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Modelling pandemic behaviour
using an economic multiplayer
game
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During a pandemic, isolating oneself from the community limits viral transmission and helps avoid
repeated societal lockdowns. This entails a social dilemma—either distance oneself from others for
the benefit of the public good or free-ride and enjoy the benefits of freedom. It is not yet understood
how the unfamiliar incentive structure and interpersonal context presented by a pandemic together
modulate individuals’ approach to this social dilemma. In this preregistered study, we take a game-
theoretical approach and investigate people’s decisions to self-isolate, using a novel iterated
multiplayer game designed to capture the decision-making environment in the pandemic. To elucidate
players’ thinking, we use a variation of the strategy method and elicit beliefs about how much others
will self-isolate. Players tend to respond to social norms with abidance, rather than transgression;
they resist the temptation to freeride when others are self-isolating. However, they deal with
exponential growth poorly, as they only self-isolate sufficiently when lockdowns are imminent.
Further, increased collective risk can motivate more self-isolation, even though the link between
self-isolation and lockdowns is stochastic. Players underreport the influence of others’ choices on
their own, and underestimate others’ self-isolation. We discuss implications for public health, and
communication to the public.

Achieving high levels of protective behaviours during a major health crisis such as the COVID-19 pandemic
has proven difficult in many countries. Adopting protective behaviours, like staying home when it is feasible to
do so, carries substantial individual costs, whereas benefits apply to both the individual and the larger society’.
Decisions on isolating oneself by staying home thus constitute a social dilemma?~*. Due to this conflict between
interests of the individual and the collective, many countries had to enforce ‘lockdowns’ with enforceable stay-
at-home orders as high disease prevalence put strain on healthcare systems.

It is not yet known if patterns of behaviour expected in non-pandemic settings also occur in the unusual
incentive structure and social context of a pandemic, nor whether that unfamiliar setting modulates attempts to
resolve the social dilemma in unexpected ways. Here we study how people make decisions about self-isolation
during a pandemic scenario under the threat of lockdown, and look for areas of improvement for increasing
the willingness to self-isolate and avoid future lockdowns. We are interested in how people react to two types of
informational inputs: situational cues that signal the current viral transmission status and incentive structure
changes, and social cues that reveal dominant behaviour patterns.

Studying determinants of protective behaviour during a pandemic. We may try answering ques-
tions about the willingness to self-isolate through the use of cross-sectional surveys or longitudinal studies.
There has been a proliferation of research in this area, which has brought many insights. However, drawing
inferences on what drives behaviour from survey data is challenging considering the likely prevalence of recall
bias®, social desirability bias®~®, potential confounds, and difficulty in dissociating causality from correlation.
Likewise, using observational data on behaviour is often marred with privacy concerns, especially when it comes
to personal information like someone’s health status.

Instead, we may turn to previous social psychology literature on how humans cooperate, and how they cre-
ate and respond to social norms'®'% social norms are powerful drivers of behaviour, especially when people
are unsure of the right course of action, thus predicting high levels of conformity in a pandemic. Although it
is also clear that while some act in accordance with social norms, many act in their self-interest'*. We may also
conjecture that because people are suggested to suffer from exponential growth bias'* (people are, for example,
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not good at predicting the next number in an exponentially growing sequence of numbers, but see'®), they may
be unwilling to make costly sacrifices for public health when the caseload is still low. However, the COVID-19
pandemic has created a novel, unfamiliar situation for individuals and groups, and it is not clear how those
tendencies ceteris paribus apply to the unique and unprecedented realities of the pandemic.

Economic games are well-suited to address questions about the determinants of willingness to self-isolate,
and the effects of environmental changes because of the controlled setting in which behaviour is studied. At the
same time, simply drawing inferences from existing context-free economic games carries the risk of failing to
account for the unusual but ubiquitous circumstances of the pandemic. For instance, the stochastic link between
behaviour (e.g., self-isolation) and the consequences to that behaviour (e.g., lockdowns) might introduce different
choice patterns because it leaves more room for the influence of social norms and beliefs about others’ actions. In
addition, the initial exponential stage of disease growth, paired with the influence of superspreader events, makes
individuals’ decisions more influential than in traditional multiplayer games such as the public goods game. To
deal with generalisability issues, the literature on economic games has broadened and is now rich with studies
tailoring games to specific contexts, such as public goods provision in competing teams'®, contributions to combat
climate change'’, building a dam to prevent flooding when there are private solutions available'®. We contribute
to this line of research with a game specifically designed to study the self-isolating behaviours in a pandemic.

In this study, we aim to investigate people’s willingness to self-isolate, through the use of a novel context-
specific economic game. The game mimics the incentive structure of the pandemic, where self-isolation is costly
but benefits the collective through decreased frequency or avoidance of lockdowns. The virus spreads exponen-
tially, depending on whether infected players and non-infected players self-isolate. Naturally, our game provides
a simplified view of the realities of an infectious disease outbreak; two notable simplifications are that individuals
do not incur the costs of being infected and that participants do not know when they are infected. This allows us
to focus on players’ responses to collective costs, rather than the individual cost of the disease.

We constructed this game to find out whether the incentive structure is sufficient to produce behaviour pat-
terns that fit with the observations in the COVID-19 pandemic, and to ascertain how dynamically changing
situational and social cues influence this behaviour. Important behaviour patterns that we tried to reproduce
include the fact that people have been unable to avoid high disease prevalence and lockdowns without interven-
tion, with nevertheless sustained willingness to self-isolate over time (as witnessed with the lack of “behavioural
fatigue”'?). To gain deeper insight into people’s responses to situational and social cues, the game uses a variation
to the strategy method?®, where participants indicate how much they would self-isolate in hypothetical scenarios
and reveal their beliefs about what others will do in the next round.

The Self-Isolation Game presented here is thus related to, but contrasts with both existing context-free, classi-
cal games and games tailored to other specific scenarios. This game uses the advantages of economic games and
applies them to the context of the pandemic to shed light on how individuals cooperate and behave to protect
their interests as well as those of the broader social (public) good. Having participants operate under unfamiliar
transmission dynamics, with a stochastic link between choices and outcomes, allows for a better understand-
ing of what drives behaviour during infectious disease outbreaks and improves our ability to gauge the effect of
manipulations in the environment.

Phenomena of interest. The current gaps in knowledge on the motivating factors for people’s willingness
to self-isolate that we investigate here, consist of the following four points. First, our game allows us to determine
how people perceive and respond to descriptive social norms in their willingness to self-isolate, and whether
they realise the influence these norms have. Descriptive social norms of high self-isolation levels could stimu-
late conformity’’, which usually takes the form of conditional cooperation in economic games?' -2, although
descriptive social norms are less effective in regulatory contexts of prevention®, such as in a pandemic. Thus,
descriptive social norms may promote norm transgression instead; people are tempted because when others are
self-isolating, they think they can go out without getting or spreading the disease.

Second, with the use of our game, we assess whether people can deal with the exponential growth of viral
transmission appropriately. People tend to underestimate how fast COVID-19 cases grow, imagining they grow
linearly—known as exponential growth bias?***—which may inhibit people from self-isolating effectively because
it limits their capacity to see the danger in low case numbers. If there is a link between exponential growth bias
and behaviour, then we should expect that people respond only to relatively high case numbers.

