scores in the aggregated 
variable, ranging from 22 to 60 (M = 42.1, SD = 7.57), can be inter-
preted as higher concern toward COVID-19. Some examples of items are: 
“I worry about COVID-19”, or “I should avoid taking public trans-
portation because of COVID-19”. Fifty percent of the items were 
reverse-coded. The reliability score of the scale was good (α = 0.8). All 
instruments and raw data can be found in the preregistration (OSF link). 

To measure overconfidence (M = 9.36, SD = 22.12, min = − 41.29, 

max = 66.42), we computed a differential score between average con-
fidence and average accuracy. Accuracy was measured by the percent-
age of correct answers to 24 questions in three alternatives forced choice 
format (Ronay et al., 2017a, 2017b). Confidence was measured by 24 
sliders, ranging from not at all confident (0) to completely confident 
(100). Finally, we measured mental age, biological age, gender, 
ethnicity, education, household income, marital status, occupational 
status, and country of residence. 

3.3. Procedure 

After the information sheet and the consent form, participants 
answered 24 general knowledge questions (e.g., Q: “What is inflamed 
when one has gingivitis?“, A: “Gum tissue, toe tissue, eye tissue”). Under 
each question, participants were also asked to indicate the level of 
confidence they had in their answer being correct, ranging from 0 (dis-
played as “not confident at all”) to 100 (displayed as “completely 
confident”). After completing the questionnaire, participants answered 
the aforementioned battery of questions about their attitude toward 
COVID-19. Finally, participants reported their demographic 
information. 

3.4. Analyses 

The primary analyses rely on hierarchical ordinary least squares 
(OLS) estimates with heteroskedasticity-robust standard errors to assess 
the impact of overconfidence on COVID-19 concerns. A robustness check 
was carried out, separating subjective and objective knowledge to assess 
whether unwarranted confidence or general knowledge drives any 
detectable association. Changes in effect sizes between the nested 
baseline model, using only demographics as predictors, and the full 
models that includes overconfidence or confidence and knowledge, 
separately, were tested using Wald tests (Chou and Bentler, 1990). 

Table 1 
Study 1 hierarchical OLS regressions on the association between attitude toward 
COVID-19 (C19) and overconfidence in One’s general knowledge.   

(1) (2) 

C19 Attitude w/ 
Overconfidence 

C19 Attitude Robustness 
Check 

General overconfidence − 0.08*** (0.02)  
Confidence  − 0.06* (0.03) 
General knowledge  0.11*** (0.03) 
Age 0.08 (0.04) 0.07 (0.04) 
Female 1.48 (0.87) 1.43 (0.87) 
Full-time employed 1.65 (1.28) 1.71 (1.28) 
University degree − 2.87* (1.34) − 2.98* (1.34) 
Married − 1.29 (1.09) − 1.37 (1.09) 
Living alone − 0.20 (1.20) − 0.11 (1.20) 
Living w/healthcare 

worker 
− 5.02*** (1.10) − 4.97*** (1.11) 

Healthcare worker 0.68 (1.10) 0.54 (1.11) 
Ethnic/racial minority − 0.16 (0.86) − 0.36 (0.86) 
Constant 42.96*** (2.07) 40.54*** (2.87) 
Observations 260 260 
R-squared 0.28 0.28 
ΔR-squared 0.05*** 0.05*** 

Note: Columns (1) and (2) are hierarchical models. Changes in R-squared are in 
comparison to the nested model (i.e., block 1, only including demographics) in 
Supplementary Table 2 in the Web Appendix. P-values of these changes are 
based on Wald tests. Negative coefficients indicate a laxer attitude toward C19 in 
August 2020. Overconfidence in column (1) was defined as the difference be-
tween confidence (in %) and accuracy (in %) in 24 general knowledge questions 
and 24 associated confidence sliders. The robustness check is based on Parker 
and Stone (2014) and assesses confidence and knowledge separately. Robust 
standard errors in parentheses. ***p < 0.001, **p < 0.01, *p < 0.05. 
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3.5. Results 

The results (column (1) in Table 1) show a negative relation between 
overconfidence and COVID-19 concerns (p < 0.001). This suggests that 
people who are excessively confident in their knowledge have a laxer 
attitude toward COVID-19. Apart from the primary variable of interest 
(i.e., overconfidence), participants with higher educational attainment 
(p < 0.05) and those living with a healthcare worker in their household 
(p < 0.001) seem less concerned about COVID-19. 

