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Abstract

We investigated what degree of risk of infection with COVID-19 is necessary so that people
intend to stay home, even when doing so means losing their salary. We conducted an online
survey across Brazil during the initial outbreak, in which 8,345 participants answered a
questionnaire designed to identify the maximum tolerated risk (k’) necessary for them to dis-
regard social distancing recommendations and guarantee their salaries. Generalized linear
mixed models, path analysis structural equation, and conditional interference classification
tree were performed to further understand how sociodemographic factors impact k' and to
establish a predictive model for the risk behavior of leaving home during the pandemic. We
found that, on average, people tolerate 38% risk of infection to leave home and earn a full
salary, but this number decreased to 13% when the individual risk perception of becomingill
from severe acute respiratory syndrome coronavirus-2 is considered. Furthermore, partici-
pants who have a medium-to-high household income and who are older than 35 years are
more likely to be part of the risk-taking group who leave home regardless of the potential
COVID-19 infection level; while participants over 45 years old and with good financial health
are more likely to be part of the risk-averse group, who stay home at the expense of any sal-
ary offered. Our findings add to the political and public debate concerning lockdown strate-
gies by showing that, contrary to supposition, people with low socioeconomic status are not
more likely to ignore social distancing recommendations due to personal economic matters.

Introduction

Risk perception refers to the subjective assessment that people make regarding the characteris-
tics and severity of a perceived threatening stimulus or situation, including knowledge of the
risk of contagion and disease severity [1]. Risk behaviors include actions that underlie a goal
with uncertainty regarding its outcomes, such as negative costs or possible benefits [2]. Both
risk perception and risk behaviors are closely associated with the motivation to embrace self-
preservative care in situations such as disease outbreaks [3].
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Throughout the COVID-19 outbreak, a key strategic plan adopted by many governments
was strict quarantine and lockdown of the general population to reduce and prevent commu-
nity transmission of the new virus [4, 5]. The social distancing recommendations aimed to
minimize overloading of hospitals by demanding that people remain at home and alone as
much as possible (except to procure food/basic supplies and medical needs). Recent data sup-
port the effectiveness of social distancing in slowing the progression and spread of the new
coronavirus [6, 7]. However, although it has been shown that implementing social-distancing
measures early on proved to be effective, reducing the fatalities due to the deceleration of the
contagion rate [8], an important political and public debate has arisen since the beginning of
the lockdowns.

Briefly, it has been suggested that this approach will be unsustainable in the long-term, par-
ticularly because shutting down the whole population of a given country could generate
adverse consequences for the economy [9]. Therefore, although social distancing is containing
the ever-growing number of COVID-19 cases in Brazil [10-12], the current Brazilian president
has demanded an end to lockdown strategies, to alleviate the ongoing global economic crisis
[13]. One of the key points in his decision regards the assumption that many citizens are not
capable of adapting to home-office strategies, and many may lose their jobs, or face severe
income drawbacks. Consequently, people with low socioeconomic status may face more threat
during the quarantine period, including scarcity of basic resources, such as food [14, 15].
Moreover, the inconsistency in implementing social distancing recommendations in Brazil
has also been based on a second widespread assumption [14], which is that the threat and risk
of severe negative health outcomes due to COVID-19 are minimal, potentially affecting people
who are at higher risk for severe illness (e.g., older people and people with pre-existing medical
conditions). Nevertheless, at the individual level, this dilemma, which could be rephrased as
staying home with no risk of infection but possibly not having sufficient resources, or main-
taining an out-of-work routine that allows them to maintain their resources but increases the
possibility of infection, is particularly complex given that socioeconomic factors could interact
with the perception of health benefits attributed to social isolation measures [10].

Therefore, the aim of this study is three-fold: (a) to investigate what degree of risk of infec-
tion with COVID-19 is necessary, on average, so that people intend to stay home, even when
doing so means losing their salary; (b) to investigate which sociodemographic factors might
influence the maximum tolerated contamination risk of COVID-19 to keep an adequate and
an unfavorable salary offer; and (c) to establish a predictive model for risk-taking and risk
aversive behaviors during the COVID-19 pandemic. To achieve these goals, we generated an
online survey in which participants had to answer an experimental COVID-Risk Aversion
Questionnaire. Hence, considering that policy makers need to focus on bringing awareness
and social restraint among people rather than going for stringent lockdown measures, exclu-
sively [16]; and that social distancing of the entire population, case isolation, household quar-
antine and school and university closure is predicted to have the largest impact, short of a
complete lockdown which additionally prevents people going to work [17]; the ultimate goal
of this study is to contribute to public policies in the context of the COVID-19 pandemic, for
example, by identifying possible target groups for educational campaigns that can sensitize
people regarding the importance of social distancing and overall self-care.

Methods
Ethical information

The data used in the present study were collected between April 18-May 11, 2020 via an online
survey using Qualtrics, a full-featured, web-based tool for creating, distributing, and capturing
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online surveys. Any Brazilian over 15 years of age, residing in Brazil or abroad could complete
the survey by accessing a link made available on different social networks on the internet. Sur-
vey participants were invited to complete the online questionnaire anonymously and voluntar-
ily; in the case of minors (18 years old), legal guardians were asked to sign the Free and
Informed Consent Form, showing awareness of their children’s participation in the research.
Participants were not compensated for their participation. This survey was approved by the
National Committee for Ethics in Research (CONEP, 30502620.4.0000.0008).

Sampling plan

All participants were recruited through electronic media (e.g., social media, websites, blogs,
etc.) and a snowball sampling method, whereby the researcher invited the participants to share
the survey with their contacts. The sample size was calculated using the public domain pro-
gram OpenEpi (www.openepi.com), adopting a 95% confidence level, a 1% margin of error,
and a random sample. Considering that approximately 127 million people in Brazil have inter-
net access, we estimated an initial sample size of 5,670 participants.

