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Abstract

Research suggests that discounting of delayed rewards (i.e., tendency to choose smaller immediate rewards

over large later rewards) is a promising target of intervention to encourage compliance with public health meas-
ures (PHM), such as vaccination compliance. The effects of delay discounting, however, may differ across the types

of PHMs, given that the benefits of vaccination, unlike other PHMs (physical distancing, handwashing, and mask-
wearing), are more temporally delayed. Here, we examined whether delay discounting predicts engaging in COVID-
19 PHMs in approximately 7,000 participants recruited from 13 countries in June—August 2021. After controlling

for demographic and distress variables, delay discounting was a negative predictor of vaccination, but a positive
predictor of physical distancing (when restrictions are in place) and handwashing. There was no significant associa-
tion between delay discounting and frequency of mask-wearing. It is possible that increasing vaccination compliance
may require greater emphasis on future benefits of vaccination, whereas promotion of physical distancing and hand

hygiene may require greater focus on the present moment. Further research is needed to investigate the nature
of this relationship and its implications for public health messaging.
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Introduction

Widespread compliance with public health measures
(PHMs) has been critical to containing the COVID-
19 pandemic as well as other infectious diseases. Vac-
cination, mask-wearing, handwashing, and physical
distancing are among the most commonly recommended
PHMs designed to mitigate the impacts of the pandemic
(World Health Organization, 2020). Widespread public
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compliance with PHMs is necessary to prevent severe ill-
ness and death, and alleviate hospital burden during pan-
demics, and is of increasing importance in light of global
population aging. Understanding decisions to engage in
protective behaviors during COVID-19 will help inform
ways to encourage PHM compliance, with important
implications for managing future pandemics.

Here, we investigate a well-established behavioral meas-
ure of decision making as a predictor of compliance with
different PHMs during the COVID-19 pandemic. Delay
discounting is a phenomenon where the subjective value
of rewards decreases as a function of delay, such that indi-
viduals discount the worth of future rewards relative to
immediate ones (Green & Myerson, 2004). Steep or high
delay discounting indicates a tendency for immediate grat-
ification and is often associated with impulsivity (Moreira
& Barbosa, 2019). This tendency is associated with finan-
cial instability (Ruggeri et al., 2022) and problematic health
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behaviors (e.g., Barlow et al, 2016; Bickel et al.,, 2019;
Daugherty & Brase, 2010; Robles et al., 2011; Rung & Mad-
den, 2018), including those that were heightened during
the COVID-19 pandemic (Cutler & Summers, 2020; Hal-
ilova et al., 2022; Wu et al., 2021; Zhang & Chen, 2021). By
contrast, individuals with shallow or low delay discounting
tend to exhibit greater levels of self-control and be better
equipped to make decisions that align with their longer-
term goals (e.g., Bickel et al., 2018).

There are several reasons why delay discounting is
a promising behavioral economic measure for public
health purposes and one that may be leveraged to address
health crises on a global scale. Incorporating behavioral
economic measures, such as delay discounting, into fore-
casting models of disease spread could enhance the accu-
racy of predictions and allow for the implementation of
targeted interventions to mitigate the spread of COVID-
19 (Marin-Lopez et al., 2022). Furthermore, unlike self-
report measures that explicitly ask participants to reflect
on their decision-making tendencies, delay discounting
tasks measure decision-making behavior in a less con-
spicuous and more objective way (Myerson et al., 2001).
As such, these tasks do not rely on participants’ aware-
ness of their decision-making behaviors and are less likely
to be affected by social desirability and other response
biases (Ruggeri et al., 2024).

The promise of delay discounting as a predictor of
compliance with COVID-19 PHMs has been recog-
nized in recent research efforts involving diverse popu-
lations from different countries, tested at different times
throughout the pandemic (Agrawal et al,, 2023; Byrne
et al,, 2021; Calluso et al.,, 2021; DeAngelis et al., 2022;
Halilova et al., 2022; Hudson et al., 2022; Krawiec et al.,
2022; Lloyd et al,, 2021; Strickland et al., 2022; Wismans
et al,, 2021). There is consistency in findings of a negative
relationship between delay discounting and vaccination
attitudes and status (Halilova et al., 2022; Hudson et al.,
2022; Strickland et al., 2022). The relationship between
delay discounting and other PHMs (e.g., handwash-
ing/cleaning, physical distancing, and mask-wearing),
however, has yielded mixed findings, with some studies
showing a negative relationship between discounting of
delayed rewards and PHMs (Agrawal et al.,, 2023; Byrne
et al,, 2021; DeAngelis et al., 2022; Lloyd et al., 2021),
other studies showing a positive relationship between
delay discounting and PHM compliance (Calluso et al.,
2021; Wismans et al., 2021), and yet other studies indicat-
ing no relationship between delay discounting and com-
pliance (Krawiec et al., 2022). As shown in Table 1, the
picture is complicated by the study-specific differences,
including being conducted in different populations at
different time points during the pandemic under vary-
ing conditions that were evolving quickly. Moreover, the
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type of PHM examined and the delay discounting meas-
ure used varied across studies. In the current study, we
investigated the relationships between delay discounting
and multiple PHMs in the same sample of participants,
and we recruited sufficient N’s per country (at least ~ 100
per country) to assess whether the effect generalized
across countries. We measured delay discounting using
the AuC, which is considered to be an atheoretical meas-
ure, unlike log-adjusted k values that other studies in this
literature have used (Calluso et al., 2021; DeAngelis et al.,
2022; Krawiec et al., 2022; Wismans et al., 2021).

Delay discounting emerges across studies as a nega-
tive predictor of vaccination status, but the relationship
between discounting and other PHMs is less consistent.
In addition to the study-specific factors described above,
it is possible that there is a more fundamental reason for
the different relationships between delay discounting and
vaccination versus other PHMs. It is possible that when
deciding whether to engage in PHMs, an individual may
consider shorter- and longer-term benefits of engaging in
those behaviors (e.g., immediate side effects of a vaccine
vs. long-term immunity). Importantly, the effect of delay
discounting may differ across types of protective behav-
iors depending on the perceived temporal delay of PHM
benefits, which may help to explain the mixed findings
in the literature. For example, it has been well publicized
that it takes approximately 2 weeks to develop immunity
to the virus after receiving the vaccine and the benefits
last for months, whereas physically distancing from oth-
ers results in immediate reduction of virus transmission
that is limited to that specific time (e.g., Bernal et al,,
2021; Chea et al., 2021; Sun et al., 2022).

The current research examined the relationship
between delay discounting and compliance in different
PHMs (i.e., vaccination status, handwashing/cleaning,
physical distancing, and mask-wearing) in mid-2021 in a
large sample of adults from 13 countries that continued
to promote PHMs in the face of the ongoing COVID-
19 pandemic. To our knowledge, this is the first study
to investigate the relationships between delay discount-
ing and vaccination vs. other PHMs in the same sample
of participants. We predicted that, after controlling for
demographic variables, psychological distress, and intol-
erance of uncertainty, greater discounting of delayed
rewards (i.e., more short-sighted thinking) would be
associated with a reduced likelihood of being vaccinated
but increased frequency of engaging in other PHMs that
provide more immediate benefits, such as handwashing
and cleaning, physical distancing, and mask-wearing. The
multinational sample also allowed us to explore the con-
sistency of the relationship between the variables across
13 industrialized countries that varied in pandemic
severity, vaccination rates, and implementation of PHMs.
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Method

Participants

Recruitment was conducted through an online platform
(Prolific.co) from June 27, 2021 to August 31, 2021.!
Using Prolific’s built-in inclusion/exclusion filters, the
study was available only to users meeting the following
inclusion criteria: aged 18 years or older, fluent in Eng-
lish, normally residing in one of 14 target countries’
across North America, Europe, Australasia, and Africa,
and free from neurological impairments or learning dis-
abilities. Target countries were selected with the goal of
capturing varying COVID-19 impact severity and a range
of government mandates in place at the time of testing
(Mathieu et al., 2020). Countries with fewer than 200
active participants on the recruitment platform were not
included in the target list. Of the 7,667 participants who
provided informed consent, data from 320 individuals
were excluded due to failure to meet inclusion criteria
(e.g., currently residing in a non-targeted country); non-
completion of the survey (i.e., those who completed less
than 95% of the survey); and/or responding incorrectly
to more than one attention check item (see below). Data
from 421 participants from South Africa were excluded
due to a substantially different approach in government
response, limited vaccine availability, and additional
obstacles to compliance with PHMs (e.g., lack of access
to clean water; Staunton et al., 2020). The final data set
was composed of 6,926 participants who were on aver-
age 28.62 (sd=10.18) years old; 58% were female, 40%
male, and 2% non-binary. Approximately 35% of the sam-
ple had achieved secondary level education, 48% had an
undergraduate degree, and 16% of the sample achieved
postgraduate education. Approximately 23% of the sam-
ple self-identified as essential workers. Average subjective
rating of relative income among participants (on a 100-
point sliding scale; Adler et al., 2000; Smith et al., 2019)
was 36.31 (sd=23.8).

