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In two pre-registered online studies during the COVID-19 pandemic and the early

2020 lockdown (one of which with a UK representative sample) we elicit risk-

tolerance for 1,254 UK residents using four of the most widely applied risk-taking

tasks in behavioral economics and psychology. Specifically, participants completed

the incentive-compatible Balloon Analog Risk Task (BART) and the Binswanger-Eckel-

Grossman (BEG) multiple lotteries task, as well as the Domain-Specific Risk-Taking

Task (DOSPERT) and the self-reported questions for risk-taking used in the German

Socio-economic Panel (SOEP) study. In addition, participants in the UK representative

sample answered a range of questions about COVID-19-related risky behaviors selected

from the UCL COVID-19 Social Survey and the ICL-YouGov survey on COVID-19

behaviors. Consistently with pre-COVID-19 times, we find that risk tolerance during

the UK lockdown (i) was higher in men than in women and (ii) decreased with age.

Undocumented in pre-COVID-19 times, we find some evidence for healthier participants

displaying significantly higher risk-tolerance for self-reported risk measures. We find no

systematic nor robust patterns of association between the COVID-19 risky behaviors and

the four risk-taking tasks in our study. Moreover, we find no evidence in support of the

so-called “risk compensation” hypothesis. If anything, it appears that participants who

took greater risk in real-life COVID-19-relevant risky behaviors (e.g., isolating or taking

precautions) also exhibited higher risk-tolerance in our experimental and self-reported

risk-taking measures.

Keywords: risk taking, risk preferences, risk tolerance, risk compensation, COVID-19, lockdown

INTRODUCTION

There is increasing evidence in behavioral economics and psychology of high heterogeneity in
risk tolerance across individuals, groups, and populations (e.g., Vieider et al., 2015a,b; Falk et al.,
2018). Risk tolerance—as broadly captured by individual risk preferences, risk attitudes, and risk
perceptions—is considered a fundamental driver of individual behavior in a broad array of contexts,
including health, social care, education, migration, occupational and self-employment choices,
personal, and household finance (Barsky et al., 1997; Gollier, 2001; Bonin et al., 2007; Anderson
and Mellor, 2008; Bellemare and Shearer, 2013; Sutter et al., 2013; Sanders and Jenkins, 2016).

To date, very little is known on the heterogeneity in risk tolerance over the course of the current
COVID-19 pandemic. This study aims at contributing toward filling this gap.
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To this effect, we look at inter-individual differences in risk-
taking during the first lockdown period in the UK (23 March
2020–26 May 2020) as a consequence of the rapid spread of the
COVID-19 pandemic. Specifically, we elicit risk tolerance using
four of the most widely applied risk-taking tasks in behavioral
economics and psychology in two pre-registered online studies,
one of which with a UK representative sample. Participants
completed the incentive-compatible Balloon Analog Risk Task
(BART; Lejuez et al., 2002) and the incentive-compatible
Binswanger-Eckel-Grossman (BEG) multiple lotteries task
(Binswanger, 1980; Eckel and Grossman, 2002). They also
answered the Domain-Specific Risk-Taking Task (DOSPERT;
Weber et al., 2002) and the self-reported questions for risk-taking
from the German Socio-economic panel (SOEP) study (Wagner
et al., 2011). Our reason for using multiple measures of risk
taking, both incentive-compatible and self-reported, is that it
remains unclear whether, and to which extent, the different
measures relate to one another, and whether, and to which extent
they tap into different dimensions of human risk taking behavior
in the real world (Barseghyan et al., 2011; Einav et al., 2012;
Loomes and Pogrebna, 2014; Crosetto and Filippin, 2016; Galizzi
et al., 2016a,b; Sanders and Jenkins, 2016; Frey et al., 2017;
Menkhoff and Sakha, 2017; Pedroni et al., 2017; Brañas-Garza
et al., 2018; Charness et al., 2020).

We use our data to address three main research questions.
First, we systematically investigate heterogeneity in risk tolerance
by gender (male, female), age group (separated by median
age), and pre-existing health status (separated by self-reported
median health score). We look at age and gender specifically
to verify two most commonly reported findings in the risk-
taking literature before the COVID-19 pandemic, namely that
men and younger respondents take more risks. Although no
systematic relationship between health status and risk tolerance
has previously been established (e.g., Galizzi and Miraldo, 2017),
under the COVID-19 pandemic health status has been shown to
be a significant determinant of the likelihood of suffering from
severe consequences, of being hospitalized, and of dying (e.g.,
Richardson et al., 2020). We therefore test for this association as
well in our data.

Second, we look at the relationship between (i) our
experimental and self-reported risk-taking measures and (ii) self-
reported real-world behaviors deemed to be of high risk at all
times (e.g., drinking, smoking) and of particular relevance during
the COVID-19 pandemic (e.g., hand washing, self-isolation,
mask wearing). Understanding these relationships between
risk measures and behaviors under the current pandemic
circumstances has three purposes. First, it allows us to observe
whether risk measures under the current times are still predicting
real-world behaviors they have previously been linked to. Second,
it allows us to establish the predictive relationship between risk
measures and COVID-19-related risky behaviors. Third, it allows
us to map different relationships between risk measures and
behaviors across segments of the population, as this can be of use
for identifying potential routes of behavioral intervention in the
current crisis. For example, certain subgroups of the population
are more susceptible to developing severe symptoms in reaction
to the virus (Pérez-López et al., 2020; Zhang et al., 2020). This

may influence their perception of the virus and their behavior
in response: for example, such segments of the population may
be less willing to take daily risks in order to reduce their chance
of exposure to the virus and, in turn, be more responsive to
interventions which leverage perceived risk.

Third, we explore whether there is evidence in our data for the
so-called “risk compensation” hypothesis. The risk compensation
or “risk homeostasis” hypothesis suggests that people typically
adjust their behavior in response to changes in (perceived) levels
of risk, and that this occurs in a compensatory way. As a common
example, wearing a seat belt could potentially lead to an increase
in speeding (e.g., Peltzman, 1975; Houston and Richardson,
2007).

In the context of COVID-19, we could think of similar
examples: wearing a mask (and the associated reduction in
perceived risk) could lead to reduced social distancing, as
suggested by a recent online experiment by Luckman et al. (2020);
or (from studies in pre-COVID-19 times) getting vaccinated
could result in increased carelessness, as found by some (e.g.,
Brewer et al., 2007; Eaton and Kalichman, 2007), but not by
others (Kasting et al., 2016; Madhivanan et al., 2016).

More specifically, we explore two distinct potential behavioral
channels behind risk compensation. One channel would consist
in potential compensation among risk taking activities occurring
within the same health-related domain: taking less health-
related risks in the context of COVID-19 protective behavior
(e.g., increased mask wearing) could potentially lead to taking
more risks in other COVID-19 or health-related behaviors
(e.g., reduced social distancing). This is theoretically plausible
and would also be compatible with the idea that people
engage in risk taking across overarching motives or life
accounts (“being healthy”) rather than narrowly defined specific
behaviors (“drinking”).

The other channel is arguably more speculative: it would
predict that risk-taking in the health-related domain could lead
to compensatory (or reinforcing) risk-taking in another domain.
There is a literature providing some evidence in support of such
a channel in relation to the broader distinction in behavioral
economics between “background” risk and “foreground” risk
(Eeckhoudt et al., 1996; Guiso and Paiella, 2008; Noussair et al.,
2014). This literature typically operationalizes this distinction by
looking at how an exogenous shock in the background risk due,
for example, to a natural disaster or a terrorist attack, leads to
more or less risk taking into a foreground risk-taking behavior
such as for example playing a lottery or an experimental risk-
taking game in the field. Interestingly, the evidence provided by
this literature is really mixed, with some studies finding evidence
of less risk taking in playing lotteries or experimental games after
a natural disaster (Charness et al., 2013; Cameron and Shah,
2015), while some other studies finding evidence of more risk
taking in those lotteries or games after a natural disaster (Eckel
et al., 2009; Bchir andWillinger, 2013; Page et al., 2014; Said et al.,
2015). In other words, the available evidence on this channel
supports not only the risk compensation hypothesis but also the
alternative “diminished sensitivity” hypothesis (see more below).

The theoretical and conceptual framework for this second
channel to plausibly occur and take place is far less clear than
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for the former channel. For example, the behavioral mechanisms
behind the latter channel do not seem consistent with the
idea that risk-taking is highly domain-specific. Evidence is
growing, for example, that risk-taking can significantly differ
across different domains (such as health and finance), across
different areas of insurance behavior, or between self-reported
and experimental risk-taking tasks (e.g., Barseghyan et al., 2011;
Einav et al., 2012; Riddel, 2012; Galizzi et al., 2016a; Charness
et al., 2020). Also, the well-documented “mental accounting”
phenomenon in behavioral economics would suggest that people
tend to think in terms of separate life “accounts” (e.g., savings,
consumption, health), which would also point against the
hypothesis that spillovers in risk taking exist across different risk
taking domains.

In sum, if there were to be evidence for the risk compensation
hypothesis, we should be able to observe this in our data through
evidence from the first channel: that respondents who take less
COVID-19-related risks in the real world (e.g., by wearing a
mask) take more risks in other real-world risky health behaviors
(e.g., less isolation or hand washing), and vice versa. For the
sake of completeness and transparency however, we also report
the empirical results related to the second possible channel in
Supplementary Material A, namely the empirical test of the
conjecture that respondents who take less COVID-19-related
risks in the real world (e.g., by wearing a mask) take more risks in
the risk-taking tasks in our online experiment.

BACKGROUND AND RELATED
LITERATURE

Heterogeneity in Risk Tolerance
A number of studies have looked into the heterogeneity of risk
preferences (e.g., Hey and Orme, 1994; Starmer, 2000; Andersen
et al., 2008, 2010; Harrison and Rutström, 2009; Bruhin et al.,
2010; Wakker, 2010; Dohmen et al., 2011; Balcombe and Fraser,
2015; Vieider et al., 2015a,b; Falk et al., 2018). While a systematic
review is beyond the scope of the current paper, we briefly
summarize some of the most robust findings about heterogeneity
in risk tolerance prior to the COVID-19 pandemic, namely
differences based on gender and age.

Gender
In a large-scale study conducted by Falk et al. (2018)
heterogeneity in preferences was investigated among 80,000
participants across 76 countries using a combination of a lottery
choice sequence (Falk et al., 2016) and the self-reported general
SOEP risk-taking question. Amongst their most robust findings,
women displayed substantially less risk tolerance than men.
This is a result that has also been found using other risk
tasks (Investment Game: Charness and Gneezy, 2012) and other
(representative) samples (Dohmen et al., 2011).

Byrnes et al. (1999) conducted a meta-analysis of a total of
150 studies looking at this relationship across a wide range of
risk-taking measures and real-life activities. They found that men
were more risk-taking across most categories (they did not find
a significant effect for framing tasks, Tversky and Kahneman,
1981). They also noted, however, that the effect tended to be

relatively small and was often not significant. Croson and Gneezy
(2009) reviewed studies on gender differences in preferences
(including risk-taking) and concluded that men were more risk
taking than women.

