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ABSTRACT Although the COVID-19 pandemic has mostly ended, there may be future situations (e.g. future
pandemics) in which infectious disease spread on airplanes should be minimized. The COVID-19 pandemic
led to social distancing as a means of enhancing passenger safety. Methods were developed to separate
homogenous passengers from each other on airplanes and in other settings. This paper presents three greedy
methods that assign passengers to airplane seats so that those passengers most likely to be susceptible to
infectious diseases are separated from those passengers who are most likely to be infectious. Stochastic
simulation results show that the performance of the proposed greedy methods provide much higher values
for the average distance of separation between susceptible and infectious passengers when compared to a
random seat assignment. The improvements in the two best of the three greedy methods range from 152% to
343% across the selected scenarios. In addition to considering passengers who are likely to be infectious and
those who are likely to be susceptible to the disease, the methods consider those passengers who are likely
to be both infectious and susceptible. By accounting for variations in individual passenger infectiousness
and susceptibility to infection, we illustrate how disease spread may be reduced during future pandemics or
similar health crises, thereby improving the safety and resiliency of air travel.

INDEX TERMS Airplane seating assignment, greedy algorithm, COVID-19, pandemic, boarding strategies,
NetLogo, Python.

I. INTRODUCTION
The COVID-19 pandemic precipitated the implementation
of a range of measures to mitigate disease transmission
risk and safeguard public health [1], [2], [3]. Notably,
among these measures, social distancing has emerged as a
focal point, garnering substantial attention and widespread
implementation [4], [5]. The Centers for Disease Con-
trol and Prevention (CDC), an authoritative body in the
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United States, advocated for a recommended social dis-
tance, also known as ‘‘physical distance,’’ of 6 feet, which
roughly equates to 1.8 m [6]. Different nations embraced
differing recommendations for the minimum physical dis-
tances to be maintained. For instance, countries like China,
Italy, France, Denmark, and New Zealand endorsed a
minimum distance of 1 meter, while Australia, Greece,
Spain, Germany, and the Netherlands adopted a standard of
1.5 meters. Comparatively, the United Kingdom and Canada
have advocated for a more extensive minimum distance of
2 m [7], [8].
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In their comprehensive systematic review encompassing
172 scholarly papers addressing COVID-19, SARS (Severe
Acute Respiratory Syndrome), and MERS (Middle East Res-
piratory Syndrome), Chu et al. [9] conducted a sensitivity
analysis to explore the impact of social distancing on virus
infection rates. The researchers’ findings underscored the
significance of maintaining a social distance of greater than
1 m as important in curtailing virus transmission. Through a
comparative assessment of various levels of social distanc-
ing, the researchers arrived at the conclusion that for each
additional meter of separation distance observed, there was
an estimated decrease of 2.02 times in the relative risk of
infection [9].

The implementation of the minimum physical distanc-
ing measure in public spaces during the pandemic became
widespread, aiming to mitigate the transmission of the virus.
This preventive strategy had been adopted across various
public settings, including indoor entertainment venues [10],
[11], passengers from the same household traveling in a
vehicle together [12], educational institutions and confer-
ence halls [13], places of worship [14], and transportation
systems [15], [16], [17]. The CDC provided guidelines
for schools. These guidelines suggest exploring innovative
approaches to physically separate students, which can be
as straightforward as arranging desks at greater distances
from one another [10]. Additionally, when students travel
on school buses, seating arrangements can involve assign-
ing one student per row, alternating between window and
aisle seats, and leaving empty rows whenever possible [18].
Moore et al. [12], advocate a comparable approach, differing
in that these authors take into account the arrangement of
students on the bus, which is influenced by their pick-up
order. In cinemas and theaters, seating assignments have
been complemented by the development of new features in
booking systems. These features strategically block off adja-
cent seats to individuals or groups, simultaneously preventing
seating in front of and behind the selected seats of a person
or group [19].