A moderately strong effect size of 0.28 indicates that the model may 
hold practical implications. Furthermore, a statistically significant 5% 
increase in effect size from the nested to the full model suggests that 
overconfidence substantially improves the goodness of fit. A post hoc 
power analysis performed using G*Power (version 3.1.9.4), with the 
observed effect size, α = 0.05, and N = 260 shows that our study was 
sufficiently powered to detect the predicted effect (power = 1.00). 

However, the results could be challenged. For instance, one may 
argue that knowledge and confidence in said knowledge are two 
fundamentally different constructs. In this case, creating a single indi-
cator (i.e., overconfidence), combining the two, may lead to inaccurate 
associations. The following subsection checks the robustness of the 
presented results by disentangling confidence and knowledge. 

3.6. Robustness check 

To assess the individual association between confidence, general 
knowledge, and attitude toward COVID-19, a second hierarchical OLS 
regression was fitted. Following Parker and Stone (2014), the robustness 
check sheds light on what their paper calls unjustifiable confidence. That 
is, a statistically significant confidence coefficient after controlling for 
knowledge. Column (2) in Table 1 shows that while higher general 
knowledge is affiliated with greater concern over COVID-19, the oppo-
site effect can be observed for confidence in one’s general knowledge. 
All other coefficients remain virtually unchanged. The robustness check 
illustrates an almost identical effect size and changes in R2, compared to 
the previous model. In summary, study 1 provides preliminary evidence 
in favor of our hypothesis that individuals who exhibit overconfidence 
in their knowledge demonstrate a laxer attitude toward COVID-19 (H1). 
This effect seems to be driven by confidence in one’s knowledge because 
explicit knowledge leads to the opposite effect on COVID-19 attitudes. In 
the following study, we assess whether a laxer attitude translates into 
less stringent prophylactic behaviors. 

4. Study 2: Fear of COVID-19 and prophylactic behaviors 

The aim of study 2 was to assess whether a laxer attitude toward 
COVID-19, specifically fear of COVID-19, is connected to less stringent 
preventive behaviors, in particular mask wearing and propensity to get 
vaccinated. 

4.1. Participants 

In October 2021, we recruited 199 U.S. participants on MTurk with 
the following characteristics: 41% female, mean age 38.21 (SD = 10.87, 
range = 19–73), 68.39% held at least a bachelor’s degree, 63.21% 
married, median household income $50,000–$59,999, and 27.89% 
working in the healthcare sector. Three participants preferred not to say 
whether they were healthcare workers, and one person did not reveal 
their vaccination status. 

4.2. Measures 

Our key dependent variables were the likelihood of wearing masks, 
measured on a 5-point Likert scale, ranging from extremely unlikely (1) 
to extremely likely (5), and a binary indicator for a participant’s COVID- 
19 vaccination status. 

Our key independent variable was attitude toward COVID-19, 
measured on an established 5-point Likert scale, ranging from strongly 
disagree (1) to strongly agree (5). The scale was first proposed by Ahorsu 
et al. (2020) and contains items such as “It makes me uncomfortable to 
think about COVID-19”, and “I cannot sleep because I’m worrying about 
getting COVID-19.” The reliability score for the scale was good (α =
0.94). The scale has been used numerous times in previous literature and 
it has been validated across multiple countries (Martínez-Lorca et al., 
2020; Reznik et al., 2021). Scales in Studies 1 and 2 share similar items 
such as “I worry about COVID-19”. However, the scale used in Study 2 
specifically focused on fear of COVID-19. 

4.3. Procedure 

After the information sheet and the consent form, participants 
answered a series of COVID-19-related questions. Participants then re-
ported their likelihood of wearing masks and their COVID-19 vaccina-
tion status. Finally, participants answered common demographic 
questions. Following previous literature (e.g., Ali et al., 2021; Hall et al., 
2022), we included also income as a potential predictor of fear of 
COVID-19 due to socioeconomic implications of lockdown and social 
distancing measures. All materials can be found in the preregistration 
(OSF link). 

