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Abstract

Background: The absence of pharmaceutical interventions made it particularly difficult to mitigate the first
outbreak of coronavirus disease 2019 (COVID-19). The current study investigated how economic freedom and
equality influenced the pandemic control process.

Methods: In Study 1, we assessed the effect of economic freedom and equality on COVID-19 pandemic control
from nations worldwide. We collected the cumulative number of confirmed cases over time to perform logistic
curve fitting and obtain the speed at which the first wave of the pandemic was controlled, and partial correlation
analysis and representational similarity analysis (RSA) were performed to assess the similarity between economic
freedom and the speed of pandemic control. In Study 2, an evolutionary game model in which economic freedom
affects the speed of pandemic control through optimization of the allocation of available resources was developed.
In Study 3, we used experimental manipulation to elucidate the psychological mechanism relating economic
freedom and resource allocation.

Results: The economic freedom of nation could be used to positively predict the speed of pandemic control and
the related similarity pattern. Equality was found to moderate the correlation and representational similarity
between economic freedom and the speed of pandemic control. The evolutionary game model revealed a
mechanism whereby economic freedom influences the speed of pandemic control through high resource
availability. Furthermore, cooperation was found to be a possible psychological mechanism explaining how
economic freedom increases resource availability.

Conclusions: Economic freedom has a positive effect on the control of the COVID-19 pandemic only among highly
egalitarian nations. New interventions are needed to help countries heighten economic freedom and equality as
they continue to battle COVID-19 and other collective threats.
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Introduction
The COVID-19 pandemic caused by the novel severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is still raging around the world. Although there have

been transnational differences in the impact of COVID-
19, the factors that cause such differences are poorly
understood. In the face of this crisis that is almost with-
out precedent in the human community, the basic state
of society may be important in determining the size of
its impact. Previous studies have found that psychosocial
factors can affect the impact of COVID-19, such as indi-
vidualism, tightness, and relational mobility [1–3].
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However, there are still effects of many other potential
social factors that have not been fully understood. The
impact of COVID-19 differs between nations; some na-
tions can control the pandemic more quickly. This
shows that in addition to government policies, the social
system of a country may also affect the speed of epi-
demic control, such as economic freedom. Szulczyk &
Cheema found that countries with greater economic
freedom had lower COVID-19 mortality rates [4].
Geloso and Murtazashvili argued that people in econom-
ically free societies will be less vulnerable during
COVID-19 because they benefit from the wealth effect
of freedom [5].
Economic freedom is defined as the freedom of the

economy to not be subjected to government interference
[6]. The core principle of economic freedom is the free-
dom of citizens to conduct economic activities with min-
imal interference from the state. The concept of
economic freedom involves personal choice, voluntary
exchange, freedom to enter markets and compete, and
security of people and privately owned property [7].
Friedman [8] and Hayek [9] believed that a society with
a high level of economic freedom could improve the ef-
fectiveness of the market in allocating resources. During
a pandemic such as COVID-19, optimizing the deploy-
ment of resources is essential [10]. If this is the case,
economic freedom may be a predictor of the success of
anti-pandemic efforts. Few empirical studies have ex-
plored the relationship between economic freedom and
pandemics. The study by Geloso & Bologna Pavlik re-
vealed a buffering effect of economic freedom on gross
domestic product (GDP) in the aftermath of the 1918
pandemic; specifically, they found that in countries with
higher levels of economic freedom, the economy suf-
fered less from the pandemic. Researchers argue that the
process of resource reallocation to address the changed
constraint of the pandemic is costly. For example, the
cost of altering resource allocations is increased in the
presence of burdensome regulations because they limit
the ability of entrepreneurs to adjust. Therefore, freer
economies are able to reallocate resources more quickly
when facing a pandemic [11]. However, this study evalu-
ated the impact of economic freedom on the economy,
not the role of economic freedom on the development
of the epidemic itself. As a characterization of the quality
of a social system, economic freedom has a wide range
of influences on many aspects of society. Stroup stated
that a society with high economic freedom could im-
prove the effectiveness of market resource allocation,
thereby producing greater prosperity conditional on its
resource endowments [12]. Thus, it can be posited that
societies with high economic freedom possess great re-
source allocation capabilities and can prioritize the avail-
able resources for pandemic control, such as personal

protective equipment and isolation treatment for in-
fected people. Therefore, economic freedom may have a
positive impact on COVID-19 pandemic control.
The fruits of economic growth are seldom distributed

evenly among all economic groups, and inequality is real
[13, 14]. It has been suggested that income inequality
can be an indicator of a broader social context of struc-
tural inequality that affects health [15]. Equality is a key
background driver of positive social phenomena. In the
context of economic freedom influencing pandemic con-
trol, we expect a positive effect of economic freedom to
appear only in societies with greater equality. The litera-
ture offers two main theories rationalizing the moderat-
ing effect of equality. The theory of innovation diffusion
argues that advances in knowledge or technology that
yield private benefits (such as advanced medical treat-
ments) are initially primarily available to wealthy or
highly educated people [16, 17]. When inequality is high,
the diffusion of innovation from the rich to the poor
may be slower. Neomaterial theory holds that inequality
is related to the availability of resources [18]. An un-
equal society is imbalanced not only in the distribution
of personal resources but also in the supply of infra-
structure [19]. Historical research on smallpox revealed
that if any subset of the population was excluded from
access to flexible basic resources, such as food and medi-
cine, the disease continued to spread and kill [20]. Based
on these theories, we consider the role of economic free-
dom and equality in the context of COVID-19. We con-
sider that under higher equality, the greater the
economic freedom of a nation, the more effectively it
can prioritize its limited resources for pandemic control
and ensure that those resources are accessible to every-
one, protecting society as a whole. However, in the case
of lower equality and high economic freedom, the large
amounts of available resources cannot be equally distrib-
uted to society. The bottom of society is deprived of ac-
cess to resources, and the health of disadvantaged
groups cannot be properly protected. Thus, the advan-
tages of high economic freedom in pandemic control are
obscured in more unequal societies. Schwartz’s egalitar-
ianism is defined as a cultural value that emphasizes the
transcendence of self-interest and the commitment to
and support for the welfare of others [21]. Previous re-
search has shown that cultures with more egalitarian
values have a stronger association between intergroup
contact and prejudice, which suggests that positive social
contact can only be fully translated into good social atti-
tudes in more egalitarian cultural contexts [22].
Schwartz’s egalitarianism is a subjective equality. The
Gini coefficient is used to measure the income gaps
among residents, which can be defined as an objective
equality. In this study, we used Schwartz’s egalitarianism
and the Gini coefficient as measures of equality.
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In Study 1, we tested the effects of economic freedom
and equality on COVID-19 pandemic control from na-
tions worldwide, including the United States. Prior re-
search has shown that the logistic regression model
offers a good fit in explorations of the characteristics of
the SARS pandemic [23]. For our study, we collected the
cumulative number of confirmed cases over time to per-
form logistic curve fitting and obtain the speed at which
the first wave of the pandemic was brought under con-
trol. After controlling for population density and under-
reporting of confirmed cases, we used partial correlation
analysis to test the impact of economic freedom on the
speed of pandemic control and representational similar-
ity analysis (RSA) to test the similarity between eco-
nomic freedom and the speed of pandemic control. RSA
is a computational technique that uses pairwise compari-
sons of units to represent them in higher-order space
[24]. We tested the moderating role of equality in the
correlation and the representational similarity between
economic freedom and the speed of pandemic control.
To supplement the case for a causal interpretation of
these results, Study 2 developed an evolutionary game
model whereby economic freedom affects the speed of
pandemic control through optimization of the allocation
of available resources. Furthermore, in Study 3, we con-
ducted a priming experiment to determine the psycho-
logical microfoundation of the mechanism connecting
economic freedom and resource allocation.