Furthermore, a series of criteria was applied to maximize data reliability. Initially, we
excluded participants who took less than five minutes to complete the survey. Then, regarding
the socioeconomic variables, we excluded participants who provided invalid information on
age, ZIP-Code, and the final four numbers of their cell phones (only the final four numbers
were asked to avoid identifying the participant). Afterwards, because we were not interested in
investigating changes within participants over time, possible repeated measures were excluded
by checking both repeated ZIP-Codes and the final four numbers of participants’ cell phones.
Concerning the experiments, only data from participants who completed the full study and
who performed the experiments with 100% reliability were analyzed. To check the reliability of
the experiment data, we followed an axiomatic neuroeconomic approach [18] that excluded
participants who did not follow their own preferences. For instance, a participant who chose
to leave home with a 5%, 10%, or 15% risk of infection and to stay home with a 25%, 35%,
50%, and 60% risk of infection, could not choose to leave home when an 80% risk of infection
was presented. Moreover, since this was an online study in which participants could enroll at
any given moment, experimenters were blind to participants’ moderators and outcomes. Like-
wise, the researchers who processed and analyzed the data were blind to participants’ choices
and moderators.

Experiment design

Our experimental COVID-19 Risk Aversion Questionnaire was designed at two levels. At the
first level, all participants were requested to answer questions regarding their average monthly
household income, their financial health, and their risk perception.

Precisely, participants were initially requested to give the range of their family income so
that the monetary reward offered to each participant represented approximately 100% (ade-
quate full salary offer) or 50% (unfavorable half salary offer) of the average salary of the selected
range. This strategy was used to minimize the effects of a marginal utility function, avoiding
offering a financial reward much higher or lower than the average financial status quo of the
individual. Based on Brazilian socioeconomic reality, participants were able to choose, from
eight different ranges, the range that best represented their average family income (S1 File).
Next, considering that risk perception might differ for each participant, a 0-100 scale was
included, and participants were requested to indicate the perceived risk of becoming severely
ill if infected with COVID-19. Then, to investigate the state of a participant’s financial health
(i.e., a construct that includes personal perception of need for money and monetary affairs)
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[19] we added two 0-100 scales to investigate the proportional amount of savings each partici-
pant had at the end of a regular month (i.e., money savings) and how much each participant
feared that their savings would not last (i.e., money duration). Both items were taken from the
Consumer Financial Protection Bureau (CFPB) Financial Well-Being Scale that was designed
for practitioners and researchers to accurately and consistently quantify the extent to which
someone’s financial situation provide them with security and freedom of choice [19-21], thus,
working as a proxy for personal perception for money need. Then, to estimate the financial
health, an index was obtained as follows: (100-“Savings” + “Duration”)/2. Thus, in our index 0
depicts 0% of financial health (the worse financial health, in which participants struggled to
save money and/or believed that they do not save enough) and 100 depicts 100% of financial
health (the best financial health, in which participants were able to save money and/or were
not worried that their savings would not last).

Once the first level had been achieved, all participants were requested to answer 16 items
about their preference for two alternatives differing in both monetary reward and risk of infec-
tion. Hence, at the second level, participants had to choose between leaving home for an
amount of salary while being exposed to a given amount of infection risk or to stay home with
no salary and no infection risk. For instance, a person with a family monthly income of
between R$3000.00 to R$5000.00 (approximately $1,367.48 to $2,279.14, according to the pur-
chasing power parity function and based on The World Bank) would be asked the following
question: What would you choose? (a) to leave home for a salary of R$3999.00 while being
exposed to a 5% risk of infection with COVID-19 or (b) to stay home with no salary and no
risk of infection with COVID-19. Importantly, the 16 items on COVID-19 risk aversion were
hypothetical, that is, participants made the decision without the perspective of obtaining real
money. However, as shown by Brafias-Garza et al. (2020) hypothetical rewards are a good
alternative to real rewards and paying or not for the measurement of risk preferences produces
the same findings [22].

In this questionnaire, the precise values associated to 100% (varying from 99.9% to 99.4%)
and 50% (varying from 49.9% to 49.4%) of the average salary of the selected range were never
offered to the participants to guarantee the variability in the collected data. Because the chance
of infection could vary between eight possibilities (5%, 10%, 15%, 25%, 35%, 50%, 65%, and
80%) and the amount of monthly income offered could vary between two possibilities (approx-
imately 50% and approximately 100% of the average salary of the selected range), 16 items
were randomly assigned for each participant. This questionnaire has a mixed design with a
within-individual factor accounting for the probability of infection by COVID-19 and a
between-individual factor accounting for the monthly income offered.

To test whether the proportion of the frequency of each question was equally balanced
between the household income ranges among all the 16 items a multivariate analysis of vari-
ance (MANOVA) was performed, afterwards. The dependent variables were the proportions
of the frequencies in which each item appears among the 16 "positions”, and the independent
variables were the eight chances of infection, the two salary offers, the six household income
ranges, and their interactions. Since the MANOV A revealed no significant main effect for the
chance of infection (p = .453), salary (p = .191), household income (p = .129) neither their
interactions (chance of infection and salary, p = .615; chance of infection and household
income, p = .072; salary and risk, p = .169; chance of infection, salary, household income, p =
.361), we could infer that the means and the variances of the frequencies in which each item
appears among the 16 "positions" were balanced across the independent variables. Further-
more, as a validation analysis to certify that people behaved as expected on the experimental
COVID-Risk Aversion Questionnaire, i.e., decreasing the preference to leave home when the
chances of contamination increase and preferring to leave home to obtain the full salary offer
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in comparison to the half salary offer, a series of generalized linear mixed models were per-
formed and shown in the (S2 Table in S1 File).