Measures

PHMs during COVID-19

Participants were asked a series of questions about their
compliance with protective behaviors during COVID-
19. Participants chose between five options in response
to the question about their vaccination status: 1=yes,
I have received all necessary doses, 2=yes, although
I require another dose, 3=no, but I am planning to get
vaccinated, 4=no, I am not planning to get vaccinated,
5=prefer not to say. A binary vaccination status variable

1 A subset of the data (n=5,193) collected from June 27, 2021 to July 16,
2021 was previously reported in Halilova et al., 2022.

2 USA, Canada, Mexico, UK, Italy, France, Portugal, the Netherlands, Spain,
Germany, Poland, Australia, New Zealand, and South Africa.
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was created, distinguishing between those who were vac-
cinated (fully or partially) or not (including both those
who were planning and not planning to get vaccinated
in the future). Participants were asked to indicate on a
5-point scale the frequency with which they engaged in
following five behaviors over the past week: (1) physi-
cal contact with (i.e., touching) and (2) being in close
proximity with people they do not live with (0=never,
1=once, 2=every several days, 3=daily, 4=more than
once daily); (3) cleaning and disinfecting frequently
touched surfaces (e.g., tables, doorknobs, light switches;
O=not at all, 1=every several days, 2=every other day,
3=daily, 4=more than once daily); (4) cleaning their
hands with sanitizer or soap and water (0=never, 1=a
few times a week, 2 =daily, 3=several times a day, 4=at
least once an hour); and (5) mask-wearing (0=never,
1=once, 2=every several days, 3=daily, 4=more than
once daily). The mask-wearing item and two composite
variables—physical distancing (sum of reverse-coded
physical contact and close proximity items), and cleaning
(sum of cleaning and disinfecting frequently touched sur-
faces and cleaning hands)—were used in analyses.

Delay discounting task

In this well-established intertemporal choice procedure
(Ciaramelli et al., 2021; Halilova et al., 2022; Mok et al,,
2020), participants viewed pairs of monetary amounts
and were asked to choose between smaller, immedi-
ate rewards which varied between trials, and a larger,
delayed reward of $2,000. Participants were asked to
make six choices at each of seven delays for the larger
reward (waiting 1 week, 1 month, 3 months, 6 months,
1 year, 3 years, and 10 years before receiving the $2000
reward). An iterative, adjusting-amount procedure was
used in which the amount of the immediate reward was
increased or decreased based on the participant’s pre-
vious choice at that delay, converging on the amount of
the immediate reward equivalent in subjective value to
the delayed reward. The first adjustment was half of the
difference between the immediate and delayed amounts
presented on the first trial, with each subsequent adjust-
ment being half of the preceding adjustment. For exam-
ple, in the condition where a future reward of $2000
could be received in 3 years, the first choice presented
to the participants would be “$1000 right now or $2000
in 3 years” If the participant chose “$2000 in 3 years,’
the choice on the second trial would be “$1500 right
now or $2000 in 3 years” If the participant then chose
“$1500 right now’; the choice on the third trial would be
“$1250 right now or $2000 in 3 years” Following the sixth
and final trial of each condition, the subjective value of
the delayed reward was estimated as the amount of the
immediate reward that would be presented on a seventh
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trial. A larger subjective value of the delayed reward
indicated less discounting of delayed rewards. A smaller
subjective value indicated a more short-sighted decision
making. Degree of discounting was measured by exam-
ining the subjective values of reward across the seven
delays and computing Area-under-the-curve (AuC), a sin-
gle, theoretically-neutral measure of discounting (Myer-
son et al,, 2001). Another advantage of using AuC as the
measure of delay discounting is that it tends to gener-
ate approximately normally distributed scores (Myerson
et al, 2001). The scores range from O to 1, with lower
AuC representing a greater discounting rate (i.e., more
short-sighted decision making).

Demographic questionnaire

Participants completed a demographic questionnaire
assessing current country of residence, age, gender
(female/male/non-binary), highest level of education
obtained (no schooling/primary schooling/secondary
schooling/undergraduate degree or professional equiva-
lent/postgraduate degree), essential worker status (yes/
no), and personal income. For essential worker status,
participants indicated if they worked in an occupations
supplying critical services during the pandemic: gov-
ernment; health and safety (e.g., healthcare, emergency
response); utilities (e.g., water, energy, sanitation, trans-
port, communications); food (e.g., supermarkets); and
manufacturing. A subjective measure of relative income
was used, such that participants estimated their current
income on a sliding scale (0—100) marked by points rep-
resenting low (0), average (50), and high (100) incomes in
their own country/region (Adler et al., 2000; Smith et al.,
2019).

Psychological distress index

Presence and severity of anxiety and depressive symp-
toms were assessed with the Generalized Anxiety Dis-
order 7-item (GAD-7) scale (Spitzer et al., 2006) and
the Patient Health Questionnaire 9-item (PHQ-9)
scale (Kroenke et al., 2001), respectively. Participants
rated the frequency of symptoms experienced over
the past two weeks on a four-point scale (0=not at all;
3=nearly every day). For each scale, a total score was
computed, where higher scores reflect more severe
symptoms. Total scores from these measures were
standardized and then summed to create a psychologi-
cal distress index.

Intolerance of uncertainty scale (IUS-12)

The IUS-12 is a 12-item measure of one’s difficulties
tolerating uncertainty (Carleton et al., 2007). Partici-
pants used a 6-point scale (0=not at all characteristic
of me; 5=entirely characteristic of me) to respond to
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items measuring two factors of intolerance of uncer-
tainty: prospective anxiety, the cognitive component of
intolerance of uncertainty that indicates one’s tendency
to worry about future events (e.g., “I always want to
know what the future has in store for me”) and inhibi-
tory anxiety, the behavioral component of intolerance
of uncertainty that represents avoidance tendencies in
the face of uncertainty (e.g., “I must get away from all
uncertain situations”; Carleton et al., 2007). Intolerance
of uncertainty score was calculated as a sum of partici-
pants’ responses to IUS-12, ranging from 0 to 60.

Attention checks

Three items from the Conscientious Responder Scale
(CRS; Marjanovic et al., 2014) were included at select
points within the survey to identify random respond-
ers (e.g., “To answer this question, please choose option
three, neither agree nor disagree”).

Results

Descriptive statistics of the variables, including the fre-
quency of engaging in physical distancing, cleaning,
and mask-wearing broken down by vaccination status,
are provided in Table 2 and Fig. 1. Country-level sum-
mary data are provided in Supplementary Materials.
The correlations between physical distancing, cleaning,
and mask-wearing are provided in Table 3.

Vaccination

A multilevel logistic regression model was constructed
using R packages [me4 (Bates et al., 2012) and ImerT-
est (Kuznetsova et al.,, 2017) with vaccination status
(unvaccinated vs. vaccinated) as the outcome variable,
and age, gender, education level, income, psychologi-
cal distress index, essential worker status, intolerance
of uncertainty, and AuC as predictors. To account for
possible systematic differences across countries (e.g.,
COVID-related severity, population vaccination rates,
government response), each participant’s vaccination
status (Level 1) was nested within country (Level 2). A
likelihood ratio test showed that the model accounted
for significantly more variance in the data compared to
an unconditional intercept-only model, /\/2( 13)=225.77,
»<0.001. The tendency to choose larger future rewards
over smaller immediate ones (larger AuC) significantly
increased the odds of being vaccinated after control-
ling for other variables in the model (» <0.001; Table 4).
All of the continuous control variables in the model
positively predicted the likelihood of being vaccinated
(p<0.05), with the exception of the psychological dis-
tress index (p=0.754) and intolerance of uncertainty
(p=0.204), which were not significant predictors. After
controlling for other variables, the results show that
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Table 2 Descriptive data summary
Variables Vaccinated Unvaccinated
(n=4355) (n=2571)
Age 29.58 (10.95) 27.01 (8.49)
Gender (female/male/non-binary) 2661/1597/93 1333/1173/41
Education level (no education/primary/secondary/undergraduate/post- ~ 5/12/1495/2090/752 4/5/936/1249/357
graduate)
Income (0-100) 37.74 (24.15) 35.21(23.80)
Essential workers (% yes) 26.96% 16.06%
Intolerance of uncertainty 35.19(9.28) 35.04 (9.31)
Area-under-curve 0.41 (0.25) 0.37(0.25)
Psychological distress —-0.03 (1.88) 0.04 (1.89)
Cleaning (Range; Median) 0-8;4 0-8;4
Physical distancing (Range; Median) 0-8;4 0-8;5
Mask-wearing (Median) 0-4;3 0-4;3
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Fig. 1 A Frequency of engaging in physical distancing behaviors by vaccination status. B Frequency of mask-wearing by vaccination status. C
Frequency of cleaning behaviors by vaccination status