The research community exhibited a keen interest in iden-
tifying optimal solutions for adhering to minimum social
distancing requirements while maximizing the utilization
of indoor spaces. This focus is evident in recent scientific
literature. Murray [20] explores the feasibility of planning
classroom layouts with physical distancing considerations
using a spatial optimization model. By minimizing the risk of
COVID-19 transmission, this model facilitates the arrange-
ment of seats to accommodate students effectively. Dundar
and Karakose [21] also investigate seat assignment in class-
rooms to minimize disease spread. The researchers propose
optimization models and graph-based heuristic algorithms to
arrange seat layouts, considering the safety of both students
and university staff members. Romero et al. [22] exam-
ine various virus exposure levels in traffic scenarios within
academic buildings. Their analysis highlights the impact
of crowd density on infection risk. Bartolucci et al. [23]

focus on students’ exposure to COVID-19 and compliance
with physical distancing measures inside university build-
ings. Through experimental analysis, the authors demonstrate
that students perceive a higher risk of infection in university
corridors, where the likelihood of close proximity interac-
tion is high. D’Orazio et al. [24] consider three primary
strategies—mask implementation, density control, and access
control—employed by universities during pandemics. Using
an agent-based modeling approach, the researchers analyze
the efficacy of different risk mitigation strategies in pre-
venting virus spread within university settings. Similarly,
Bahl et al. [25] adopt an agent-based modeling approach to
capture the unique features of viral transmission within a
college environment. The authors’ findings emphasize the
necessity of robust policies for effectively reducing virus
transmission.

Banon and Banon [7] delve into the reconfiguration of
indoor spaces as a means to facilitate seat distribution in var-
ious settings, such as restaurants, libraries, and classrooms.
The authors suggest that an equilateral triangle-based seat
pattern may be more favorable than the traditional row-and-
column arrangement when addressing the seat assignment
challenge during pandemics [7]. Fischetti et al. [26] present
an optimization tool designed to maximize area utilization
in diverse public locations (e.g., restaurants, beach umbrella
areas, theaters) while considering social distancing measures
and minimizing the overall risk of infection. The authors
demonstrate that their proposed approach can be effec-
tively applied to the problem of seat selection for family
groups. Despite initially appearing inefficient and counterin-
tuitive, the resulting seating patterns successfully maximize
space usage while minimizing the risk of infection [26].
Mokhtari and Jahangir [27] propose a strategy to minimize
the risk of viral transmission through improved planning
of occupant distribution within buildings throughout the
day and the implementation of a higher air exchange rate.
Simeone et al. [28] adopt an agent-based modeling approach
to reevaluate the architectural design of spaces. The authors
aim to explore how architecture can be adapted to mitigate
the transmission of disease. Echeverria-Huarte et al. [29]
conduct a laboratory experiment to demonstrate the influence
of pedestrian density, walking speed, and prescribed safety
distance on interpersonal distance—an essential measure for
reducing the spread of the viral transmissions.

Benita [30] offers a comprehensive review that focuses on
human mobility behavior, specifically examining the impact
of disease spread on various aspects of transportation opera-
tions, road traffic demand, air transport, and the environment.
The review provides a thorough analysis of the changes and
challenges brought about by the recent pandemic in these
domains.

Furthermore, concentrating solely on flight networks,
Suzumura et al. [31] examines the repercussions of
COVID-19 on these networks. The authors correlate the daily
number of flights with the pandemic situation in various
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countries globally, thereby emphasizing the profound impact
of the pandemic.

Additionally, Riquelme et al. [32] conducted a compre-
hensive survey on contagion modeling and simulation within
transport and air travel networks during the COVID-19 pan-
demic. Their work underscores that, during the specified
period, the scientific literature presented 15 models for the
spread of COVID-19 contagion.

Mangili et al. [33] highlight that the airplane boarding
and deplaning processes pose a higher risk of passen-
gers coming into contact with each other and contaminated
surfaces. Extensive research has examined various aspects
of the boarding process, leading to notable findings. For
instance, aisle seat passengers have a higher likelihood of
contracting illnesses [34]. Conversely, passengers seated near
the window are exposed to fewer infectious particles [35].
Additionally, passengers seated closer to the front of the
cabin tend to have longer cumulative durations of con-
tact, potentially due to the presence of lavatories located
toward the rear of the airplane [36]. These studies shed
light on the dynamics of disease transmission within the
aircraft environment, providing insights for implementing
strategies to mitigate risks during the boarding and deplaning
processes.