4.4. Analyses 

In accordance with study 1, we performed a hierarchical OLS 
regression for mask wearing and a hierarchical generalized linear 
model, using a logit link and odds ratios, for vaccination status. All 
models were fitted with heteroskedasticity-robust standard errors. 

4.5. Results 

The results show that fear of COVID-19 is a significant predictor of 
the likelihood of wearing a mask (p < 0.01, column (1) in Table 2). 
Moreover, greater fear of the virus is associated with a more than 50% 
higher likelihood of having been vaccinated against COVID-19 per one 
unit increase in fear in October 2021 (column (3)). Apart from the main 
independent variable, only higher educational attainment and marital 
status show significant main effects. Namely, those who held at least a 
bachelor’s degree had triple the odds of having been vaccinated against 

Table 2 
Study 2 hierarchical regressions for the relation between fear of COVID-19 and 
prophylactic behaviors.   

(1) (2) 

Mask Wearing Vaccination 

Fear of COVID-19 0.32** (0.10) 1.69* (1.08–2.65) 
Age − 0.01 (0.01) 1.03 (0.99–1.07) 
Female − 0.13 (0.17) 0.52 (0.23–1.18) 
Household income 0.05 (0.03) 1.11 (0.95–1.29) 
Bachelor or higher 0.04 (0.19) 3.10** (1.36–7.08) 
Married − 0.45* (0.21) 0.78 (0.31–1.97) 
Ethnic/racial minority − 0.28 (0.21) 0.50 (0.18–1.40) 
Healthcare worker − 0.31 (0.17) 4.59 (0.89–23.69) 
Constant 3.71*** (0.53) 0.17 (0.02–1.57) 
Observations 196 195 
R-squared 0.11 0.21 
ΔR-squared 0.07** 0.03* 

Note: Model (1) is a hieratical OLS regression with robust standard errors in 
parentheses and (2) is a hierarchical logistic regression with odds ratios, robust 
standard errors, and 95% confidence intervals in parentheses. Changes in R- 
squared are in comparison to the nested models (i.e., block 1, only including 
demographics) in Supplementary Table 4 in the Web Appendix. P-values of these 
changes are based on Wald tests. R-squared and its changes in (2) refer to 
Nagelkerke’s (1991) pseudo R-squared. Fear of COVID-19 is based on Ahorsu 
et al. (2020). ***p < 0.001, **p < 0.01, *p < 0.05. 

D.M. Piehlmaier et al.                                                                                                                                                                                                                          

https://osf.io/k8xzg/


Social Science & Medicine 328 (2023) 116000

5

the virus (p < 0.01) and married participants were significantly less 
likely to wear masks (p < 0.05). A modest effect size in model (1) in-
dicates limited goodness of fit. That said, a 7% increase in R2 from the 
nested to the full model suggests that fear of COVID-19 substantially 
increases the predictive power of the model. In contrast, the generalized 
linear model predicting vaccination status exhibits a moderately strong 
effect size with a statistically significant but comparably small increase 
of 3% from the nested to the full model. 

Two post hoc power analyses performed using G*Power (version 
3.1.9.4), with the observed effect sizes, α = 0.05, and N = 196 confirmed 
that our study was sufficiently powered to detect the predicted effects 
(powermask_wearing = 0.94; powervaccine = 0.99). 

In Study 2, we show that fear of COVID-19 is a consistent and sta-
tistically significant predictor for preventive behaviors which have the 
potential to reduce the spread of the virus (e.g., wearing masks and 
getting vaccinated). The variable consistently improves the predict-
ability of the models. While studies 1 and 2 show correlational evidence 
of the relation between overconfidence, attitudes (e.g., fear of COVID- 
19), and downstream behaviors of a laxer attitude toward the virus, 
Study 3 aims to shed light on the causal link between these variables. 

5. Study 3: Within-subjects experimental design 

Study 3 served three purposes. First, we explored whether over-
confidence in COVID-19-related knowledge differs in effect and signif-
icance from overconfidence in one’s general knowledge (study 1). 
Second, we aimed to test for the causal relation between overconfidence 
and fear of COVID-19. Third, we included additional items for protective 
behaviors to examine the role of fear of COVID-19 as a predictor in 
different domains of public health. 