Third, insights from our paradigm can contribute to research on the reliability of behavioural self-report
measures during a pandemic, including the potential interference of social desirability bias®®*. While the flaws
in self-report data have been widely documented, studies using behavioural self-report measures are still over-
represented in the pandemic-behaviour literature. Considering that the unfamiliarity of the pandemic context
may interact with response biases in new ways, it is important to gain more insight into how self-reports deviate
from actual behaviour.

Lastly, we investigate whether increased costliness of the collective risk motivates more self-isolation behav-
iour when there is a stochastic link between behaviour and outcome (i.e., one individual’s action does not
automatically translate to viral transmission or lockdown), and compare this to income maximising behaviour,
as derived from simulations.

We conduct simulations to identify what a profit maximising player would do for various levels of others’
compliance, and different levels of disease prevalence. A profit maximising player would always defect (not
self-isolate at all), regardless of others’ self-isolation levels, but the simulations reveal that defection becomes
relatively more attractive when self-isolation levels in the group are high. Further, a profit maximiser would see no
reason to increase their self-isolation when faced with increasing disease prevalence. Considering the substantial
compliance with public health restrictions observed during the COVID-19 pandemic, we expect to find players
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adopting more cooperative strategies. Therefore, we aim to see if and how players’ behaviour deviates from this
profit maximising strategy while addressing the four gaps in knowledge mentioned above.

Predictions. We preregistered several predictions on people’s behaviour in the Self-Isolation Game, each of
which speaks to the above phenomena of interest. For ease of presentation here, the ordering of the predictions
differs from the ordering in the preregistration, as follows: H2, H3a, H3b in the present text are H3, H2i and H2ii
in the preregistration, respectively.

Considering the game’s modelling of the exponential spread of the virus, the least costly way to avoid lock-
downs would be to self-isolate to a high degree early on, when there are few infected players (for details, see
Methods). We therefore predicted that (H1) players will be unable to deal with exponential growth, and self-isolate
sufficiently only when it is too late—when there are several infected players in the group. That is, they do not
account for exponential growth properly: they forfeit income even when it would be fairly inconsequential to
defect because a lockdown is increasingly inevitable with more players being infected.

For the accuracy of beliefs about others’ behaviour, we predicted that (H2) players will believe that others
will self-isolate more when there are more infected players in the group. In an exploratory analysis, we also
assess whether participants suffer from illusory superiority (also called the better-than-average-effect, referring
to the tendency to regard one€’s own qualities and attributes as superior to others?’), where they believe others
will self-isolate less than they will themselves. We found this tendency in self-reports on staying home during a
lockdown?®®. Illusory superiority is relevant in a disease outbreak context because it is known to hamper inter-
personal adjustment, and it has been speculated to increase risk taking?®’.

Our game bears resemblances to the volunteer dilemma?® and the step-level public goods game®’, where
a sufficient number of players needs to cooperate to produce some binary public good (here: the lack of lock-
downs). In contrast to games such as the prisoners dilemma, trust games, and ultimatum bargaining, coopera-
tion and defection tend to coexist in the equilibrium. Therefore, we predicted that (H3a) players will self-isolate
less when they believe that others will self-isolate more because defection is least consequential when others
are self-isolating rigorously. We also predicted that (H3b) players will report that they would self-isolate less in
hypothetical scenarios where others self-isolate more (i.e., we predict that norm transgression tendencies from
H3a are reflected in their hypothetical responses).

We reasoned that people would exhibit social desirability bias, and thus we evaluate whether players’ self-
reports in hypothetical scenarios indicate higher levels of self-isolation than what players actually choose during
their incentivised trials; we predicted that (H4) players will indicate higher levels of self-isolation in hypothetical
scenarios than in the subsequent actual (incentivised) trials.

Investigating whether a collective risk can motivate larger contributions even when there is a stochastic link
between behaviour and outcomes, we predicted that (H5) costlier lockdowns lead to higher self-isolation levels.
If lockdowns are costlier, then the benefit of self-isolation increases, and thus we should find that people respond
to this by self-isolating more. But the probabilistic influence of self-isolation on disease prevalence may cause
players to feel that whether a lockdown occurs or not is out of their control, which makes this worth investigating.

Materials and methods

Participants. The final sample consisted of 134 participants: 57 (42.5%) males, 76 (56.7%) females, and 1
(0.7%) indeterminate/intersex/unspecified with a mean age of 35.5 (SD=12.0). Participants were required to be
fluent in English, residents of the UK. Participants were excluded before completion of the experiment if they
were diagnosed with dyslexia, dyspraxia, attention deficit hyperactivity disorder, or if they had trouble reading
for any reason (including uncorrected abnormal vision).

The data collection was completed between 20 and 23 January 2021 via the Prolific online research participant
database. At this stage in the COVID-19 pandemic, the UK was on the cusp of 100.000 COVID-related deaths,
and two weeks earlier the National Health Service (NHS) England’s national medical director urged people to
physically distance because the NHS was under extreme pressure. The country was in lockdown without a clear
end date. In addition, 3.07% of participants reported they had received a positive COVID-19 diagnosis.

The experiment was divided into 14 sessions with 11 participants each, for an initial total of 154 participants.
The minimum group size after exclusions per session was eight. Any sessions that did not meet the cut-oft were
excluded from data analysis. 20 participants were excluded, most of whom dropped out while waiting for the
experiment to start (19), 1 participant provided low effort data by missing too many responses. We departed
from the preregistration here. We stated that we would discard data on a particular DV for participants who
provided the same responses in 95% of the rounds for that DV. Seeing as there are legitimate reasons to respond
the same each round, we did not go through with this exclusion procedure. Instead, if participants’ pages timed
out in 30% of the rounds or more, their data was excluded.

Participants were paid £2.00, with a bonus of £0.20 for every 100 points (the endowment for each round).
There were 40 rounds, so participants could accrue a maximum of £10. All participants provided informed con-
sent as approved by the Monash University Human Research Ethics Committee (Project ID: 26499).

Apparatus. This experiment was an online study, and participants were asked not to use mobile devices. No
default options were used for any of the questions, and the options were always presented left to right in increas-
ing order to avoid any confusion. The pages had timeout timers that would only appear when time was running
out. This was done to streamline the experiment and make long waiting times unlikely while limiting the effect
on the participants.
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Figure 1. A trial-level schematic of the game from the players’ point of view.

Procedure. Participants began the study by completing a short questionnaire, stating their age, their sex,
whether they had tested positive for COVID-19 in the past, and in which region within the UK they resided
(i.e., England, Scotland, Wales, or Northern Ireland). Further, as an attention check, they were asked which city
was not a city in the US, with the list including Tokyo, but with a subheading that read: “Regardless of the right
answer, please select Chicago”. The attention check was not preregistered, but was added to flag submissions for
more careful review. We could not find any reason to exclude the participants who failed the attention check,
and found that excluding them would make little difference to the results (see Supplementary Materials for
additional information, and a secondary analysis without these participants in the sample). Afterwards, they
were presented with an introduction and instructions on how to play the game, which was created using oTree’'.