Thus, social distance has been considered in the airplane
boarding problem during the COVID-19 pandemic, airlines
trying different policies for providing a safer environment
for their passengers, such as: boarding first the passengers
with seats in the rear rows of the airplane [37], [38], keeping
the middle seats unoccupied [39], limiting the number of
passengers when apron buses are used [40], using jet bridges
when possible [40], suspending priority boarding [40], and
filling the middle seats lasts [41].
Based on scientific literature, it has been asserted that

keeping the middle seat empty during airplane boarding
leads to a significant reduction in disease exposure [42]. The
design of queues plays an important role in mitigating the
spread of infectious diseases [43]. The scientific literature
has addressed the issue of disease transmission during air-
plane boarding in various ways. Some studies have focused
on determining the most effective boarding methods for
minimizing disease spread [44], while others have adapted
existing methods, such as the reverse pyramid boarding
method, to account for social distancing requirements [45],
[46]. Risk assessments related to passenger behavior during
boarding have also been conducted [47], [48], aiming to
understand the potential risks associated with specific actions
or situations. Considering the groups of passengers boarding
together has also been investigated as a potential strategy [49]
to better manage the boarding process and mitigate the risk
of infection. Strategies to manage the deplaning process of
the patients with severe acute airborne disease have been
explored by Xie et al. [50], aiming to reduce the risk of
infection for healthy passengers, with the risk of sacrificing
the deplaning process efficiency.

Additional researchers have explored seat assignment
solutions that prioritize minimizing the risk of disease trans-
mission on airplanes [51], [52]. Salari et al. [52] proposes a
mixed-integer programming model, solved with a heuristic
algorithm, that considers social distancing and passengers
traveling together as a family group. Their method is superior
to an alternative airline policy of blocking all middle seats,
while taking into account the risk of disease transmission.

An important aspect to consider in the earlier works on
airplane boarding and airplane seating assignments in the
scientific literature is the assumption of homogenous pas-
sengers (except to the extent they form passenger groups
such as families). While this assumption simplifies the
analysis and modeling process, it does not capture the het-
erogeneity among individuals in terms of vulnerability to
infection or infectiousness. In reality, some passengers may
be particularly vulnerable to infection due to factors such
as age, weight, underlying health conditions, or compro-
mised immune systems. Likewise, certain individuals may
be more likely to be infectious based on factors such as
recent exposure to the virus or exhibiting symptoms of illness.
Haque and Hamid [53] suggest reducing virus spread while
boarding trains by reducing interaction among passengers
from stations whose nearby populations have varying levels
of infection. Their work reinforces the notion of segregating
passengers based on their infection likelihood [53]. These
variations in vulnerability and infectiousness can signifi-
cantly impact the spread of diseases during the airplane
boarding process.

Blackwood and Childs [54] present an introduction to
models of infectious disease spread using the susceptible-
infectious-recovered (SIR) framework. These models focus
on the spread of disease within a population as a whole,
considering different stages of infection and the transition
between them. The SIR framework provides a foundation
for understanding how infectious diseases propagate through
populations and the impact of various factors on disease
dynamics. In a similar vein, Gevertz et al. [55] develop an
epidemiological model that explicitly characterizes individu-
als as belonging to specific compartments, such as susceptible
individuals or compartments representing asymptomatic indi-
viduals. This compartmentalized approach allows for a more
detailed representation of the different stages of infection and
the interactions between individuals within a population.

Derjany et al. [56] adopt a perspective that considers pas-
sengers as either infectious or susceptible when analyzing
the spread of infectious diseases during various stages of
commercial air travel. By differentiating passengers based on
their infection status, their study provides insights into the
dynamics of disease transmission within the context of air
travel. Similarly, Nakamura and Managi [57] offer valuable
information for airlines to estimate the likelihood of passen-
gers being infectious based on their airport of origin. This
approach recognizes that passengers may vary in terms of
their vulnerability to infection or their potential to spread
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diseases. The studies by Dollard et al. [58] on passenger
screening in airports, and Mitra et al. [59] on temperature
screening also emphasize the importance of considering dif-
ferent passenger characteristics in managing disease spread.
These studies highlight the potential benefits of screening
measures and the need to identify individuals who may pose
a higher risk of spreading diseases.

In our research paper, we introduce a classification scheme
that organizes passengers into fourmain groups based on their
potential status with regards to the likelihoods of disease sus-
ceptibility and being infectiousness. These groups include:

• Susceptible to disease (unlikely to be infectious):
Passengers in this category are considered vulnera-
ble to contracting disease but are not likely to be
actively infectious. They may exhibit certain charac-
teristics that indicate a higher probability of becoming
infected or incurring greater harm in the event of becom-
ing infected. Potential indicators for this group could
include advanced age, obesity, mobility impairment
(requiring assistance from airline and airport staff, such
as a wheelchair), no evidence of vaccination, no indica-
tion of a negative test result for the specific disease of
concern, and a willingness to pay the airline for a seat
that ensures enhanced safety measures.