The kK’ estimate

Much like other discounting paradigms [23], which are designed to identify the indifference
point—and which reflect equal preference for two dichotomous reward alternatives differing
in both delay and magnitude—in our study, the indifference point “k” (k’ estimate) depicts the
maximum risk of COVID-19 infection that participants are willing to tolerate in order to leave
home and guarantee their salaries. To extract the k’ estimate, we initially ordered, for each sub-
ject and salary offered, the eight COVID-19 risk aversion items according to the risk of being
infected, from the less risky scenario (5% risk of infection) to the riskier scenario (80% risk of
infection). The non-risk choice of staying home was coded 0 and the risk choice of leaving
home was coded 1. We assumed that the k for each participant would be the final risk choice
he/she made. For instance, a participant who chose to stay home when the risk of infection
reached 35%, might have also chosen to stay home when the risk of infection was 5%, 10%,
15%, or 25%; but might not have chosen to stay home when the risk of infection was 50%,
65%, and 80%; therefore, we coded these options as 1, 1, 1, 1, 0, 0, 0, 0. Participants who only
chose non-risk options were presumed to have a k of 0%, since they would not tolerate any
risk of infection. Participants who only chose risk options were presumed to have a k of 80%,
since this was the maximum risk of infection that we asked them to hypothetically face and we
had no additional information to estimate that the k might be higher. This neuroeconomic axi-
omatic approach, which maintained a close connection between theoretical constructs and
empirically observable phenomena [18], was only possible when 100% rational answers were
included, in which participant preferences were consistently fulfilled and, therefore, reliable.

Analysis plan
To achieve our three main goals, our data analysis was composed of four different steps
according to the study aims, as shown in S1 Fig in S1 File.

In the first step, to achieve the first goal and investigate what degree of risk of infection with
COVID-19 is necessary, on average, so that people intend to stay home, even when doing so
means losing their salary we first perform a series of descriptive statistic to obtain frequencies,
central tendencies and dispersions. The difference between k’ estimates at half and full salary
offers, before and after adjusting for the risk perception were tested with Student t-test and
effect sizes were calculated by Pearson’s correlation coefficient (r < 0.10 small effect size;

r < 0.30 medium effect size; r < 0.50 large effect size) [24].

Afterwards, to achieve our second goal and to investigate which sociodemographic factors
might influence the k” estimate a path analysis structural equation modeling (SEM) was per-
formed. The SEM is a useful analysis to describe both the direct and the indirect effects among
a set of variables taking into account all significant correlations between predictive variables
and k’ estimates in a covariance matrix [25]. In other words, SEM takes into account that some
sociodemographic variables play a dual role of simultaneously being dependent on one or
more variables, while acting as independent variables in that they influence others [26, 27].
Age, sex, years of education, COVID-19 risk group classification, potential COVID-19 contact,
current flu symptoms, being a health-related professional, and k estimates were included in
the SEM. Potential COVID-19 contact was obtained by adding together the four dichotomous
variables: 1) participant’s belief about being infected by COVID-19, ii) past or current con-
firmed diagnosis of COVID-109, iii) participant’s belief about being close to someone infected
by COVID-10, and iv) a relative’s past or current confirmed diagnosis of COVID-19.
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Respiratory disease related variables were recent flu symptoms (yes or no) and number of cri-
teria each participant fulfils for COVID-19 risk group, i.e., the sum of criteria that defines the
risk groups (being older than 60 years, respiratory disease, cardiovascular disease, obesity, dia-
betes, liver disease, cancer, HIV/AIDS, other immune related diseases, rheumatoid arthritis).

Then, to achieve our third goal, we initially explored how the sociodemographic variables
may contribute to the probability of being classified as extreme risk-taking (those participants
who always chose to leave home even for a half salary offer, “RT”) and extreme risk averse
(those participants who always chose to stay home even at the expense of a full salary offer,
“RA”). A backward and forward stepwise logistic regression was executed for each one includ-
ing all sociodemographic variables that have been taken into account in the prior SEM analy-
sis, was implemented in this regard. Afterwards, a conditional inference tree model was
generated using a variable-selection procedure through the significant predictors evidenced in
our SEM, exploring potential network types among these variables and generating groups that
are maximally different from each other. By using a conditional inference tree, we were able to
establish two predictive models and identify the participants’ profiles most likely to always
choose to leave home even for a half salary offer (i.e., being classified as RT group) and the par-
ticipants’ profiles most likely to always stay home even at the expense of a full salary offer (i.e.,
being classified as RT group).

All analyses were performed using the open-source statistical software R (version 4.0.0).
The “sem” function from the “lavaan” package was used to generate a path analysis structural
equation. The conditional inference models were achieved using the “ctree” function from the
package “partykit,” which provides tree-structured regression models that deal with different
types of variables and that do not rely on distributional requirements [28, 29]. A quadratic-
type test statistic was applied for variable selection and the stopping criterion was based on
Bonferroni adjusted p-values. The “confusionMatrix” function from the “caret” package was
used to obtain an overview of the accuracy statistics [30].

Results
Sample characteristics

A total sample of 8,345 participants completed the experimental COVID-19 Risk Aversion
Questionnaire, but 13.5% of these were not included in the analysis because they did not fulfill
the 100% axiomatic reliability criteria necessary to obtain the k’ estimate (see methods section).
Therefore, a total of 7,216 participants were considered for the analysis. As Table 1 reveals,
most of our sample comprised individuals between 26-45 years old, predominantly women
and with a high educational level. Curiously, approximately one-third of the sample worked as
health professionals or their main area of expertise was directly related to health (e.g., univer-
sity professors of health-related disciplines).