5.1. Participants 

In September 2022, we recruited 408 U.S. participants on Prolific 
with the following characteristics: 47% female, 76% fully vaccinated, 
mean age 40.32 (SD = 14.91, range = 18–85), 81% held at least a 
bachelor’s degree, median household income $50,000–$59,999, 36% 
married, 28% self-identified as non-white/not Caucasian, and 8% 
working in the healthcare sector. Five participants did not provide 
consent and had to be removed. 

5.2. Measures 

Mirroring study 2, we measured fear of Covid on a 5-point Likert 
scale (Ahorsu et al., 2020). The reliability score was good (α = 0.91). 
Moreover, in line with study 2, to measure protective behaviors against 
COVID-19, participants reported the likelihood of wearing masks in 
crowded indoor spaces and their binary COVID-19 vaccination status. In 
addition, participants also reported the likelihood of using hand sani-
tizer while outdoors, avoiding crowded places, and attending social 
gatherings (Takahashi et al., 2022) on a 5-point Likert scale, ranging 
from extremely unlikely (1) to extremely likely (5). The addition of the 
other measures aims at generalizing the effect of fear of COVID-19 on 
other protective behaviors that are relevant for reducing the spread of 
the virus (Catching et al., 2021). 

To manipulate overconfidence, participants were randomly assigned 
to two different within-subjects experimental groups. In the first group, 
participants (n = 201) answered 10 general knowledge questions that 
were unrelated to COVID-19 (e.g., “If it’s noon in Boston, what time is it 
New York?“) and indicated their level of confidence in the accuracy of 
their answers on sliders, ranging from not at all confident (0) to 
completely confident (100), essentially replicating the main element of 
study 1. In the second group, participants (n = 202) answered 10 
questions about COVID-19 (e.g., “How many vaccine doses of COVID-19 
have been administered around the world so far?“) and indicated their 
level of confidence in the correctness of their answers on sliders identical 

to those in the first group. The second arm aimed to test for causality. In 
both arms, participants were informed that one in ten will be selected to 
be rewarded with a bonus payment based on the number of correct 
answers to all quiz questions in this survey to ensure incentive-conform 
behavior. All quiz questions were in a forced-choice format. 

After completing the task, all participants wrote a reflection piece on 
their experience in answering the survey (Q: “How would you describe 
your user experience with this survey?“) in one or two sentences (min-
imum 80 characters). This allowed participants in the second arm with 
COVID-19 questions to reflect on their virus-specific knowledge. Previ-
ous research suggests that the task can calibrate participants’ confidence 
through an increase in metaknowledge (Piehlmaier, 2022). No such 
effect was expected from the general knowledge questions in the first 
group since they were unrelated to the subsequent block. All partici-
pants then replied to a series of 10 COVID-19 questions (e.g., Q: “When 
was the Covid pandemic officially declared?“, A: “February 27, 2020, 
March 11, 2020, April 13, 2020”) and 10 associated confidence sliders. 
Following previous literature on the domain-specific effect on confi-
dence (Muthukrishna et al., 2014), we expect that participants’ over-
confidence would be affected only in the group that answered the 
questions about COVID-19 both times (before and after). Instead, the 
group that answered general knowledge questions first and COVID-19 
questions afterward would have no reason to reassess their confidence 
as the two blocks were unrelated. Finally, we measured age, gender, 
ethnicity, education, household income, marital status, and occupation 
(healthcare worker or not). 

5.3. Procedure 

After the information sheet and the consent form, participants were 
randomly assigned to one of the two within-subjects arms. Once par-
ticipants completed the 10 questions with their 10 confidence sliders, 
they wrote a reflection piece on their experience with the survey and 
answered another set of questions related to COVID-19. Then, partici-
pants reported their fear of COVID-19 and their likelihood of engaging in 
preventive behaviors. Finally, participants provided common de-
mographics. All instruments, raw data, statistical code, and output logs 
can be found in the preregistration (OSF link). 