Study 1
In study 1, we collected data from 62 countries and 45
states in the United States to explore the relationship be-
tween economic freedom and epidemic control, as well
as the moderating role of equality.

Method
COVID-19 pandemic control speed
The cumulative confirmed cases of COVID-19 in na-
tions were obtained from the COVID-19 database of
Johns Hopkins University [25]. The database was
chosen because it has recorded all confirmed cases
since the beginning of the COVID-19 outbreak. The
data were obtained on August 4, 2020. We used the
logistic function y ¼ a=ð1þ e−kðx−xcÞÞ to fit the cumu-
lative confirmed cases over time. x is the number of
days, xc is the day when the curve rises fastest (the
so-called turning point of pandemic control, after
which the rise gradually slows), and y is the cumula-
tive confirmed cases at x days. a is the maximum cu-
mulative confirmed cases predicted by the function,
and k is the growth rate of the cumulative confirmed
cases curve, which denotes the overall speed of con-
trol of COVID-19. We adopted the same function for

a total of 72 nations. Considering that as of August 4,
2020, multiple nations were facing a second wave of
the pandemic and that the logistic function can meas-
ure curves with a single peak only, we set the cutoff
date to exclude the second wave (see Supplementary
materials). The start date is the day when the cumu-
lative number reaches 100. Through logistic curve fit-
ting, we obtained the overall control speed k and the
day of the turning point xc.
Next, we set the period of pandemic control before xc

as stage 1 and the period after xc as stage 2. To distin-
guish different control speeds at different stages, the
function

y ¼
a1= 1þ e−k1 x−xc1ð Þ
� �

; 1≤x < xc

a2= 1þ e−k2 x−xc2ð Þ
� �

; x > xc

8<
:

was used to refit the cumulative confirmed cases over
time. k1 and k2 are the control speeds in stage 1 and
stage 2, respectively. By counting the days before and
after the turning point, we found that one nation had
less than ten days before the turning point and nine na-
tions had less than ten days after the turning point; these
figures do not accurately reflect the early or late phase
of pandemic control. Therefore, these nations were ex-
cluded. The analyses were thus conducted on the
remaining 62 nations (Fig. S1). For the US states, we
found that three had less than ten days before the turn-
ing point and two states had less than ten days after the
turning point. The analyses were thus conducted on the
remaining 45 states (Fig. S2).

Economic freedom
The economic freedom index of nations in the world
comes from the Fraser Institute’s “Economic Freedom
of the World: 2019 Annual Report”, which measures
the degree to which government institutions support
economic freedom [7]. The index ranges from 0 (least
free) to 10 (most free). The economic freedom index
for the 50 US states comes from the Fraser Institute’s
“Economic Freedom of North America 2019” [26]. It
shows the extent to which each state government
supports economic freedom and individuals are free
from unfair economic restrictions. Both indexes range
from 0 (least free) to 10 (most free). The degree of eco-
nomic freedom is measured in five broad areas: Size of
Government (e.g., Government consumption), Legal Sys-
tem and Property Rights (e.g., Judicial independence),
Sound Money (e.g., Money growth), Freedom to Trade
Internationally (e.g., Black-market exchange rates) and
Regulation (e.g., Labor market regulations).
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Equality/egalitarianism of nations
Our equality measure is based on the cultural egalitar-
ianism construct from the seven cultural value orienta-
tions proposed by Shalom Schwartz [27] and Gini
coefficient as assessed by the World Bank [28]. Egalitar-
ianism is defined as a cultural value that emphasizes the
transcendence of self-interest and the commitment to
and support for the welfare of others, which is a subject-
ive variable. Egalitarianism is measured on a 9-point
scale (− 1 to + 7). Respondents rate the importance of
each item “as a guiding principle in MY life,” such as “as
a guiding principle in MY life, the value of ‘equality’ is:
contrary to my values (-1) to particularly important
(+7).” Higher values indicate that nations attach more
importance to interpersonal egalitarianism. This value
was available for 50 of the 62 nations. The Gini coeffi-
cient was used to measure the income gap between resi-
dents and is an objective variable ranging from 1 to 0.
The closer the Gini coefficient is to zero, the more equal
the distribution of income is. The Gini coefficient was
available for 56 of the 62 nations.
Racial inequality of states in the US comes from states’

poverty rate by race in 2019 [29]. The racial inequality
of each state was calculated as follows: racial inequality =
(black poverty rate - white poverty rate)/(black poverty
rate + white poverty rate). The closer racial inequality is
to 1, the more racially unequal the state is. The racial in-
equality measure was available for 40 of the 45 states.

Population density
Population density is chosen as a covariate because it
may promote more social contact, thereby increasing the
chance of COVID-19 infection. The population density
of nations is compiled from the United Nations Depart-
ment of Economic and Social Affairs World Population
Prospects 2019 [30]. and that of states comes from Sta-
tista [31], which uses population estimates in 2019 pub-
lished by the US Census Bureau. Population density in
each state is simply the population of a state divided by
the area of the state.

Underreporting index of COVID-19 confirmed cases
Following prior work, the underreporting index of cases
is included as a covariate [3]. Russell et al. first calcu-
lated the corrected case fatality rate (CFR) for each na-
tion, which was adjusted for the delay between
admission to the hospital and death [32]. Then, they
computed the ratio of the best empirical CFR estimate
(1.4%) to the corrected CFR for each nation. If the ratio
is smaller than 1, it means that the cases are underre-
ported. Due to the different cutoff dates for the cumula-
tive number of confirmed cases in each nation, we
computed the corresponding underreporting index ac-
cording to the specific cutoff date. This index is available

for 61 of the 62 nations. Iceland had only 10 deaths in
the first wave of COVID-19, so it was not included in
the calculation of the underreporting index.