Participants were made aware that a randomly selected player in the group was infected with COVID-19 and
that they could spread it to other players in the group. They did not know who this ‘patient zero’ was, and were
told that they could be patient zero themselves. Additionally, they would not know whether they were infected
at any point, nor would they experience a decrease in income if they got infected. When six players were infected
with the virus, the group would go into lockdown for two rounds, costing either 60 or 90 points per round, in the
Low Cost and High Cost conditions, respectively. After alockdown, a new patient zero was randomly selected.
Players were notified that they were playing to get points and that to do this they could avoid lockdowns by
reducing viral transmission through self-isolation (see instructions here https://osf.io/tr6y3/?view_only=aa314
332c12c45548484ac084feed2f0).

In each round, the game required several responses from the participants; if one of the pages timed out before
they responded, they were not paid for the round. First, we implemented a variation to the strategy method: to see
how players would respond to different levels of self-isolation in the group, players were asked “If you knew what
the average self-isolation level of the others in the group was in this round, how much would you self-isolate?”,
with five sub-questions reading: “If the group self-isolation average were—[insert level]”. Thus, each of these
sub-questions presents a different hypothetical scenario (hereafter: others’ self-isolation in scenario). For each
sub-question, the response could be one of 5 self-isolation levels: not at all, slightly, moderately, stringently, or
completely (hereafter: hypothetical self-isolation). Second, participants would provide their response to “On aver-
age, how much do you think others will self-isolate in this round?”, choosing one of the aforementioned options
(hereafter: beliefs about others’ behaviour). Last, they answered: “How much do you actually want to self-isolate
in this round?”, emphasising that this response would be incentivised (hereafter: incentivised self-isolation, see
below). See Fig. 1 for the flow of the experiment from the participants’ point of view.
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Figure 2. The costs and a demonstration of the viral transmission in the game. Participants all get 100 points of
endowment in each (non-lockdown) round. They are then given a chance to choose their level of self-isolation
to a maximum of 40% of their income, leaving minimally 60 points. This case depicts a scenario with only

one infected player who does not self-isolate at all (at the bottom of the group, in red). Players who aren’t yet
infected and do not self-isolate at all have 100% chance of getting infected, whereas players who self-isolate
moderately (20% of endowment sacrificed) have 50% chance to get infected. The different self-isolation levels
are indicated by differences in circles around the players (e.g., the green solid line is complete self-isolation (40%
of endowment sacrificed), the dark orange dashed circle is slight self-isolation (10% of endowment)).

Participants’ endowment was 100 points in each round and they could sacrifice a part of their income by
selecting one of the following options: sacrifice no points by choosing the self-isolation level “Not at all’, sacrifice
10% (i.e., 10 points) to slightly self-isolate, 20% to moderately self-isolate, 30% to stringently self-isolate, or 40%
to completely self-isolate. Participants were not made aware of how much the self-isolation would decrease the
chance of transmission (because this is also not the case in the real world).

The transmission chance was determined through a stochastic process: if an infected player and a healthy
player would not self-isolate at all in the same round, then the chance of transmission would be 100%, while
if one of them would self-isolate moderately, this would be reduced to 50%. For example, if an infected player
would self-isolate moderately, but a healthy player would not self-isolate at all, then the chance of the infected
player transmitting the virus to the other player would be 50%. See Fig. 2 for the dynamics of transmission and
the by-trial process.

Participants were all subjected to both lockdown cost conditions, and the order of presentation was coun-
terbalanced. After 20 rounds in the initial lockdown cost condition, halfway through the experiment, either
High Cost or Low Cost, participants were shown a message stating the new lockdown cost regime. The Low
Cost condition was set to 60 points because it would equate incomes of groups where every member is com-
pletely self-isolating (i.e., for three rounds: 3*60 points), and not self-isolating at all (i.e., for three rounds: 100
points +2*40 points in lockdown). The High Lockdown Cost condition was chosen to provide a strong contrast
to this situation where not self-isolating resulted in efficiency loss; providing only 2/3 of the income of a fully
self-isolating group (100 +2*10). The range of outcomes for participants was, then, £4.98 (complete self-isolation
and maximum number of lockdowns) and £10 (no self-isolation and no lockdowns).

After players entered their choices, they were presented with essential information regarding the results of
that round. Specifically, they were shown: how much they had earned (i.e., endowment—self-isolation cost, or
lockdown endowment); average self-isolation of others, as a percentage of complete self-isolation; how many
infected players there were, and how many players there were in the group; their cumulative earnings in points.
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The presented information during the various participant inputs was held constant, and so participants were
always shown how many infected players there were in the group, and what the cost of a lockdown would be if
it were to occur after that round. For further details of the procedure, see Supplementary Materials.

Analysis. Simulations. To compare participants’ behaviour to profit maximising strategies we simulated
the income generated by adopting different strategies along the empirical boundaries of the game. We vary other
players’ cooperativeness from complete defection (all other players select ‘no self-isolation’ in each round), to
complete cooperation (all other players select ‘complete self-isolation’ in each round). We first simulated the
game’s outcomes for the five possible static strategies, where the fictional player of interest maintains the same
level of self-isolation throughout the game, among the changing environment of the other 10 players’ coopera-
tiveness. For all strategies, income drops strongly as others become less cooperative. However, under both levels
of lockdown cost, and the different levels of cooperativeness of the group, less self-isolation is more profitable.

In addition, we modelled the performance of dynamic strategies whereby players increase or decrease their
level of self-isolation when infections rise. The fictional player of interest starts by choosing moderate self-
isolation in every round but will either increase their self-isolation to complete self-isolation (‘Moderate to
Complete’ strategy), or decrease it to no self-isolation (‘Moderate to None’ strategy) when there are more than
two infections in the group. We compare this to the static ‘Moderate Cooperator’ strategy, where the player always
chooses moderate self-isolation in each round.

Preregistered analyses. Based on the within-subjects design with only one manipulated variable (lockdown
cost, with two levels), and various observed variables, we opted for a linear mixed modelling approach, which
allowed for the controlling of the dependence between observations. There were three dependent variables (DV):
incentivised self-isolation, hypothetical self-isolation, and beliefs about others’ behaviour. There were three other
independent variables (IV) of interest: the cost of lockdown, the number of infections in the group, and the self-
isolation of others in hypothetical scenarios. Other observed variables were used as control variables, these were:
the round in which the observations were made and the average self-isolation of others in the previous round.

A linear mixed model (LMM) was used to analyse the effects of the number of infected players (H1) and
beliefs about others’ self-isolation (H3a) on incentivised self-isolation. In this model, the DV was incentivised
self-isolation, and the IVs were the number of infections, the self-isolation of others in the previous round, peo-
ple’s beliefs about others’ self-isolation, and the round number. The model included participants as a random
intercept and the round number as a random slope.