5.4. Analyses 

All participants passed the attention checks. Eight participants were 
overrecruited, five of whom did not consent to participate and had to be 
removed. Consequently, we conducted our analysis with a sample of 403 
people. Of those, four preferred not to say whether they were healthcare 
workers, 11 did not provide information on their vaccination status, and 
five participants selected a gender other than female or male. Following 
study 1, we computed overconfidence as the difference between average 
confidence and average knowledge. That is, the number of correct an-
swers to the quiz questions per block and arm. There was no statistically 
significant difference in post-manipulation overconfidence between the 
arms (p = 0.42). Therefore, we focused on the COVID-19 questions arm 
to test for causal selection. First, we conducted a manipulation check by 
running a two-tailed paired t-test (i.e., within-subjects design) for the 
difference in confidence between pre- and post-manipulation (i.e., 
before and after the written reflection task). Mirroring the statistical 
approach taken in studies 1 and 2, the primary analyses rely on hier-
archical (generalized) linear regressions with heteroskedasticity-robust 
standard errors to assess the impact of overconfidence on fear of 
COVID-19. We run the models both for the pre-post-difference in over-
confidence as well as confidence and knowledge, separately. Moreover, 
we conducted an additional analysis using the same procedure to 
investigate the effect of fear of COVID-19 on prophylactic behaviors 
across all participants. 
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5.5. Results 

5.5.1. Overconfidence and fear of COVID-19 
To demonstrate that our manipulation was effective, we expected a 

significant difference in confidence, but not in knowledge, before and 
after the writing task, such that the writing task would calibrate par-
ticipants’ confidence in their knowledge of COVID-19. Indeed, a paired 
t-test shows that participants were more confident before the writing 
task (M = 0.82, SD = 0.11) than after (M = 0.71, SD = 0.13). The 
decrease in confidence (Mdiff = - 0.11, 95% CI [0.09, 0.12]) was highly 
statistically significant (t = 17.19, df = 201, p < 0.001). Actual knowl-
edge scores, on the other hand, did not statistically differ between the 
two experimental groups (i.e., those who were tested on COVID-19 
specific questions vs. those who were tested on random questions). 
Using a two-parameter item response theory (IRT) model to ensure that 
the level of difficulty of the two quizzes or similarity between items does 
not bias the results (Nguyen et al., 2014), we are able to show that 
participants’ latent knowledge remains virtually unchanged throughout 
the experiment (difference: M = 0.00, SD = 1.05, t = 0.00, df = 201, p >
0.99). 

To test the causal effect of overconfidence on fear of COVID-19, we 
continued our analysis by regressing pre- and post-manipulation over-
confidence on fear of COVID-19 (Table 3). The results show that a higher 
level of overconfidence led to lower fear of COVID-19 (p < 0.05) before 
participants reflected on their experience answering COVID-19-related 
questions (column (1) in Table 3). However, after the reflection had 
decreased participants’ confidence in their COVID-19 knowledge, there 
was no longer a statistically significant effect (p = 0.85) on fear of 
COVID-19 (column (2)). Apart from these causal effects, ethnic or racial 
minorities can be associated with greater fear of the virus (p < 0.05). As 
expected, the effect sizes pre- and post-manipulation are small. More 
importantly, overconfidence only significantly increases predictability 
of the model pre-manipulation (1) but is statistically no different to the 
nested model after participants were calibrated by the reflection task 
(2). 

Similarly, the robustness check using confidence and knowledge as 
the main independent variables shows that while confidence in one’s 

COVID-19 knowledge reduces fear of COVID-19, knowledge seems to 
have the opposite effect (column (3)). While fully in line with the 
robustness check in study 1, the main results in column (3) do not reach 
the traditional 5% critical value (p = 0.069 for confidence and p = 0.097 
for knowledge). Taken together, the results reject the notion of causal 
selection that would drive the results. Instead, it shows that over-
confidence leads to a laxer attitude toward COVID-19, not the other way 
around. 

5.5.2. Fear of COVID-19 and prophylactic behaviors 
Fear of COVID-19 is a highly significant predictor of all the preven-

tive behaviors we tested for in this study (Table 4). People with greater 
fear of COVID-19 were more likely to wear a mask (column (2), b = 0.66, 
p < 0.001), use hand sanitizer (column (3), b = 0.43, p < 0.001), and 
avoid crowded places (column (4), b = 0.56, p < 0.001). Moreover, 
people with greater fear of COVID-19 are significantly less likely to 
attend social gatherings (column (5), b = 0.45, p < 0.001). Apart from 
the results of these four hierarchical regressions, a hierarchical logistic 
regression using robust standard errors and odds ratios (column (1)) 
shows that fear of COVID-19 significantly increases the odds of getting 
fully vaccinated by 1.74 for every one-point increase in fear (p < 0.01). 