To elucidate stay or leave home decision-making processes during the COVID-19 pandemic,
we first examined the average k’ estimates for the entire sample (Fig 1). We observed that people
tend to disregard social distancing recommendations whenever the chance of COVID-19 infec-
tion is lower than 32% (SD = .32, median = .25) and 38% (SD = .31, median = .35) to obtain half
and full salary, respectively. This difference proved to differ significantly (t = -8.08, p < .0001, r =
.09). Interestingly, regardless of the salary offered and the manipulated chance of COVID-19
infection, 18% (n = 1341) of our sample would always choose to stay home at the expense of
their salaries (see bottom portion of Fig 1A), while 21% (n = 1550) would always choose to leave
home to guarantee their monthly income (see top portion of Fig 1A). We also observed that the
top and bottom proportions of Fig 1A changed according to the salary offered, suggesting that,
for a half-salary offer, the number of participants that would opt to stay home without any salary
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Table 1. Sample characteristics.

Total sample (n = 7,216)
Demographics
Age, years, mean (SD) 38.45 (12.7)
Age, years range, n (%)
15-25 1211 (16.7)
26-35 2153 (29.8)
36-45 1874 (25.9)
46-55 1060 (14.6)
>56 918 (12.7)
Sex, n (%)
Female 5412 (75)
Male 1804 (25)
Unemployment status, n (%) 266 (3.6)
Health-related professional, n (%) 2170 (30)
Education, n (%)
Secondary 778 (10.7)
Undergraduate 2360 (32.7)
Graduate 4078 (56.5)
Flu-like symptoms, n (%) 632 (8.7)
Yes/no risk group for SARS-CoV-2, n (%) * 2271 (.31)
Yes/no potential COVID-19 Contact, n (%) b 2083 (28.8)
COVID-Risk Aversion Questionnaire
Household income, n (%) ©
<R$3,000 (Lower low class) 1155 (16)
R$3,001—R$5,000 (Upper low class) 1206 (16.7)
R$5,001—R$7,000 (Lower middle class) 1029 (14.2)
R$7,001—R$10,000 (Upper middle class) 1124 (15.5)
R$10,001—R$15,000 (Lower high class) 1070 (14.8)
>R$15,001 (Upper high class) 1632 (22.6)
Money savings, mean (SD) d 44 (38)
Savings not last, mean (SD) © 45 (35)
Financial health index, mean (SD) 50 (31)
Note.

a) Number of participants that fulfils, at least, one criterion for risk group for SARS-CoV-2.

b) To present a more informative description of the sample, here we described the dichotomized version of the
variable “Potential COVID-19 contact”. All participants who believe about being infected by COVID-19 or had/have
past/current confirmed diagnosis of COVID-19 or believe about being close to someone infected by COVID-10 or
had/have a relative’s past/current confirmed diagnosis of COVID-19 were classified as “yes, had potential COVID-19
contact”. Participants who reported no for all these questions were coded as “no, did not have potential COVID-19
contact”.

c) For a matter of comparison with USA dollars using purchasing power parity function and based on The World
Bank, household income can be estimated as following: R$3,000 = $1,367.48, R$5,000 = $2,279.14, R$7,000 =
$3,190.79, R$10,000 = $4,558.28, R$15,000 = $6,837.41. As reported in the method section

d) refers to the proportional amount of savings each participant has in the end of a regular month (savings)

e) refers to the how much each participant fears that their savings would not last (duration); and

f) refers to the financial health index, which was calculated as (100-“Savings not last” + “Money savings”)/2. The
financial health index describes the state of one’s personal monetary affairs, hence, 0 depicts 0% of financial health
and 100 depicts 100% of financial health. V = Cramer’s V effect size; r = Pearson r effect size.

https://doi.org/10.1371/journal.pone.0245261.t001
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Fig 1. Violin plots in which the horizontal axis depict the density of data distribution. (A) k’ estimate; RA, extreme risk-averse participants (participants always who
chose to stay home even at the expense of a full salary offer); RT, extreme risk-taking participants; (participants who always chose leave home even for a half salary offer);

(B) Perceived risk of getting severely ill.
https://doi.org/10.1371/journal.pone.0245261.9001

increases. In other words, these participants would not expose themselves to the chance of
COVID-19 infection if they would receive less than their regular salary.

Next, we examined individual risk perception of becoming severely ill if infected by
COVID-19. Fig 1B shows that, in general, the mean risk perception was 38% (SD = .26,
median =.35). Nevertheless, 58% (n = 4189) of the sample perceived the risk of becoming
severely ill as lower than 50%, while 23% (n = 1669) perceived the risk as higher than 50%. Fur-
thermore, as clearly observed in Fig 1B, a considerable number of participants (approximately
19%, n = 1358) perceived the risk of becoming severely ill as exactly 50%; however, one could
hypothesize that some of those participants were unable to estimate their own risk of becoming
severely ill and, thus, reported it as half-half. Then, when the k” estimate was adjusted based on
the risk perception by multiplying one by the other (i.e., the probability of both events, being
contaminated and becoming severely ill, occur), our data revealed that participants are willing
to tolerate a 11% and 13% chance of becoming severely ill if contaminated by COVID-19 to
obtain half and full salary, respectively. Such adjustment in the tolerated risk based on the risk
perception proved to be significantly different from the non-adjusted tolerated risk of contam-
ination for both half (t = 35.69, p < .0001, r = .44) and full (t = 43.60, p < .0001, r = .51) salary
offers. Finally, a cumulative proportion of staying home answers was calculated based on the k’
estimate considering the by the sum of staying home answers divided by the total amount of
answers (S2 Fig in S1 File). For instance, a participant who chose to stay home when the risk
of infection reached 35%, might have also chosen to stay home when the risk of infection was
5%, 10%, 15%, or 25%; but might not have chosen to stay home when the risk of infection was
50%, 65%, and 80%; so, his/her staying home answers were accounted for 5%, 10%, 15%, 25%
and 35% risk of COVID-19 contamination.