It is important to note that not all studies find gender-
related differences in risk tolerance. In fact, approximately 40%
of the studies do not (Niederle, 2014). Niederle (2014) noted
that the mixed evidence could potentially be attributed to
small sample sizes. Filippin and Crosetto (2016) surveyed the
experimental literature in the context of the Holt and Laury
(2002) binary lottery task around gender differences in risk-
taking and concluded gender differences to be highly dependent
on the “features” of the elicitation method used.

In a study with a total of 2,939 students across 30 countries,
Vieider et al. (2015b) elicit risk preferences using certainty
equivalents for 44 incentive compatible choice questions.
Moreover, participants self-reported their willingness to take risk
for the general as well as the domain specific SOEP questions.
They found that male students were more risk prone than the
females in the study. Yet, they distinguished between risk taking
in gains and losses and found that the difference was only
significant for gains, but not losses. They also noted that there
were no significant gender effects for the health or social domain.
This study was consistent with earlier findings by Schubert
et al. (1999) who asked participants to make risky choices
framed either in terms of investment (gain) and insurance (loss)
decisions (treatment condition), or in terms of identical but
neutrally framed gambling choices (control condition). They
found that women were more risk-seeking compared to men in
the situation where a gamble was framed as a loss as opposed to a
gain.While in summales appear to display higher risk preference,
this finding seems to be related to situations where sensitivity to
gains (vs. losses) is important.

Age
Falk et al. (2018) also provided robust evidence for heterogeneity
in risk preference between age groups. They showed using
the lottery choice sequence (Falk et al., 2016) and the
self-reported general SOEP risk-taking question that older
participants displayed substantially less risk tolerance than
younger participants. This too has been demonstrated with other
risk tasks (e.g., BART; Rolison et al., 2012) and samples (e.g.,
Dohmen et al., 2011).

Vieider et al. (2015b) found weak (and inconsistent) effects
for age which they attributed to the narrow age range of their
student participants. Dohmen et al. (2017) analyzed the data of
representative Dutch and German panel data sets and found that
self-reported willingness to take risks decreased with age.

In a meta-analysis, Mata et al. (2011) reviewed 29 studies
investigating age-related differences in risk-taking across a range
of different tasks, including the Iowa Gambling Task (IGT;
Bechara et al., 1994), the behavioral investment allocation
strategy (BIAS; Kuhnen and Knutson, 2005), and the BART
amongst others. They found older participants to be more
risk seeking than younger participants in the IGT as well
as the BIAS, but younger participants to be more risk
seeking than older participants in the BART. They concluded
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that age-related differences are highly dependent on the
characteristics of the task, in particular their respective
learning requirements.

Risk Tolerance Since the Start of the
COVID-19 Pandemic
Few recent studies have investigated risk tolerance and
heterogeneity in risk-taking since the start of the COVID-19
pandemic. We briefly summarize their findings below.

Most studies asked the question: is risk tolerance different in
times of COVID-19? The answers to this question were mixed.

Arguably the most comprehensive and nuanced analysis
comes from Harrison et al. (2020), who elicit atemporal
risk preferences, time preferences, and inter-temporal risk
preferences (as well as subjective beliefs) in a multi-wave online
experiment with 598 undergraduate students in Atlanta, US,
between May and October 2020. They model heterogeneity in
risk preferences by structurally estimating risk preferences under
both the expected utility theory and the rank dependent utility
theory frameworks, the latter using a flexible two-parameter
probability weighting function. They found that atemporal
risk preferences during the COVID-19 pandemic changed
significantly compared to before the pandemic. In particular,
while before the pandemic respondents were roughly risk neutral,
after the pandemic they appeared to be overall risk averse.
Harrison et al. (2020) showed, however, that it is important to
correctly identify the underlying structure of those preferences.
Their results, in fact, are due to the identification of a shift from
a “global probability optimism” to a “local probability optimism
and local probability pessimism” risk perception within the
rank dependent utility framework: while before the pandemic
respondents were putting greater probability weights on the
better lottery prizes, after the pandemic they were placing
greater probability weights on the extreme outcomes, using
an inverse-S probability weighting function. Together with a
concave utility function, this shift in the probability weighting
function explained the estimated positive risk premium.Harrison
et al. (2020) discussed how the effect of background risk thus
crucially depends on the nature of probability weighting, and
relate their findings to the phenomena of “risk vulnerability” (i.e.,
small increases in background risk presumably leading to more
risk aversion in the foreground risky choices) and “diminished
sensitivity” (i.e., for an individual who is already at a point of
sufficiently high background risk, the addition of a small amount
of foreground risk will not be particularly salient).

Another detailed structural analysis is the one by Drichoutis
and Nayga (2020) who measured risk preferences in a sample
of 1,008 undergraduate students in Athens before (February to
mid-March in 2019 and 2020) and after the first wave of the
pandemic in Greece (late March to May) using the general SOEP
question, the Holt and Laury (2002) multiple price list (MPL)
measure, and a 15-item version of the DOSPERT (Drichoutis and
Vassilopoulos, 2016). They structurally estimated risk preferences
and found no statistically significant differences in the sample
estimates of the risk preferences before and after the first wave
of the pandemic.

Similarly, Angrisani et al. (2020) measure risk taking in a
sample of 60 undergraduate students and 48 professional traders
in London before and after the first wave of the pandemic in
the UK using the Bomb Risk Elicitation Task (BRET) measure
(Crosetto and Filippin, 2013), and find no statistically significant
changes in the risk preferences in their samples. In seeming
contrast, Ikeda et al. (2020) measured risk tolerance in an online
survey of 19,737 respondents in Japan between March and June
2020 using hypothetical questions, and found an increase in risk
tolerance over time. Aksoy et al. (2021) elicited risk preferences
and other economic preferences in a sample of 1,000 MTurk
respondents in November–December 2020: they found that their
respondents after the pandemic were significantly less risk averse
than the respondents in the study by Snowberg and Yariv (2021)
before the pandemic.

It is difficult to infer how generalizable these patterns are,
because the tasks and statistical methods used to elicit risk
preferences, the settings and circumstances of the studies, and
the cultural groups are different. Three studies from China may
provide some insight into some of the cultural discrepancies
observed above. Bu et al. (2020) asked 225 graduate students
from the Wuhan University of Science and Technology in China
two general and hypothetical questions on risk preferences before
and after the COVID-19 pandemic. They found a decrease
in risk tolerance after the pandemic, and that students who
were quarantined in Wuhan displayed higher risk tolerance
than students from other cities in the Hubei province or other
areas in China. In contrast, Shachat et al. (2020) measured risk
preferences of 396 students from Wuhan University using an
incentive-compatible lottery between January and March 2020,
and found an increase in risk tolerance in the early stages of
the COVID-19 pandemic. Yet another group (Lohmann et al.,
2020) measured risk preferences of 539 students from Beijing
University using incentive-compatible lotteries and hypothetical
tasks and found no significant changes in risk tolerance during
the outbreak of the pandemic. This suggests that fluctuations
in response to the COVID-19 pandemic may have been specific
to the contextual circumstances, the type of task, and perhaps
the lockdown restrictions which were in place, and the related
perceived risks at the time.

Heterogeneity of Risk-Taking Since the
Start of the COVID-19 Pandemic
Given the recency of the emergence of the COVID-19 pandemic,
there is a limited number of studies to date that investigated
heterogeneity in risk-taking within their sample. Fan et al. (2020),
for example, analyzed the data of a weekly panel conducted
with a US representative sample of 5,500 participants during
April 2020. They found strong evidence for heterogeneity in
COVID-19-related precautionary actions, such as self-isolating
or washing hands more often. In particular, they found that
their female participants were significantly more likely to engage
with these protective behaviors relative to their male participants.
Considering the background risk of COVID-19, increases in
protective behaviors could be interpreted as a sign of increased
risk aversion. Consistently, the same panel data, which also
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included the SOEP general question for risk-taking, showed that
women self-reported lower levels of risk-tolerance thanmen (Fan
et al., 2020). While Drichoutis and Nayga (2020) and Chuang
and Liu (2020) also found male participants to exhibit higher risk
tolerance than their female participants, Angrisani et al. (2020),
on the other hand, did not find any effects associated with either
gender or age.

Another recent study byHeo et al. (in press) analyzed financial
risk tolerance measured using a 13-item scale developed by
Grable and Lytton (1999) of 18,193 financial decision makers.
They found that participants with higher financial risk tolerance
scores were more likely to be men and less likely to be aged
between 55 and 74. Yet another study investigating precautionary
behavior in Nigeria by Iorfa et al. (2020) found older participants
to bemore likely to use precautions against COVID-19. However,
they did not find evidence for gender-related differences in
precautionary behavior.

As can be seen, the literature to date has employed a broad
variety of methods to measure risk tolerance, both incentive-
compatible and hypothetical, but with limited ability to assess
heterogeneity in times of COVID-19 between tasks, domains,
or person characteristics. We aim to complement the above
findings by providing the first (to our knowledge) examination
of risk tolerance in times of COVID-19 using a suite of the most
commonly used risk-taking measures in behavioral economics
and psychology, within a general and a representative sample
of the population, and also in relation to real-world risk-taking
behavior in times of COVID-19.

MATERIALS AND METHODS

Participants and Procedure
We collected data across two pre-registered (https://osf.io/759df/
and https://osf.io/nk7tb/) online studies during the early 2020
UK lockdown with a total of 1,254 UK residents. In study
1 we collected data from N = 955 participants (633 female,
M age = 32.6, age range = 18–77). In study 2 we collected
data from a representative UK sample of N = 299 participants
(151 female, M age = 45.6, age range = 18–75), additional
demographic information about the participants can be found
in Supplementary Material B. Participants for both studies
were recruited via Prolific Academic to complete the respective
Qualtrics-based survey. While the only selection criteria for
Study 1 was that participants are UK residents, Study 2 was
conducted with a representative sample of UK residents. For their
participation, the participants received a fixed payment of GBP
2.00 (Study 1) and GBP 3.00 (Study 2). Moreover, participants
had the chance to be paid an additional bonus of up to GBP
81.80 based on two incentive compatible tasks. The average
completion times for Studies 1 and 2 were 17.81min (SD= 9.02)
and 31.68min (SD = 12.21), respectively. Both studies were pre-
registered and conducted in full compliance with the research
ethics policy and procedures of the authors’ home institution
(Ethics Approval number: 07564).

In both studies risk tolerance was elicited using the same
four risk tasks. Participants first completed the incentive
compatible BART (Lejuez et al., 2002) before completing the

self-reported Domain-Specific Risk Taking Task (DOSPERT;
Weber et al., 2002). Next, participants completed our second
incentive compatible task, which is the BEG multiple lotteries
task (Binswanger, 1980; Eckel and Grossman, 2002). Lastly, our
participants were presented with the German SOEP self-reported
questions for risk-taking (Wagner et al., 2011). Following
this, participants completed a short personality inventory and
answered a series of demographic and control questions.
Additionally, participants in the study with the representative
sample (Study 2) answered a range of questions about COVID-
19-related risky behaviors selected from the UCL COVID-19
Social Survey (UCL, 2020) and the ICL-YouGov survey on
COVID-19 behaviors (ICL, 2020) as measures of real-world risk
behavior during the current pandemic.