The results further suggest that older people are more likely to adopt 
preventive behaviors than their younger peers. However, this excludes 
hand sanitizer usage and COVID-19 vaccination. Contrasting study 2, 
there was no significant difference among people working for the 
healthcare services nor among people with different education levels in 
terms of their likelihood of adopting prophylactic behaviors. Moreover, 
people with higher income were more likely to be vaccinated, but less 
likely to avoid crowded places and social gatherings. Finally, ethnic or 
racial minorities and female participants exhibited a greater tendency to 
wear masks and use hand sanitizer. 

Effect sizes for all models illustrate a significant increase, compared 

Table 3 
Study 3 hierarchical OLS regressions to estimate the causal effect of over-
confidence on fear of COVID-19.   

(1) (2) (3) 

Pre-Treatment 
Fear 

Post-Treatment 
Fear 

Robustness 
Check 

Overconfidence − 0.98* (0.49) − 0.08 (0.39)  
Confidence   − 0.01† (0.01) 
Knowledge   0.86† (0.52) 
Age − 0.00 (0.00) − 0.00 (0.00) − 0.00 (0.00) 
Female 0.15 (0.14) 0.23 (0.13) 0.14 (0.14) 
Household income − 0.02 (0.02) − 0.01 (0.02) − 0.02 (0.02) 
Bachelor or higher − 0.06 (0.13) − 0.07 (0.13) − 0.05 (0.13) 
Married 0.04 (0.15) 0.02 (0.15) 0.06 (0.15) 
Ethnic/racial 

minority 
0.34* (0.17) 0.33* (0.17) 0.34* (0.16) 

Healthcare Worker − 0.07 (0.22) − 0.14 (0.22) − 0.06 (0.22) 
Constant 2.15*** (0.26) 2.08*** (0.27) 2.49*** (0.57) 
Observations 199 199 199 
R-squared 0.07 0.05 0.07 
ΔR-squared 0.02* 0.00 0.02 

Note: All models use fear of COVID-19 as the dependent variable. Model (1) is 
based on overconfidence in 10 COVID-19 quiz questions before any experi-
mental manipulation (i.e., reflection task). Model (2) is based on another set of 
10 COVID-19 quiz questions after the reflection task. Model (3) is based on pre- 
reflection knowledge and confidence about 10 COVID-19 quiz questions. 
Changes in R-squared are in comparison to the nested model (i.e., block 1, only 
including demographics) in Supplementary Table 6 in the Web Appendix. P- 
values of these changes are based on Wald tests. Robust standard errors in pa-
rentheses. ***p < 0.001, **p < 0.01, *p < 0.05, †p < 0.10. 

Table 4 
Study 3 hierarchical regressions for the relation between fear of COVID-19 and 
various preventive behaviors.   

(1) (2) (3) (4) (5) 

COVID-19 
Vaccine 

Mask 
Wearing 

Use 
Hand 
Sanitizer 

Avoid 
Crowded 
Places 

Avoid 
Social 
Gatherings 

Fear of 
COVID-19 

1.74** 
(1.23–2.46) 

0.66*** 
(0.07) 

0.43*** 
(0.07) 

0.56*** 
(0.07) 

0.45*** 
(0.08) 

Age 1.00 
(0.99–1.02) 

0.02*** 
(0.00) 

− 0.01 
(0.00) 

0.02*** 
(0.00) 

0.02** 
(0.00) 

Female 0.84 
(0.51–1.40) 

0.34* 
(0.13) 

0.27* 
(0.13) 

0.13 
(0.12) 

0.02 
(0.13) 

Household 
income 

1.10* 
(1.02–1.19) 

− 0.03 
(0.02) 

− 0.01 
(0.02) 

− 0.04* 
(0.02) 

− 0.06** 
(0.02) 

Bachelor or 
higher 

1.43 
(0.87–2.35) 

0.09 
(0.14) 

− 0.10 
(0.14) 

− 0.02 
(0.13) 

− 0.23 
(0.13) 

Married 1.08 
(0.63–1.86) 

− 0.14 
(0.14) 

0.13 
(0.14) 

− 0.19 
(0.14) 

− 0.29* 
(0.14) 