The role of sociodemographic factors in k’ estimates

Nevertheless, one could argue that both the risk perception and k’ estimates probably depend
on several sociodemographic factors, such as financial health, educational level, being a health
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professional, being part of the risk group for COVID-19, etc. For instance, it is acceptable to
hypothesize that someone who does not have good financial health (i.e., who does not save
enough money by the month end and fears that savings will not last) might have a higher k’
estimate, since such a participant needs to leave home to guarantee any salary offer. Consider-
ing the decision to leave home as a risk behavior, this idea is supported by evidence that the
rate and burden of risk behaviors are affected by socioeconomic status, particularly for people
living in low- and middle-income countries [31, 32]. On the other hand, an epidemiologist
may have a more accurate risk perception regarding the odds of becoming severely ill if
infected by COVID-19 than a restaurant owner or taxi driver. Therefore, a SEM was estab-
lished to gain further insight into the role of sociodemographic factors and to provide a possi-
ble structural relationship to explain how such variables may directly or indirectly influence
the k’ estimate. The predictors included in the SEM were: financial health, educational level,
sex, age, household income, potential contact with someone with COVID-19, being a health
professional, and being part of the risk group for COVID-19.

The SEM results revealed that our model was supported with the following fit indexes
within the expected range [x(32) = 655.44, p < .000; CFI = .97; TLI = .93; RMSEA = .052,
confidence interval [CI] 95% = .049, .055] (Fig 2). Indeed, the SEM confirmed that for both kK
estimates, household income was a positive predictor while risk perception was a negative pre-
dictor. Moreover, the financial health index, age, and being in a COVID-19 risk group were
negative significant predictors of both k’ estimates, while COVID-19 potential contact was sig-
nificantly associated with both &’ estimates, suggesting that people who report higher &’ esti-
mate (and, therefore, tolerate higher risks of infection) have a higher chance of being in
contact with someone who may be infected. Although this last result may sound contra intui-
tive, at first, it might turn that people who tolerate more risk are those people that must leave
home more often for any reason, consequently increasing the odds of being in contact with
someone who may be infected, explaining the positive relationship. Overall, these results
imply that although individual risk perception and income are important factors that influence
the risk participants are willing to take for their full or half salaries, additional financial and
sociodemographic factors are also important in this relationship. Finally, we observed that sex
and education have a specific effect on k’ estimate when participants received the full salary
offer. More precisely, we found that being a woman tend to negatively impact the tolerated
risk to obtain the full salary offer, only. On contrary, education exerts a positive effect on the
full salary offer. Curiously, both effects are not significant for half salary offer.

Predictive models for extreme risk-taking and extreme risk averse behavior

In the context of COVID-19, our evidence suggests that the decision to stay home at the
expense of a salary is a multifactorial phenomenon that depends, mainly, on risk perception
and financial factors. Nevertheless, a predictive understanding of how such an individual
dilemma could be conceived within the context of possible public health policies has not yet
been achieved. Hence, bearing in mind that approximately 40% of our sample had already
made their decision a priori, regardless of the manipulated chance of COVID-19 infection, we
identified two groups that require special attention: extreme risk-taking participants (“RT”)
who would always choose to leave home even for a half salary offer (top portion of the red vio-
lin plot, Fig 1A), and extreme risk-averse participants (“RA”) (bottom portion of the blue vio-
lin plot, Fig 1A).

The results were noteworthy (Fig 3). First, the logistic regression revealed that for the RT
group we found that the effect of the income systematically grows from the lower class to the
higher class, suggesting that as more money a participant has more likely to be part of the RT
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Fig 2. Structural Equation Model (SEM). All the significant parameter estimates were standardized so they can be
interpreted with reference to other parameters in the model and relative strength of pathways within the model.

https://doi.org/10.1371/journal.pone.0245261.9002

group (Fig 3A). This data corroborates the effect of financial health, which suggests that as
greater the financial health is less likely a participant will be classified as RT group. Another
interesting finding relies on the effect of age. The higher effect is observed in the 36 to 45 years
old range and the overall effects decrease as the age range increases, and no significant effect
was observed for the elderly group. Concerning education, a significant effect was found for
the graduate group, only, suggesting that higher education increases the odds of being classi-
fied as RT. As already shown in the SEM analysis, an important effect was found for risk per-
ception, and a significant effect for COVID-19 contact was also found. Although the stepwise
method suggested that the best model includes flu-like symptoms, no significant effect was
found for this predictor.

Concerning the RA group (Fig 3B), our findings were in the same direction. First, we
found an important effect for risk perception, suggesting that as much risk someone perceived
of getting severely ill more likely that this participant will be classified as RA. The effects of
income go in the opposite direction and, overall, income has a negative effect in the odds of
being classified as RA. Remarkably, the effects of income were “C” shaped with the stronger
ones observed for both the upper lower classes and for both the higher classes, and the weaker
effect observed in the middle-class group. Additionally, the effect of age was stronger for the
older groups, suggesting that as higher the age higher the chances of being classified as RA. An
interesting effect for sex was found, suggesting the being a woman increases the chance of
being classified as RA. As expected, a negative effect was found for COVID-29 contact.

Finally, a training and testing sample were randomly assigned at 70% and 30% of the total
sample, and two independent predictive models were built (for a comparison between the RT
and RA groups in the training sample, see Table 2). The first conditional inference model
aimed to predict the RT group and, therefore, all the significant predictors found in the SEM
for the full salary offer were included, in addition to the k’ estimate at the half salary offer. The
second conditional inference model aimed to predict the RA group and all the significant pre-
dictors found in the SEM for the half salary offer were included in addition to the k’ estimate at
the full salary offer.