Risk Taking Measures
Balloon Analog Risk Task (BART)
The BARTis an incentive-compatible computerized measure of
risk-taking behavior where participants are presented with a
series of balloons and can earn money as they pump up the
balloons (Lejuez et al., 2002). For each balloon participants earn
a fixed amount per pump. However, as with real balloons, the
balloons will burst at some unbeknownst point. In this case
the earnings for this particular balloon are lost and the next
balloon is presented. Alternatively, participants can choose to
stop pumping up the balloon, “bank” the earnings and move on
to the next one. While participants are told that the individual
balloons will pop at different points, the actual probability
distribution is not revealed. Each participant’s pay-out for the
task depends on the sum of the size of the balloons that did
not pop, and risk tolerance is calculated for each participant as
the average number of pumps for the balloons that did not pop.
This is also known as the Adjusted BART Score. In our study
participants are presented with a total of 20 balloons and can earn
GBP 0.01 per pump. Their total earnings are calculated after the
game and are paid out to the participant with a 1 in 20 chance.

Binswanger-Eckel and Grossman Task (BEG)
Another method frequently used to elicit risk tolerance in
behavioral and experimental economics is the BEG experimental
multiple lotteries task (Binswanger, 1980; Eckel and Grossman,
2002). In this very simple incentivized task, participants choose
one of six gambles with risky pay-outs. Each of the six gambles
has two potential outcomes that are equally likely to occur (50%
chance each). However, the amounts differ between the gambles
in two ways: (i) the expected pay-out increases between the
gambles and (ii) together with the increasing expected pay-out,
the variability of the two outcomes also increases. In addition to
the standard choices, we also added a choice to not take part
in this gamble at all, as we are aware that some participants
might not want to participate in such a gamble at all, e.g.,
for religious reasons (see Supplementary Material C for our
adapted version of the BEG). In our study the lottery pay-out
ranged from GBP 28 to GBP 70. The pay-out for each participant
was calculated after the game and paid out to the participant
with a 1 in 100 chance. Advantages of this task include its very
simple nature and the possibility to estimate utility parameter
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intervals under the assumption of constant relative risk aversion
(Charness et al., 2013).

Domain-Specific Risk-Taking (DOSPERT)
Some of the most commonly used measures of risk tolerance
rely on self-reported willingness to take risk under specific
circumstances (Highhouse et al., 2017). For example, the
Domain-Specific Risk-Taking (DOSPERT) scale developed by
Weber et al. (2002) assesses risk-taking in five specific domains
of interest: financial decisions, health/safety, recreational, ethical,
and social decisions. Respondents rate the likelihood that they
would engage in risky activities such as “skydiving,” “having
unprotected sex,” or “not returning a wallet you found that
contains $200” on a Likert scale from 1 to 7. Based on their
answers an overall score is calculated by participant, as well as
a score for each of the five above mentioned domains.

German Socioeconomic Panel (SOEP)
Similar to the DOSPERT, the German Socioeconomic Panel
(SOEP) measures risk tolerance using a number of self-reported
questions on a Likert scale in different domains (Wagner et al.,
2011). The SOEP, however, directly asks participants to indicate
their “willingness to take risks” in general as well as additionally
in five specific contexts (driving a car, financial matters, sport and
leisure, career, and health) using a Likert scale from 0 to 10.

COVID-19 Behavior Measures
In addition to the above risk-taking elicitation methods,
participants of study 2 (UK representative sample) also answered
a number of questions about their real-world risk-taking
behavior using a selection of questions from the UCL COVID-
19 Social Survey (UCL, 2020) and the ICL-YouGov survey on
COVID-19 behaviors (ICL, 2020). Specifically, we analyzed real-
world behaviors such as smoking and drinking as well as a
number of directly COVID-19 related behaviors. The COVID-
19 behaviors are self-reported behaviors over the previous 7
days (e.g., “On how many days last week did you leave your
house?” or “If you left your house last week, on how many of
those days did you wear a face mask or covering?”) and provide
a composite precautions index averaging across 20 of such items
(see Supplementary Material D for details). In addition, we
recorded the number of times they had physical contact outside
and inside their household separately, as well as their isolation
status. In general, the higher the score for the individual risk
behaviors, the more risk is taken, with the exception of the
precautions index, and of the frequency of wearing a mask,
where a higher score indicates less risk taken (see next section
for details).

In the following section, we summarize the results of our
analysis. For consistency and comparability of results across
models (e.g., forest plots), all regressions have been conducted
using linear regression models. In all the estimated linear
regression models, we also report the adjusted R-squared to
allow the reader to assess and compare the goodness-of-fit
of each statistical model. We have nonetheless conducted a
number of robustness checks in our analyses. First, we have
replicated the analyses by including several exogenous control

variables in the multiple linear regressions (which generally tend
to improve the goodness-of-fit of the empirical estimations).
Second, we have also tested each estimated model for possible
heteroskedasticity using standard diagnostic tests (e.g., Breusch-
Pagan/Cook-Weisberg test for heteroskedasticity) and, in the
few cases where the tests led to reject the null hypothesis of
homoskedasticity, we have replicated the analyses by running
robustness checks using standard appropriate corrections to
account for heteroskedasticity (e.g., robust standard errors,
weighted linear regression models). Finally, where appropriate,
we have also replicated the analyses using a range of
appropriate non-linear regression models, such as ordered
probit, ordered logit, probit, and logit models. These further
sets of robustness checks have substantially confirmed the main
findings presented below.

RESULTS

First, in the data collected from Study 1 and 2 we explored
the potential heterogeneity of risk-taking across exogenous
characteristics such as gender and age, which have previously
been shown to be sources for inter-individual differences in risk-
taking. Given the relevance of the individual health status for the
risks related to COVID-19, we also looked at the heterogeneity
of risk-taking across different levels of self-reported health in
both studies.

Second, in Study 2 we looked at heterogeneity in self-reported
real-world risk health behaviors at any time (smoking and
drinking), and since the start of the COVID-19 pandemic
(self-isolation, mask wearing, a composite score of precautionary
behaviors). In terms of the real-world risk behaviors in health
at any time, smoking, and drinking behavior were recorded as
binary variables: being a Smoker (1) or not (0); being a Drinker
(1) or not (0). We selected these variables in the same way they
are used and coded in the UCL (2020) COVID-19 survey for
the sake of comparability. However, these questions do not
allow us for a more differentiated categorization of drinking or
smoking behavior (e.g., by number of alcohol units or cigarettes
consumed). In terms of the COVID-19 relevant risk behaviors,
Left Housewas recorded as a discrete variable that assumes values
ranging from 0 to 7 and represents the self-reported number
of days on which the participant left the house in the previous
week; Mask Ratio was recorded as a continuous variable ranging
from 0 to 1 calculated as the ratio between the self-reported
number of days on which the participant left the house and
wore a mask in the previous week, divided by the above defined
Left House; Precautions is a continuous variable on the interval
between 1 and 5, which is calculated as the simple average across
20 questions about precautionary COVID-19 behaviors (see
Supplementary Material D) where participants self-reported
how often they engaged in these behaviors over the past 7 days
on a Likert scale from 1 (not at all) to 5 (always); Contact Outside
referred to the participants’ self-reported number of times they
have had physical contact with someone outside their household
over the previous 7 days, and was recorded as an ordinal variable
ranging from 0 to 5 (where: 0 = 0 times, 1 = 1–2 times, 2 =
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FIGURE 1 | Forest plot for the standardized (z-scored) mean differences with 95% confidence interval across the main risk measures in study 1 (general sample) and

study 2 (UK representative sample) by gender, age (classified as young and old by median age), and self-reported health (classified as more and less healthy by

median self-reported health). A positive number indicates higher risk tolerance by male participants compared to female participants, by younger compared to older

participants, and by healthier compared to less healthy participants, respectively.

TABLE 1 | Linear regression analysis—main risk measures across the two studies regressed on the exogenous participant characteristics.

BART (S1) BART (S2) BEG (S1) BEG (S2) DOSPERT

(S1)

DOSPERT

(S2)

SOEP (S1) SOEP (S2)

Intercept 38.150*** 34.566*** 2.158*** 5.163*** 4.629*** 5.423*** 8.603*** 9.750***

(4.457) (8.570) (0.536) (0.993) (0.245) (0.446) (0.761) (1.347)

Ln (Age) −1.000 0.088 0.228 −0.530* −0.506*** −0.708*** −1.164*** −1.366***

(1.283) (2.240) (0.155) (0.259) (0.070) (0.117) (0.219) (0.352)

Male 2.030* 1.343 0.303** 0.281 0.355*** 0.326*** 1.046*** 1.211***

(0.933) (1.690) (0.112) (0.196) (0.051) (0.088) (0.159) (0.266)

Black −3.680 −0.233 0.500 −0.008 −0.179 0.051 1.027* 0.810

(2.728) (3.380) (0.332) (0.390) (0.150) (0.176) (0.466) (0.532)

Mixed or Multiple 2.750 −5.004 0.395 0.325 −0.269 0.171 −0.504 −0.715

(2.678) (4.290) (0.319) (0.494) (0.147) (0.223) (0.457) (0.674)

Asian −2.230 −1.308 −0.024 −0.746* −0.151 −0.186 0.133 0.374

(1.695) (2.830) (0.205) (0.327) (0.093) (0.148) (0.290) (0.445)

Other ethnic group −3.200 10.808 −0.393 −1.060 −0.240 0.194 −0.283 −0.110

(3.889) (7.380) (0.484) (0.850) (0.214) (0.384) (0.664) (1.160)

Adj. R-sq 0.005 −0.005 0.008 0.021 0.092 0.143 0.072 0.110

Obs. 936 291 927 289 936 292 935 292

F-Stat 1.720 0.746 2.200 2.020 16.800 9.150 13.100 7.040

p-value 0.113 0.613 0.041 0.063 < 0.001 < 0.001 < 0.001 < 0.001

Standard error in brackets. ***p < 0.001, **p < 0.01, *p < 0.05.

3–4 times, 3 = 5–9 times, 4 = 10–19 times, and 5 = more
than 20 times). Contact Inside was calculated in the same way
(ordinal variable ranging from 0 to 5) except that participants
self-reported the number of times they had physical contact with
someone inside their own household. Finally, Isolation Status
was recorded as an ordinal variable ranging from 1 to 5 where
participants self-report their isolation status from being in full
isolation (1) to leaving the house for a multitude of reasons and
not adhering to social distancing in public (5).

Finally, we tested if there was any evidence in support
of the risk compensation hypothesis using two data sources.
First, by looking at signs of implicit compensation between
the self-report health behaviors (at any time and in times
of COVID-19) and our elicited risk-taking measures. Second,
we looked for explicit signs of compensation in self-reported
questions on mask wearing in relation to other COVID-19 risk
behaviors. Specifically, participants self-reported if, on days they
wore a mask, they engaged less (−1), more (1), or about the
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same (0) in six behaviors that would put them or others at
risk of being exposed to the virus. For our purposes, Mask
Compensation Behavior was recorded as a continuous variable on
the interval between−1 and 1, calculated as the simple arithmetic
average across six questions about engaging in COVID-19 risky
behavior when wearing a mask (see Supplementary Material E).
Thus, a negative Mask Compensation Behavior score indicates
that a participant is less likely to engage in behaviors that
would put them or others at risk of being exposed to the
virus on days they wore a mask—which in itself is a risk-
reducing behavior.