Another LMM was used to analyse the effects of the number of infections on beliefs about others’ self-isolation
(H2). In this model, the DV was beliefs about others’ self-isolation, the IVs were the round number, the number
of infections, the self-isolation of others in the previous round. The model also included the participants’ IDs as
the random intercept and the round number as the random slope. A third LMM was used to analyse the effects
of others’ self-isolation in a scenario on self-reported hypothetical self-isolation (H3b). In this model, the DV
was hypothetical self-isolation, and the IVs were the round number, the number of infections, the self-isolation
of others in the previous round, and others’ self-isolation in the scenario. The model also included participants’
IDs as the random intercept and the round number as the random slope.

A Wilcoxon Signed Rank (WSR) test was used to measure the difference between hypothetical self-isolation
and incentivised self-isolation (H4). Here we averaged self-isolation for each category (i.e., hypothetical or
incentivised trials) per participant, such that each participant had one observation in each category. Only the
hypothetical scenario was used that the participant believed would happen (e.g., when the participant indicated
they believed others would choose moderate self-isolation levels, then that hypothetical self-isolation response
would be used for this analysis). To measure the effect of the cost of lockdown on incentivised self-isolation (H5),
we also used a WSR test. The WSR test was used in these instances because the tests are designed to only detect
a main effect, disregarding any interactions.

Analyses were conducted using R*, mainly relying on the “afex” package® and the “emmeans” package®.
Results were considered significant based on a false discovery rate adjusted a of 0.05.

Exploratory analysis. One exploratory analysis was conducted to investigate whether participants consistently
self-isolated more than they believed others would. This analysis consisted of a WSR, testing the difference
between incentivised self-isolation (aggregated per player) and beliefs about others’ behaviour (aggregated per
player).

The preregistration can be found here https://osf.io/xhf7w/?view_only=c3f6f12d380d414{8584e19b7a9342
94; the data, analysis code, and code for the experimental software are all publicly available on the Open Science
Foundation website here https://osf.io/jcmwt/?view_only=d7b6fe0e5e53447ca871312b2b10£779.

Ethical approval. This research was approved by the Monash University Human Research Ethics Com-
mittee (Project ID: 26499). The experiment was performed in accordance with relevant named guidelines and
regulations. Informed consent was obtained from all participants and/or their legal guardians.

Results

Simulations. The simulations show that the most profitable static strategy is to defect (by never self-isolat-
ing), regardless of what the rest of the group chooses to do. It is also clear that the less the others self-isolate, the
less profitable each strategy becomes, but the ordering of the profitability of each strategy is largely maintained as
the most cooperative strategies are the least profitable. The socially optimal outcomes are that everybody chooses
‘complete self-isolation’ in the High Lockdown Cost condition, and ‘stringent self-isolation’ in the Low Lock-
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Figure 3. A comparison of average cumulative incomes achieved in simulations of the game through all five
possible static strategies. The panel on the left represents the Low Lockdown Cost condition, wherein players
earned 40 points per round in lockdown, whereas the panel on the right shows the condition wherein players
earned 10 points per round in lockdown. The income earned through adopting each strategy (y-axis) is shown
for a different number of defectors and unconditional cooperators in the group (x-axis); the left-most points
describe groups where all other players choose no self-isolation’ in every round (defectors), while the right-
most points depict groups where all other players choose ‘complete self-isolation’ in every round (unconditional
cooperators). The upper, purple lines represent the income one would receive when adopting a strategy

of choosing ‘no self-isolation’ every round, and each line below shows the income received through a one
increment increase in self-isolation.

down Cost condition. There is also a steep drop in profitability when there are 6 or more players in the group
who are not self-isolating at all. This is because lockdowns will happen when six players are infected, affecting
players’ endowments. See Fig. 3 for a depiction of the cumulative income attained by players per strategy for
varying levels of cooperativeness of the others in the group.

When comparing dynamic strategies, where players start with one of the static strategies but adjust their self-
isolation level when there are 2 or more infections, we found that decreasing self-isolation when cases increase is
strictly dominant over a strategy of increasing self-isolation as well as holding the same strategy. This is especially
true when there are relatively few defectors in the group, while producing the same amount of income for <2
defectors and for > 5 defectors. However, a complete defection strategy is still strictly dominant. See Fig. 4 for a
comparison between these dynamic strategies with some of the static strategies mentioned before.

Experimental results. Participants maintained high levels of self-isolation throughout the experiment (see
Figure S1 in supplementary materials for average levels of self-isolation per round). Female participants on aver-
age sacrificed more of their income to self-isolate (M =23.43) than males (M =21.63), and there was no apparent
association between age and self-isolation.

Our results show that H1 and H2 were supported. First, there was a significant effect of the number of infec-
tions on both incentivised self-isolation, b=1.345, SE=0.115, #(3317) =11.684, p <0.0001, and on players’ beliefs
about others’ self-isolation, b=2.833, SE=0.105, #(3300) =27.106, p <0.0001. This means that the more infections
there were in the group, the more they would self-isolate, and that players (correctly) believed that others would
do the same. However, the exploratory analysis on illusory superiority showed that beliefs about others’ self-
isolation (Mdn =20.84) were lower than players’ own incentivised self-isolation (Mdn =21.94), z=2.198, p=0.02.
See Fig. 5 for the influence of the number of infections on self-isolation and beliefs about others, and Table 1 for
a summary of the output of the three regressions. This means that players believed others’ self-isolation would
be lower than their own self-isolation.

We found an effect of descriptive social norms in the opposite direction of H3a: there was a significant
effect of beliefs about others’ self-isolation on incentivised self-isolation, b=0.475, SE=0.017, t(3420) = 27.745,
P <0.0001. When participants believed that others would choose high levels of self-isolation, they chose higher
levels of self-isolation themselves. Further, the results concerning H3a were mirrored in hypothetical scenarios
(H3b). Participants reported they would self-isolate more in hypothetical scenarios where others were also
self-isolating more, b=0.108, SE=0.005, £(16,810) =20.470, p <0.0001, but this effect was markedly smaller. See
Fig. 6 for the influence of beliefs about others’ behaviour on incentivised self-isolation, compared to the effect
of others’ self-isolation in a hypothetical scenario. This figure is relevant to evaluating what information about
others motivates players’ behaviour.
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Figure 4. A comparison between dynamic strategies and static strategies. Two dynamic strategies are depicted,
namely ‘Moderate to None’ and ‘Moderate to Complete), in these strategies, participants choose ‘moderate
self-isolation’ if there are only one or two infected players in the group. When there are more infections in

the group, players who adopt the Moderate to None strategy always choose ‘no self-isolation’ whereas those
adopting the Moderate to Complete strategy then choose ‘complete self-isolation’ The other three strategies are
static strategies, where defectors always choose no self-isolation, moderate cooperators choose ‘moderate self-
isolation, and unconditional cooperators choose ‘complete self-isolatiorn’
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Figure 5. A visualisation of the effects of the number of infections in the group (x-axis) on incentivised self-
isolation (in blue) and beliefs about others’ self-isolation (in green). The error bars represent 95% confidence
intervals.

Turning to the differences between self-reports and incentivised choices, we found no evidence for H4;
self-isolation levels in hypothetical scenarios (Mdn =22.48) were not significantly higher than incentivised self-
isolation (Mdn=22.13), z=0.572, p=0.28.