Correlation analysis
Using the underreporting index and population density
as covariates, Pearson’s partial correlation analysis be-
tween economic freedom and the overall control speed,
stage 1 control speed, and stage 2 control speed was car-
ried out to explore the impact of economic freedom on
pandemic control speeds.

Representational similarity analysis (RSA)
We conducted RSA by constructing similarity matrices
for independent variables, dependent variables and co-
variates. Here, we take the operation of nations as an ex-
ample. The steps to construct similarity matrices are as
follows. First, 61*61 dissimilarity matrices were con-
structed for economic freedom, speeds of pandemic con-
trol, underreporting index and population density. The
dissimilarity matrix refers to comparing 61 nations with
each other and calculating the distance to form a diag-
onally symmetric dissimilarity matrix with zero values
on the diagonal. Second, we subtracted each value of the
dissimilarity matrix from the maximum value of the
matrix and then divided the entire matrix by the max-
imum value to form a diagonally symmetrical similarity
matrix with all values on the diagonal line being 1. Fi-
nally, each matrix was transformed into a vector of
unique pairwise similarities by selecting values above the
diagonal. Using the matrix vector of the underreporting
index and that of population density as covariates, par-
tial correlation was computed between the matrix vector
of economic freedom and the matrix vector of control
speed to obtain the representational similarity.

Moderation analysis in correlation
In total, 50 nations have data on egalitarianism, and 56
nations have data on Gini coefficient. Pearson’s partial
correlation coefficient between economic freedom and
control speed of high egalitarianism/equality countries
and low egalitarianism/equality countries was calculated
respectively. The Fisher r-to-z transformation was used
to assess the significance of the difference between two
correlation coefficients. Additionally, within-person
comparisons (via Steiger’s Z-Test) of correlations be-
tween economic freedom and stage 1 control speed and
between economic freedom and stage 2 control speed
were performed to determine whether economic free-
dom influenced pandemic control mainly in the early
(and not late) stage [33].
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Moderation analysis in representational similarity
We computed RSA on economic freedom matrices and
control speed matrices among highly egalitarian/equality
nations (rhigh) and among less egalitarian/equality na-
tions (rlow), controlling for underreporting index matri-
ces and population density matrices. Finally, significant
tests were performed on the differences between the cal-
culated similarities. For example, we tested whether
egalitarianism/equality moderates the representational
similarity between economic freedom and the overall
control speed. Fisher z-transformation was used to con-
vert rlow and rhigh into Zlow and Zhigh [34]. The formula

Zlow−high ¼ Zlow−Zhigh
� �

=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1= Nlow−3ð Þ þ 1= Nhigh−3

� �q
was used to test whether the difference between rlow

and rhigh reached a significant level.
A total of 40 states have data on economic freedom,

racial inequality, and the speed of pandemic.
control. We classified states by the value of racial in-

equality, with low racial inequality states (N = 21) that
are lower than the mean of racial inequality and high ra-
cial inequality states (N = 19) that are lower than the
mean of racial inequality. The procedures of moderation
analysis in RSA of data in states were similar to those of
data in nations.

Results
Partial correlation analysis revealed that economic free-
dom in 61 nations was positively associated with the
overall control speed (r = 0.282, p = 0.030, Fig. 1). RSA
revealed a significantly positive representation similarity
between economic freedom and the overall control
speed (r = 0.051, p = 0.030, Fig. 1), suggesting that two
nations similar in levels of economic freedom are also
similar in overall control speeds. Furthermore, economic
freedom was found to be significantly associated with
the stage 1 control speed but not the stage 2 control
speed (stage 1, r = 0.407, p = 0.001; stage 2, r = 0.105, p =
0.429). To further examine whether the association be-
tween economic freedom and pandemic control is mod-
erated by stage, we utilized Steiger’s Z-Test. The stage 1
control speed was found to be more strongly correlated
(compared with the stage 2 control speed) with eco-
nomic freedom (z = 2.549, p < 0.05). In addition, the
similarity pattern of the stage 1 control speed was asso-
ciated with the economic freedom similarity pattern
(stage 1, r = 0.101, p < 0.001; stage 2, r = 0.038, p = 0.100),
suggesting that two nations with a similar degree of eco-
nomic freedom would be similar in the early stage of
pandemic control but not the late stage.
The results further show that egalitarianism moderates

the relationships between economic freedom and control
speed (overall, β = 0.090, p = 0.027; stage 1, β = 0.152,

p = 0.046; stage 2, β = 0.109, p = 0.011, Fig. 2A). A simple
effect analysis reveals that economic freedom had a posi-
tive effect on control speeds only among highly egalitar-
ian nations but not among nations with low
egalitarianism (overall: rhigh =0.423, p = 0.044; rlow =
0.000, p = 0.999; stage 1: rhigh =0.444, p = 0.034; rlow =
0.213, p = 0.330; stage 2: rhigh =0.455, p = 0.029; rlow = −
0.158, p = 0.472, Fig. 2A). Moderation analysis in RSA
also suggested the moderating role of egalitarianism
from a different angle. There is a positive similarity be-
tween the representational pattern of economic freedom
and that of the overall control speed among highly egali-
tarian nations but not among less egalitarian nations
(rhigh =0.124, p = 0.032; rlow = − 0.062, p = 0.282, Zlow −

high = − 2.28, p = 0.023). The moderation effect of egali-
tarianism on the stage 1 and stage 2 control speeds was
similar to that on overall control speed (stage 1: rhigh =
0.187, p = 0.001; rlow = − 0.028, p = 0.632, Zlow − high = −
2.65, p = 0.008; stage 2: rhigh =0.220, p < 0.001; rlow = −
0.036, p = 0.542; Zlow − high = − 3.16, p = 0.002, Fig. S3).
To further verify the moderating effect of equality, we
also used the Gini coefficient as an objective index of
equality. The results showed that the Gini coefficient
moderates the relationships between economic freedom
and control speed (overall: rhigh =0.490, p = 0.013; rlow =
− 0.070, p = 0.741, Z = 2.10, p = 0.036; stage 1: rhigh =
0.557, p = 0.005; rlow =0.172, p = 0.411, Z = 1.58, p =
0.114; stage 2: rhigh =0.254, p = 0.241; rlow = − 0.258, p =
0.214, Z = 1.81, p = 0.070, Fig. 2B, Fig. S4).
Considering that the United States as a whole is a rela-

tively unequal nation (listed as a nation with.
low egalitarianism and low equality), individual states’

degree of economic freedom may have no effect on pan-
demic control. The results confirmed no significant cor-
relation between economic freedom and the overall
control speed or stage 1 and stage 2 control speeds
(overall, r = − 0.122, p = 0.434; stage 1, r = 0.056, p =
0.723; stage 2, r = − 0.146, p = 0.350, Fig. 3). RSA also re-
vealed a nonsignificant result (overall, r = 0.025, p =
0.429; stage 1, r = − 0.059, p = 0.062; stage 2, r = − 0.050,
p = 0.118, Fig. 3).