Table 3 Correlations among PHMs

Cleaning Mask-wearing
Physical distancing —-0.01 —-0.01
Cleaning - 0.22

self-identifying as a male, compared to female, was
associated with a significantly lower likelihood of being
vaccinated. After controlling for other variables in the
model, completing postgraduate studies compared
to undergraduate studies was associated with greater
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Table 4 Results of the multilevel logistic regression model predicting vaccination status

Fixed effects b SE z p OR 95% Cl
Intercept 0.26 035 0.72 469 1.29 [0.65,2.58]
AgeT 0.28 0.04 774 <.001 132 [1.23,1.42]
Gender (male) —-0.31 0.06 —483 <.001 0.73 [0.65,0.83]
Gender (non-binary) 032 0.22 1.44 149 1.38 [0.89, 2.14]
Education level (no schooling) -0.80 0.76 -1.06 287 045 [0.10,1.97]
Education level (primary) 0.24 0.60 0.40 691 127 [0.39,4.13]
Education level (secondary) -0.05 0.07 -0.74 459 0.95 [0.83,1.09]
Education level (postgraduate) 033 0.09 3.60 <.001 1.39 [1.16, 1.66]
Relative income? 0.08 0.03 241 016 1.08 [1.02,1. 15]
Essential worker status 0.51 0.08 643 <.001 1.67 [1.43,1.95]
Psychological distress’ —-0.01 0.04 -0.31 754 0.99 [0.92, 1.06]
Intolerance ofuncertaintyT 0.04 0.04 127 204 1.05 [0.98,1.12]
Delay discounting (AuQ)" 0.14 0.03 452 <.001 1.15 [1.08,1.22]
Random effects Estimate sD
Intercept error variance (country) 1.58 1.26

Note. " The variable was standardized. AuC = Area-under-the-curve, CI

Female was used as the reference category for gender. Undergraduate level of education was used as the reference category for level of education

likelihood of being vaccinated. The association between
AuC and vaccination status was further explored by
country. As evident in Fig. 2, the association between

=confidence interval; OR = odds ratio; SD = standard deviation; SE =standard error of the mean.

AuC and vaccination status was stronger in coun-
tries where the participant vaccination rate was mod-
erate (e.g., France, Germany, Italy, the Netherlands,

Australia

Canada

France

Germany

1.00
0.754
0.50 4

//

Italy

Mexico

Netherlands

New Zealand

1.00
0.754

0.50 4
0.25 4

_

Poland

Portugal

Spain

United Kingdom

1.00
0.75 1

Vaccination Status

0.50 4
0.25 1

United States

1.00

0.75 1
0.50 4
0.25 1

Fig. 2 Vaccination status (0=unvaccinated, 1 =vaccinated) plotted by area-under-the-curve across the 13 countries from where the data

0.00 0.25 0.50 0.75 1.00

Area-under-the-Curve

0.00 0.25 0.50 0.75 1.00.00 0.25 0.50 0.75 1.00.00 0.25 0.50 0.75 1.00

were collected. The plots indicate generally positive relationships between the area-under-the-curve and vaccination status across countries,

except for Poland where the relationship was negative
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Australia). In contrast, this association appears weaker
in countries where the participant vaccination rate was
either very high (e.g., Canada, USA, and UK) or very
low (e.g., Portugal) in our sample represented by nearly
horizontal lines at the top or bottom of the graphs in
Fig. 1, respectively. Poland appears to be the only coun-
try in our sample that showed a negative relationship
between AuC and vaccination status.

Cleaning

Given that the remaining PHMs are measured on an
ordinal scale, ordinal R package (Christensen, 2023) was
used to implement cumulative link mixed model analy-
sis. A multilevel model was constructed with the cleaning
composite score as the outcome variable, and age, gen-
der, education level, income, psychological distress index,
essential worker status, intolerance of uncertainty, vacci-
nation status, and AuC as predictors. Each participant’s
frequency of cleaning behaviors (Level 1) nested within
country (Level 2). A likelihood ratio test showed that the
model accounted for significantly more variance in the
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data compared to an unconditional intercept-only model,
x*(14)=160.72, p<0.001. AuC negatively predicted the
frequency of cleaning and handwashing after control-
ling for other variables in the model (p<0.001; Table 5),
indicating that shorter-sighted thinking was associated
with increased engagement in cleaning behaviors. In con-
trast, female gender (compared to male), relative income,
essential worker status, psychological distress, intoler-
ance of uncertainty, and vaccination status were associ-
ated with a higher frequency of cleaning behaviors. The
association between AuC and frequency of engaging in
cleaning was further explored by country. As evident in
Fig. 3, the relationship between the variables was nega-
tive in 10 out of 13 countries, while there was no relation-
ship between AuC and frequency of engaging in cleaning
behaviors in Germany, New Zealand, and Poland.

Physical distancing

A cumulative link mixed model was constructed with
the physical distancing composite score as the outcome
variable, and the same set of predictors and the same
structure of random effects as in the earlier models. A

Table 5 Results of the cumulative link mixed model predicting frequency of cleaning behaviors

Coefficients b SE z P OR 95% Cl

Age' 0.03 0.02 1.38 168 1.03 [-0.01,0.08]
Gender (male) —-0.31 0.05 —-6.71 <.001 0.73 [-041,-0.22]
Gender (non- -0.13 0.15 -0.83 408 0.88 [-0.43,0.17]
binary)

Education level —248 061 —4.04 <.001 0.08 [-3.68,—1.28]
(no schooling)

Education level 031 046 0.68 499 136 [-0.59,1.21]
(primary)

Education level —-0.05 0.05 —-0.94 347 0.95 [-0.14,0.05]
(secondary)

Education level -0.10 0.06 —-1.54 125 091 [-0.22,0.03]
(postgraduate)

Relative income’ 0.07 0.02 2.96 .003 1.07 [0.02,0.12]
Essential worker 0.18 0.05 349 <.001 1.20 [0.08,0.29]
status

Psychological 0.09 0.03 351 <.001 1.10 [0.04,0.14]
distress’

Intolerance 0.07 0.03 2.77 005 1.07 [0.02,0.12]

of uncertainty®

Vaccination 0.16 0.05 3.06 002 1.18 [0.06,0.27]
Status

Delay discount- —-0.08 0.02 —-3.75 <.001 0.92 [-0.13,-0.04]
ing (AuQ)*

Random effects Estimate SD
Intercept error variance (country) 0.21 0.46

* The variable was scaled to improve model fit. AuC = Area-under-the-curve; Cl= confidence interval; SD = standard deviation; SE = standard error of the mean. Female
was used as the reference category for gender. Undergraduate level of education was used as the reference category for level of education. Unvaccinated was used as

the reference category for vaccination status
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Fig. 3 Frequency of cleaning behaviors, ranging from 0 to 8, plotted by area-under-the-curve across the 13 countries from where the data
were collected. The plots indicate generally negative relationships between the area-under-the-curve and frequency of cleaning behaviors
across countries, except for Germany, Poland, and New Zealand where there is no association between these variables

likelihood ratio test shows that the model accounted
for significantly more variance in the data compared to
an unconditional intercept-only model, y*(14)=477.57,
p<0.001. Delay discounting (AuC) did not significantly
predict the frequency of physical distancing after con-
trolling for other variables in the model (p=0.106;
Table 6). Age, income, essential worker status, psycho-
logical distress, and intolerance of uncertainty signifi-
cantly predicted the frequency of engaging in physical

distancing (Table 6). The association between AuC and
frequency of physical distancing behaviors was explored
by country (Fig. 4). The UK was the only country with a
positive slope in the relationship between AuC and phys-
ical distancing; notably this was also the only country in
the sample that did not have physical distancing restric-
tions in place during the time of data collection (Mathieu
et al, 2020). Running the model again without the UK
data resulted in AuC becoming a significant negative

Table 6 Results of the cumulative link mixed model predicting frequency of physical distancing behaviors