The output from the conditional inference models was revealing. The first model (Fig 4A)
aimed to identify those participants who are more likely to be part of the RT group. The model
predicted that participants who tolerate a 65% chance of COVID-19 infection for a full salary
offer (root node), are over 25 years old (node 11), and have a good financial health (over 60%),
have an 86% chance of leaving home even for a half salary offer (terminal node 13). Neverthe-
less, this group represents 8% of the training sample (n = 417). Once the financial health is
equal or lower than 60%, the model predicted that a similar participant would have an 6% less
chance of leaving home even for a half salary offer (terminal node 12). The model then pre-
dicted that 173 participants (3% of the training sample) who tolerate a 65% chance of COVID-
19 infection for a full salary offer and who are 25 years old or less, are the third group with a
higher chance (69%) of leaving home even for a half salary offer (terminal node 10). In the test
sample, the model proved to be able to distinguish participants who would always choose to
leave home even for a half salary offer with a balanced accuracy of 94%, sensitivity of 93%, and
specificity of 96% (Acc[.94] > NIR[.77], p < .000); Interrater reliability, Kappa = .84; p <
.000).

The second model (Fig 4B) aimed to identify those participants who are more likely to be
part of the RA group. The model predicted that participants who have a higher chance (77%)
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Fig 3. Odds ratio of the generalized linear model. Confidence intervals are set for 2.5% and 97.5%.

https://doi.org/10.1371/journal.pone.0245261.g003
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Table 2. Demographics characteristics of the sample.

Samples Test (df) Effect size p-value
RA RT
(n=977) (n=1,134)
Demographics
Age, years range, n (%) x> = 88.46 (4) V=.09 <.0001
15-25 121 (12.3) 128 (11.2) xz =0.60 (1) =.01 435
26-35 235 (24) 365 (32.1) ¥ =17.06 (1) =.05 < .0001
36-45 220 (22.5) 348 (30.6) x> =17.81 (1) V=05 <.0001
46-55 166 (16.9) 179 (15.7) Xz =0.55(1) =.01 455
>56 235 (24) 114 (10) x2 =745 (1) V=12 < .0001
Sex, n (%) x> =6.06 (1) V=03 013
Female 766 (78.4) 837 (73.8) - - -
Male 211 (21.5) 297 (26.1) - - -
Unemployment status, n (%) 60 (6.1) 17 (1.4) xz =32.18(1) V=.07 <.0001
Health-related professional, n (%) 243 (24.3) 382 (33.6) xz =19.56 (1) V=.06 <.0001
Education, n (%) x> =8.66 (2) =.03 013
Secondary 131 (13.4) 100 (8.8) X2 =6.22(1) =.04 .012
Undergraduate 300 (30.7) 344 (30.3) x> =0.87 (1) =.00 .349
Graduate 546 (55.8) 690 (60.8) xz =5.90 (1) =.03 .015
Flu-like symptoms, n (%) 83 (8.4) 90 (7.9) x> =217 (1) =.00 .640
Yes/no risk group for SARS-CoV-2, n (%) * 429 (43.9) 295 (26) x* =74.591 (1) =.12 <.0001
Yes/no potential COVID-19 Contact, n (%) b 235 (24) 410 (36.1) x*=36.22(1) V=.08 <.0001
COVID-Risk Aversion Questionnaire
Household income, n (%) € xz =155.84 (5) V=.10 <.0001
< R$3,000 (Lower low class) 264 (27) 107 (9.4) x2 =153.33 (1) =.14 <.0001
R$3,001—R$5,000 (Upper low class) 149 (15.2) 189 (15.8) XZ =1.54 (1) =.00 214
R$5,001—R$7,000 (Lower middle class) 112 (11.4) 151 (13.3) X2 =3.01(1) =.01 .082
R$7,001—R$10,000 (Upper middle class) 120 (12.2) 190 (16.7) Xz =9.83(1) =.04 .001
R$10,001—R$15,000 (Lower high class) 131 (13.4) 186 (16.4) X2 =4.16 (1) V=.02 .041
> R$15,001 (Upper high class) 201 (20.5) 320 (28) x*=17.97 (1) V=.05 <.0001
Money savings, mean (SD) d 43 (38) 43 (38) W =559191 r=.00 .706
Savings not last, mean (SD) 42 (35) 45 (37) W =529910 r=.02 .083
Financial health index, mean (SD) 51 (31) 49 (31) W = 570504 r=.01 235
Perceived risk, mean (SD) .46 (.29) 32 (.25) W =718174 r=.16 <.0001
Note.

a) Number of participants that fulfils, at least, one criterion for risk group for SARS-CoV-2.

b) To present a more informative description of the sample, here we described the dichotomized version of the variable “Potential COVID-19 contact”. All participants
who believe about being infected by COVID-19 or had/have past/current confirmed diagnosis of COVID-19 or believe about being close to someone infected by
COVID-10 or had/have a relative’s past/current confirmed diagnosis of COVID-19 were classified as “yes, had potential COVID-19 contact”. Participants who reported
no for all these questions were coded as “no, did not have potential COVID-19 contact”.