Heterogeneity of Risk Taking Across
Gender and Age
Figure 1 summarizes the standardized mean differences for our
four main risk measures across Study 1 (S1) and Study 2 (S2)
in a series of forest plots. The left-most plot displays differences
between male and female participants (a positive number
indicates higher risk tolerance by male participants compared
to their female counterparts) and shows that male participants
displayed a higher degree of risk tolerance than their female
counterparts across all four measures and both studies. This
finding is statistically significant in all cases except for the two
incentive compatible risk-taking tasks (BART and BEG) in Study
2 (UK representative sample; see Supplementary Material F for
further detail on domain specific differences).

The middle panel of Figure 1 separates younger and older
participants by their respective median age across the two studies
(below 30 and above or equal to 30 for Study 1; below 46 and
above or equal to 46 for Study 2). In line with the findings from
the multiple linear regression model (Table 1), the younger half
of the participants displayed significantly higher risk tolerance
than the older half of the participants as elicited via the self-
reported measures (DOSPERT and SOEP), but no statistically
significant differences were found for the incentive-compatible
tasks (BART and BEG).

Next, we looked at gender and age differences in risk tolerance
using multiple linear regressions for each risk task and study
separately. We explicitly controlled for participants’ gender, age,
and ethnicity (Table 1). In particular, ln(Age) is the natural
logarithm of self-reported age; Male is a dummy variable that
is equal to 1 if the participant self-reported to be male, and 0
otherwise; Asian, Black, Mixed, or Multiple, and Other Ethnic
Group are dummy variables equal to 1 if the participant self-
reported to be part of the respective ethnic group, and equal to 0
otherwise—with self-reported to beWhite as the reference group.

We observed gender effects for all risk-taking tasks: male
participants displayed a higher degree of risk tolerance than
female participants across all four measures in both studies.
We also found that risk-tolerance elicited via our self-reported
measures (DOSPERT and SOEP) decreased significantly with age
in both our studies, while there were no age-related significant
differences in risk-taking in the incentive-compatible tasks
(BART and BEG). We did not observe any clear pattern for
differences between ethnic groups.

TABLE 2 | Correlation analysis—Pearson correlation coefficients for the main risk

measures for study 1.

Study 1 BART BEG DOSPERT SOEP

BART —

BEG 0.067* —

DOSPERT 0.026 0.140*** —

SOEP 0.026 0.215*** 0.482*** —

***p < 0.001, **p < 0.01, *p < 0.05.

Heterogeneity of Risk Taking Across
Self-Reported Health
The most right panel of Figure 1 (Health) summarizes the
standardized mean differences for our four main risk-taking
measures with respect to self-reported health. We separated
healthier and less healthy participants by their self-reported
health median score (above or equal to 81 and below 81 for
Study 1; above or equal to 80 and below 80 for Study 2).
The differences depicted are between healthier and less healthy
participants where a positive number indicates higher risk
tolerance by healthier participants compared to their less healthy
counterparts. As can be seen, only in the self-reported measures
in Study 1 (DOSPERT and SOEP) risk-taking is significantly
higher in healthier participants.

Correlation Between Risk Measures
Additionally, we display the overall correlation scores for our risk
measures for Study 1 and Study 2 in Tables 2, 3, respectively.
While we do not find a clear correlation pattern of the BART
with the other risk measures, we find a weak positive correlation
between the BEG and the DOSPERT as well as the SOEP, and
a moderate positive correlation between the DOSPERT and
the SOEP.

Heterogeneity of Real-World Health and
COVID-19 Risky Behaviors
In contrast to the findings for the risk-taking measures, we did
not find any significant evidence for gender differences in the self-
reported risk-taking behaviors in our representative sample (see
Figure 2 and Table 4). While the impact of age is generally in line
with the risk-taking measures,—i.e., risk-taking decreases with
age—this result is only statistically significant for the isolation
status. We did find some evidence for differences based on
ethnicity among our participants. More specifically, we found
evidence that Black and Asian participants are less risk taking
on some of the measured behaviors compared to their white
counterparts. This may be related to the fact that Black and other
ethnic minorities have higher baseline risks of getting infected
by the COVID-19 because they are, for example, more likely to
work in frontline jobs, or to live inmulti-generational households
(Bowyer et al., 2020; Mathur et al., 2020).
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Correlation Between Real-World Health
and COVID-19 Risky Behaviors
As can be seen inTable 5, being a Drinker or Smoker has virtually
no correlation to the COVID-19 risky behaviors. However, we
find that out of a total of 15 pairwise correlations between
the COVID-19 risky behaviors, 11 correlations are positive and
statistically significant (i.e., more risk-taking in one COVID-19
behavior is associated with more risk-taking in another COVID-
19 behavior), while none is significantly negative.

Risk-Taking Measures as Predictors of
Health and COVID-19 Risky Behaviors
Real-world risk-taking behavior is difficult to measure and assess,
and risk tolerance elicited in a lab-setting is often used as a
predictor for real-world risky behavior (Sutter et al., 2013; Galizzi
et al., 2016a; Charness et al., 2020). Having elicited risk-tolerance

TABLE 3 | Correlation analysis—Pearson correlation coefficients for the main risk

measures for study 2.

Study 2 BART BEG DOSPERT SOEP

BART —

BEG 0.170** —

DOSPERT 0.151** 0.203*** —

SOEP −0.004 0.229*** 0.544*** —

***p < 0.001, **p < 0.01, *p < 0.05.

using our four risk-taking measures and having collected self-
reported COVID-19 real-world risk-taking behavior in Study 2
(UK representative sample), we next investigated the predictive
power of the risk-taking measures in the context of COVID-19
risk-taking behavior (see Tables 6, 7).

We find that the BART measure for risk taking has virtually
no predictive power of the real-world risk-taking behaviors
in our study. This result remains robust when controlling
for demographic characteristics and for multiple measures of
risk taking at the same time (see Supplementary Material G,
Tables G1, G5).

The BEG, on the other hand, appears to have predictive power
over only one of our risk-related behaviors, namely the isolation
status: respondents with a higher BEG score are significantly less
likely to isolate and stay at home. The significant effect is robust
when controlling for the respondents’ exogenous characteristics
(gender, age, ethnicity) and formultiple measures of risk taking at
the same time (see Supplementary Material G, Tables G2, G5).

Also the SOEP is positively associated with the isolation
status but the effect is only marginally statistically significant and
is not robust across various specifications (e.g., controlling
for multiple measures of risk taking at the same time;
see Supplementary Material G, Tables G4, G5). Similarly,
participants taking more risks in the BEG task score lower
on our Precautions index, but the effect is only marginally
statistically significant.

The DOSPERT has predictive power over the precautionary
index: respondents with a higher DOSPERT score have a
significantly lower Precautions index. The significant effect
is robust across further specifications controlling for the

TABLE 4 | Linear regression analysis—self-reported real-world risky behaviors for study 2 (UK representative sample) regressed on the exogenous participant

characteristics.

Smoker Drinker Left house Mask ratio Precautions Contact

outside

Contact

inside

Isolation

status

Intercept 0.310 0.823** 2.597* 0.505 3.174*** 1.405* 4.316*** 4.318***

(0.205) (0.266) (1.312) (0.266) (0.473) (0.678) (1.167) (0.595)

ln(Age) −0.053 −0.026 0.333 −0.058 0.091 −0.132 −0.283 −0.393*

(0.054) (0.069) (0.343) (0.070) (0.124) (0.177) (0.305) (0.155)

Male 0.062 0.070 0.416 0.045 0.022 −0.074 −0.040 −0.024

(0.040) (0.052) (0.259) (0.053) (0.093) (0.134) (0.231) (0.117)

Black −0.048 −0.262* −1.226* 0.394*** 0.210 0.216 −1.308** −0.215

(0.081) (0.105) (0.517) (0.107) (0.187) (0.267) (0.460) (0.235)

Mixed or Multiple 0.020 −0.094 −0.036 0.038 0.261 0.203 −0.416 −0.019

(0.102) (0.133) (0.656) (0.129) (0.237) (0.339) (0.583) (0.298)

Asian −0.046 −0.263** −1.146** 0.338*** 0.507** −0.123 0.298 −0.146

(0.069) (0.088) (0.433) (0.090) (0.156) (0.224) (0.385) (0.196)

Other ethnic group 0.082 −0.272 −2.649* 0.646 0.152 −0.185 0.634 −1.514**

(0.176) (0.229) (1.128) (0.438) (0.408) (0.583) (1.003) (0.512)

Adj. R-sq −0.006 0.035 0.051 0.083 0.020 −0.013 0.017 0.026

Obs. 291 292 290 273 292 289 290 292

F-Stat 0.731 2.750 3.570 5.130 1.980 0.391 1.840 2.290

p-value 0.625 0.013 0.002 < 0.001 0.068 0.885 0.091 0.036

Standard error in brackets. ***p < 0.001, **p < 0.01, *p < 0.05.
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FIGURE 2 | Forest plot for the standardized (z-scored) mean differences with 95% confidence interval across the self-reported risky behaviors in study 2 (UK

representative sample) by gender, age (classified as young and old by median age), and self-reported health (classified as more and less healthy by median

self-reported health). A positive number indicates higher real-world risk taking by male participants compared to female participants, by younger compared to older

participants, and by healthier compared to less healthy participants, respectively. *Mask Ratio and Precautions have been inverted by multiplying the corresponding

group means by minus one so that a higher score indicates higher risk taking.

TABLE 5 | Correlation analysis—Pearson correlation coefficients for self-reported real-world risky behaviors for study 2 (UK representative sample).

Drinker Smoker Left house Mask ratio Precautions Contact

outside

Contact

inside

Isolation

status

Drinker —

Smoker 0.087 —

Left House 0.081 0.042 —

Mask Ratio −0.044 0.022 −0.358*** —

Precautions −0.061 −0.018 −0.27*** 0.346*** —

Contact Outside −0.057 −0.013 0.227*** 0.047 −0.127* —

Contact Inside 0.059 −0.139* 0.069 −0.149* −0.139* 0.090 —

Isolation Status 0.028 0.028 0.391*** −0.215*** −0.405*** 0.268*** 0.093 —

***p < 0.001, **p < 0.01, *p < 0.05.

respondents’ exogenous characteristics (gender, age, ethnicity)
and for multiple measures of risk taking at the same time see
Supplementary Material G, Tables G3, G5).

As we are investigating the predictive power of the risk-taking
measures in the context of health-related real-world behaviors,
we also analyzed the predictive power of the relevant health
scales (see Supplementary Material H). We find—as expected—
that the health scales for the DOSPERT and the SOEP improve
the predictive power for health-related real-world behaviors
compared to the respective overall or general score, this is
particularly the case for the SOEP.

Self-Report Risk Compensation Between
Mask Wearing and COVID-19 Risky
Behavior
We finally investigate if there is evidence in support of
the risk compensation hypothesis among our participants. As
discussed, in order to test this hypothesis, we focus on the first

behavioral channel explained above and we specifically inspect
compensation between mask wearing and COVID-19 precaution
behaviors. Recent discussions of compensation surrounding this
particular behavior are contrasting (Greenhalgh et al., 2020). For
example, a recent online study reported higher risk taking when
wearing a mask, measured in terms of reduced social distancing
in a hypothetical online task (Luckman et al., 2020), whilst a
recent rapid review of the COVID-19 relevant risk compensation
literature (with a particular focus on the mask compensation
hypothesis) concludes that the hypothesis is a “dead horse that
no longer needs to be beaten” and that it needs “burying to try
to prevent the continued threat it poses slowing the adoption of

effective public health interventions” (Mantzari et al., 2020, p. 3).