HS5 was supported, however. There was a significant effect of the cost of lockdown on incentivised self-isola-
tion. Incentivised self-isolation was lower in the Low Lockdown Cost condition (Mdn =20.00) than in the High
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Complete
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Incentivised self-isolation

Slight

None

None

Dependent variable
Incentivised self-isolation (1) | Beliefs about others (2) | Hypothetical self-isolation (3)
Regression results H1-H3
Round number 0.022 -0.014 0.007
(0.025) (0.023) (0.022)
. . 1.345%** 2.833%%* 1.803***
Number of infections (0.115) (0.105) 0.063)
Others in previous round 0.009 0.009 0.007%
(0.007) (0.007) (0.004)
. 0.475%**
Beliefs about others (0.017)

. . . . 0.108***
Self-isolation of others in scenario (0.005)
Constant 22.328%** 20.776%** 22.803***

(0.698) (0.556) (0.770)
Log likelihood —-12,091.020 —12,064.220 —-63,638.690

Table 1. A regression table showing the effects of various predictors on incentivised self-isolation, beliefs
about self-isolation of others, and hypothetical self-isolation. *p <0.1; **p <0.05; **p < 0.01.
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Figure 6. The effects of a player’s beliefs about other players’ self-isolation (x-axis in the left panel) behaviour
on their incentivised self-isolation (y-axis in the left panel), and the effects of the self-isolation of others in each
hypothetical scenario (x-axis in the right panel) on self-isolation levels (y-axis in the right panel). The error bars
represent 95% confidence intervals.

Lockdown Cost condition (Mdn=23.66), z=3.667, p<0.001. This means that people self-isolated more when
the cost of lock-down was high. See Fig. 7 for the interaction between the cost of lockdown and the number of
infections on incentivised self-isolation.

Discussion
The Self-Isolation Game we present in this study was designed to capture key properties of the self-isolation
decisions that individuals face during an infectious disease crisis, such as the COVID-19 pandemic. The results
were as follows: players only tended to self-isolate more as there were more infections in the group, when lock-
downs were practically unavoidable. Players systematically underestimate other people’s willingness to self-isolate
compared to their own—displaying illusory superiority. They also tend to respond to social norms with norm
abidance, rather than norm transgression, even though decisions were private. Players’ willingness to self-isolate
was affected by the cost of lockdown, but only in the second block. We discuss these results in detail below.
Players maintain relatively high levels of cooperation (i.e., self-isolation) throughout the game. In many
other repeated games, contributions normally dwindle**~*’, whereas in the Self-Isolation Game, players do not
tend to decrease their self-isolation, even though they garner no direct benefits from their input. This implies
that the incentive structure and context produce an environment where people remain motivated to cooperate,
more so than in a classic repeated public goods game, but mimicking the absence of ‘behavioural fatigue’® in the
general public during the pandemic (see Figure S1 for the development of players’ average self-isolation levels
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Figure 7. The effect of the cost of lockdown (60 points per trial in green, 90 points per trial in purple) on
incentivised self-isolation levels (y-axis, left panel), parsed by the number of infections in the group (x-axis).
In the right panel, a line plot of the interaction effect between the self-isolation of others in each hypothetical
scenario (x-axis) and the cost of lockdown, on self-isolation (y-axis). The error bars represent 95% confidence
intervals.

throughout the game). One other explanation for the continued high levels of self-isolation may be that players
receive information on the average contributions of the others in the group, rather than about each individual
player’s contributions. The way information is presented is particularly relevant during the pandemic because
prominent defectors (such as vocal anti-vaccination advocates) can instil feelings of helplessness and encourage
non-adherence to guidelines®. Collective risk social dilemma games, which also bear significant similarities to
the current game, can produce high levels of cooperation under the right conditions'”*. These conditions appear
to be met with the current parameters of the game, even though the relationship between self-isolation and
lockdowns is stochastic, and there is minimal efficiency gain of self-isolation when the cost of lockdown is low.

We predicted that (H1) participants’ self-isolation would increase as a function of disease prevalence. We
reasoned that people would underestimate the importance of early intervention to stop the spread of the virus;
that they would increase their self-isolation only when lockdowns were nearly inevitable. This prediction was
supported, as participants persistently displayed relatively low self-isolation when there was only one case in
the group, but ramped up their self-isolation gradually as disease prevalence rose, reaching maximum levels
when lockdowns were already imminent (see Fig. 5). This result relates to a recent study reporting that COVID-
conscious people were focused on the current disease prevalence numbers (rather than their possible contribu-
tion to a rise in those numbers)*. It is significant because if their goal was to avoid lockdowns, then maintaining
a high level of self-isolation throughout would be a superior strategy. In addition, our simulations show that
such a strategy is weakly dominated as a profit maximising strategy because players could earn more income by
defecting after cases increased.

It thus appears that players are unable to deal with exponential growth appropriately, in a pattern that is con-
sistent with exponential growth bias®. This pattern could also have arisen due to players initially exploring the
consequences of low self-isolation levels, and subsequently responding to a rise in infections. Either way, rather
than players ultimately overcoming this underestimation of the importance of self-isolating early, this pattern
then gets ingrained, possibly because it turns into a descriptive social norm. This implies that waiting with the
implementation of public health measures until popular support for those measures is attained may cause an inef-
fective, slow response. Arguably, this is one of the successes in many countries’ policy responses to the pandemic;
the first containment measures were usually introduced within days or weeks after the first case was detected*!.

Players believed (correctly) that other players would self-isolate more when the number of infected players
increased, and thus H2 was supported. But, their beliefs about others’ self-isolation levels were systematically
lower than their own self-isolation (if beliefs were accurate, these would be equal on average), see Fig. 5. This
suggests that players suffered from illusory superiority; they tended to believe others would self-isolate less than
they did themselves, a pattern we also found in another study. However, it is more surprising in this context
because players have complete knowledge about average self-isolation in previous rounds by other players. The
type of illusory superiority we found in this study is also surprising because it goes against previous findings on
the holier-than-thou effect where people overestimate themselves, but do not underestimate others*>.

lusory superiority is positively correlated with wellbeing and self-esteem and negatively correlated with
depression®. Thus, it might be helpful to people to think they are more willing to adopt protective behaviour,
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such as self-isolation, than others; it makes them feel like they are good citizens who are contributing to the
public good. Illusory superiority also potentially has negative implications for the management of a pandemic
because their underestimation of other people’s compliance means that people may be more pessimistic about
the probability of successful outbreak management. That is, when people underestimate the likelihood that oth-
ers adhere to public health guidelines, they will infer that the measures are likely to fail. This may increase other
forms of social distrust and non-compliance. In addition, although the link has seemingly not been explicitly
tested, it has been proposed that illusory superiority may encourage people to engage in moral licensing***.
That is to say that people may believe they have been behaving relatively morally (because they believe others
are uncompliant), making it appear more permissible to transgress*.