Study 2
Through the analysis of public data, the first study re-
vealed that economic freedom had a positive impact on
the speed of epidemic control, and this impact was mod-
erated by equality. However, the underlying mechanism
of how economic freedom affects epidemic control could
not be explored. To solve this problem, study 2 used
agent-based modeling to construct an evolutionary game
model of COVID-19. Evolutionary game models ma-
nipulate changes in economic freedom and equality to
determine whether the speed of COVID-19 control will
be affected.
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Method
Model descriptions
We used NetLogo to simulate the impact of economic
freedom and equality on COVID-19 pandemic control.
The spread of COVID-19 among the population is con-
sidered to conform to the SEIRD model [35]. ‘S’ refers to
the Susceptible, who is uninfected and may be infected
after contact with an infected individual. ‘E’ refers to the
Exposed, who has been infected with COVID-19 but has
not become ill. ‘I’ refers to the Ill, showing symptoms. ‘R’
refers to the Recovered. People who have recovered will
not be infected with COVID-19 again, nor will they be

infectious. Finally, ‘D’ refers to the Dead. The different
states of SEIRD are represented by different colors of
the agent in the model. The transitions between states
are some probability events. An agent representing a
susceptible individual has three possible outcomes (not
infected, recovered after infection, and dead) to describe
the different results of individuals in the real world.
Various agents move in a simulated environment. When
the Susceptible has intensive contact with the Exposed
or the Ill, the Susceptible may become the Exposed, thus
entering the incubation period and beginning to have
the ability to infect other Susceptible agents. After the

Fig. 1 A) Correlation between nations’ economic freedom and the speed of pandemic control; B) RSA between the representation similarity
matrix for nations’ economic freedom and that for the total controlling speed. The order of nations in the similarity matrix from top to bottom is
Iraq, Iran, Ukraine, Pakistan, Bangladesh, Brazil, Kuwait, Saudi Arabia, South Africa, Greece, Morocco, Russia, Qatar, Mexico, Nigeria, United Arab
Emirates, Poland, Slovenia, Hungary, Malaysia, Sweden, Bulgaria, Peru, Slovakia, Chile, Japan, Romania, Finland, Estonia, Denmark, Ireland, Canada,
United States, United Kingdom, Singapore, Egypt, China, Thailand, Turkey, Serbia, Lebanon, Uruguay, France, Italy, Belgium, Norway, Lithuania,
Germany, Czechia, Iceland, Latvia, Netherlands, Spain, Croatia, Portugal, Israel, Austria, Australia, Switzerland, Luxembourg, South Korea and New
Zealand. * p < 0.05; **p < 0.01; *** p < 0.01
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incubation period, the Exposed enter the onset period and
become the Ill. The onset period refers to the time from
the onset of illness to recovery or death. The Ill may be-
come the Recovered or the Dead as the onset period ends.
Constructing the SEIRD model of COVID-19, we con-

sidered the embodiment of economic freedom and
equality in the model. According to the results of the
aforementioned real-world study, economic freedom has
a positive effect on the speed of COVID-19 pandemic
control, and this positive effect depends on high equality.
Given that different individuals in society have unequal
possession of resources (such as wealth) and countries

with high economic freedom can efficiently allocate re-
sources during a crisis, we chose resources as the start-
ing point for modeling. Resources are embodied as all
attributes that help protect agents from harm. For ex-
ample, agents with high resources tend to be less likely
to be infected, enjoy more treatments after infection and
are less likely to die. Before the pandemic, the initial re-
sources occupied by individuals in society basically
followed a normal distribution, showing a certain degree
of gap between rich and poor. To distinguish countries
with different resource equality, we choose to maintain
the same mean of the normal distribution and change

Fig. 2 A) Correlation between high/low egalitarian nations’ economic freedom and the speeds of pandemic control. B) Correlation between
high/low equal nations’ economic freedom and the speeds of pandemic control
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Fig. 3 A) Correlation between states’ economic freedom with the speed of pandemic control; B) RSA between the representation similarity
matrix for states’ economic freedom and that for the control speeds. C) Racial inequality moderates the correlation between states’ economic
freedom and the speeds of pandemic control
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the standard deviation. The larger the standard deviation
is, the more serious the gap between the rich and the poor
in the country. The reason for controlling the same mean
is that the goal of manipulation is the degree of equality of
society rather than the degree of wealth. Economic free-
dom is reflected in the speed at which the total available
resources are allocated to all agents during the simulation.

Behavioral rules
Among the simulations of COVID-19, agents maintain
their behaviors that are characterized by six simple rules
and influenced by the whole interaction among them
(see details in Supplementary materials). The six rules
apply to all agents and happen in sequence (Figs. S5-S6).

Rule one: moving
The rules of agents’ moving behavior patterns refer to
the parameter settings of Cuevas [36]. Cuevas posited
that individuals’ movement in the context of COVID-19
is a probabilistic behavior. The probability of staying in
place should be greater than the probability of walking
around, and the probability of moving short distances
should be greater than the probability of moving long
distances. The daily probability of movement for all
agents obeys a uniform distribution: PMoving~U(0.2, 0.4).

Rule two: infecting
In Gharakhanlou & Hooshangi’s spatiotemporal simula-
tion for COVID-19 infection [37], they set the number
of days of incubation period as a parameter that obeys a
normal distribution: Incubation ∼N(8, 22) We follow
their approach and give the same incubation period to
the yellow agents who represented an infected state. The
trigger condition for green agents to be infected by in-
fected agents is close contact. Taking the position of a
green agent as the center and within a circle with a ra-
dius of 1 unit, if there exists an infected agent, then the
green agent will enter the judgment of whether it is in-
fected. The probability of being infected obeys a normal
distribution whose mean and standard deviation are re-
lated to CumuResource and Inequality, namely:

μ ¼ −0:002� CumuResource þ 0:1ð Þ � −0:1� Inequality þ 1:5ð Þ þ 0:2

σ ¼ −0:002� CumuResourceþ 0:1ð Þ � −0:1� Inequality þ 1:5ð Þ þ 0:2
10

PBeingInfected∼N μ; σ2
� �

8><
>:

CumuResource influences the probability of infection,
which suggests agents with high cumulative resources
are less likely to be infected. Inequality changes the im-
pact of CumuResource on the probability of being in-
fected. PBeingInfected in our simulation refers to the
practice of Cuevas [36], which sets the probability of be-
ing infected in the range of 0.1 to 0.3. After being judged
to be infected, a green agent will become a yellow agent

representing an infected state and enter the incubation
period.