¢) For a matter of comparison with USA dollars using purchasing power parity function and based on The World Bank, household income can be estimated as
following: R$3,000 = $1,367.48, R$5,000 = $2,279.14, R$7,000 = $3,190.79, R$10,000 = $4,558.28, R$15,000 = $6,837.41. As reported in the method section

d) refers to the proportional amount of savings each participant has in the end of a regular month (savings)

e) refers to the how much each participant fears that their savings would not last (duration); and

f) refers to the financial health index, which was calculated as (100-“Savings not last” + “Money savings”)/2. The financial health index describes the state of one’s
personal monetary affairs, hence, 0 depicts 0% of financial health and 100 depicts 100% of financial health. V = Cramer’s V effect size; r = Pearson r effect size.

https://doi.org/10.1371/journal.pone.0245261.t1002
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Fig 4. Conditional inference tree. A) RT group: participants who are more likely to be extreme risk-taking, i.e., who would always choose to leave home even for a half
salary offer. B) RA group: participants who are more likely to be extreme risk-aversion, i.e., who would always choose to stay home even at the expense of a full salary

offer.

https://doi.org/10.1371/journal.pone.0245261.9004

of staying home at the expense of any salary offer (terminal node 5) were those with who are
not struggling concerning their financial health (node 3), are younger than 45 years old (node
2), and who did not tolerate even a minor chance of COVID-19 infection for a half salary offer
(root node). This group represents 9% of the training sample (n = 469). Curiously, for a similar
group of participants, but who have a poor financial health (lower than 9%, node 3), the
chances of staying home at the expense of any salary offer decreases meaningfully for 56% (ter-
minal node 4), although this group has only 48 participants. We also found that participants
who are at the lower high class or higher (node 6), older than 45 years (node 2), and did not
tolerate any chance of COVID-19 infection for a half salary offer (root node) have the second
higher chance (73%) of staying home at the expense of any salary offer (terminal node 8).
However, this group represents 3% of the training sample (n = 194). Once more, is worth men-
tion that for a similar group of participants (14% of the training sample, n = 740), who are over
than 45 years old, but from an upper middle class or lower, the chances of staying home at the
expense of any salary offer decrease 17% (terminal node 7). In the test sample, the model
proved to be able to distinguish participants who would choose to stay home even at the
expense of a full salary offer with a balanced accuracy of 92%, sensitivity of 87%, and specificity
of 97% (Acc[.89] > NIR[.80], p < .000); Interrater reliability, Kappa = .71; p < .000).

Discussion

To our knowledge, our study represents a thus-far unique largescale experimental and multi-
modal investigation of decision-making behavior in the context of COVID-19, in which peo-
ple from all over the world have been facing individual dilemmas with extensive social
repercussions: to stay home with no risk of infection and possibly insufficient salary or to
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maintain an out-of-work routine, maintain their salary, and increase the possibility of infec-
tion. Here, we demonstrated that, in Brazil, the chance of COVID-19 infection that someone is
willing to tolerate before abiding by social distancing recommendations at the expense of their
salaries mainly depends on their risk perception, household income, and financial health.
More precisely, we showed that people might intend to leave home to obtain their full salaries
until the chance of COVID-19 infection reaches, on average, 38%, meaning that beyond this
threshold people are more likely to stay home at the expense of their salary. Nevertheless,
when the individual perceived risk of becoming ill from SARS-CoV-2 if infected is considered,
this threshold drastically decreased to 13%, suggesting that people would prefer to stay home
with no salary than face a 13% chance of falling severely ill. Remarkably, both the chance of
COVID-19 infection that participants are willing to tolerate to leave home and guarantee their
salaries, and the perceived risk of becoming ill from SARS-CoV-2 are mainly dependent on
age, household income, and financial health. In this regard, we found that participants with a
satisfactory financial health, older than 25 years and who tolerate a 65% chance of COVID-19
infection for a full salary offer are more likely to be part of the risk-taking group, who intend
to leave home regardless of the COVID-19 infection level for obtaining even a half salary offer.
Additionally, participants who are not struggling concerning their financial health, are youn-
ger than 45 years old, and who did not tolerate even a minor chance of COVID-19 infection
for a half salary offer have a higher chance of being part of the risk-aversion group and, there-
fore, intending to remain home regardless of the salary offered.

Thus far, the inconsistency in implementing social distancing recommendations in Brazil
has been based on the widespread assumption that many citizens who are not capable of adapt-
ing to home-office strategies may face severe income drawbacks and struggle with economic
issues. Consequently, it has been supposed that those people with low socioeconomic status
are more likely not to abide by social distancing recommendations, to avoid having insufficient
resources such as food and basic needs [14, 15]. Nevertheless, by distinguishing household
income from financial health, we were able to identify two opposite participant profiles that
are not completely in accordance with the literature, which shows that the rate and burden of
risk behaviors are affected by socioeconomic status, particularly for people living in low- and
middle-income countries [31, 32].

At first, concerning the most likely risk-taking profile, we found that the higher the house-
hold income, the higher the risk of COVID-19 infection someone is willing to take to secure
their monthly income, regardless of their educational level or even their financial health. This
finding was surprising, because, at first glance, it is not in accordance with the literature men-
tioned above. However, one might hypothesize that these participants are not struggling with
scarcity of resources—therefore, maintaining favorable financial health—precisely because
they are willing to take risks and leave home to maintain their daily work routine. In this
regard, a recent study that examine which socio-demographic characteristics predict self-pro-
tecting behaviors curiously found that higher income individuals were the most likely to per-
manently lose their jobs, despite also having the highest level of job security [33]. The authors,
then, suggested that higher-income jobs are more secure in general, so a job loss reflects a
large and permanent shift, e.g., a bankruptcy. If this statement proceeds, it might explain, at
least in part, our findings concerning income and risk-taking behavior. Nevertheless, the same
study discussed that lower-income respondents are more likely to lose their job or income due
to the pandemic and, against our findings, self-protective behaviors, such social-distancing,
are more and feasible for people with more income [33]. Another hypothesis is that other vari-
ables that we proved here to affect the tolerated risk of infection and risk perception, such as
age and being part of the COVID-19 risk group, also contribute to the likelihood of having the
risk-taking profile, even though this was not found in the CI models. This may be because the
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recursive partitioning algorithm applied in the CI models was unable to select the alternative
input variables with strongest association to the target group and implement a binary split in
the selected alternative input variable [28].