Coefficients b SE z p OR 95% Cl

Age’ 0.27 0.02 11.38 <.001 1.31 [0.22,0.32]
Gender (male) —-0.04 0.05 —-0.95 344 0.96 [-0.13,0.05]
Gender (non-binary) 0.36 0.15 235 019 143 [0.06, 0.65]
Education level (no schooling) —-0.31 0.53 —0.58 565 0.74 [—1.35,0.74]
Education level (primary) 0.92 0.44 2.10 036 2.51 [0.06,1.78]
Education level (secondary) -0.05 0.05 -1.03 301 0.95 [-0.15,0.05]
Education level (postgraduate) 0.14 0.06 217 030 1.15 [0.01,0.26]
Relative income’ -0.11 0.02 —-4.76 <.001 0.90 [-0.15,-0.06]
Essential worker status -0383 0.05 —15.68 <.001 043 [-0.94,-0.73]
Psychological distress’ 0.05 0.03 1.87 062 1.05 [-0.01,0.10]
Intolerance of uncertainty’ 0.14 0.02 546 <.001 1.15 [0.09,0.19]
Vaccination Status -0.10 0.05 -1.83 .068 091 [-0.20,0.01]
Delay discounting (AuC)" -0.04 0.02 -1.62 .106 097 [-0.08,0.01]
Random effects Estimate sD
Intercept error variance (country) 0.26 0.51

The variable was standardized. AuC = Area-under-the-curve; Cl

=confidence interval; SD =standard deviation; SE=standard error of the mean. Female was used

as the reference category for gender. Undergraduate level of education was used as the reference category for level of education. Unvaccinated was used as the

reference category for vaccination status
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Fig. 4 Frequency of physical distancing behaviors, ranging from 0 to 8, plotted by area-under-the-curve across the 13 countries from where the
data were collected. The plots indicate generally negative relationships between the area-under-the-curve and frequency of cleaning behaviors
across countries, except for UK, where the relationship between the variables is positive

predictor of frequency of physical distancing, b=—0.06,
SE=0.02, z=-2.35, p=0.019, OR=0.95, 95% CI [-0.10,
—0.01], indicating that shorter-sighted thinking was asso-
ciated with increased engagement in physical distancing.
It was also notable that the associations between physi-
cal distancing and AuC were strongest in France, Spain,
and Portugal (Fig. 4), countries with the most stringent

physical distancing mandates (ie., stay-at-home was a
requirement with the exception of essentials) in place
during the time of data collection (Mathieu et al., 2020).

Mask-wearing
A multilevel model was constructed with mask-
wearing as the outcome variable and the same set of

Table 7 Results of the cumulative link mixed model predicting frequency of mask-wearing behavior

Coefficients b SE z p OR 95% Cl

Age’ -007 0.03 —-279 005 0.93 [-0.12,-0.02]
Gender (male) -0.16 0.05 —3.37 <.001 0.85 [-0.30,-0.07]
Gender (non-binary) 0.24 0.17 143 153 1.27 [-0.09,0.57]
Education level (no schooling) -1.06 0.56 -1.87 059 0.35 [-2.15,0.04]
Education level (primary) -027 045 -061 539 0.76 [-1.15,0.60]
Education level (secondary) -0.09 0.05 —1.81 071 091 [-0.20,0.01]
Education level (postgraduate) 0.05 0.07 0.79 429 1.05 [-0.08,0.18]
Relative income’ 0.01 0.02 0.32 753 1.01 [-0.04, 0.06]
Essential worker status 037 0.06 6.63 <.001 145 [0.26,0.48]
Psychological distress' 0.13 0.03 4.81 <.001 1.14 [0.08,0.19]
Intolerance of uncertainty* 0.02 0.02 0.75 450 1.02 [-0.03,0.07]
Vaccination status 044 0.06 7.72 <.001 1.55 [0.33,0.55]
Delay discounting (AuQ)* -0.04 0.02 —1.81 071 0.96 [-0.09,0.01]
Random effects Estimate sD
Intercept error variance (country) 1.17 1.08

*The variable was scaled to improve model fit. AuC = Area-under-the-curve; Cl = confidence interval; OR = odds ratio; SD = standard deviation; SE =standard error
of the mean. Female was used as the reference category for gender. Undergraduate level of education was used as the reference category for level of education.

Unvaccinated was used as the reference category for vaccination status
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Fig. 5 Frequency of mask-wearing behavior, ranging from 0 to 4, plotted by area-under-the-curve across the 13 countries from where the data
were collected. The plots indicate generally no significant relationships between the area-under-the-curve and frequency of mask-wearing behavior

across countries

predictors and the same structure of random effects as
the earlier models. A likelihood ratio test showed that
the model accounted for significantly more variance
in the data compared to an unconditional intercept-
only model, y*(14) =202.77, p <0.001. Delay discount-
ing (AuC) did not significantly predict the frequency
of mask-wearing after controlling for other variables
in the model (»p=0.071; Table 7). Among control vari-
ables, gender (female compared to male), essential
worker status, psychological distress, and vaccination
status were significant positive predictors of frequency
of mask-wearing. On the other hand, age was a signifi-
cant negative predictor of mask-wearing in the model.
The association between AuC and frequency of mask-
wearing was explored by country (Fig. 5). There were
no strong relationships between delay discounting and
mask-wearing among participants from most coun-
tries in our sample. In our sample, France and New
Zealand appear as the countries with the strongest
associations between AuC and mask-wearing, positive
and negative, respectively. However, the association is
not significant when fitting the model with the same
set of control variables individually for these countries
(for France, »=0.36, p=0.10 and for New Zealand,
b=-0.22, p=0.15).

Discussion

The current research investigated delay discounting as a
predictor of PHMs, including protective behaviors with
more delayed benefits (i.e., vaccination) and those with
more immediate benefits (ie., cleaning, physical dis-
tancing, and mask-wearing). A large multinational sam-
ple allowed us to detect differences in PHM compliance
across 13 countries. As predicted, discounting of delayed
rewards was a significant positive predictor of vaccina-
tion status: individuals who tend to choose more delayed
rewards over smaller immediate rewards (i.e., far-sighted
thinking) were more likely to be vaccinated (see also Hal-
ilova et al, 2022). Delay discounting was a significant
predictor of the frequency of cleaning and handwashing
behaviors. Also as predicted, the direction of the relation-
ship was opposite to that for vaccination: individuals who
tend to choose more immediate rewards over larger later
rewards (i.e., near-sighted thinking) engaged in cleaning
behaviors more frequently. Near-sighted thinking was
also a significant positive predictor of physical distancing
in the countries tested, other than the UK, where delay
discounting was instead a negative predictor of physical
distancing. Interestingly, this was the only country in our
sample where there were no physical distancing man-
dates in place during the time of data collection (Mathieu
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et al., 2020). Lastly, delay discounting did not significantly
predict likelihood of mask-wearing over and above the
control variables.

The association between delay discounting and
COVID-19 vaccination status extends recent findings in a
subsample of the participants tested in the current study
(Halilova et al., 2022) and is consistent with findings from
other recent studies on the topic (Hudson et al., 2022;
Strickland et al., 2022). The results are also consistent
with research showing that even though nonmonetary
outcomes (e.g., health) are generally discounted more
steeply than monetary outcomes (Baker et al., 2003;
Odum et al.,, 2020), discounting has trait-like qualities
and may be context-independent (Odum et al., 2020).
The findings suggest that delay discounting is an impor-
tant behavioral economic predictor of compliance with
PHMs designed to curb the spread of the virus.