The influence of social norms was the opposite of our predictions (H3a, H3b): we hypothesised that partici-
pants would be tempted to take advantage of others’ higher compliance and self-isolate less because free-riding
is less likely to be consequential when others self-isolate more. The simulations show that the extra income that
can be earned by defecting is much higher when others are diligent self-isolators, which is similar to the incentive
structure in classic games such as the trust game*’. However, players’ self-isolation was highly correlated with
their beliefs about others” willingness to self-isolate, favouring an explanation in accordance with the literature
on social norms*® (See Fig. 4), which predicts that people behave per the descriptive social norm especially when
they are uncertain about the correct policy*’, but also that cooperative behaviour tends to cascade through social
networks™. Another possibility is that the context of the pandemic changed how the norms are perceived, turn-
ing the behaviour of others into a prescriptive, rather than a descriptive, norm!!. This is not to say that freerider
behaviour does not exist in the pandemic, but it provides grounds to believe that the urge to follow social norms
may be strong in this type of context.

The cooperation pattern we observed also relates to the literature on conditional cooperation in public goods
games, a well-studied phenomenon?'-**, but the difference here is that the stochastic nature of infections leaves
room for sustained conditional cooperation throughout the repeated game. It has also been suggested that many
people may not perceive behaviour in the pandemic as a social dilemma, and that general levels of trust and
cooperation (i.e., beliefs and behaviours not specifically related to pandemic behaviour) are not a good predictor
of intentions to adopt protective behaviours®!. Thus, managing beliefs about descriptive social norms on will-
ingness to socially distance and stay home could be a powerful communication tool for governments, but more
research needs to be done on this topic and how it relates to different domains of behaviour during a pandemic.

We predicted that players would indicate more willingness to self-isolate in hypothetical scenarios than in
incentivised trials (H4), as one would expect social desirability bias to work in this direction; people report that
they would self-isolate a lot in a certain scenario (often a socially desirable answer), but might not do so. This
hypothesis was not supported, closely aligning with the results of Larsen et al.” and Gollwitzer et al.5, who also
found no evidence of overreporting willingness to comply with government guidelines. The social desirability
bias measurement in this experiment was stringent, however, because unlike in many social desirability bias
studies, the self-report measurement was not retrospective (leaving no room for recall bias)—self-reports were
temporally proximate to the actual behaviour.

Although, there was a downward bias in the extent to which they indicated their decisions were influenced
by the descriptive social norm (see the difference between the left and right panels of Fig. 5). Tuncgenc et al.*
found that people’s decisions in pandemic contexts are highly influenced by close peers. Underestimating or being
unaware of that influence would be particularly harmful in a pandemic context because people (‘self-isolation
role models’) could use that information to influence their peers by setting a good example, which could improve
their own outcomes (e.g., by avoiding a societal lockdown). It may thus be risky to trust people’s insights on
what influences their decisions in self-report studies, and this is brought out in an experiment like our game that
contrasts a type of self-report with actual incentivised behaviour.

We predicted that (H5) the cost of a lockdown would affect the level of self-isolation players chose in the game
because people may be sensitive to the magnitude of the collective risk. This prediction was supported, but it was
driven mostly by the second half of the game (after the cost of lockdown was changed). Players increased their
self-isolation when they transitioned from the Low Cost to the High Cost condition, and vice versa, while their
self-isolation levels in the first half of the experiment were comparable over the two levels of lockdown cost (see
Figure S1). Therefore, it is likely that this is a framing effect; people think they need to self-isolate more when
the collective cost of not doing so increases. This reinforces the importance of thoughtful management of the
public’s perception of the collective risks to the community.

Limitations and future directions. The experimental design left out any adverse effects of contracting
the virus. The current paper is meant to not only stand on its own, but also serve as a template for how people’s
behaviour under various payoff structures in future pandemics could be studied, and thus parsimony of the
model was an important consideration. Omitting personal costs served to mimic the payoff structure for a key
demographic that is difficult to motivate to adhere to public health guidelines: those who believe that catching
the virus will not have an impact on them (i.e., the ‘infection indifferent’)*. It also served to ensure that we could
capture key features of decision making during the pandemic, namely, how people respond to the risks and
costs to the collective, and not whether they respond to their individual cost function. Nonetheless, gauging the
impact of different individual costs associated with the virus on behaviour would be a meaningful addition to
the current study because it could interact with the collective risk in various ways.

Another issue is that some of the findings in this study will be dependent on parameterization, the country of
residence of the sample, or the framing, and teasing these influences apart is challenging. Changing the param-
eters of the game, the framing, and the sample will likely change the relationships that we found in this paper:
for example, if we introduce inequality in endowments, some group members might be unresponsive to changes
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in the number of infections; if we change the framing of the game to remove all mentions of the pandemic, the
baseline willingness to self-isolate may be lower; different cultures might handle information about other group
members differently. Thus, for future research it is important that the rest of the realistic parameter space, the
influence of different cultures and nations, and neutral (non-pandemic) framing, be explored to compare to the
original findings.

For some findings, though, it seems unlikely that they would be affected by these manipulations. Illusory
superiority would likely remain a feature of behaviour during the pandemic we also recorded it in a self-report
study?®, and because the game already provides participants with average compliance information. Similarly, we
deem it likely to be a robust feature of human behaviour during the pandemic that people’s compliance with,
and support for containment measures may accumulate slower than would normally be optimal from a public
health perspective. That is, people will usually respond to new outbreaks (or perhaps ‘threats’ in neutral framing)
when the pathogen has already taken hold in the community because only then will it become clear that it is a
‘problem’ and not an overreaction to try to contain it.

The group size in the experiment was kept at eleven participants, even in case of dropouts. Participants who
dropped out were marked as complete self-isolators during the game, and therefore the self-isolation rigour in
the group was artificially inflated (although these observations were dropped from analysis). This means that
information presented about others’ self-isolation rigour was often exaggerated slightly (19 dropouts over 14
sessions led to an average ~ 6% overestimation of others’ compliance). With this in mind, the illusory superiority
found here is even more striking because, given that others’ self-isolation was slightly inflated in this experiment,
one would expect that players believe others self-isolate more than they do themselves. And even though we see
no reason that the other findings of this experiment would change through allowing the number of players in
the group to decrease after dropouts, further study should investigate any differences that would occur.

Further, the experimental software would reset and switch to a new patient zero if there was no transmission
for three consecutive rounds. This modelled effective management of outbreaks and was inspired by the situation
in countries where there was no community transmission, such as New Zealand (at the time of the study being
conducted). Namely, if there is one positive case, and they do not spread the virus, then they will no longer be
infectious after a while and the risk they pose to the community dissipates. In this scenario, the next possibility
for a new chain of infection would be a different patient zero (e.g., from international travel). However, in all
other scenarios, players would not similarly lose their infectiousness after three rounds, which would be more
realistic, but we decided not to include this to preserve the parsimony of the model. Further study could look at
how people’s behaviour changes if they know that they are infected and if they know when they will no longer
be infected.

Conclusion

The Self-Isolation Game shows several important behavioural tendencies in a disease transmission suppression
setting that would have been difficult to investigate with classical games or survey-based research. We found that
people exhibit illusory superiority, they can be motivated to sacrifice through a collective risk, and they tend to
follow social norms even when doing so is disadvantageous for themselves and the group.

