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Abstract COVID-19 has spread all over the world, and the cumulative number of infected people is

still increasing dairy. Therefore, interventions to limit the spread of COVID-19 should be considered for

each social situation. Effective interventions to minimize COVID-19 transmission vary for each situation in

accordance with a quantitative framework called event R. Of those various events, the example of a school

has the highest possibility of infection, but distancing as an intervention cuts the number of new infections

in half. Therefore, perform we multi-agent simulation of COVID-19 transmission without measures and

with social distancing. To perform simulation under the same conditions as those in the event R calculation,

our simulation is performed under the following conditions: a single infected person enters the classroom

with the first set of multiple uninfected people and a certain amount of time passes. After that, the

infected person enters another classroom with the same number of new uninfected people, and the process

is repeated eight times. The simulation results show that there is a relationship between social distancing

and the spread of infection, but the rate of decrease is not constant.
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1. Introduction

Recently, there has been much discussion about co-
existing with COVID-19, and some states are not re-
quiring the wearing of masks. Therefore, the effective-
ness of interventions for infection control other than
mask wearing must be emphasized inlight of these dis-
cussions. An effective intervention that can be consid-
ered is social distancing.

The interventions to limit the spread of COVID-19
should be considered for each social situation such as
public transport and high schools because the spread
has not yet been sufficiency controlled around the
world. Here, there is a quantitative framework to de-
termine which intervention is likely to have the most
effect in which situation. The concept of“ event R”
refers to the expected number of new infected people
owing to the presence of a single infected person in a
situation [1].

Then, in workplaces and businesses, it is neces-
sary to determine whether the conditions are linear or
saturating, and whether people are strongly mixed or
bubbling. Figure 1, adapted from Tuppera et al. [1],

shows the values of event R for no measures and each
intervention. In Fig. 1, the settings of high schools
are saturating and mixing, and the results show that
different events have different effective interventions.

High schools, which are most likely to be suscepti-
ble to infection among these four settings, are focused
on. Then, event R is halved by halving the number of
contacts in event R considering social distancing. In
addition, the calculations are made under the follow-
ing conditions in high schools: a single infected person
comes in contacts with the first set of multiple unin-
fected people for a certain length of time. After that,
the infected person comes in contact with the same
number of new uninfected people. This is repeated
eight times for a total time of one week.

We perform multi-agent simulation (MAS) of
COVID-19 transmission in a high school without mea-
sures and with social distancing. Then, we examine
whether the number of new infections is reduced by
half by practicing social distancing, as in the event
R calculation. In addition, we examine the effect of
infection reduction on changes in the proportion of
people practicing social distancing.
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Fig. 1 Four different kinds of events: (left) lin-
ear (low transmission probability), (right) saturating
(high transmission probability), (upper) static (same
contacts for whole event), and (lower) mixing (high
turnover of contacts).

2. MAS

MAS [2] is based on the idea that programs ex-
hibit behaviors entirely described by the program in-
structions. It is possible to simulate an artificial world
inhabited by interacting processes by relating an indi-
vidual to a program. We can simulate by transposing
the population of a real biosystem to its artificial coun-
terpart in which particular hypotheses can be explored
by repeating experiments. Each organism of the pop-
ulation is represented as an agent whose behavior is
programmed with all the required details.

The simulation of the number of people infected
with infectious diseases is sometimes performed using
a mathematical model based on differential equations.
In addition, overall parameters such as infection rate
and mortality rate are defined, in the simulation using
a mathematical model. However, in MAS, it is possi-
ble to consider more details than in a simulation using
a mathematical model because several parameters are
given to each agent.

3. Model

We use the SIR model in our one-week MAS sim-
ulation of the number of new infections. In the SIR
model, agents are given the state S (susceptible), I
(infectious), or Re (recovered), which changes in turn.
The SIR model is also applied to the early spread of
SARS-CoV-2 and the fitting of the reported COVID-
19 cases in Italy [3].

In this study, MAS is performed for the cases with-
out measures and with social distancing. Recovery
and death are not considered in this one-week simu-
lation because the infectious period is approximately
eight days [4].

4. Simulation and Conditions

4.1 Conditions of all simulations

To perform simulation under the same conditions
as those in the event R calculation, the following con-
ditions are adopted.

• The simulation is repeated eight times with one
initially infected person, 20 uninfected people,
and a 400 m2(20 m × 20 m) classroom. Because
the people are replaced seven times in the event
R calculations, the simulations in this study are
adapted to these conditions as well.

• In this one-week simulation, the initially infected
person is always in the classroom and infectious.

• The agent’s initial position and direction of
movement are determined randomly.

• All of the agents are between the ages of 15 and
18, and all of the infected people are infectious
and asymptomatic, and there is no quarantine
of the infected people.

• If an infected person enters within a radius of
1[m] around an uninfected person, the unin-
fected person becomes infected, and the time re-
quired for virus transmission is 15 minutes. This
is based on the definition of intensive contact in
Japan.

• For all agents, behavior and contact outside the
classroom are not considered.