The findings were somewhat more mixed when it comes
to other PHMs. As hypothesized, the tendency to choose
more immediate smaller rewards over larger later rewards
predicted more frequent cleaning and handwashing
behaviors across most countries. The findings are consist-
ent with previous research showing a positive association
between near-sighted thinking and hand hygiene in Bel-
gium, France, Italy, the Netherlands, Portugal, and Sweden
(Calluso et al.,, 2021; Wismans et al., 2021). Exploration
of this relationship across the 13 countries revealed that
delay discounting was not a significant predictor of clean-
ing behaviors in Germany, New Zealand, and Poland. This
result could be explained by country-specific variability
in compliance with hand hygiene during COVID-19 (Szc-
zuka et al., 2021). Although there is no previous research
systematically investigating the relationship between
delay discounting and PHMs in Germany and New Zea-
land, our findings are consistent with previous research by
Krawiec et al. (2022) showing no significant relationship
between delay discounting and hand hygiene in Poland.
This finding helps to rule out study-specific explanations
(e.g., differences in research design, language, measures
used) for the discrepancies in previous findings (e.g., Cal-
luso et al., 2021; Krawiec et al., 2022; Wismans et al., 2021)
related to the relationship between delay discounting
and cleaning behaviors. This suggests that there may be a
country-level variable moderating this relationship, which
can be further explored in future research. For example, it
is possible that severity of penalties for mandate violations
could be one such variable. To the best of our knowledge,
there is no global data source detailing such penalties and
the enforcement of penalties varied across jurisdictions
and institutions (e.g., workplaces). Future research would
benefit from investigating the role of mandate violation
penalties and their enforcement on PHMs and its rela-
tionship with delay discounting at a more regional level.
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We also found that the tendency to choose immedi-
ate smaller rewards over larger later rewards predicted
more frequent engagement in physical distancing
behaviors during COVID-19, but only after the UK
was excluded from the analysis due to the absence of
physical distancing mandates. The findings are consist-
ent with previous research showing a positive associa-
tion between near-sighted thinking and willingness to
engage in immediate protective measures (Calluso
et al., 2021; Wismans et al, 2021). Although unex-
pected, the finding of a negative relationship between
near-sighted decision making and physical distancing
in the UK, where there were no physical distancing
restrictions in place at the time of data collection in
2021, is also consistent with previous findings in a UK
sample by Lloyd et al. (2021). It may be that when free
to exercise personal choice over whether to physically
distance or not, different factors are considered than
when deciding to comply with PHMs that are man-
dated. Moreover, the removal of mandates may signal
that immediate safety concerns have resolved and, thus,
perhaps it is not surprising that people who tended to
engage in physical distancing in this context were the
ones who discounted the future less (i.e., those who
tended to prioritize longer-term rewards). It should be
noted that this potential moderating effect of mandates
on the association between delay discounting and phys-
ical distancing limits generalizability of our findings to
times when mandates are not in place. Future research
would benefit from investigating more directly the
moderating effects of various government mandates on
the relationship between delay discounting and PHM
compliance.

Interestingly, the finding of the positive relationship
between delay discounting and physical distancing con-
tradicts the results reported by Agrawal et al. (2023), who
observed the opposite effect. One potential explanation
for this discrepancy could be the timing of data collec-
tion. Agrawal et al. collected their data in 2020, a period
before vaccines became widely available, and thus it is
likely that at this time, adherence to physical distancing
measures and mask-wearing were the primary protec-
tive strategies against infection. In contrast, our dataset
was collected after vaccines became available, provid-
ing participants with more options in terms of engaging
in protective behaviors. It is also possible that differ-
ences in measures, such as varying monetary amounts
on delay discounting tasks and different scales to quan-
tify PHMs, may also have contributed to the discrepant
findings. Further exploration and reconciliation of these
findings could provide valuable insights into the interplay
between temporal discounting and health behaviors in
varying contexts.
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Although unexpected, the nonsignificant relationship
between mask-wearing and delay discounting is consist-
ent with some previous findings (Agrawal et al., 2023;
Krawiec et al,, 2022), but not others (Byrne et al., 2021;
Calluso et al,, 2021). One explanation is that compared
to others protective measures (e.g., physical distancing
and handwashing), mask-wearing mandates are socially
enforced as non-compliance is easily detectable, thereby
restricting people’s freedom of choice relating to compli-
ance with this PHM. For example, if one is not wearing
a mask in a hospital where masks are required, one may
be asked to either put on their mask or be denied service.
On the other hand, monitoring and enforcing compliance
with physical distancing in public venues may be a greater
challenge. Compliance with physical distancing, clean-
ing, and handwashing may therefore depend to a greater
extent on one’s decision-making process than compliance
with mask-wearing. It is also possible that because mask-
wearing behavior is more observable compared to other
PHM:s, it is more likely to be subject to social conformity
(Mladenovi¢ et al., 2023). In other words, people’s deci-
sions to wear masks in public places may be influenced to
a greater degree by social norms, rather than short- and
long-term personal costs and benefits.

Another possible explanation for the different patterns
of delay discounting in relation to vaccination vs. clean-
ing and, when mandates exist, physical distancing is
risk compensation, the idea that individuals adjust their
behavior to maintain a preferred level of risk (Mantzari
et al.,, 2020). For example, if individuals perceive them-
selves as being at lower risk of contracting COVID-19
due to being vaccinated, they may engage in riskier
behaviors, such as reduced compliance with physical dis-
tancing, mask-wearing, or hygiene protocols. We view
this explanation as unlikely due to the positive relation-
ship between vaccination and other PHMs. Consistent
with other research (e.g., Goldszmidt et al., 2021), we do
not observe evidence of risk compensations among par-
ticipants in our sample.

Patterns of delay discounting might also differ across
various PHMs due to the cost of engaging in protective
behaviors in the present moment (Petherick et al., 2021).
Given that mask-wearing is a relatively low-cost protec-
tive behavior, individuals may readily implement it with-
out needing to assess the short- and long-term costs and
benefits of that behavior. On the other hand, cleaning
and handwashing behaviors may be more time-consum-
ing (i.e., costly) to engage in and require an assessment
of costs and benefits (e.g., spending the time engaging
in other more enjoyable activities). Mandated physi-
cal distancing may be viewed as a higher-cost behavior
that requires one to assess costs and benefits of avoiding
interacting with others (e.g., missing an important event,
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working remotely). Additionally, it is worth noting that
various PHMs can have short- and long-term gains and
losses that may vary at an individual level, and that future
research is needed to sort out these complexities.

The mixed findings in relation to different PHMs are
consistent with previous research that indicates the
importance of distinguishing between different pro-
tective behaviors, as some of them may be differently
affected by one’s personality, demographic factors (e.g.,
Choi et al,, 2022; Maclntyre et al.,, 2021), and economic
considerations (Petherick et al., 2021). In a recent meta-
analysis, intention—behavior relationships of physical dis-
tancing, hand hygiene, and mask-wearing were assessed
(Liang et al., 2022). Although several studies reported a
positive intention—behavior relationship when it comes
to physical distancing and hand hygiene, there was a
nonsignificant intention—behavior relationship found for
mask-wearing (Liang et al., 2022). Overall, the literature
suggests that decisions to comply with different PHMs
may rely on different mechanisms and be influenced by
different factors.

The multinational nature of the sample also allowed us
to examine consistency of the relationship between delay
discounting and frequency of engaging in PHMs across
countries, helping to begin reconciling discrepancies in
previous studies and exploring other factors influenc-
ing compliance with protective behaviors (e.g., govern-
ment mandates). For example, examining the relationship
across all of the PHMs in the current study, it appears
that in Poland there is almost no association between
discounting of delayed rewards and PHM compliance,
which is consistent with previous literature (Krawiec
et al,, 2022). This discrepant finding suggests the need for
further investigation of the impact of economic and cul-
tural factors that have been previously found to influence
delay discounting on PHM compliance (Du et al.., 2002;
Ishii et al., 2016; Ruggeri et al., 2022).

Conclusion and future directions

Overall, delay discounting is a behavioral economic
measure that predicts compliance with most COVID-
related PHMs, including vaccination, cleaning and
handwashing, and, when government restrictions are in
place, physical distancing. Temporal delay of protective
benefits of PHMs may determine the direction of the
relationship between delay discounting and decisions
to engage in the PHMs. This is the first study, to our
knowledge, demonstrating the different relationships
between delay discounting and vaccination acceptance
and adherence to other protective measures within the
same sample of participants. Delay discounting may be
a useful behavioral feature to consider in constructing
future forecasting models of the spread of COVID-19, as
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the existing models have been criticized for lack of inte-
gration of behavioral measures accounting for compli-
ance with protective measures against the disease spread
(Chen et al., 2020).

Given that delay discounting is a modifiable character-
istic, future research should focus on investigating the
effectiveness of different interventions targeting delay
discounting (e.g., cuing individuals to imagine the future;
Bromberg et al,, 2017; Ciaramelli et al., 2021; Mok et al.,
2020; Rung & Madden, 2018) to improve the compliance
with various PHMs. The findings inform future policies
designed to encourage PHM compliance and reinforce
the utility of behavioral economic measures in orienting
people toward making healthier choices that have global
societal benefits. Future research would also benefit
from empirically testing nonmonetary delay discounting
when it comes to vaccination to assess whether individu-
als place greater emphasis on short-term vs. long-term
rewards.
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Human decision-making biases, particularly those that are correctable, should
be factored into approaches addressing global health crises, but are not
always considered. A near-universal tendency to choose a smaller immedi-
ate reward over a larger delayed reward, known as delay discounting, is a
promising behavioral marker of health-related behaviors. By testing a large
multi-national sample of participants during the COVID-19 pandemic, we
show that delay discounting predicts various public health measures but in
different ways. Specifically, individuals who tend to choose larger later rewards
over more immediate smaller ones are more likely to be vaccinated, but less
likely to engage in cleaning, handwashing, and (when restrictions are in place)
physical distancing. No significant association was detected between delay
discounting and frequency of mask-wearing. The results have potential impli-
cations for how to best promote engagement in different PHMs.