Ethnic/racial 
minority 

1.58 
(0.86–2.89) 

0.41** 
(0.14) 

0.39** 
(0.14) 

0.18 
(0.14) 

0.07 
(0.15) 

Healthcare 
Worker 

1.95 
(0.63–6.08) 

0.37 
(0.23) 

0.24 
(0.25) 

− 0.04 
(0.24) 

− 0.45* 
(0.22) 

Constant 0.37 
(0.12–1.17) 

1.16*** 
(0.29) 

2.84*** 
(0.29) 

1.90*** 
(0.28) 

1.83*** 
(0.30) 

Observations 386 394 394 394 394 
R-squared 0.06 0.23 0.13 0.20 0.17 
ΔR-squared 0.03** 0.15*** 0.08*** 0.14*** 0.08*** 

Note: Model (1) is a hierarchical logistic regression with odds ratios, robust 
standard errors, and 95% confidence intervals in parentheses. Models (2)–(5) 
are hierarchical OLS regressions with robust standard errors in parentheses. 
Changes in R-squared are in comparison to the nested models (i.e., block 1, only 
including demographics) in Supplementary Table 7 in the Web Appendix. P- 
values of these changes are based on Wald tests. R-squared and its changes in (1) 
refer to Nagelkerke’s (1991) pseudo R-squared. Both within-subjects groups 
were used. ***p < 0.001, **p < 0.01, *p < 0.05. 
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to the nested models. In fact, the moderately strong effect sizes in models 
(2) and (4) increase by 15% and 14%, respectively, once fear of COVID- 
19 is included in the regressions. Post hoc power analyses performed 
G*Power (version 3.1.9.4), with the observed effect sizes, α = 0.05, and 
N = 386/394 (depending on the model) confirmed that our study was 
sufficiently powered to detect the predicted effects (powervaccine = 0.94; 
powermask_wearing = 1.00; powerhand_sanitizer = 1.00; poweravoiding_crowds 
= 1.00; powersocial_gatherings = 1.00). 

In summary, study 3 shows that overconfidence causally decreases 
fear of COVID-19 which, in turn, decreases prophylactic behaviors, such 
as mask wearing, hand sanitizing, and the odds of getting fully vacci-
nated. The within-subjects experiment also suggests that the underlying 
questions that were used to measure overconfidence (i.e., general 
knowledge or COVID-19-related) do not change the reported effect on 
laxer COVID-19 attitudes. 

6. Discussion 

The current paper aimed to investigate whether overconfidence in 
one’s knowledge is related to a laxer attitude toward COVID-19, and 
how such attitudes ultimately affect protective behaviors. To test our 
hypotheses, we conducted three studies. In study 1, the findings show 
that a higher level of overconfidence in general is associated with a laxer 
attitude toward COVID-19. These findings are in line with previous 
studies suggesting that other forms of overconfidence (for instance 
optimism bias) are related to lower levels of concern toward COVID-19 
(Park et al., 2021) and other health issues (Radcliffe and Klein, 2002). In 
study 2, we show that attitude toward COVID-19 is linked to a higher 
likelihood of engaging in protective behaviors, such as wearing a mask 
and getting vaccinated. Finally, in experimental Study 3, we show that 
the effect of overconfidence on fear of Covid is causal. Indeed, the 
findings show that participants were less likely to fear COVID-19 before 
they have been asked to reflect on their knowledge of the virus. After the 
reflection, the effect of overconfidence on fear of the virus becomes 
insignificant. The robustness checks show that the effect is driven by a 
decrease in confidence rather than any changes in objective knowledge. 
Moreover, in the study, we show that a less fearful attitude toward 
COVID-19 leads to less engagement in protective behaviors, from 
wearing masks to attending social gatherings and getting vaccinated. 

Across our studies, we also show a number of main effects of de-
mographic distributions on the likelihood of engaging in protective 
behaviors. For example, replicating findings from previous literature 
(Stoler et al., 2022), in study 2, we show that people with higher edu-
cation were more likely to get vaccinated in the early stages of the 
vaccination campaign. Moreover, in study 3, the findings extend pre-
vious literature (Bearth et al., 2021) by suggesting that older people are 
more likely to engage in protective behaviors than their younger peers. 