Rule three: being detected
Rule three simulates the process of detecting the in-
fected agents, where detection is a probability event and
will be affected by CumuResource. Each yellow agent
may be detected every day in its incubation period. The
detection formula is: PBeingDetected = 0.00998 × CumuRe-
source + 0.001 Once the detection occurs, the corre-
sponding yellow agent will turn purple, which means
that as a known infected agent, it will enjoy a slightly
higher allocation proportion than the yellow agent in al-
location of resources (see Rule six). The purple agents
continue to pass the incubation period and infect green
agents as yellow agents do.

Rule four: falling ill
Khalili et al. conducted a meta-analysis of studies de-
scribing the epidemiological characteristics of COVID-
19 published between December 1, 2019, and March 1,
2020 [38]. Rule four considers real-world statistics and
uses them in our simulation. The yellow agents and the
purple agents at the end of the incubation period will
make a judgment to distinguish whether the final result
is recovery or death. The formula to be executed is:
PDie = − 0.0004 × CumuResource + 0.041. When a death
event occurs, the yellow/purple agent turns red, which
indicates that it is in the onset period, and its final result
is death. The onset period of the red agents obeys the
normal distribution, which is expressed by the formula:

Onset∼Nð0:02� CumuResourceþ 15;

ð0:02�CumuResourceþ15
10 Þ2Þ This reflects that economically su-

perior individuals in the real world can take on more
forms of treatment when the condition is severe and
reach the death result later. When a death event does
not occur, the agent who has passed the incubation
period will turn orange, which means that its final result
is recovery. The onset period of the orange agents obeys
the normal distribution as well:

Onset∼N −0:02� CumuResourceþ 19:5;
−0:02� CumuResourceþ 19:5

10

� �2
 !

Such setting reflects that individuals who are econom-
ically advantageous can enjoy more and better treat-
ments and achieve faster recovery.

Rule five: showing outcomes
The red and orange agents will enter different states
after the onset period. The red agents will turn white,
representing the state of death. The white agents will
not perform the movement in Rule one or the allocation
of resources in Rule six. The orange agents will finally
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become blue, a state denoting recovery. The blue agents
represent individuals who have acquired antibodies after
recovering from COVID-19; thus, they will no longer be
infected.

Rule six: allocating resources
A society with high economic freedom has high resource
allocation capabilities and can provide a large amount of
resources for supply in a short time [8, 9]. In this study,
the economic freedom in the model is reflected in the
speed of resource allocation under the condition that the
total amount of resources remains equal. The purpose of
controlling the total amount of resources is to distin-
guish between high and low economic freedom, rather
than the large and small amount of overall resources.
Economic freedom is expressed by the number of days
allocated for resources (EconomicNotFreedom =
{200,500}). A faster resource allocation speed means
more available resources per day. Correspondingly, the
average amount of resources that can be allocated per
day is: ResourcePerDay ¼ TotalResource

EconomicNotFreedom We then allo-
cate resources to various agents based on two principles:
the first is the principle of demand, and the second is
the principle of inequality. Agents in different states
have different demands for resources; thus, we use r to
represent their allocation weight in the resource alloca-
tion process. The principle of inequality is represented
by the Matthew effect. Wealth or resource advantages
will be further strengthened; that is, the rich get richer,
and the poor get poorer. Agents with higher initial re-
sources will be allocated more resources each day.
Therefore, we first calculate the relationship between the
unit resources of total initial resources and the daily
available resources and allocate resources to agents ac-
cording to their initial resources and weights. The rela-
tionship is as follows:

ResourcePerInitial ¼ ResourcePerDayP
InitialResource<100 � r

The accumulated resources of an agent on day n + 1
is:

CumuResourcen þ 1 ¼ CumuResourcen
þ ResourcePerInitial
� InitialResource� r

Analytical techniques
Economic freedom was high when EconomicNotFree-
dom was set to 200, and economic freedom was low
when EconomicNotFreedom was set to 500. Equality
was high when Inequality was set to 5, and equality was
low when Inequality was set to 10. This study focused
on the speed of pandemic control. Consistent with the

treatments in the real-world study, the overall control
speed is obtained by fitting the cumulative number of in-
fected agents over time. Then, we calculate the stage 1
control speed and the stage 2 control speed according to
the turning point of pandemic control. We used interval
estimation (95% confidence interval, 95% CI) of the
dependent variable values under different conditions to
reveal whether the effect existed. Nonoverlapping confi-
dence intervals implies statistical significance (at the
0.05 level).

Results
The speeds of pandemic control under high economic
freedom were higher than those under low economic
freedom, and the corresponding 95% CIs did not coin-
cide (overall: Mhigh _ free 95%CI = [0.024, 0.026], Mlow _ free

95%CI = [0.020, 0.021]; stage 1: Mhigh _ free 95%CI =
[0.031, 0.033], Mlow _ free 95%CI = [0.023, 0.025]; stage 2:
Mhigh _ free 95%CI = [0.022, 0.025], Mlow _ free 95%CI =
[0.019, 0.020], Fig. 4, Fig. S7). The results indicated that
an increase in economic freedom (represented by re-
source allocation capacity) leads to an increase in the
overall control speed, stage 1 control speed, and stage 2
control speed.
When equality was taken into consideration, the re-

sults showed that equality moderated the relationship
between economic freedom and the overall control
speed (see Fig. 4). An increase in economic freedom
under the condition of high equality would lead to an in-
crease in the overall control speed (Mhigh _ equaity & low _

free 95% CI = [0.021, 0.022], Mhigh _ equaity & high _ free 95%
CI = [0.029, 0.032]), while an increase in economic free-
dom under low equality would not lead to a change
(Mlow _ equaity & low _ free 95% CI = [0.018, 0.020], Mlow _

equaity & high _ free 95% CI = [0.018, 0.020]). In other words,
only in the case of high equality could economic free-
dom positively affect the overall control speed. The dif-
ferences in stage 1 control speed between high and low
economic freedom increased as the equality increased
(Mlow _ equaity & low _ free 95% CI = [0.021, 0.024], Mlow _

equaity & high _ free 95% CI = [0.025, 0.027], Mhigh _ equaity &

low _ free 95% CI = [0.025, 0.026], Mhigh _ equaity & high _ free

95% CI = [0.036, 0.040]), which supported the moderat-
ing role of equality. The results of the stage 2 control
speed were slightly different from those of the stage 1
control speed. When equality was high, economic free-
dom had a positive effect on stage 2 control speed
(Mhigh _ equaity & low _ free 95% CI = [0.021, 0.022], Mhigh _

equaity & high _ free 95% CI = [0.029, 0.032]), but when equal-
ity was low, economic freedom played a negative role
(Mlow _ equaity & low _ free 95% CI = [0.018, 0.019], Mlow _

equaity & high _ free 95% CI = [0.015, 0.017]), which indicated
that equality moderated the relationship between eco-
nomic freedom and stage 2 control speed. We found
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that equality moderates the effect of economic freedom
in the model, supporting the moderating role of equality
in Study 1.