For this analysis, we used the data collected in Study 2 (UK

representative sample) and looked at our Mask Compensation
Behavior index, which is the average of self-reported scores to

six questions about COVID-19 related behavior when wearing

a mask (see Materials and Methods section for detail; see
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TABLE 6 | Linear regression analysis—self-reported real-world risky behaviors for study 2 (UK representative sample) regressed on the individual risk measures.

Smoker Drinker Left house Mask ratio Precautions Contact

outside

Contact

inside

Isolation

status

Intercept 0.128* 0.581*** 3.850*** 0.306*** 3.810*** 0.864*** 3.028*** 2.723***

(0.053) (0.070) (0.350) (0.073) (0.121) (0.174) (0.306) (0.155)

BART 0.000 0.003 −0.001 0.002 −0.005 0.001 0.004 0.002

(0.001) (0.002) (0.009) (0.002) (0.003) (0.005) (0.008) (0.004)

Adj. R-sq −0.003 0.007 −0.003 0.000 0.006 −0.003 −0.003 −0.003

Obs. 296 297 294 277 296 293 294 297

F-Stat 0.016 3.220 0.004 1.090 2.790 0.016 0.240 0.166

p-value 0.899 0.074 0.952 0.297 0.096 0.899 0.624 0.684

Intercept 0.101* 0.670*** 3.303*** 0.417*** 3.835*** 0.771*** 3.086*** 2.428***

(0.042) (0.057) (0.278) (0.059) (0.099) (0.139) (0.246) (0.123)

BEG 0.010 0.008 0.162* −0.013 −0.069* 0.035 0.022 0.110**

(0.012) (0.016) (0.077) (0.016) (0.027) (0.038) (0.068) (0.034)

Adj. R-sq −0.001 −0.002 0.012 −0.001 0.018 −0.001 −0.003 0.031

Obs. 297 298 295 278 297 294 295 298

F-Stat 0.794 0.263 4.470 0.657 6.500 0.816 0.103 10.500

p-value 0.374 0.609 0.035 0.418 0.011 0.367 0.748 0.001

Intercept −0.077 0.420*** 3.266*** 0.303** 4.106*** 0.577* 2.897*** 2.397***

(0.073) (0.098) (0.495) (0.103) (0.173) (0.246) (0.436) (0.217)

DOSPERT 0.072** 0.095** 0.190 0.024 −0.169** 0.104 0.089 0.131

(0.024) (0.032) (0.164) (0.034) (0.057) (0.081) (0.144) (0.072)

Adj. R-sq 0.027 0.025 0.001 −0.002 0.025 0.002 −0.002 0.008

Obs. 297 298 295 278 297 294 295 298

F-Stat 9.070 8.530 1.350 0.520 8.750 1.640 0.380 3.360

p-value 0.003 0.004 0.246 0.471 0.003 0.201 0.538 0.068

Intercept 0.056 0.569*** 3.290*** 0.264*** 3.694*** 0.746*** 3.235*** 2.471***

(0.048) (0.064) (0.321) (0.067) (0.113) (0.160) (0.283) (0.140)

SOEP 0.015 0.024* 0.100 0.021 −0.015 0.026 −0.015 0.058*

(0.008) (0.011) (0.055) (0.012) (0.020) (0.028) (0.049) (0.024)

Adj. R-sq 0.008 0.012 0.008 0.008 −0.001 0.000 −0.003 0.016

Obs. 297 298 295 278 297 294 295 298

F-Stat 3.280 4.720 3.290 3.260 0.602 0.854 0.096 5.800

p-value 0.071 0.031 0.071 0.072 0.438 0.356 0.757 0.017

Intercept −0.073 0.346** 3.054*** 0.248* 4.270*** 0.546 2.891*** 2.207***

(0.085) (0.114) (0.567) (0.121) (0.194) (0.286) (0.502) (0.249)

BART −0.001 0.003 −0.001 0.002 −0.004 0.000 0.004 0.000

(0.001) (0.002) (0.009) (0.002) (0.003) (0.005) (0.008) (0.004)

BEG 0.003 −0.001 0.171* −0.020 −0.059* 0.016 0.006 0.100**

(0.012) (0.017) (0.081) (0.017) (0.028) (0.041) (0.072) (0.036)

DOSPERT 0.071* 0.069 −0.047 −0.008 −0.161* 0.086 0.095 0.017

(0.030) (0.040) (0.198) (0.041) (0.068) (0.100) (0.175) (0.087)

SOEP 0.002 0.011 0.074 0.026 0.028 0.010 −0.029 0.040

(0.010) (0.013) (0.066) (0.014) (0.023) (0.033) (0.059) (0.029)

Adj. R-sq 0.018 0.022 0.011 0.006 0.037 −0.007 −0.011 0.033

Obs. 293 294 291 274 293 290 291 294

F-Stat 2.340 2.670 1.830 1.420 3.840 0.503 0.195 3.510

p-value 0.055 0.032 0.124 0.228 0.005 0.733 0.941 0.008

Standard error in brackets. ***p < 0.001, **p < 0.01, *p < 0.05.
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TABLE 7 | Correlation analysis—Pearson correlation coefficients for self-reported real-world risky behaviors for study 2 (UK representative sample) and the individual risk

measures.

Drinker Smoker Left house Mask ratio Precautions Contact

outside

Contact

inside

Isolation

status

BART 0.104 0.007 −0.004 0.045 −0.087 0.007 0.029 0.024

BEG 0.043 0.045 0.136* −0.054 −0.109 0.038 0.005 0.187**

DOSPERT 0.167** 0.172** 0.068 0.057 −0.149** 0.075 0.036 0.106

SOEP 0.125* 0.105 0.105 0.120* 0.003 0.054 −0.018 0.138*

***p < 0.001, **p < 0.01, *p < 0.05.

Supplementary Material E for the questions). More specifically,
we performed a two-tailed t-test to identify whether participants
were more or less likely to engage in COVID-19 risky behaviors
when wearing a mask.

Overall, we found that participants are, on average,
significantly less likely to engage in COVID-19-related risky
behaviors when wearing a mask as measured by our Mask
Compensation Behavior index [M = −0.171, SD =0.320,
t(251) = −8.488, p < 0.001]. Reviewing each of the six items
independently did also not provide any evidence for risk
compensation. This is consistent with the recent experimental
findings by Seres et al. (2020) and, in sum, is exactly the opposite
of what would be postulated by the risk homeostasis hypothesis.

When controlling for participant characteristics, we found
that the overall finding is driven by Asian and Black participants.
We do not find any gender- or age-related differences in the
propensity to engage in risky behaviors when wearing amask (see
Supplementary Material I).

CONCLUSIONS

We conducted two pre-registered online studies during the
COVID-19 pandemic and the early 2020 lockdown with a total
of 1,254 UK residents (one of which with a UK representative
sample) to elicit risk-tolerance using four of the most
widely applied risk-taking tasks in behavioral economics and
psychology. Specifically, participants completed the incentive-
compatible BART and BEG tasks, as well as the DOSPERT and
the SOEP self-reported questions for risk-taking. In addition,

participants in the UK representative sample answered a range of

questions about COVID-19-related risky behaviors selected from
the UCL COVID-19 Social Survey and the ICL-YouGov survey

on COVID-19 behaviors.
We report four sets of main findings. First, consistently with

findings in pre-COVID-19 times (Croson and Gneezy, 2009;
Dohmen et al., 2011, 2017; Rolison et al., 2012; Falk et al.,
2018; König-Kersting and Trautmann, 2018), we found that risk
tolerance elicited via our four risk measures during the UK
lockdownwas (i) higher inmen than in women and (ii) decreased
with age. Notebly, we did not find any significant evidence for
gender or age effects in the self-reported everyday health or
COVID-19 specific risky behaviors in our representative sample.

Second, undocumented for pre-COVID-19 times, we found
that healthier participants in Study 1 displayed significantly
higher risk tolerance in self-reported risk-taking measures. One

interpretation is that the high background uncertainty due
to COVID-19 could lead to diminished sensitivity to small
foreground risks, which thus become less salient (Galizzi et al.,
2020; Harrison et al., 2020). This, in turn, could lead the healthier
segments of the population—for example the respondents with
no pre-existing health conditions—to engage more with risk-
taking in some of our tasks. Further research is needed to
replicate the test of this intriguing possibility.

Third, overall, we found no systematic nor robust patterns of
association between the COVID-19-related risky behaviors and
the four risk-taking tasks in our samples. Two notable exceptions
are that respondents with a higher BEG score are significantly
less likely to isolate and stay at home; and that respondents with
a higher DOSPERT score have a significantly lower precautionary
index. None of the other associations are statistically significant
or robust. For smoking and drinking, we found that only the
DOSPERT has a significant and robust association with these
two real-world risk behaviors. Most notably, we did not find a
significant association between smoking and the BART. While
our results might be difficult to interpret as drinker and smoker
are binary variables, the BART has previously been found to
predict smoking behavior measured as a binary variable (Lejuez
et al., 2003). Overall, therefore, our (lack of) evidence is in line
with the pessimistic view laid out by Trautmann (2016) and
Friedman et al. (2017) on the weak empirical links between
risk-taking measures and real behavior.

Finally, we found no evidence in support of the so-called
“risk compensation” hypothesis. We empirically tested such a
hypothesis through two distinct behavioral channels behind it
and found no evidence in either of them. If anything, it appears
that participants who took greater risk in regard to their everyday
health (drinking, smoking) or in relation to being exposed to
COVID-19 (e.g., lower levels of isolation, mask wearing, or
taking precautions) also exhibited higher risk-tolerance in our
experimental and self-reported risk-taking measures. This is
consistent with recent reviews conducted at the start of COVID-
19 pandemic (Mantzari et al., 2020), with direct experimental
evidence from the field (Seres et al., 2020), as well as with results
from pre-COVID-19 times (Cowling et al., 2009; Aiello et al.,
2012; Kasting et al., 2016; Madhivanan et al., 2016; Pless, 2016)
which all find no significant evidence in support of the risk
compensation hypothesis. Further research could look at the
relationships between the various specific COVID-19-related risk
behaviors. For this purpose, the correlation matrix displaying
relationships between the different COVID-19-relevant risky
behaviors (Table 5) can serve as a starting point. As can be
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seen, out of a total of 15 pairwise correlations, 11 correlations
are positive and statistically significant (i.e., more risk-taking
in one COVID-19 behavior is associated with more risk-taking
in another COVID-19 behavior), while none is significantly
negative. We see this as further suggestive evidence against the
risk compensation hypothesis in our sample.

Other additional research is required to explore the role of
heterogeneity in other individual and household characteristics
(e.g., wealth, income, education, employment status) and
to further investigate inter-individual and domain specific
differences in risk taking during the unprecedented time of the
global COVID-19 pandemic. As a potential starting point on
the latter point, Supplementary Material F reports an analysis
of risk taking in the DOSPERT and SOEP tasks separated
between risk domains (e.g., health, social, financial, recreational).
Moreover, the scope is evident for designing and validating
new measures of risk-taking that more closely and effectively
reflect and predict COVID-19-related real-world behaviors,
in order to inform policy and help the design of targeted
behavioral interventions.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation upon
request.