• To obtain results under the same conditions as
those in the event R calculation, the time of our
eight repeated simulations is set to one week.
Weekends are not taken into account, and the
time for one simulation is set at 8 hours.

4.2 Conditions of simulation with social
distancing

The simulations are performed without measures
and with social distancing. In the simulation with so-
cial distancing, a repulsion force that is inversely pro-
portional to the distance between the agents should
be applied if another agent enters within a radius of
2[m] around one agent. Furthermore, agents are pro-
grammed to predict where other agents are going, so
when there is interference by many other agents, they
cannot avoid contact completely.
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5. Proposed Method

The total number of initially uninfected people in
the eight simulations is 160 because the simulation of
20 uninfected people is performed eight times. The
proportion of the total number of new infected people
to the total number of these 160 people is calculated.
Then, this simulation is performed 10 times and the
mean and median of the data from these 10 times are
obtained. Furthermore, the simulations are performed
without measures and with the number of agents prac-
ticing social distancing set to 10 different values from
10 to 100% of the number of uninfected people. How-
ever, in the simulation with social distancing, the ini-
tially infected person practices social distancing in all
situations. For example, the total number of agents
practicing social distancing is 11 if 50% of the agents
practice social distancing.

6. Results

Figure 2 shows a scatter plot and graph of the re-
sult of one of the eight repeated simulations without
measures. The scatter plot shows the agents, and the
movement of the agents and the infection situation
can be seen in a video. The red points are the infected
agents and the blue points are the uninfected agents.
The graph below shows the number of infected and
uninfected people at the same time as that indicated
in the scatter plot above. In this graph, the horizon-
tal axis is time and the vertical axis is the number of
infected people. The red area increases as the number
of infected people increases. In the case of the sim-
ulation shown in Fig. 2, one initially infected person
eventually generates 14 new infected people.

Likewise, Fig. 3 shows a scatter plot of the result
of one of the eight repeated simulations with social
distancing. the orange points are the agents infected
despite practicing social distancing. In the case of
the simulation shown in Fig. 3, one initially infected
person eventually generates 11 new infected people.

Fig. 2 Scatter plot and graph of result of one of the
simulations without measures

Fig. 3 Scatter plot and graph of result of one of the
simulations with social distancing

The means and medians obtained from all simula-
tions are shown in Figs. 4 and 5. In these figures, 0%
people practicing social distancing corresponds to the
result of the simulation without measures.

Fig. 4 Means of all simulations

Fig. 5 Medians of all simulations
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Figures 4 and 5 show that the number of new in-
fected people decreased as the proportion of people
practicing social distancing increased. However, the
number of new infected people is not reduced by half
compared with the simulation without measures un-
like in the event R calculation. Social distancing is
represented by halving the number of people in con-
tact in the event R calculation, whereas the agents in
a MAS move randomly and always try to keep a dis-
tance of 2[m] from each other. Even if the frequency
of contact between the initially infected person and
uninfected people is halved in MAS, the new infected
people come in contact with each other in one simu-
lation. Therefore, the number of new infected people
decreases by only about 30% when people practice so-
cial distancing of 2[m] because of secondary infections
in the simulation MAS.

Furthermore, the results in Fig. 4 for the case with-
out measures and the case with 10% of the people
practicing social distancing show that there is a dif-
ference of about 10% between these two values. This
difference is larger than the differences in other pa-
rameters. Then, one initially infected person practices
social distancing in all simulations with social distanc-
ing. Therefore, this confirms that the effect of social
distancing on the spread of infection by infected peo-
ple is significant.

In addition, Fig. 6 shows the proportion of new
infected people among the number of agents without
any measures and the proportion of new infected peo-
ple among the number of agents practicing social dis-
tancing. The blue graph shows the number of agents
without any measures and the orange graph shows the
number of agents practicing social distancing. The
proportion ranges from 10% to 90% of the number of
people practicing social distancing because the aim is
to compare the effects of no measures and social dis-
tancing in the same simulation. In Fig. 6, the agents
without measures consistently infected more than 60%
of the population, while the agents practicing social
distancing consistently infected less than 50% of the
new infected people.

Fig. 6 Means of all simulations

7. Conclusion

The purposes of this study were as follows: to con-
firm whether the number of new COVID-19 infected
people with social distancing was reduced by half com-
pared with no measures and to analyze the effect of
the number of people practicing social distancing on
the spread of infection.

MAS was performed without measures and with
the number of agents practicing social distancing set
to 11 different values ranging from 0 to 100% of the
total number of agents. As a result, in the simulation
with social distancing, the number of new infected
people was not reduced by half compared with the
simulation without measures. However, the number
of new infected people decreases as the proportion of
people practicing social distancing increased.

In a school, students do not always move. They sit
in their classes, and during breaks, some move while
others do not. In the future, it is necessary to recreate
this situation in MAS to make the simulation more
realistic. In addition, although the number of new
infected people was not reduced by half even with so-
cial distancing, it is necessary to examine whether the
number of new infected people can be reduced by half
when the distance between agents is greater than 2[m].
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