Study 3
We explored the relationship between economic free-
dom and epidemic control at the macro level in study 1.
In study 2, we discussed the possible mechanism by
which economic freedom influences epidemic control;
for example, economic freedom may affect epidemic
control through resource allocation. Therefore, in study
3, we performed empirical research to explore how eco-
nomic freedom affects resource allocation at the individ-
ual level.
There is research demonstrating that individuals’ pref-

erence for economic freedom is significantly correlated
with their prosocial behavior [39]. A previous study re-
veals that economic freedom will increase entrepreneur-
ship [40], and entrepreneurs tend to have lower risk and

loss aversion than employees [41]. Therefore, we used
cooperation-led resources, risk aversion-led resources
and loss aversion-led resources as the dependent
variable.

Study 3a

Method
Participants
We recruited 219 US participants on Amazon Mechan-
ical Turk. Participants completed this experiment on the
online survey platform Qualtrics. Fifteen participants
were excluded because they filled in words that were not
related to the requirements in the writing task. There-
fore, the final sample included 204 participants (102
males, 102 females), and the age ranged from 21 to 60
years old (M = 37.85, SD = 10.46). Before data collection,
the sample size required for the experiment was calcu-
lated through G*Power. The current sample size can

Fig. 4 The impact of economic freedom on the speed of pandemic control. In the box plot, the box center was the mean; the box edges
represented the standard error of the mean; and the box whiskers displayed the 95% confidence interval of the mean. The interpretation of the
subsequent box plots was similar
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detect a moderate main effect of economic freedom (f =
0.25, alpha = 0.05, power = 0.80). All participants ob-
tained informed consent on the content of the experi-
ment. Participants were first measured about the control
variables of self-constructs, general distrust, tightness,
just world, subjective socioeconomic status, and social
value orientation. After that, they were involved in com-
pleting a writing task that primed them to different con-
cepts of economic freedom. Finally, they took part in
three resource tasks in the context of the pandemic.

Experimental manipulation
To manipulate the concept of economic freedom, partic-
ipants were randomly assigned to the economic freedom
group (N = 70), the economic unfreedom group (N = 68),
or the neutral group (N = 66). Participants in different
priming groups read different materials, and the mate-
rials described the social information corresponding to
the group. The economic freedom group reads an eco-
nomically free society, the economic unfreedom group
reads an economically unfree society, and the neutral
group reads information about an ordinary society (see
details in Supplementary materials). Use a question to
check the manipulation of priming: “Living in such a so-
ciety, to what extent do you feel that this society is eco-
nomically free?”. A 7-point Likert scale was used, with 1
being “not at all” and 7 being “very strong”.

Materials

Cooperation-led resources
We used the pandemic public goods game to measure
the cooperation of participants. Cooperation was
reflected in participants’ preference for interpersonal
interaction, and participants needed to weigh their own
interests with those of others to make decisions. The
pandemic public goods game was adapted from the clas-
sic paradigm of the public goods game. Participants were
told that there were confirmed cases of COVID-19
around their community and that all 50 people in the
community needed to purchase enough masks for daily
protection. Each of them was given 100 US dollars and
needed to complete the purchase in two ways. The first
way was to buy masks by themselves. In this case, the
unit price of masks was $5. Another way was to invest
money in a crowdfunding project to buy masks collect-
ively. In this case, the unit price of masks was $2, but
the masks purchased collectively needed to be divided
equally among all 50 people. Participants chose how
much money they would invest in the crowdfunding
project. The more money was invested in the crowd-
funding project, the more willing participants were to
contribute to the collective. The money that participants

invested in the crowdfunding project represented their
cooperation-led resources.

Risk aversion-led resources
The risk aversion lottery game in the context of the pan-
demic was adapted from the lottery choice paradigm
[32]. Risk aversion was manifested in the participants’
own preferences, and there was no conflict between their
own interests and the interests of others. Participants
were told that the nucleic acid test kits were helpful to
help screen patients with confirmed COVID-19. Assume
that the subject, as the person in charge of a company,
needed to prepare enough kits for all employees of the
company. Participants completed seven decisions to
choose one from two options. One of the options was a
safety option, which was “100% chance to get 100 kits”,
and the other option was a risky option, from the higher
expectation (50% chance to get 165 kits) to the lower ex-
pectation (50% chance of getting 3200 kits). We added
up the expectations of each participant’s seven options,
which were risk aversion-led resources.

Loss aversion-led resources
The loss aversion lottery game in the context of the pan-
demic was adapted from the lottery choice task [33].
Like risk aversion, loss aversion was manifested in the
participants’ own preferences. Suppose that the govern-
ment introduced a series of economic stimulus plans
during the COVID-19 pandemic. There was no loss in
the Type A plan (100% probability of getting 100 USD),
and the Type B plan may have a loss (such as 50% prob-
ability of losing 500 USD and 50% probability of winning
800 USD). Participants needed to make seven choices
among the seven combinations of these two types of
plans. In this study, the expectations of the seven op-
tions selected by the participants were summed, and the
value obtained was the total amount of money invested
by the participants, which denotes loss aversion-led
resources.