ETHICS STATEMENT

Ethical review and approval was not required for the study on
human participants in accordance with the local legislation and
institutional requirements. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

BG led the survey design, data analysis and writing. MG led the
data collection. MG and JS both contributed to data analysis and
writing. All authors contributed to the article, conceptualization,
methodology, survey design, funding of the study, and approved
the submitted version.

FUNDING

The authors gratefully acknowledge funding from the Research
Infrastructure and Investment Fund (RIIF) from the LSE
Department of Psychological and Behavioral Science.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fpsyg.
2021.643653/full#supplementary-material

REFERENCES

Aiello, A. E., Perez, V., Coulborn, R. M., Davis, B. M., Uddin, M., and

Monto, A. S. (2012). Face masks, hand hygiene, and influenza among

young adults: a randomized intervention trial. PLoS ONE 7:e29744.

doi: 10.1371/journal.pone.0029744 pmid:22295066

Aksoy, B., Chadd, I., Osun, E. B., and Ozbay, E. Y. (2021). “Economic

preferences during a pandemic,” Paper Presented at JHU-LSE Conference

on Experimental Insights from Behavioural Economics on COVID-19:

BEI_Osun.mp4 (dropbox.com).

Andersen, S., Harrison, G. W., Lau, M. I., and Rutström, E. E. (2008).

Eliciting risk and time preferences. Econometrica 76, 583–618.

doi: 10.1111/j.1468-0262.2008.00848.x

Andersen, S., Harrison, G. W., Lau, M. I., and Rutström, E. E. (2010). Preferences

heterogeneity in experiments: comparing the field and laboratory. J. Econ.

Behav. Organ. 73, 209–224. doi: 10.1016/j.jebo.2009.09.006

Anderson, L. R., and Mellor, J. M. (2008). Predicting health behaviors with

an experimental measure of risk preference. J. Health Econ. 27, 1260–1274.

doi: 10.1016/j.jhealeco.2008.05.011

Angrisani, M., Cipriani, M., Guarino, A., Kendall, R., andOrtiz de Zarate, J. (2020).

Risk preferences at the time of COVID-19: an experiment with professional

traders and students. SSRN Electron. J. doi: 10.2139/ssrn.3609586.

Balcombe, K., and Fraser, I. (2015). Parametric preference functionals under

risk in the gain domain: a Bayesian analysis. J. Risk Uncertain. 50, 161–187.

doi: 10.1007/s11166-015-9213-8

Barseghyan, L., Prince, J., and Teitelbaum, J. C. (2011). Are risk preferences stable

across contexts? Evidence from insurance data. Am. Econ. Rev. 101, 591–631.

doi: 10.1257/aer.101.2.591

Barsky, R. B., Juster, F. T., Kimball, M. S., and Shapiro, M. D. (1997).

Preference parameters and behavioral heterogeneity: an experimental

approach in the health and retirement study. Q. J. Econ. 112, 537–579.

doi: 10.1162/003355397555280

Bchir, M. A., andWillinger, M. (2013).Does the Exposure to Natural Hazards Affect

Risk and Time Preferences? Some Insights From a Field Experiment in Perú.

Working Papers 13–04, LAMETA, Universtiy of Montpellier. Available online

at: https://ideas.repec.org/p/lam/wpaper/13-04.html

Bechara, A., Damasio, A. R., Damasio, H., and Anderson, S. W. (1994).

Insensitivity to future consequences following damage to human prefrontal

cortex. Cognition 50, 7–15. doi: 10.1016/0010-0277(94)90018-3

Bellemare, C., and Shearer, B. (2013). Multidimensional heterogeneity and the

economic importance of risk andmatching: evidence from contractual data and

field experiments. RAND J. Econ. 44, 361–389. doi: 10.1111/1756-2171.12023

Binswanger, H. P. (1980). Attitudes toward risk: experimental measurement in

rural India. Am. J. Agric. Econ. 62, 395–407. doi: 10.2307/1240194

Bonin, H., Dohmen, T., Falk, A., Huffman, D., and Sunde, U. (2007). Cross-

sectional earnings risk and occupational sorting: The role of risk attitudes.

Labour Econ. 14, 926–937. doi: 10.1016/j.labeco.2007.06.007

Bowyer, G., White, D., and Irvine, G. (2020). Race Inequality in the Workforce:

Analysing the State of Play in the Coronavirus Economy. Dunfermline:

Carnegie UK Trust. Available online at: https://www.carnegieuktrust.org.uk/

publications/race-inequality-in-the-workforce-analysing-the-state-of-play-

in-the-coronavirus-economy/

Brañas-Garza, P., Galizzi, M. M., and Nieboer, J. (2018). Experimental and self-

reported measures of risk taking and digit ratio (2D:4D): evidence from a large,

systematic study. Int. Econ. Rev. 59, 1131–1157. doi: 10.1111/iere.12299

Brewer, N. T., Cuite, C. L., Herrington, J. E., and Weinstein, N. D. (2007). Risk

compensation and vaccination: can getting vaccinated cause people to engage

in risky behaviors? Ann. Behav. Med. 34, 95–99. doi: 10.1007/BF02879925

Bruhin, A., Fehr-Duda, H., and Epper, T. F. (2010). Risk and rationality:

uncovering heterogeneity in probability distortion. Econometrica 78,

1375–1412. doi: 10.3982/ecta7139

Bu, D., Hanspal, T., Liao, Y., and Liu, Y. (2020). Risk Taking During a Global

Crisis: Evidence From Wuhan. SAFE Working Paper No. 301. Available online

at SSRN: https://ssrn.com/abstract=3559870

Frontiers in Psychology | www.frontiersin.org 13 April 2021 | Volume 12 | Article 643653

https://www.frontiersin.org/articles/10.3389/fpsyg.2021.643653/full#supplementary-material
https://doi.org/10.1371/journal.pone.0029744~pmid:22295066
https://doi.org/10.1111/j.1468-0262.2008.00848.x
https://doi.org/10.1016/j.jebo.2009.09.006
https://doi.org/10.1016/j.jhealeco.2008.05.011
https://doi.org/10.2139/ssrn.3609586
https://doi.org/10.1007/s11166-015-9213-8
https://doi.org/10.1257/aer.101.2.591
https://doi.org/10.1162/003355397555280
https://ideas.repec.org/p/lam/wpaper/13-04.html
https://doi.org/10.1016/0010-0277(94)90018-3
https://doi.org/10.1111/1756-2171.12023
https://doi.org/10.2307/1240194
https://doi.org/10.1016/j.labeco.2007.06.007
https://www.carnegieuktrust.org.uk/publications/race-inequality-in-the-workforce-analysing-the-state-of-play-in-the-coronavirus-economy/
https://www.carnegieuktrust.org.uk/publications/race-inequality-in-the-workforce-analysing-the-state-of-play-in-the-coronavirus-economy/
https://www.carnegieuktrust.org.uk/publications/race-inequality-in-the-workforce-analysing-the-state-of-play-in-the-coronavirus-economy/
https://doi.org/10.1111/iere.12299
https://doi.org/10.1007/BF02879925
https://doi.org/10.3982/ecta7139
https://ssrn.com/abstract=3559870
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Guenther et al. Heterogeneity in Risk-Taking During COVID-19

Byrnes, J. P., Miller, D. C., and Schafer, W. D. (1999). Gender

differences in risk taking: a meta-analysis. Psychol. Bull. 125, 367–383.

doi: 10.1037/0033-2909.125.3.367

Cameron, L., and Shah, M. (2015). Risk-taking behavior in the wake of natural

disasters. J. Human Resourc. 50, 484–515. doi: 10.3368/jhr.50.2.484

Charness, G., Garcia, T., Offerman, T., and Villeval, M. C. (2020). Do measures of

risk attitude in the laboratory predict behavior under risk in and outside of the

laboratory? J. Risk Uncertain. 60, 99–123. doi: 10.1007/s11166-020-09325-6

Charness, G., and Gneezy, U. (2012). Strong evidence for gender differences in risk

taking. J. Econ. Behav. Organ. 83, 50–58. doi: 10.1016/j.jebo.2011.06.007

Charness, G., Gneezy, U., and Imas, A. (2013). Experimental methods: eliciting risk

preferences. J. Econ. Behav. Org. 87, 43–51. doi: 10.1016/j.jebo.2012.12.023

Chuang, Y., and Liu, J. C. E. (2020). Who wears a mask? Gender differences

in risk behaviors in the COVID-19 early days in Taiwan. Econ. Bull. 40,

2619–2627. Available online at: https://ideas.repec.org/a/ebl/ecbull/eb-20-

00882.html

Cowling, B. I., Chan, K.-H., Fang, V. J., Cheng, C. K., Fung, R. O.,

Wai, W., et al. (2009). Facemasks and hand hygiene to prevent

influenza transmission in households: a cluster randomized trial. Ann.

Intern. Med. 151, 437–446. doi: 10.7326/0003-4819-151-7-200910060-

00142

Crosetto, P., and Filippin, A. (2013). The “bomb” risk elicitation task. J. Risk

Uncertain. 47, 31–65. doi: 10.1007/s11166-013-9170-z

Crosetto, P., and Filippin, A. (2016). A theoretical and experimental

appraisal of four risk elicitation methods. Exp. Econ. 19, 613–641.

doi: 10.1007/s10683-015-9457-9

Croson, R., and Gneezy, U. (2009). Gender differences in preferences. J. Econ. Lit.

47, 448–474. doi: 10.1257/jel.47.2.448

Dohmen, T., Falk, A., Golsteyn, B. H. H., Huffman, D., and Sunde, U. (2017). Risk

attitudes across the life course. Econ. J. 127, F95–F116. doi: 10.1111/ecoj.12322

Dohmen, T., Falk, A., Huffman, D., Sunde, U., Schupp, J., and Wagner,

G. G. (2011). Individual risk attitudes: measurement, determinants,

and behavioral consequences. J. Eur. Econ. Assoc. 9, 522–550.

doi: 10.1111/j.1542-4774.2011.01015.x

Drichoutis, A., and Nayga, R. (2020). On the Stability of Risk and Time Preferences

Amid the COVID-19 Pandemic. MPRA Paper 104376, University Library of

Munich, Germany.

Drichoutis, A., and Vassilopoulos, A. (2016). Intertemporal Stability of Survey-

Based Measures of Risk and Time Preferences over a Three-Year Course.

No 2016-3, Working Papers, Agricultural University of Athens Department

Of Agricultural Economics. Available online at: https://EconPapers.repec.org/

RePEc:aua:wpaper:2016-3

Eaton, L. A., and Kalichman, S. C. (2007). Risk compensation in HIV

prevention: implications for vaccines, microbicides, and other biomedical

HIV prevention technologies. Curr. HIV/AIDS Rep. 4, 165–172.

doi: 10.1007/s11904-007-0024-7

Eckel, C. C., El-Gamal, M. A., an Wilson, R. K. (2009). Risk loving after the storm:

a Bayesian-Network study of Hurricane Katrina evacuees. J. Econ. Behav. Org.