Author contributions

Julia G. Halilova was involved in conceptualization, data curation, formal
analysis, investigation, methodology, project administration, visualization, writ-
ing—original draft, writing—review & editing. Samuel Fynes-Clinton helped in
conceptualization, data curation, formal analysis, investigation, methodology,
project administration, writing—review & editing. Donna Rose Addis contrib-
uted to conceptualization, data curation, funding acquisition, investigation,
methodology, project administration, supervision, writing—original draft, writ-
ing—review & editing. R. Shayna Rosenbaum assisted in conceptualization,
data curation, formal analysis, funding acquisition, investigation, methodology,
project administration, supervision, writing—original draft, writing—review

& editing.

Funding
Research reported in this manuscript was funded by the Canadian Institutes
of Health Research (CIHR) Canadian 2019 Novel Coronavirus (COVID-19) Rapid

(2024) 9:38

Page 14 of 16

Research Funding Opportunity Operating Grant (Grant 172681) and the York
University-Beneva Anxiety Research Fund to R.S.R.and D.RA. DRA is sup-
ported by the Canada 150 Research Chairs Program. RS.R. is supported by a
York Research Chair in Cognitive Neuroscience of Memory.

Availability of data and materials

Anonymized, raw, and cleaned data have been deposited in a public reposi-
tory hosted by the Open Science Framework https://osf.io/nyt4g/?view_only=
7482638ff0bd4963867ed3b1d6f0833d. The materials used in this study are
either described in the method section or publicly available.

Declarations

Ethics approval and consent to participate

The research was approved by the York University and Baycrest Research Eth-
ics Boards REB# 19-07 for research with human participants, and all research
was conducted in accordance with the Declaration of Helsinki. Prior to their
participation in the study, all of the participants signed a consent form, con-
firming their willingness to participate in the research.

Consent for publication

All participants provided their consent for their anonymized data to be pre-
sented in scientific conferences, journal articles, and published on the open
access repository, Open Science Framework.

Competing interests
The authors declare no competing interests.

Received: 25 August 2023 Accepted: 3 June 2024
Published online: 18 June 2024

References

Adler,N. E, Epel, E. S, Castellazzo, G., & Ickovics, J. R. (2000). Relationship of sub-
jective and objective social status with psychological and physiological
functioning: Preliminary data in healthy, White women. Health Psychology,
19, 586-592. https://doi.org/10.1037/0278-6133.19.6.586

Agrawal, M., Peterson, J. C, Cohen, J. D, & Griffiths, T. L. (2023). Stress, intertem-
poral choice, and mitigation behavior during the COVID-19 pandemic.
Journal of Experimental Psychology: General, 152(9), 2695-2702. https://doi.
org/10.1037/xge0001417

Baker, F, Johnson, M. W., & Bickel, W. K. (2003). Delay discounting in current
and never-before cigarette smokers: Similarities and differences across
commodity, sign, and magnitude. Journal of Abnormal Psychology, 112(3),
382-392. https://doi.org/10.1037/0021-843X.112.3.382

Barlow, P, McKee, M., Reeves, A, Galea, G., & Stuckler, D. (2017). Time-discount-
ing and tobacco smoking: A systematic review and network analysis.
International Journal of Epidemiology, 46(3), 860-869. https://doi.org/10.
1093/ije/dyw233

Bates, D., Maechler, M., & Bolker, B. (2012). Ime4: Linear mixed-effects models
using 54 classes (R Package). http://cran.r-project.org/web/packages/
Ime4/index.html

Bernal, J. L, Gower, C,, Andrews, N., Public Health England Delta Variant Vaccine
Effectiveness Study Group. (2021). Effectiveness of COVID-19 vaccines
against the B.1.617.2 (Delta) variant. The New England Journal of Medicine,
385(25), €92. https://doi.org/10.1056/NEJMc2113090

Bickel, W. K., Athamneh, L. N,, Basso, J. C, Mellis, A. M., DeHart, W. B, Craft, W. H,,
& Pope, D. (2019). Excessive discounting of delayed reinforcers as a trans-
disease process: Update on the state of the science. Current Opinion in
Psychology, 30, 59-64. https://doi.org/10.1016/j.copsyc.2019.01.005

Bickel, W. K, Moody, L. N., Koffarnus, M., Thomas, J. G, & Wing, R. (2018). Self-
control as measured by delay discounting is greater among successful
weight losers than controls. Journal of Behavioral Medicine, 41(6), 891-896.
https://doi.org/10.1007/510865-018-9936-5

Bromberg, U, Lobatcheva, M., & Peters, J. (2017). Episodic future thinking
reduces temporal discounting in healthy adolescents. PLoS ONE, 12(11),
e0188079. https://doi.org/10.1371/journal.pone.0188079


https://doi.org/10.1186/s41235-024-00566-6
https://doi.org/10.1186/s41235-024-00566-6
https://osf.io/nyt4g/?view_only=7482638ff0bd4963867ed3b1d6f0833d
https://osf.io/nyt4g/?view_only=7482638ff0bd4963867ed3b1d6f0833d
https://doi.org/10.1037/0278-6133.19.6.586
https://doi.org/10.1037/xge0001417
https://doi.org/10.1037/xge0001417
https://doi.org/10.1037/0021-843X.112.3.382
https://doi.org/10.1093/ije/dyw233
https://doi.org/10.1093/ije/dyw233
http://cran.r-project.org/web/packages/lme4/index.html
http://cran.r-project.org/web/packages/lme4/index.html
https://doi.org/10.1056/NEJMc2113090
https://doi.org/10.1016/j.copsyc.2019.01.005
https://doi.org/10.1007/s10865-018-9936-5
https://doi.org/10.1371/journal.pone.0188079

Halilova et al. Cognitive Research: Principles and Implications

Byrne, K. A, Six, S. G, Anaraky, R. G, Harris, M. W,, & Winterlind, E. L. (2021). Risk-
taking unmasked: Using risky choice and temporal discounting to explain
COVID-19 preventative behaviors. PLoS ONE, 16(5), €0251073. https://doi.
0rg/10.1371/journal.pone.0251073

Cairns, J. A. (1994). Valuing future benefits. Health Economics, 3(4), 221-229.
https://doi.org/10.1002/hec.4730030404

Calluso, C,, Grande, E,, Erario, A, Tosoni, A, & Committeri, G. (2021). Effects of
individual discount rate and uncertainty perception on compliance with
containment measures during the COVID-19 pandemic. Brain Sciences,
11(10), 1256. https://doi.org/10.3390/brainsci1 1101256

Carleton, R. N, Norton, M. A, & Asmundson, G. J. (2007). Fearing the unknown:
A short version of the Intolerance of Uncertainty Scale. Journal of Anxiety
Disorders, 21(1), 105-117. https://doi.org/10.1016/j janxdis.2006.03.014

Chea, B, Bolt, A, Agelin-Chaab, M., & Dincer, I. (2021). Assessment of effective-
ness of optimum physical distancing phenomena for COVID-19. Physics
of Fluids (Woodbury, N.y.: 1994), 33(5), 051903. https://doi.org/10.1063/5.
0046429

Chen, S., Robinson, P, Janies, D., & Dulin, M. (2020). Four challenges associated
with current mathematical modeling paradigm of infectious diseases and
call for a shift. Open Forum Infectious Diseases, 7(8), ofaa333. https://doi.
0rg/10.1093/ofid/ofaa333

Choi, S. L, Martin, P, Cho, J,, Ryou, Y. J,, & Heinz, M. (2022). Personality and
compliance with COVID-19 protective measures among older Americans:
Moderating effects of age, gender, and race/ethnicity. Personality and
Individual Differences, 189, 111499. https://doi.org/10.1016/j.paid.2022.
111499

Christensen R. (2023). Ordinal—Regression models for ordinal data. R package
version 2023.12-4. https://CRAN.R-project.org/package=ordinal.