Results
The results show that compared with the economic un-
freedom group and the neutral group, the economic
freedom group reported higher economic freedom (Mfree

= 5.64, SD = 1.23; Mnon − free = 4.97, SD = 1.72; Mneutral =
5.29, SD = 1.20, F(2, 201) = 3.97, p = 0.020, η2p = 0.038,

Fig. 5), which indicates that the priming of economic
freedom is effective. Further post hoc (the false discovery
rate method was used for multiple comparison correc-
tion) results show that the economic freedom group re-
ported higher economic freedom than the economic
unfreedom group (Mfree- Mnon _ free = 0.67, FDR p =
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0.015; Mfree- Mneutral = 0.35, FDR p = 0.192; Mnon _ free-
Mneutral = − 0.32, FDR p = 0.192).
Subsequently, ANOVA was performed on

cooperation-led resources, risk aversion-led resources,
and loss aversion-led resources. Different priming
groups had significant differences in cooperation-led
resources (Mfree = 73.64,SD = 26.11; Mnon − free =
62.69,SD = 30.25; Mneutral = 62.21, SD = 29.08, F(2,
201) = 3.55, p = 0.031, η2p = 0.034, Fig. 5). The re-

sources of the economic freedom group were signifi-
cantly higher than those of the economic unfreedom
group and the neutral group (Mfree- Mnon _ free =
10.95, FDR p = 0.038; Mfree- Mneutral = 11.43, FDR p =
0.038; Mnon _ free- Mneutral = 0.48, FDR p = 0.923),
which indicates that participants who are primed with
the concept of economic freedom express more co-
operation in the pandemic public goods game. The
results on risk aversion-led resources show that there

was no significant difference (Mfree = 234.00, SD =
111.22; Mnon − free = 232.21, SD = 114.35; Mneutral =
222.38, SD = 113.64, F(2, 201) = 0.206, p = 0.814, η2p =

0.002). Finally, there was a significant difference in
loss aversion-led resources (Mfree = 254.49, SD =
132.16; Mnon − free = 277.63, SD = 135.56; Mneutral =
219.59, SD = 121.42, F(2, 201) = 3.380, p = 0.036, η2p =

0.033). The resources of the economic unfreedom
group were significantly higher than those of the neu-
tral group, while there was no significant difference
between the economic freedom group and the eco-
nomic unfreedom group (Mfree- Mnon _ free = − 23.14,
FDR p = 0.297; Mfree- Mneutral = 34.90, FDR p = 0.179;
Mnon _ free- Mneutral = 58.04, FDR p = 0.030). Combin-
ing the results of the three resource tasks, we found
that cooperation can be a psychological mechanism
that drives the effect of economic freedom on re-
source allocation efficiency.

Fig. 5 Comparisons of economic freedom, cooperation-led resources, risk aversion-led resources and loss aversion-led resources for
different groups
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Study 3b
In study 3a, we discussed the influence of economic
freedom on individual behaviors. The results show
that economic freedom can promote individual co-
operative behaviors. We added the equality variable in
study 3b to explore whether equality moderates the
effect of economic freedom on individual cooperative
behaviors.

Method
Participants
We recruited 593 US participants from Amazon Mech-
anical Turk. The participants completed this experiment
on the online survey platform Qualtrics. Sixty-two par-
ticipants were excluded because they did not pass the
forced choice or the time that they took to complete the
questionnaire was greater than three standard deviations.
Therefore, the final sample included 531 participants
(310 males, 221 females) aged 18–64 years. All partici-
pants provided informed consent for the experiment.
Participants first underwent an assessment of the control
variables of self-constructs, general distrust, tightness,
just world, subjective socioeconomic status, and social
value orientation. Then, they completed a writing task
that primed them to different concepts of economic
freedom and equality. Finally, they participated in a
cooperation-led resource task in the context of the
pandemic.

Experimental manipulation
To manipulate the concept of economic freedom and
equality, participants were randomly assigned to the eco-
nomic freedom-equality group (N = 132), the economic
freedom-inequality group (N = 132), the economic
unfreedom-equality group (N = 135), or the economic
unfreedom-inequality group (N = 132). Participants in
different priming groups read different materials, and
the materials described the social information corre-
sponding to the group. The economic freedom-equality
group read about an economically free and equal society,
the economic freedom-inequality group read about an
economically free but unequal society, the economic
unfreedom-equality group read about an economically
unfree but equal society, and the economic unfreedom-
inequality group read about an economically unfree and
unequal society (see details in the Supplementary mate-
rials). The following two questions were posed to assess
the manipulation effect of the priming: “Living in such a
society, you feel that the society is economically free”,
and “Living in such a society, you feel that the society is
equal.” A 7-point Likert scale was used, with 1 being
“Completely Disagree” and 7 being “Completely Agree”.

Materials
Cooperation-led resources
These were the same as those in study 3a.

Results
The results show that compared with the economic un-
freedom group, the economic freedom group reported
higher economic freedom (Mfree = 5.76, SD = 1.02 ;Mnon

− free = 5.53, SD = 1.28, t = 2.292, p = 0.022), which indi-
cates that the priming of economic freedom was effect-
ive. Compared with the unequal group, the equal group
reported higher equality (Mequal = 5.79, SD = 1.00 ;Mineq-

ual = 5.45, SD = 1.46, t = 3.166, p = 0.002), which indicates
that the equality priming was effective.
Subsequently, analysis of variance (ANOVA) was per-

formed on cooperation-led resources, risk-aversion-led
resources, and loss-aversion-led resources, where self-
constructs, general distrust, tightness, just world, sub-
jective socioeconomic status, and social value orientation
were taken as the covariates. For cooperation-led re-
sources, the main effect of economic freedom (F = 0.729,
p = 0.393) and equality (F = 1.325, p = 0.250) was not sig-
nificant, but the interaction was significant (F = 5.335,
p = 0.021, Fig. 6). A simple effect analysis shows that the
main effect of economic freedom was significant in the
high-equality group (Mfree-Mnon-free = 5.115, p = 0.025)
and not significant in the low-equality group (Mfree-
Mnon-free = − 2.356, p = 0.305).

Discussion
Research has found that the logistic function offers a
good fit in analyses of the SARS pandemic [19].

Fig. 6 Comparisons of cooperation-led resources between scenarios
with different equalities and economic freedoms
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Analyzing the COVID-19 pandemic, we found that the
logistic function fit the cumulative confirmed cases of
the first wave of COVID-19 well, which indicated that
logistic function has applicability in describing infectious
diseases. In contrast, Salvador et al. [3] performed a
logarithmic transformation of the cumulative confirmed
cases of the early stage, while Jiang et al. [1] calculated
the cumulative confirmed cases within 30 days after the
outbreak. The logic behind these treatments is that the
number of infected individuals displays an approximately
linear increase at the very beginning of a pandemic out-
break. As a consequence, these authors captured only
the early spread of the pandemic, and the conclusions
reached were limited to the beginning of the COVID-19
outbreak. However, we overcame this limitation to a cer-
tain extent by using logistic fitting not only to measure
the overall control speed of the first wave of COVID-19
but also to distinguish two specific stages of pandemic
control to discuss the factors affecting the control speed.
Therefore, our conclusions about the role of economic
freedom in COVID-19 control are applicable to a wider
time frame.
There have been few studies on economic freedom