Overall, the study provides important implications for both theory 
and practice. From a theoretical perspective, the current paper extends 
existing findings showing that attitude toward COVID-19 is an impor-
tant driver of adherence behavior (e.g., Ahorsu et al., 2020; Harper 
et al., 2021). Although excessive fear of Covid can negatively impact 
one’s wellbeing (Satici et al., 2022), previous studies have shown that 
appropriate situational fear can encourage people to avoid threats and 
adopt self-preservatory behaviors (Rogers, 1975). We show that fear of 
Covid is a strong predictor in different stages of the pandemic (i.e., be-
tween 2020 and 2022) of several protective behaviors which range from 
wearing masks to getting vaccinated. 

Moreover, given the importance of attitude as a predictor of pro-
tective behaviors, the study also contributes to a better understanding of 
what can influence people’s attitude toward COVID-19. While previous 
studies have focused on objective knowledge with inconclusive findings 
(e.g., Lee et al., 2021; Srichan et al., 2020), we show that confidence in 
knowledge is a key predictor when it comes to attitude toward 
COVID-19. Importantly, confidence and objective knowledge have 
conflicting effects on attitude. That is, while higher knowledge leads to 

higher fear of Covid, higher confidence in one’s knowledge leads to a 
laxer attitude. 

The paper offers also important insights for policymakers and public 
health officials who design health education campaigns to encourage 
citizens to adopt protective behaviors. Since the beginning of the 
pandemic, governments across the world have implemented a wide 
range of interventions to promote adherence to protective behaviors (e. 
g., wearing masks or keeping social distance) or incentivize vaccination 
(WHO, n.d.). Many of these campaigns (see HHS, 2022 for a recent 
example) have included educational elements devoted to improving 
citizens’ knowledge of the contagiousness of the virus. Our studies show 
that while such campaigns might increase objective knowledge, they 
may also come with an unintended increase in confidence which, in 
turn, leads to laxer attitude toward COVID-19. Thus, based on our 
findings, more effective campaigns to reduce the spread of COVID-19 
should be based on messages which challenge the confidence in one’s 
knowledge more than knowledge itself. For instance, health education 
programs can challenge people’s preconceptions of the virus rather than 
simply pointing out facts. Moreover, by creating campaigns around 
calibrated confidence, policymakers and public health officials can ul-
timately affect people’s fear of Covid to induce more responsible be-
haviors in order to control the spread of the virus. 

6.1. Limitations 

While methodological issues have been raised within each study, 
some more general limitations ought to be acknowledged. First, a lim-
itation of our findings is related to the lack of behavioral measures in the 
operationalization of the main protective indicators. Indeed, in all three 
studies, we measure self-reported attitudes and intentions. Future 
studies might address this aspect by using national electronic health 
records instead of comparably small survey samples. Second, it is worth 
acknowledging that while crowdsourcing platforms, such as MTurk and 
Prolific, are heavily used in social science research (Hauser et al., 2022), 
they remain convenience samples with limited representativeness. 
Future studies could replicate aspects of the presented studies using 
nationally representative samples across various populations. Moreover, 
future studies may also want to investigate the role of overestimating 
one’s knowledge in preventing everyday health issues. Indeed, over-
confidence may lead to a false sense of security and increase the likeli-
hood of taking risks with potential negative consequences in diseases, 
such as heart attacks, diabetes, or sexually transmitted infections. 
Furthermore, pilot information campaigns aimed at calibrating people’s 
confidence in their knowledge should be tested for a host of infectious 
diseases, including HIV and Ebola. Finally, exploring the root causes of 
overconfidence in one’s health knowledge are beyond the scope of this 
paper. Prior studies suggested that, among other possible explanations, a 
lack of metaknowledge or correlation neglect may drive such over-
confident believes (Ortoleva and Snowberg, 2015; Piehlmaier, 2022). 
Future studies could use these explanations as a starting point to explore 
the origin of health-related overconfidence. 

7. Conclusion 

This paper is the first to causally investigate overconfidence in 
knowledge and attitude toward the virus. It illustrates how excessive 
confidence in one’s knowledge leads to a laxer attitude toward COVID- 
19 which negatively influences tendencies to protect oneself and others 
from COVID-19. We hope that our study of overestimating one’s 
knowledge might lay the foundation for future research in this area. 

Data availability 

The data are freely available as indicated in the manuscript. 
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