Ciaramelli, E., De Luca, F, Kwan, D., Mok, J., Bianconi, F, Knyagnytska, V.,

Craver, C, Green, L, Myerson, J,, & Rosenbaum, R. S. (2021). The role of
ventromedial prefrontal cortex in reward valuation and future thinking
during intertemporal choice. elLife, 10,067387. https://doi.org/10.7554/
elife.67387

Cutler, D. M., & Summers, L. H. (2020). The COVID-19 pandemic and the $16
trillion virus. JAMA, 324(15), 1495-1496. https://doi.org/10.1001/jama.
2020.19759

Daugherty, J. R, & Brase, G. L. (2010). Taking time to be healthy: Predicting
health behaviors with delay discounting and time perspective. Personality
and Individual Differences, 48(2), 202-207. https://doi.org/10.1016/j.paid.
2009.10.007

DeAngelis, B. N, Ben Salah, A, & al’Absi, M. (2022). Stress and COVID-19 related
behaviours: The mediating role of delay discounting. Stress and Health:
Journal of the International Society for the Investigation of Stress, 38(1),
140-146. https://doi.org/10.1002/smi.3060

Du, W, Green, L., & Myerson, J. (2002). Cross-cultural comparisons of discount-
ing delayed and probabilistic rewards. The Psychological Record, 52,
479-492. https://doi.org/10.1007/BF03395199

Green, L., & Myerson, J. (2004). A discounting framework for choice with
delayed and probabilistic rewards. Psychological Bulletin, 130(5), 769-792.
https://doi.org/10.1037/0033-2909.130.5.769

Goldszmidt, R, Petherick, A, Andrade, E. B, Hale, T, Furst, R,, Phillips, T, & Jones,
S.(2021). Protective behaviors against COVID-19 by individual vaccination
status in 12 countries during the pandemic. JAMA Network Open, 4(10),
€2131137. https//doi.org/10.1001/jamanetworkopen.2021.31137

Halilova, J. G, Fynes-Clinton, S., Green, L., Myerson, J,, Wu, J,, Ruggeri, K., Addis,
D. R, & Rosenbaum, R. S. (2022). Short-sighted decision-making by those
not vaccinated against COVID-19. Scientific Reports, 12(1), 11906. https://
doi.org/10.1038/541598-022-15276-6

Hudson, A, Hall, P A, Hitchman, S. C, Meng, G., & Fong, G.T. (2022). Cognitive
predictors of COVID-19 mitigation behaviors in vaccinated and unvac-
cinated general population members. Vaccine. https://doi.org/10.1016/j.
vaccine.2022.10.004

Ishii, K, Gang, L, &Takahashi, T. (2016). Cross-cultural comparisons of delay
discounting of gain and loss. Neuroendocrinology Letters, 37(6), 427-432.

Krawiec, J. M., Mizak, S, Tagliabue, M., & Biataszek, W. (2022). Delay discounting
of money and health outcomes, and adherence to policy guidelines dur-
ing the COVID-19 pandemic. Frontiers in Public Health, 10, 953743. https://
doi.org/10.3389/fpubh.2022.953743

Kroenke, K, Spitzer, R. L, & Williams, J. B. (2001). The PHQ-9: Validity of a brief
depression severity measure. Journal of General Internal Medicine, 16(9),
606-613. https://doi.org/10.1046/j.1525-1497.2001.016009606.x

(2024) 9:38

Page 150f 16

Kuznetsova, A, Brockhoff, P. B., & Christensen, R. H. B. (2017). ImerTest Package:
Tests in linear mixed effects models. Journal of Statistical Software, 82(13),
1-26. https://doi.org/10.18637/jss.v082.i13

Liang, W, Duan, Y, Li, F, Rhodes, R. E, Wang, X,, Peiris, D. L. I. H. K, Zhou, L,
Shang, B, Yang, Y., Baker, J. S, Jiao, J, & Han, W. (2022). Psychosocial deter-
minants of hand hygiene, facemask wearing, and physical distancing
during the COVID-19 pandemic: A systematic review and meta-analysis.
Annals of Behavioral Medicine, 56(11), 1174-1187. https://doi.org/10.1093/
abm/kaac049

Lloyd, A, McKay, R, Hartman, T. K., Vincent, B. T, Murphy, J., Gibson-Miller, J,,
Levita, L, Bennett, K, McBride, O, Martinez, A. P, Stocks, T. V. A, Valliéres,
F, Hyland, P, Karatzias, T, Butter, S,, Shevlin, M., Bentall, R. P, & Mason,

L. (2021). Delay discounting and under-valuing of recent information
predict poorer adherence to social distancing measures during the
COVID-19 pandemic. Scientific Reports, 11(1), 19237. https://doi.org/10.
1038/541598-021-98772-5

Maclntyre, C. R, Nguyen, P.Y, Chughtai, A. A, Trent, M., Gerber, B,, Steinhofel,
K., & Seale, H. (2021). Mask use, risk-mitigation behaviours and pandemic
fatigue during the COVID-19 pandemic in five cities in Australia, the
UK and USA: A cross-sectional survey. International Journal of Infectious
Diseases, 106, 199-207. https://doi.org/10.1016/j.ijid.2021.03.056

Mantzari, E., Rubin, G. J., & Marteau, T. M. (2020). Is risk compensation threaten-
ing public health in the covid-19 pandemic? BMJ (clinical Research Ed.),
370, m2913. https://doi.org/10.1136/bmj.m2913

Marjanovic, Z, Struthers, C. W,, Cribbie, R, & Greenglass, E. R. (2014). The
conscientious responders scale: A new tool for discriminating between
conscientious and random responders. Sage Open, 4(3). https://doi.org/
10.1177/2158244014545964

Marin-Lopez, B. A, Jimenez-Gomez, D., & Abelldn-Perpifdn, J. M. (2022). Behav-
joral economics in the epidemiology of the COVID-19 pandemic: Theory
and simulations. International Journal of Environmental Research and Public
Health, 19(15), 9557. https://doi.org/10.3390/ijerph 19159557

Mathieu E,, Ritchie H., Rodés-Guirao L., Appel C, Giattino C,, Hasell J,, Mac-
donald B, Dattani S, Beltekian D., Ortiz-Ospina E., & Roser M. (2020).
Coronavirus Pandemic (COVID-19). Published online at OurWorldInData.
org. Retrieved from: https://ourworldindata.org/coronavirus [Online
Resource]

Mladenovi¢, D, Jirdsek, M., Ondracek, T, Opatrna, Z., & Stangové, R. (2023). The
influence of social conformity on mask-wearing behavior during the
COVID-19 pandemic. Heliyon, 9(3), €14496. https://doi.org/10.1016/j.heliy
on.2023.e14496

Mok, J. N. Y, Kwan, D., Green, L., Myerson, J,, Craver, C. F, & Rosenbaum, R. S.
(2020). Is it time? Episodic imagining and the discounting of delayed and
probabilistic rewards in young and older adults. Cognition, 199, 104222.
https://doi.org/10.1016/j.cognition.2020.104222

Moreira, D., & Barbosa, F. (2019). Delay discounting in impulsive behavior: A
systematic review. European Psychologist, 24(4), 312-321. https://doi.org/
10.1027/1016-9040/a000360

Myerson, J, Green, L., & Warusawitharana, M. (2001). Area under the curve as
a measure of discounting. Journal of the Experimental Analysis of Behavior,
76(2), 235-243. https://doi.org/10.1901/jeab.2001.76-235

Odum, A. L, Becker, R. J,, Haynes, J. M., Galizio, A, Frye, C. C. J,, Downey, H., Frie-
del, J.E, &Perez, D. M. (2020). Delay discounting of different outcomes:
Review and theory. Journal of the Experimental Analysis of Behavior, 113(3),
657-679. https://doi.org/10.1002/jeab.589

Petherick, A, Goldszmidt, R, Andrade, E. B., Furst, R, Hale, T, Pott, A, &

Wood, A. (2021). A worldwide assessment of changes in adherence to
COVID-19 protective behaviours and hypothesized pandemic fatigue.
Nature Human Behaviour, 5(9), 1145-1160. https://doi.org/10.1038/
$41562-021-01181-x

Read, D., & Read, N. L. (2004). Time discounting over the lifespan. Organiza-
tional Behavior and Human Decision Processes, 94(1), 22-32. https://doi.
0rg/10.1016/j.0bhdp.2004.01.002

Robles, E., Huang, B. E., Simpson, P. M., & McMillan, D. E. (2011). Delay discount-
ing, impulsiveness, and addiction severity in opioid-dependent patients.
Journal of Substance Abuse Treatment, 41(4), 354-362. https://doi.org/10.
1016/j.jsat.2011.05.003