and pandemics. However, existing studies have shown
that economic freedom can reduce damage from pan-
demics. Countries with higher economic freedom were
less affected by the 1918 pandemic and could restore
economic order more quickly [11]. Some researchers
have also explored the role of economic freedom in the
context of the COVID-19 pandemic. For example, Chen
et al. showed no connection between economic freedom
and the number of deaths caused by COVID-19 [42].
Szulczyk & Cheema found that countries with greater
economic freedom had lower COVID-19 mortality rates
[4]. Rather than focusing on deaths, we posited that eco-
nomic freedom, as an indicator of the quality of social
systems, could impact society’s efforts to control the
spread of COVID-19. Therefore, economic freedom
might affect not only COVID-19 deaths but also pan-
demic control. The results based on public data and evo-
lutionary game models showed that economic freedom
had a positive impact on pandemic control and that this
impact was achieved through the efficient allocation of
resources. In addition, economic freedom was found to
be significantly associated with the stage 1 control speed
but not the stage 2 control speed. This result is due to
the moderating effect of equality. Early-stage pandemic
control is represented by the slowing growth of con-
firmed cases, while late-stage control is manifested by
curbing the increase until the spread is stopped. The
former could be achieved by individuals taking personal
protective measures. However, the latter requires more
powerful public measures, such as issuing lockdown or-
ders and social distancing. Therefore, the level of

government intervention increases in stage 2. For the
high egalitarian societies, but not low egalitarian soci-
eties, the relationship between economic freedom and
pandemic control remained positive for both stage 1 and
stage 2. At stage 2, the government began to intervene,
thus affecting the role of economic freedom. We consid-
ered that with the deep involvement of the government,
highly egalitarian countries with high economic freedom
are able to allocate resources fairly and quickly, thus af-
fecting the speed of epidemic control. However, in low
egalitarian nations, the government distributes resources
unequally in stage 2 and allocates more resources to
higher social classes. Furthermore, the rapid resource al-
location capacity related to economic freedom does not
apply to all citizens, so economic freedom has no effect
on the speed of epidemic control in low egalitarian na-
tions. Therefore, in stage 2, after summing the main eco-
nomic freedom effects of high egalitarian countries and
low egalitarian countries, the overall main effect was
found to be insignificant. Nonetheless, we expanded the
literature on the role of economic freedom in the field of
infectious diseases. Together with research on tightness
[2], individualism [1], and relational mobility [3], our
findings proved that social factors do have an impact on
COVID-19 control.
We also explored the impact of economic freedom on

individuals. The concept of economic freedom originally
characterized the social context, with little attention
given to how economic freedom affects individual be-
havior. McCannon connected participants’ perception of
economic freedom with their performance in economic
games and concluded that economically free individuals
participate more in wealth-creating investments [39].
However, as McCannon explained, the study, as a correl-
ation exploration, could not prove that economic free-
dom indeed affects the economic behavior of
individuals. Based on this work, we primed individuals
with different concepts of economic freedom and equal-
ity. In study 3a, we assessed the influence of economic
freedom on individual behavior. The results show that
economic freedom can promote individual cooperative
behavior. In study 3b, we added the variable of equality
to further explore the moderating role of equality in eco-
nomic freedom and individual behavior. We found that
individuals primed with the concept of economic free-
dom showed higher cooperation in the pandemic public
goods game in the high equality group. However, in the
low equality group, economic freedom had no effect on
individual cooperative behavior. Briefly, this study ex-
plored the possibility that economic freedom may influ-
ence individuals’ cooperative behavior and, thus, further
influence the speed of social resource allocation. A pre-
vious study revealed that economic freedom promotes
trust [43]. Therefore, we suspect that economic freedom
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may promote individuals’ trust in others, which makes
individuals more willing to cooperate with others. Fur-
ther research showed that in an equal society, high eco-
nomic freedom endows individuals with a greater
tendency to cooperate. It is possible that individuals in
highly economically free societies are more likely to trust
others and trust the government to distribute resources
fairly. However, in an unequal society, the government
cannot allocate resources fairly. Therefore, economic
freedom may not promote trust, leading to the failure of
economic freedom to affect the cooperative behavior of
individuals. In a society with high equality and high eco-
nomic freedom, individuals are more willing to cooper-
ate and make contributions to the collective; thus, more
resources are available in a highly economically free so-
ciety. More available resources can be used to better
protect individuals from infection. Even if individuals be-
come infected, they can be isolated and treated in a
timely manner to prevent the infection from spreading,
which ultimately promotes faster pandemic control in
societies with economic freedom.
Both neomaterial theory [16] and innovation diffusion

theory [18] emphasize resource availability. Deep-rooted
structural inequality hinders the resource access of dis-
advantaged groups in society. The prerequisite for con-
trolling COVID-19 is to ensure that all individuals have
access to adequate resources. If new resources are dis-
proportionately allocated to the upper class of society,
their distribution from top to bottom will be quite slow,
leaving some people unable to enjoy the benefits of high
economic freedom. The consequence of restricted use of
resources for some populations is that infectious diseases
continue to spread, causing pandemic control measures
to remain ineffective [20]. The negative consequences of
inequality in the context of COVID-19 support Macken-
bach’s view that inequality is harmful to all members of
society and that reducing inequality can safeguard every-
one’s interests [44]. The combination of high economic
freedom and high equality guarantees that society as a
whole can properly protect itself in a pandemic.
This article used multiple methods to comprehensively

explore the impact of economic freedom and equality on
the speed of pandemic control, elucidating the under-
lying mechanism. Based on our findings, there are some
problems that could be explored in future research. First,
we analyzed pandemic control for the first wave of
COVID-19 only. However, many nations have experi-
enced multiple waves of COVID-19. Since vaccine pro-
duction remains on the agenda and economic freedom
should influence the distribution of vaccines, we believe
that economic freedom might also play a positive role in
the next few waves of COVID-19. Second, a society with
high economic freedom has many advantages. Our
model simulated only high resource allocation ability

and abstracted from other mechanisms. Finally, the re-
sults of study 3 showed that priming individuals’ eco-
nomic freedom would promote better cooperation. The
results inspire us to explore whether individual coopera-
tive behavior can affect resource allocation in the market
and, thus, affect epidemic control, which needs to be
confirmed by further research. Although the current re-
sults can clarify how economic freedom affects pan-
demic control, future research can explore other
possible paths.

Conclusions
The process of globalization generally unfolds together
with the increasing degree of economic freedom in
countries. The current studies demonstrated that eco-
nomic freedom has a positive effect on the control of
the COVID-19 pandemic only among highly egalitarian
nations. Poor economic freedom and social inequality
can make it take longer to control the COVID-19 pan-
demic or even perpetuate it. Therefore, new interven-
tions are needed to help countries heighten economic
freedom and equality as they continue to battle COVID-
19 and other collective threats.
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