On the other hand, concerning the most likely risk-aversion profile, we found that the bet-
ter the financial health, the lower the risk of COVID-19 infection someone is willing to take to
secure their monthly income. This finding was expected, since evidence supports the fact that
when facing strong emotions, such as those elicited by insufficient basic resources, people may
place a relatively lower value on health consequences [1] and ignore the data regarding the
probability and severity of a problem [3]. Specifically related with the temporal discounting
paradigm, for instance, some evidence also suggests such an association. For example, frequent
loan borrowers, who are predominantly people in the middle- and low-income brackets and
with worse financial health, struggle to delay gratification [34]. In this sense, unfavorable
socioeconomic status is usually associated with less delayed rewards [35-38], although some
studies did not find such an association [39, 40]. In this sense, in general, people with low
resources or who are struggling with scarcity are more likely to value small and immediate
rewards, disregarding the long-term consequences of their choices [41].

Our study has several limitations that might be considered when interpreting the results.
First, although we applied a series of criteria to maximize the reliability of the analyzed data—
initially, by excluding participants with inconsistent demographic answers and, afterwards, by
implementing an axiomatic approach to exclude those participants who were not maximizing
their utility function—our data comprised an online survey and, therefore, it has its own meth-
odological biases. For instance, we could not ensure that all participants provided accurate and
honest answers, or that they felt comfortable providing answers that may present them in an
unfavorable light, or even that they were alone and did not have environmental distractions
when completing the survey. A second limitation concerns the specific period in which the
data were collected, from April 18 to May 11. During these 24 days, the number of confirmed
deaths in Brazil due to COVID-19 increased by 7204%, from 2,354 (mortality rate per 1,000
individuals = 0.011) to 169,594 (mortality rate per 1,000 individuals = 0.055) [42]. In this
regard, our results still depict a specific moment of the outbreak, meaning that these outcomes,
for example, may change during different phases of the pandemic period.

Furthermore, we highlight that our sample had a higher participation of women, although
the strategy to promote the survey was targeting the general population (institutional websites
announcements and calls and social network promotion targeting general population in Bra-
zil). Despite that we noticed that others online surveys about COVID-19 also reported higher
female participation [43]. Our study was conducted in Brazil, a country with continental
dimensions that has been facing a political crisis that continues to increase with the rise of con-
firmed cases and deaths. In this regard, although our survey was spread throughout the coun-
try, most of our data were collected in southern Brazil, which differs from the northern region,
both culturally and in terms of many sociodemographic factors. Due to a series of corruption
scandals [44], the political leadership in Brazil has changed from a center-left orientation to a
far-right orientation, which consequently reflects people’s beliefs and behavior. In this sense, it
is plausible that participants who would always choose to leave home regardless of the chance
of COVID-19 infection tend to support the current government, which has constantly dimin-
ished the risks and WHO recommendations, while those who would always choose to stay
home regardless of salary offered tend to disagree with the current government. Indeed, a
study has shown that after Brazil’s president emphatically dismissed the risks associated with
the COVID-19 pandemic and advised against isolation, the social distancing measures taken
by citizens in pro-government localities weakened compared to places where political support
of the president is less strong [45].
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Finally, although the 16 items of the Experimental COVID-19 Risk Aversion Questionnaire
were randomized, the first level questions concerning household income, financial health and
risk perception were not, and were always presented a priori. Therefore, it is possible that ask-
ing the perception of risk first and then the 16 items about COVID-19 risk aversion could have
introduced some bias. Nevertheless, this possible bias was the same for all participants. More-
over, we did not inquire participants if they had a teleworkable occupation and whether they
had basic infrastructure to do so (e.g., internet connection, room for homework, childcare
necessities, etc.), even though this is an important factor accounting for the possibility of stay-
ing in home during the current pandemic scenario in large urban areas in Latin America [46].
Finally, as important as risk perception of getting severely ill, one may add that prosociality
and generosity could also play an important role in leave/stay home decisions. For instance, it
was shown that prosocial individuals are more likely to follow physical distancing guidelines,
stay home when sick, and buy face masks [47]. Interestingly, the same study found that proso-
ciality measured two years before the pandemic predicts health behaviors during the pan-
demic. Another study found a significant decrease on generosity in an experiment was
conducted six days during the early pandemic [48]. The authors explained such reduction sug-
gesting that the Covid-19 threat may decreased generosity toward the “outgroup” or toward
people not considered as part of the “ingroup”. Nevertheless, more studies considering empa-
thy and prosociality might be conducted in this regard.

Despite these limitations, our findings add to the political and public debate concerning
lockdown strategies by demonstrating that, contrary to supposition, people with low socio-
economic status do not have a higher chance of ignoring social distancing recommendations
due to personal economic matters, but precisely those people who have a comfortable socio-
economic status and who are not struggling with unfavorable financial health. Altogether,
our data supports the necessity of social scientists to study behavior and the public policies to
implement more effective measures, especially in such unexpected outbreaks. More pre-
cisely, it was shown that the burden of measures designed to stem the pandemic are unevenly
distributed across sociodemographic groups and, therefore, it is necessary to shed light on
what behavior can be expected of different segments of the population during a pandemic
given heterogeneity in the incentives, constraints and circumstances people face [33]. More-
over, as showed before, high expected probability of running out of money is positively asso-
ciated with mental health score, while perceived risks of dying from Covid-19 and social are
also strongly correlated with higher levels of depression/anxiety [49]. Therefore, as the num-
ber of cases continues to rise, public-health politics may consider not only sensitizing people
regarding infection rates, but also by providing health information and services, financial
incentives, or fiscal alternatives so that people can maintain their businesses in a sustainable
way.
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