Ruggeri, K, Panin, A, Vdovic, M., Veckalov, B., Abdul-Salaam, N., Achterberg, J.,
& Garcia-Garzon, E. (2022). The globalizability of temporal discounting.
Nature Human Behaviour, 6(10), 1386-1397. https://doi.org/10.1038/
s41562-022-01392-w


https://doi.org/10.1371/journal.pone.0251073
https://doi.org/10.1371/journal.pone.0251073
https://doi.org/10.1002/hec.4730030404
https://doi.org/10.3390/brainsci11101256
https://doi.org/10.1016/j.janxdis.2006.03.014
https://doi.org/10.1063/5.0046429
https://doi.org/10.1063/5.0046429
https://doi.org/10.1093/ofid/ofaa333
https://doi.org/10.1093/ofid/ofaa333
https://doi.org/10.1016/j.paid.2022.111499
https://doi.org/10.1016/j.paid.2022.111499
https://CRAN.R-project.org/package=ordinal
https://doi.org/10.7554/eLife.67387
https://doi.org/10.7554/eLife.67387
https://doi.org/10.1001/jama.2020.19759
https://doi.org/10.1001/jama.2020.19759
https://doi.org/10.1016/j.paid.2009.10.007
https://doi.org/10.1016/j.paid.2009.10.007
https://doi.org/10.1002/smi.3060
https://doi.org/10.1007/BF03395199
https://doi.org/10.1037/0033-2909.130.5.769
https://doi.org/10.1001/jamanetworkopen.2021.31137
https://doi.org/10.1038/s41598-022-15276-6
https://doi.org/10.1038/s41598-022-15276-6
https://doi.org/10.1016/j.vaccine.2022.10.004
https://doi.org/10.1016/j.vaccine.2022.10.004
https://doi.org/10.3389/fpubh.2022.953743
https://doi.org/10.3389/fpubh.2022.953743
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.1093/abm/kaac049
https://doi.org/10.1093/abm/kaac049
https://doi.org/10.1038/s41598-021-98772-5
https://doi.org/10.1038/s41598-021-98772-5
https://doi.org/10.1016/j.ijid.2021.03.056
https://doi.org/10.1136/bmj.m2913
https://doi.org/10.1177/2158244014545964
https://doi.org/10.1177/2158244014545964
https://doi.org/10.3390/ijerph19159557
https://ourworldindata.org/coronavirus
https://doi.org/10.1016/j.heliyon.2023.e14496
https://doi.org/10.1016/j.heliyon.2023.e14496
https://doi.org/10.1016/j.cognition.2020.104222
https://doi.org/10.1027/1016-9040/a000360
https://doi.org/10.1027/1016-9040/a000360
https://doi.org/10.1901/jeab.2001.76-235
https://doi.org/10.1002/jeab.589
https://doi.org/10.1038/s41562-021-01181-x
https://doi.org/10.1038/s41562-021-01181-x
https://doi.org/10.1016/j.obhdp.2004.01.002
https://doi.org/10.1016/j.obhdp.2004.01.002
https://doi.org/10.1016/j.jsat.2011.05.003
https://doi.org/10.1016/j.jsat.2011.05.003
https://doi.org/10.1038/s41562-022-01392-w
https://doi.org/10.1038/s41562-022-01392-w

Halilova et al. Cognitive Research: Principles and Implications (2024) 9:38

Ruggeri, K., Stock, F, Haslam, S. A., Capraro, V., Boggio, P, Ellemers, N., & Willer,
R. (2024). A synthesis of evidence for policy from behavioural science
during COVID-19. Nature, 625(7993), 134-147. https://doi.org/10.1038/
541586-023-06840-9

Rung, J. M., & Madden, G. J. (2018). Experimental reductions of delay discount-
ing and impulsive choice: A systematic review and meta-analysis. Journal
of Experimental Psychology. General, 147(9), 1349-1381. https://doi.org/10.
1037/xge0000462

Scholten, H,, Scheres, A, de Water, E,, Graf, U,, Granic, ., & Luijten, M. (2019).
Behavioral trainings and manipulations to reduce delay discounting:

A systematic review. Psychonomic Bulletin & Review, 26(6), 1803-1849.
https://doi.org/10.3758/513423-019-01629-2

Szczuka, Z., Siwa, M., Abraham, C, Baban, A, Brooks, S., Cipolletta, S., Danso,

E., Dombrowski, S. U, Gan, Y, Gaspar, T, Gaspar de Matos, M., Griva, K.,
Jongenelis, M, Keller, J, Knoll, N., Ma, J., Abdul Awal Miah, M., Morgan, K.,
Peraud, W, ... Luszczynska, A. (2023). Handwashing adherence during
the COVID-19 pandemic: A longitudinal study based on protection
motivation theory. Social Science & Medicine, 317, 115569. https://doi.org/
10.1016/j.s0cscimed.2022.115569

Smith, M. L, Kakuhikire, B, Baguma, C,, et al. (2019). Relative wealth, subjective
social status, and their associations with depression: Cross-sectional,
population-based study in rural Uganda. SSM - Population Health, 8,
100448. https://doi.org/10.1016/j.5smph.2019.100448

Spitzer, R. L., Kroenke, K., Williams, J. B, & Lowe, B. (2006). A brief measure for
assessing generalized anxiety disorder: The GAD-7. Archives of Internal
Medicine, 166(10), 1092-1097. https://doi.org/10.1001/archinte.166.10.
1092

Staunton, C, Swanepoel, C, & Labuschaigne, M. (2020). Between a rock and a
hard place: COVID-19 and South Africa’s response. Journal of Law and the
Biosciences, 7(1), Isaa052. https://doi.org/10.1093/jlb/Isaa052

Strickland, J. C, Reed, D. D,, Dayton, L., Johnson, M. W, Latkin, C, Schwartz, L. P,
& Hursh, S. R. (2022). Behavioral economic methods predict future COVID-
19 vaccination. Translational Behavioral Medicine, 12(10), 1004-1008.
https://doi.org/10.1093/tbm/ibac057

Sun, K. S, Lau, T. S. M, Yeoh, E. K, Chung, V. C. H, Leung, Y. S,, Yam, C. H. K, &
Hung, C.T. (2022). Effectiveness of different types and levels of social
distancing measures: A scoping review of global evidence from earlier
stage of COVID-19 pandemic. British Medical Journal Open, 12(4), e053938.
https://doi.org/10.1136/bmjopen-2021-053938

Torgerson, D. J,, & Raftery, J. (1999). Economic Notes. Discounting. BMJ (clinical
Research Ed.), 319(7214), 914-915. https;//doi.org/10.1136/bmj.319.7214.
914

Wismans, A, Letina, S, Wennberg, K, Thurik, R., Baptista, R, Burke, A, Dejardin,
M., Janssen, F, Santarelli, E, Torrés, O, & Franken, I. (2021). The role of
impulsivity and delay discounting in student compliance with COVID-19
protective measures. Personality and Individual Differences, 179, 110925.
https://doi.org/10.1016/j.paid.2021.110925

World Health Organization. (n.d.). Vaccines and immunization. In World Health
Organization Health Topics. Retrieved June 8, 2023, from https://www.
who.int/health-topics/vaccines-and-immunization#tab=tab_1

Wu, T, Jia, X, Shi, H.,, Niu, J,, Yin, X, Xie, J, & Wang, X. (2021). Prevalence of men-
tal health problems during the COVID-19 pandemic: A systematic review
and meta-analysis. Journal of Affective Disorders, 281, 91-98. https://doi.
0rg/10.1016/}jad.2020.11.117

Zhang, S. X, & Chen, J. (2021). Scientific evidence on mental health in key
regions under the COVID-19 pandemic - meta-analytical evidence from
Africa, Asia, China, Eastern Europe, Latin America, South Asia, Southeast
Asia, and Spain. European Journal of Psychotraumatology, 12(1), 2001192.
https://doi.org/10.1080/20008198.2021.2001192

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 16 of 16


https://doi.org/10.1038/s41586-023-06840-9
https://doi.org/10.1038/s41586-023-06840-9
https://doi.org/10.1037/xge0000462
https://doi.org/10.1037/xge0000462
https://doi.org/10.3758/s13423-019-01629-2
https://doi.org/10.1016/j.socscimed.2022.115569
https://doi.org/10.1016/j.socscimed.2022.115569
https://doi.org/10.1016/j.ssmph.2019.100448
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1093/jlb/lsaa052
https://doi.org/10.1093/tbm/ibac057
https://doi.org/10.1136/bmjopen-2021-053938
https://doi.org/10.1136/bmj.319.7214.914
https://doi.org/10.1136/bmj.319.7214.914
https://doi.org/10.1016/j.paid.2021.110925
https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1
https://www.who.int/health-topics/vaccines-and-immunization#tab=tab_1
https://doi.org/10.1016/j.jad.2020.11.117
https://doi.org/10.1016/j.jad.2020.11.117
https://doi.org/10.1080/20008198.2021.2001192

	Assessing the relationship between delay discounting and decisions to engage in various protective behaviors during COVID-19
	Abstract 
	Introduction
	Method
	Participants
	Measures
	PHMs during COVID-19
	Delay discounting task
	Demographic questionnaire
	Psychological distress index
	Intolerance of uncertainty scale (IUS-12)
	Attention checks


	Results
	Vaccination
	Cleaning
	Physical distancing
	Mask-wearing

	Discussion
	Conclusion and future directions
	References