Policymakers should be aware of the effect that perceived descriptive social norms have on people’s willing-
ness to self-isolate. Creating the perception of social norms around willingness to maintain physical distance
and to stay home may alleviate the need to impose restrictions. Careful framing of the high cost of a lockdown
may also induce more willingness to adopt protective behaviours.

Waiting for public support to impose measures against viral transmission may also be ill-advised; people
are late to respond to growing outbreaks, which is why policy interventions may need to be introduced before
the public perceive the threat as serious. Finally, people should be aware overestimating the rigour of one’s own
protective behaviours compared to others is common, and use this to promote understanding and compassion
for each other during difficult times.

Data availability

All data are available here, together with the analysis code, and the code for the experimental software.

Received: 23 February 2022; Accepted: 28 July 2022
Published online: 05 August 2022

References

1. Fazio, R. H. et al. Social distancing decreases an individual’s likelihood of contracting COVID-19. Proc. Natl. Acad. Sci. https://
doi.org/10.1073/pnas.2023131118 (2021).

2. Dawes, R. M. Social dilemmas. Annu. Rev. Psychol. 31, 169-193 (1980).

3. Kerr, N. L. Motivation losses in small groups: A social dilemma analysis. J. Pers. Soc. Psychol. 45, 819. https://doi.org/10.1037/
0022-3514.45.4.819 (1983).

4. Van Lange, P. A, Balliet, D. P, Parks, C. D. & Van Vugt, M. Social dilemmas: Understanding human cooperation (Oxford University
Press, 2014).

5. Coughlin, S. S. Recall bias in epidemiologic studies. J. Clin. Epidemiol. 43, 87-91 (1990).

6. Timmons, S., McGinnity, E, Belton, C., Barjakov4, M. & Lunn, P. It depends on how you ask: Measuring bias in population surveys
of compliance with COVID-19 public health guidance. J. Epidemiol. Commun. Health 75, 387-389 (2021).

7. Van de Mortel, T. E Faking it: Social desirability response bias in self-report research. Aust. J. Adv. Nurs. 25, 40 (2008).

8. Gollwitzer, A. et al. Linking self-reported social distancing to real-world behavior during the COVID-19 pandemic. Soc. Psychol.
Personal. Sci. https://doi.org/10.1177/19485506211018132 (2021).

9. Larsen, M., Nyrup, J. & Petersen, M. B. Do survey estimates of the public’s compliance with COVID-19 regulations suffer from
social desirability bias?. J. Behav. Public Adm. https://doi.org/10.30636/jbpa.32.164 (2020).

Scientific Reports |

(2022) 12:13466 | https://doi.org/10.1038/s41598-022-17642-w nature portfolio


https://doi.org/10.1073/pnas.2023131118
https://doi.org/10.1073/pnas.2023131118
https://doi.org/10.1037/0022-3514.45.4.819
https://doi.org/10.1037/0022-3514.45.4.819
https://doi.org/10.1177/19485506211018132
https://doi.org/10.30636/jbpa.32.164

www.nature.com/scientificreports/

10. McDonald, R. I. & Crandall, C. S. Social norms and social influence. Curr. Opin. Behav. Sci. 3, 147-151 (2015).

11. Bicchieri, C. Norms in the Wild: How to Diagnose, Measure, and Change Social Norms (Oxford University Press, 2016).

12. Fehr, E. & Fischbacher, U. Social norms and human cooperation. Trends Cogn. Sci. 8, 185-190 (2004).

13. Fehr, E. & Gintis, H. Human motivation and social cooperation: Experimental and analytical foundations. Ann. Rev. Sociol. 33,
43-64 (2007).

14. Levy, M. R. & Tasoff, J. Exponential-growth bias and overconfidence. J. Econ. Psychol. 58, 1-14 (2017).

15. Hamann, H. On getting it right by being wrong: A case study of how flawed research may become self-fulfilling at last. Proc. Natl.
Acad. Sci. 119, €2122274119. https://doi.org/10.1073/pnas.2122274119 (2022).

16. Kugler, T., Rapoport, A. & Pazy, A. Public good provision in inter-team conflicts: Effects of asymmetry and profit-sharing rule. J.
Behav. Decis. Mak. 23, 421-438 (2010).

17. Milinski, M., Sommerfeld, R. D., Krambeck, H.-J., Reed, E. A. & Marotzke, J. The collective-risk social dilemma and the prevention
of simulated dangerous climate change. Proc. Natl. Acad. Sci. 105, 2291-2294 (2008).

18. Gross, J. & De Dreu, C. K. Individual solutions to shared problems create a modern tragedy of the commons. Sci. Adv. 5, eaau7296
(2019).

19. Sibony, A.-L. The UK COVID-19 response: A behavioural irony?. Eur. J. Risk Regul. 11, 350-357 (2020).

20. Selten, R. (Seminar fiir Mathemat. Wirtschaftsforschung u. Okonometrie).

21. Keser, C. & Van Winden, F. Conditional cooperation and voluntary contributions to public goods. Scand. J. Econ. 102, 23-39
(2000).

22. Kocher, M. G., Cherry, T., Kroll, S., Netzer, R. J. & Sutter, M. Conditional cooperation on three continents. Econ. Lett. 101, 175-178
(2008).

23. Fischbacher, U., Gichter, S. & Fehr, E. Are people conditionally cooperative? Evidence from a public goods experiment. Econ. Lett.
71, 397-404 (2001).

24. Melnyk, V., van Herpen, E., Fischer, A. R. & van Trijp, H. C. Regulatory fit effects for injunctive versus descriptive social norms:
Evidence from the promotion of sustainable products. Mark. Lett. 24, 191-203 (2013).

25. Banerjee, R., Bhattacharya, J. & Majumdar, P. Exponential-growth prediction bias and compliance with safety measures related to
COVID-19. Soc. Sci. Med. 268, 113473. https://doi.org/10.1016/j.socscimed.2020.113473 (2020).

26. Lammers, J., Crusius, J. & Gast, A. Correcting misperceptions of exponential coronavirus growth increases support for social
distancing. Proc. Natl. Acad. Sci. 117, 16264-16266. https://doi.org/10.1073/pnas.2006048117 (2020).

27. Zell, E,, Strickhouser, J. E., Sedikides, C. & Alicke, M. D. The better-than-average effect in comparative self-evaluation: A compre-
hensive review and meta-analysis. Psychol. Bull. 146, 118 (2020).

28. van Baal, S. T., Walasek, L., Karanfilovska, D., Cheng, A. C. & Hohwy, . Risk perception, illusory superiority and personal respon-
sibility during COVID-19: An experimental study of attitudes to staying home. Br. J. Psychol. 113, 608-629 (2022).

29. Archetti, M. & Scheuring, I. Coexistance of cooperation and defection in public goods games. Evolution 65, 1140-1148. https://
doi.org/10.1111/j.1558-5646.2010.01185.x (2011).

30. Suleiman, R. & Rapoport, A. Provision of step-level public goods with continuous contribution. J. Behav. Decis. Mak. 5, 133-153.
https://doi.org/10.1002/bdm.3960050205 (1992).

31. Chen, D. L., Schonger, M. & Wickens, C. 0Tree—An open-source platform for laboratory, online, and field experiments. J. Behav.
Exp. Finance 9, 88-97 (2016).