69, 110–124. doi: 10.1016/j.jebo.2007.08.012

Eckel, C. C., and Grossman, P. J. (2002). Sex differences and statistical

stereotyping in attitudes toward financial risk. Evol. Hum. Behav. 23, 281–295.

doi: 10.1016/S1090-5138(02)00097-1

Eeckhoudt, L., Gollier, C., and Schlesinger, H. (1996). Changes in background risk

and risk taking behavior. Econometrica. 64, 683–689. doi: 10.2307/2171866

Einav, L., Finkelstein, A., Pascu, I., and Cullen, M. R. (2012). How general are risk

preferences? Choices under uncertainty in different domains. Am. Econ. Rev.

102, 2606–2638. doi: 10.1257/aer.102.6.2606

Falk, A., Becker, A., Dohmen, T., Enke, B., Huffman, D., and Sunde, U.

(2016). The Preference Survey Module: A Validated Instrument for Measuring

Risk, Time and Social Preferences. BRIQ Working Paper. Available online

at: https://www.briq-institute.org/wc/files/people/armin-falk/working-papers/

the-preference-survey-module.pdf

Falk, A., Becker, A., Dohmen, T., Enke, B., Huffman, D., and Sunde, U.

(2018). Global evidence on economic preferences. Q. J. Econ. 133, 1645–1692.

doi: 10.1093/qje/qjy013

Fan, Y., Orhun, A. Y., and Turjeman, D. (2020). Heterogeneous Actions, Beliefs,

Constraints and Risk Tolerance During the COVID-19 Pandemic (Working

Paper Series). National Bureau of Economic Research, Cambridge, MA.

doi: 10.3386/w27211

Filippin, A., and Crosetto, P. (2016). A reconsideration of gender differences in risk

attitudes.Manage. Sci. 62, 3085–3391. doi: 10.1287/mnsc.2015.2294

Frey, R., Pedroni, A., Mata, R., Rieskamp, J., and Hertwig, R. (2017). Risk

preference shares the psychometric structure of major psychological traits. Sci.

Adv. 3:e1701381. doi: 10.1126/sciadv.1701381

Friedman, D., Isaac, R. M., James, D., and Sunder, S. (2017). Risky Curves: On the

Empirical Failure of Expected Utility. Routledge, London.

Galizzi, M. M., Guenther, B., Quinlan, M., and Sanders, J. G. (2020). Risk in the

time of COVID-19: what do we know and not know? Econ. Observ. Available

online at: https://www.economicsobservatory.com/risk-time-covid-19-what-

do-we-know-and-not-know

Galizzi, M. M., Machado, S. R., and Miniaci, R. (2016a). Temporal Stability,

Cross-Validity, and External Validity of Risk Preferences Measures: Experimental

Evidence from a UK Representative Sample. London School of Economics.

Available online at: http://eprints.lse.ac.uk/67554/

Galizzi, M. M., and Miraldo, M. (2017). Are you what you eat? Healthy

behaviour and risk preferences. B.E. J. Econ. Anal. Pol. 17, 1–25.

doi: 10.1515/bejeap-2016-0081

Galizzi, M. M., Miraldo, M., and Stavropoulou, C. (2016b). In sickness but not in

wealth: field evidence on patients’ risk preferences in the financial and health

domain.Med. Decis. Mak. 36, 503–517. doi: 10.1177/0272989X15626406

Gollier, C. (2001). The Economics of Risk and Time. Cambridge, MA: MIT PRESS.

Grable, J., and Lytton, R. H. (1999). Financial risk tolerance revisited: the

development of a risk assessment instrument. Finan. Serv. Rev. 8, 163–181.

doi: 10.1016/s1057-0810(99)00041-4

Greenhalgh, T., Schmid, M. B., Czypionka, T., Bassler, D., and Gruer, L. (2020).

Face masks for the public during the COVID-19 crisis. BMJ 369:m1435.

doi: 10.1136/bmj.m1435

Guiso, L., and Paiella, M. (2008). Risk aversion, wealth, and background risk. J.

Eur. Econ. Assoc. 6, 1109–1150. doi: 10.1162/JEEA.2008.6.6.1109

Harrison, G. W., Hofmeyr, A., Kincaid, H., Monroe, B., Ross, D., Scheider, M.,

et al. (2020). Subjective beliefs and economic preferences during the COVID-19

pandemic. CEARWorking Paper 2020-22, Georgia State University.

Harrison, G. W., and Rutström, E. E. (2009). Expected utility and prospect

theory: one wedding and a decent funeral. Exp. Econ. 12, 133–158.

doi: 10.1007/s10683-008-9203-7

Heo, W., Rabbani, A., and Grable, J. E. (in press). An evaluation of the effect of the

COVID-19 pandemic on the risk tolerance of financial decision makers. Fin.

Res. Lett. doi: 10.1016/j.frl.2020.101842

Hey, J., and Orme, C. (1994). Investigating generalizations of

expected utility theory using experimental data. Econometrica 62,

1291–1326. doi: 10.2307/2951750

Highhouse, S., Nye, C. D., Zhang, D. C., and Rada, T. B. (2017). Structure of the

dospert: is there evidence for a general risk factor? J. Behav. Dec. Making. 30,

400–406. doi: 10.1002/bdm.1953

Holt, C. A., and Laury, S. K. (2002). Risk aversion and incentive effects. Am. Econ.

Rev. 92, 1644–1655. doi: 10.1257/000282802762024700

Houston, D. J., and Richardson, L. E. (2007). Risk compensation or risk

reduction? Seatbelts, state laws, and traffic fatalities. Soc. Sci. Q. 88, 913–936.

doi: 10.1111/j.1540-6237.2007.00510.x

ICL (2020). COVID-19 Behaviour Tracker. Available online at: https://www.

imperial.ac.uk/centre-for-health-policy/our-work/our-response-to-covid-19/

covid-19-behaviour-tracker/

Ikeda, S., Yamamura, E., and Tsutsui, Y. (2020). COVID-19 Enhanced Diminishing

Sensitivity in Prospect-Theory Risk Preferences: A Panel Analysis. Institute of

Social and Economic Research, Osaka University, Discussion Paper No. 1106.

Iorfa, S. K., Ottu, I. F. A., Oguntayo, R., Ayandele, O., Kolawole,

S. O., Gandi, J. C., et al. (2020). COVID-19 knowledge, risk

perception, and precautionary behavior among nigerians: a moderated

mediation approach. Front. Psychol. 11:566773. doi: 10.3389/fpsyg.2020.

566773

Kasting, M. L., Shapiro, G. K., Rosberger, Z., Kahn, J. A., and Zimet, G.

D. (2016). Tempest in a teapot: a systematic review of HPV vaccination

and risk compensation research. Hum. Vacc. Immunotherap. 12, 1435–1450.

doi: 10.1080/21645515.2016.1141158

Frontiers in Psychology | www.frontiersin.org 14 April 2021 | Volume 12 | Article 643653

https://doi.org/10.1037/0033-2909.125.3.367
https://doi.org/10.3368/jhr.50.2.484
https://doi.org/10.1007/s11166-020-09325-6
https://doi.org/10.1016/j.jebo.2011.06.007
https://doi.org/10.1016/j.jebo.2012.12.023
https://ideas.repec.org/a/ebl/ecbull/eb-20-00882.html
https://ideas.repec.org/a/ebl/ecbull/eb-20-00882.html
https://doi.org/10.7326/0003-4819-151-7-200910060-00142
https://doi.org/10.1007/s11166-013-9170-z
https://doi.org/10.1007/s10683-015-9457-9
https://doi.org/10.1257/jel.47.2.448
https://doi.org/10.1111/ecoj.12322
https://doi.org/10.1111/j.1542-4774.2011.01015.x
https://EconPapers.repec.org/RePEc:aua:wpaper:2016-3
https://EconPapers.repec.org/RePEc:aua:wpaper:2016-3
https://doi.org/10.1007/s11904-007-0024-7
https://doi.org/10.1016/j.jebo.2007.08.012
https://doi.org/10.1016/S1090-5138(02)00097-1
https://doi.org/10.2307/2171866
https://doi.org/10.1257/aer.102.6.2606
https://www.briq-institute.org/wc/files/people/armin-falk/working-papers/the-preference-survey-module.pdf
https://www.briq-institute.org/wc/files/people/armin-falk/working-papers/the-preference-survey-module.pdf
https://doi.org/10.1093/qje/qjy013
https://doi.org/10.3386/w27211
https://doi.org/10.1287/mnsc.2015.2294
https://doi.org/10.1126/sciadv.1701381
https://www.economicsobservatory.com/risk-time-covid-19-what-do-we-know-and-not-know
https://www.economicsobservatory.com/risk-time-covid-19-what-do-we-know-and-not-know
http://eprints.lse.ac.uk/67554/
https://doi.org/10.1515/bejeap-2016-0081
https://doi.org/10.1177/0272989X15626406
https://doi.org/10.1016/s1057-0810(99)00041-4
https://doi.org/10.1136/bmj.m1435
https://doi.org/10.1162/JEEA.2008.6.6.1109
https://doi.org/10.1007/s10683-008-9203-7
https://doi.org/10.1016/j.frl.2020.101842
https://doi.org/10.2307/2951750
https://doi.org/10.1002/bdm.1953
https://doi.org/10.1257/000282802762024700
https://doi.org/10.1111/j.1540-6237.2007.00510.x
https://www.imperial.ac.uk/centre-for-health-policy/our-work/our-response-to-covid-19/covid-19-behaviour-tracker/
https://www.imperial.ac.uk/centre-for-health-policy/our-work/our-response-to-covid-19/covid-19-behaviour-tracker/
https://www.imperial.ac.uk/centre-for-health-policy/our-work/our-response-to-covid-19/covid-19-behaviour-tracker/
https://doi.org/10.3389/fpsyg.2020.566773
https://doi.org/10.1080/21645515.2016.1141158
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Guenther et al. Heterogeneity in Risk-Taking During COVID-19

König-Kersting, C., and Trautmann, S. T. (2018). Countercyclical risk

aversion: beyond financial professionals. J. Behav. Exp. Fin. 18, 94–101.

doi: 10.1016/j.jbef.2018.03.001

Kuhnen, C. M., and Knutson, B. (2005). The neural basis of financial risk taking.

Neuron 47, 763–770. doi: 10.1016/j.neuron.2005.08.008

Lejuez, C. W., Aklin, W. M., Jones, H. A., Strong, D. R., Richards, J. B.,

Kahler, C. W., et al. (2003). The Balloon Analogue Risk Task (BART)

differentiates smokers and nonsmokers. Exp. Clin. Psychopharmacol. 11, 26–33.

doi: 10.1037/1064-1297.11.1.26

Lejuez, C. W., Richards, J. B., Read, J. P., Kahler, C. W., Ramsey, S. E.,

Stuart, G. L., et al. (2002). Evaluation of a behavioral measure of risk

taking: the balloon analogue risk task (BART). J. Exp. Psychol. 8, 75–84.

doi: 10.1037/1076-898X.8.2.75

Lohmann, P., Gsottbauer, E., You, J., and Kontoleon, A. (2020). Social preferences

and economic decision-making in the wake of COVID-19: experimental

evidence from China. Available online at: https://ssrn.com/abstract=3705264

Loomes, G., and Pogrebna, G. (2014). Measuring individual risk attitudes when

preferences are imprecise. Econ. J. 124, 569–593. doi: 10.1111/ecoj.12143

Luckman, A., Zeitoun, H., Isoni, A., Loomes, G., Vlaev, I., Powdthavee, N., et al.