32. R Core Team, R. (R Foundation for Statistical Computing Vienna, Austria, 2013).

33. Singmann, H., Bolker, B., Westfall, ]., Aust, F. & Ben-Shachar, M. S. afex: Analysis of factorial experiments. R package version 0.13-
145 (2015).

34. Lenth, R, Singmann, H., Love, J., Buerkner, P. & Herve, M. Emmeans: Estimated marginal means, aka least-squares means. R pack-
age version, vol. 1, 3 (2018).

35. Engle-Warnick, J. & Slonim, R. L. The evolution of strategies in a repeated trust game. J. Econ. Behav. Organ. 55, 553-573 (2004).

36. Andreoni, J. Why free ride?: Strategies and learning in public goods experiments. J. Public Econ. 37, 291-304 (1988).

37. Camerer, C. & Weigelt, K. Experimental tests of a sequential equilibrium reputation model. Econom. J. Econom. Soc. 56, 1-36
(1988).

38. Prieto Curiel, R. & Gonzalez Ramirez, H. Vaccination strategies against COVID-19 and the diffusion of anti-vaccination views.
Sci. Rep. 11, 6626. https://doi.org/10.1038/s41598-021-85555-1 (2021).

39. Tavoni, A., Dannenberg, A., Kallis, G. & Loschel, A. Inequality, communication, and the avoidance of disastrous climate change
in a public goods game. Proc. Natl. Acad. Sci. 108, 11825-11829 (2011).

40. Shelat, S., Cats, O. & van Cranenburgh, S. Traveller behaviour in public transport in the early stages of the COVID-19 pandemic
in the Netherlands. Transp. Res. Part A Policy Pract. 159, 357-371. https://doi.org/10.1016/j.tra.2022.03.027 (2022).

41. Waitzberg, R. et al. Early health system responses to the COVID-19 pandemic in Mediterranean countries: A tale of successes and
challenges. Health Policy 126, 465-475. https://doi.org/10.1016/j.healthpol.2021.10.007 (2022).

42. Epley, N. & Dunning, D. Feeling" holier than thou": Are self-serving assessments produced by errors in self-or social prediction?.
J. Pers. Soc. Psychol. 79, 861 (2000).

43. Taylor, S. E. & Brown, J. D. Illusion and well-being: A social psychological perspective on mental health. Psychol. Bull. 103, 193
(1988).

44. Leviston, Z. & Uren, H. V. Overestimating one’s “green” behavior: Better-than-average bias may function to reduce perceived
personal threat from climate change. J. Soc. Issues 76, 70-85. https://doi.org/10.1111/josi.12365 (2020).

45. Bergquist, M. Most people think they are more pro-environmental than others: A demonstration of the better-than-average effect
in perceived pro-environmental behavioral engagement. Basic Appl. Soc. Psychol. 42, 50-61. https://doi.org/10.1080/01973533.
2019.1689364 (2020).

46. Blanken, I, van de Ven, N. & Zeelenberg, M. A meta-analytic review of moral licensing. Pers. Soc. Psychol. Bull. 41, 540-558 (2015).

47. Berg, ], Dickhaut, J. & McCabe, K. Trust, reciprocity, and social history. Games Econ. Behav. 10, 122-142 (1995).

48. Frey, B. S. & Meier, S. Social comparisons and pro-social behavior: Testing "conditional cooperation” in a field experiment. Am.
Econ. Rev. 94, 1717-1722. https://doi.org/10.1257/0002828043052187 (2004).

49. Morgan, T. J. H., Rendell, L. E., Ehn, M., Hoppitt, W. & Laland, K. N. The evolutionary basis of human social learning. Proc. R.
Soc. B Biol. Sci. 279, 653-662. https://doi.org/10.1098/rspb.2011.1172 (2012).

50. Fowler, J. H. & Christakis, N. A. Cooperative behavior cascades in human social networks. Proc. Natl. Acad. Sci. 107, 5334-5338.
https://doi.org/10.1073/pnas.0913149107 (2010).

51. Romano, A. et al. Cooperation and trust across societies during the COVID-19 pandemic. J. Cross Cult. Psychol. 52, 622-642.
https://doi.org/10.1177/0022022120988913 (2021).

52. Tuncgenc, B. et al. We distance most when we believe our social circle does. https://doi.org/10.31234/0sf.io/u74wc (2020).

Acknowledgements

This research is supported by a Monash-Warwick Alliance Accelerator grant to S.T.vB., . H. and L.W. The Three
Springs Foundation supports J.H. through the Monash Centre for Consciousness and Contemplative Studies.
We would like to thank Jinhee Kim for helping to test the experimental software.

Scientific Reports |

(2022) 12:13466 | https://doi.org/10.1038/s41598-022-17642-w nature portfolio


https://doi.org/10.1073/pnas.2122274119
https://doi.org/10.1016/j.socscimed.2020.113473
https://doi.org/10.1073/pnas.2006048117
https://doi.org/10.1111/j.1558-5646.2010.01185.x
https://doi.org/10.1111/j.1558-5646.2010.01185.x
https://doi.org/10.1002/bdm.3960050205
https://doi.org/10.1038/s41598-021-85555-1
https://doi.org/10.1016/j.tra.2022.03.027
https://doi.org/10.1016/j.healthpol.2021.10.007
https://doi.org/10.1111/josi.12365
https://doi.org/10.1080/01973533.2019.1689364
https://doi.org/10.1080/01973533.2019.1689364
https://doi.org/10.1257/0002828043052187
https://doi.org/10.1098/rspb.2011.1172
https://doi.org/10.1073/pnas.0913149107
https://doi.org/10.1177/0022022120988913
https://doi.org/10.31234/osf.io/u74wc

www.nature.com/scientificreports/

Author contributions

S.T.v.B.: Conceptualisation, Methodology, Software, Validation, Data Curation, Formal Analysis, Investigation,
Writing—Original Draft, Writing—Review and Editing, Visualisation, Project Administration; L.W.: Conceptu-
alisation, Methodology, Resources, Writing—Original Draft, Writing—Review and Editing, Supervision, Funding
Acquisition; J.H.: Conceptualisation, Methodology, Resources, Writing—Original Draft, Writing—Review and
Editing, Supervision, Funding Acquisition.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-022-17642-w.

Correspondence and requests for materials should be addressed to J.H.
Reprints and permissions information is available at www.nature.com/reprints.

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

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2022

Scientific Reports |

(2022) 12:13466 | https://doi.org/10.1038/s41598-022-17642-w nature portfolio


https://doi.org/10.1038/s41598-022-17642-w
https://doi.org/10.1038/s41598-022-17642-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Modelling pandemic behaviour using an economic multiplayer game
	Studying determinants of protective behaviour during a pandemic. 
	Phenomena of interest. 
	Predictions. 
	Materials and methods
	Participants. 
	Apparatus. 
	Procedure. 
	Analysis. 
	Simulations. 
	Preregistered analyses. 
	Exploratory analysis. 

	Ethical approval. 

	Results
	Simulations. 
	Experimental results. 

	Discussion
	Limitations and future directions. 

	Conclusion
	References
	Acknowledgements