(2020). Risk compensation during COVID-19: the impact of face mask usage

on social distancing. doi: 10.31219/osf.io/rb8he. [Epub ahead of print].

Madhivanan, P., Pierre-Victor, D., Mukherjee, S., Bhoite, P., Powell, B., Jean-

Baptiste, N., et al. (2016). Human papillomavirus vaccination and sexual

disinhibition in females: a systematic review. Am. J. Prev. Med. 51, 373–383.

doi: 10.1016/j.amepre.2016.03.015

Mantzari, E., Rubin, G. J., and Marteau, T. M. (2020). Is risk compensation

threatening public health in the COVID-19 pandemic? BMJ 370:m2913.

doi: 10.1136/bmj.m2913

Mata, R., Josef, A. K., Samanez-Larkin, G. R., and Hertwig, R. (2011). Age

differences in risky choice: a meta-analysis. Ann. N. Y. Acad. Sci. 1235, 18–29.

doi: 10.1111/j.1749-6632.2011.06200.x

Mathur, R., Bear, L., Khunti, K., and Eggo, R. M. (2020). Urgent actions and

policies needed to address COVID-19 amongUK ethnic minorities. Lancet 396,

1866–1868. doi: 10.1016/s0140-6736(20)32465-x

Menkhoff, L., and Sakha, S. (2017). Estimating risky behavior with multiple-item

risk measures. J. Econ. Psychol. 59, 59–86. doi: 10.1016/j.joep.2017.02.005

Niederle, M. (2014). Gender. NBERWorking Paper 20788. doi: 10.3386/w20788

Noussair, C. N., Trautmann, S. T., and Van De Kuilen, G. (2014). Higher order risk

attitudes, demographics, and financial decisions. Rev. Econ. Stud. 81, 325–355.

doi: 10.1093/restud/rdt032

Page, L., Savage, D. A., and Torgler, B. (2014). Variation in risk seeking behaviour

following large losses: a natural experiment. Eur. Econ. Rev. 71, 121–131.

doi: 10.1016/j.euroecorev.2014.04.009

Pedroni, A., Frey, R., Bruhin, A., Dutilh, G., Hertwig, R., and Rieskamp,

J. (2017). The risk elicitation puzzle. Nat. Hum. Behav. 1, 803–809.

doi: 10.1038/s41562-017-0219-x

Peltzman, S. (1975). The effects of automobile safety regulation. J. Polit. Econ.

83, 677–725.

Pérez-López, F. R., Tajada, M., Savirón-Cornudella, R., Sánchez-Prieto, M.,

Chedraui, P., and Terán, E. (2020). Coronavirus disease 2019 and gender-

related mortality in European countries: a meta-analysis.Maturitas 141, 59–62.

doi: 10.1016/j.maturitas.2020.06.017

Pless, B. (2016). Risk compensation: revisited and rebutted. Safety 2:16.

doi: 10.3390/safety2030016

Richardson, S., Hirsch, J. S., Narasimhan, M., Crawford, J. M., McGinn, T.,

Davidson, K. W., et al. (2020). Presenting characteristics, comorbidities, and

outcomes among 5700 Patients hospitalized with COVI-19 in the New York

City area. J. Am. Med. Assoc. 323, 2052–2059. doi: 10.1001/jama.2020.6775

Riddel, M. (2012). Comparing risk preferences over financial and environmental

lotteries. J. Risk Uncertain. 45, 135–157. doi: 10.1007/s11166-012-9149-1

Rolison, J. J., Hanoch, Y., and Wood, S. (2012). Risky decision making in

younger and older adults: the role of learning. Psychol. Aging 27, 129–140.

doi: 10.1037/a0024689

Said, F., Afzal, U., and Turner, G. (2015). Risk taking and risk learning after a rare

event: evidence from a field experiment in Pakistan. J. Econ. Behav. Org. 118,

167–183. doi: 10.1016/j.jebo.2015.03.001

Sanders, J. G., and Jenkins, R. (2016). Weekly fluctuations in risk tolerance and

voting behaviour. PLoS ONE 11:e0159017. doi: 10.1371/journal.pone.0159017

Schubert, R., Brown, M., Gysler, M., and Brachinger, H. W. (1999). Financial

decision-making: are women really more risk-averse? Am. Econ. Rev. 89,

381–385. doi: 10.1257/aer.89.2.381

Seres, G., Balleyer, A. H., Cerutti, N., Friedrichsen, J., and Suer, M. (2020).

Face Mask Use and Physical Distancing Before and After Mandatory Masking:

Evidence From Public Waiting Lines. Discussion Papers, Research Unit:

Economics of Change SP II 2020-305,WZB Berlin Social Science Center. SSRN.

doi: 10.2139/ssrn.3641367

Shachat, J., Walker, J., and Wei, L. (2020). The Impact of the COVID-19 Pandemic

on Economic Behaviours and Preferences: Experimental Evidence From Wuhan.

Economic Science Institute Working Paper 20–33.

Snowberg, E., and Yariv, L. (2021). Testing the waters: behavior across participant

pools. Am. Econ. Rev. 111, 687–719. doi: 10.1257/aer.20181065

Starmer, C. (2000). Developments in non-expected utility theory: the

hunt for a descriptive theory of choice under risk. J. Econ. Lit. 38,

332–382. doi: 10.1257/jel.38.2.332

Sutter, M., Kocher, M. G., Glatzle-Rutzler, D., and Trautmann, S. T. (2013).

Impatience and uncertainty: experimental decisions predict adolescents’

field behavior. Am. Econ. Rev. 103, 510–531. doi: 10.1257/aer.103.

1.510

Trautmann, S. T. (2016). Review of the book Risky Curves: On the empirical

failure of expected utility, Daniel Friedman, R. Mark Isaac, Duncan James and

Shyam Sunder, 2014. J. Econ. Psychol. 53, 178–179. doi: 10.1016/j.joep.2016.

01.007

Tversky, A., and Kahneman, D. (1981). The framing of decisions and the

psychology of choice. Science 211, 453–458. doi: 10.1126/science.7455683

UCL (2020). COVID-19 Social Study - UK. Available online at: http://www.

COVID19study.org/

Vieider, F. M., Chmura, T., Fisher, T., Kusakawa, T., Martinsson, P., Mattison

Thompson, F., et al. (2015a). Within- versus between-country differences in

risk attitudes: implications for cultural comparisons. Theory Decis. 78, 209–218.

doi: 10.1007/s11238-014-9418-3

Vieider, F. M., Lefebvre, M., Bouchouicha, R., Chmura, T., Hakimov, R., Krawczyk,

M., et al. (2015b). Common components of risk and uncertainty attitudes across

contexts and domains: evidence from 30 countries. J. Eur. Econ. Assoc. 13,

421–452. doi: 10.1111/jeea.12102

Wagner, G. G., Frick, J. R., and Schupp, J. (2011). The German Socio-Economic

Panel Study (SOEP) - evolution, scope and enhancements. SSRN Electron. J.

doi: 10.2139/ssrn.1028709

Wakker, P. P. (2010). Prospect Theory: For Risk and Ambiguity. Prospect Theory:

For Risk and Ambiguity. Cambridge, MA: Cambridge University Press.

doi: 10.1017/CBO9780511779329

Weber, E. U., Blais, A. R., and Betz, N. E. (2002). A domain-specific risk-attitude

scale: measuring risk perceptions and risk behaviors. J. Behav. Decis. Mak. 15,

263–290. doi: 10.1002/bdm.414

Zhang, J., Wang, X., Jia, X., Li, J., Hu, K., Chen, G., et al. (2020). Risk

factors for disease severity, unimprovement, and mortality in COVID-

19 patients in Wuhan, China. Clin. Microbiol. Infect. 26, 767–772.

doi: 10.1016/j.cmi.2020.04.012

Conflict of Interest: BG was employed by the company Salient Behavioural

Consultants Ltd.

The remaining authors declare that the research was conducted in the absence of

any commercial or financial relationships that could be construed as a potential

conflict of interest.

Copyright © 2021 Guenther, Galizzi and Sanders. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Psychology | www.frontiersin.org 15 April 2021 | Volume 12 | Article 643653

https://doi.org/10.1016/j.jbef.2018.03.001
https://doi.org/10.1016/j.neuron.2005.08.008
https://doi.org/10.1037/1064-1297.11.1.26
https://doi.org/10.1037/1076-898X.8.2.75
https://ssrn.com/abstract=3705264
https://doi.org/10.1111/ecoj.12143
https://doi.org/10.31219/osf.io/rb8he
https://doi.org/10.1016/j.amepre.2016.03.015
https://doi.org/10.1136/bmj.m2913
https://doi.org/10.1111/j.1749-6632.2011.06200.x
https://doi.org/10.1016/s0140-6736(20)32465-x
https://doi.org/10.1016/j.joep.2017.02.005
https://doi.org/10.3386/w20788
https://doi.org/10.1093/restud/rdt032
https://doi.org/10.1016/j.euroecorev.2014.04.009
https://doi.org/10.1038/s41562-017-0219-x
https://doi.org/10.1016/j.maturitas.2020.06.017
https://doi.org/10.3390/safety2030016
https://doi.org/10.1001/jama.2020.6775
https://doi.org/10.1007/s11166-012-9149-1
https://doi.org/10.1037/a0024689
https://doi.org/10.1016/j.jebo.2015.03.001
https://doi.org/10.1371/journal.pone.0159017
https://doi.org/10.1257/aer.89.2.381
https://doi.org/10.2139/ssrn.3641367
https://doi.org/10.1257/aer.20181065
https://doi.org/10.1257/jel.38.2.332
https://doi.org/10.1257/aer.103.1.510
https://doi.org/10.1016/j.joep.2016.01.007
https://doi.org/10.1126/science.7455683
http://www.COVID19study.org/
http://www.COVID19study.org/
https://doi.org/10.1007/s11238-014-9418-3
https://doi.org/10.1111/jeea.12102
https://doi.org/10.2139/ssrn.1028709
https://doi.org/10.1017/CBO9780511779329
https://doi.org/10.1002/bdm.414
https://doi.org/10.1016/j.cmi.2020.04.012
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles

	Heterogeneity in Risk-Taking During the COVID-19 Pandemic: Evidence From the UK Lockdown
	Introduction
	Background and Related Literature
	Heterogeneity in Risk Tolerance
	Gender
	Age

	Risk Tolerance Since the Start of the COVID-19 Pandemic
	Heterogeneity of Risk-Taking Since the Start of the COVID-19 Pandemic

	Materials and Methods
	Participants and Procedure
	Risk Taking Measures
	Balloon Analog Risk Task (BART)
	Binswanger-Eckel and Grossman Task (BEG)
	Domain-Specific Risk-Taking (DOSPERT)
	German Socioeconomic Panel (SOEP)

	COVID-19 Behavior Measures

	Results
	Heterogeneity of Risk Taking Across Gender and Age
	Heterogeneity of Risk Taking Across Self-Reported Health
	Correlation Between Risk Measures
	Heterogeneity of Real-World Health and COVID-19 Risky Behaviors
	Correlation Between Real-World Health and COVID-19 Risky Behaviors
	Risk-Taking Measures as Predictors of Health and COVID-19 Risky Behaviors
	Self-Report Risk Compensation Between Mask Wearing and COVID-19 Risky Behavior

	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References