• Infectious (not susceptible): Passengers in this cate-
gory may have tested positive for a disease or exhibit
symptoms that indicate an active infection. The char-
acteristics of these passengers that could be taken into
consideration include: being a young adult, being single
(unmarried), as individuals in such circumstances may
participate in more activities involving exposure risk,
traveling alone on this flight or having a recent history
of solo travel, having an airplane ticket with timings
and destinations indicating a vacation rather than a busi-
ness trip, particularly to locations known for a vibrant
nightlife scene, no evidence of vaccination, no indica-
tion of a negative test result for the specific disease of
concern, and residing in or departing from an area with
a high infection rate and/or a significant positivity rate.

• Both susceptible and infectious. Passengers in this cate-
gory are susceptible to disease and likely to infect others.

• Neither susceptible nor infectious: Passengers in this
category are neither susceptible to the disease nor likely
to be infectious.

To assess the likelihood of passengers belonging to differ-
ent categories, airlines can employ various methods. These
methods may include analyzing passenger demographics and
characteristics, such as age and mobility status, checking
vaccination records or test results, and offering enhanced
safety measures for passengers who express a willingness to
pay for them.

By implementing methods for assessing passenger vulner-
ability and infectiousness, airlines can enhance their ability
to mitigate disease transmission risks during air travel. This
approach allows for targeted measures and interventions to

be applied, focusing on passengers who are more likely
to be vulnerable, infectious, or both. As the emergence
of a pandemic can be unpredictable, and the requisite
response measures often necessitate a constrained timeframe
for implementation, early preparedness can prove to be pro-
foundly beneficial in ameliorating the consequences of such
global health crises. While our study’s approach draws inspi-
ration from the lessons of the recent COVID-19 pandemic, the
categorization of passengers into the four delineated groups
can be applied to future pandemics or other circumstances in
which minimizing disease spread becomes a priority.

In contrast to the approach employed byDerjany et al. [56],
which relies on probability distributions to generate pas-
senger attributes (susceptible and infectious) with uncertain
likelihoods, our research paper operates under the assumption
that these characteristics are known a priori. Each airline
would independently determine these attributes using their
ownmethodologies—potentially strengthened through future
research and drawing inspiration from the aforementioned
examples. The provided examples are not exhaustive, as air-
lines have the flexibility to incorporate additional factors and
data sources to bolster the accuracy of their categorization
process. The primary objective is to equip airlines with the
necessary tools to make well-informed decisions regarding
passenger placement, thereby mitigating the risk of disease
transmission and increasing the safety of their passengers on
board.

The original contributions of this paper include:

• The notion of classifying individual airplane passengers
into one of four groups based on their likelihoods of
infectiousness and susceptibility to infection

• Suggestions for data that may be useful in determining
the classification of each individual

• Using that classification to assign passengers to seats
that minimize harm from a contagious disease

• Evaluating the results of three greedy algorithms to pro-
vide insight into which ones perform better

• Provide a baseline for further research that leverages
individual passenger differences to improve travel safety

II. METHODS
In this section, we present information regarding the proposed
approach. First, we provide a list of assumptions. Subse-
quently, we discuss two greedy algorithms along with several
examples showcasing passenger placements on the airplane.

A. ASSUMPTIONS
The following modeling assumptions are made:

• Each passenger is traveling as an individual (no groups
of passengers traveling together)

• The airplane has 30 rows, each with 6 seats (3 on each
side of a single aisle)

• Each seat of the airplane is occupied
• Each passenger is designated as belonging to exactly one
of the following categories:
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FIGURE 1. Considered distances for the aircraft interior.

◦ s ∈ S, passengers that are susceptible to infection
but not likely to be infectious themselves

◦ i ∈ I , passengers that are likely to be infectious but
not susceptible to infection

◦ n ∈ N, passengers that are neither susceptible nor
infectious

◦ b ∈ B, passengers that are both susceptible to infec-
tion and likely to be infectious

In addition to the seat assignment considerations, several
distances related to the interior characteristics of the aircraft
are taken into account [52]. These distances include a seat
pitch of 32 inches, seat width of 17.5 inches, and aisle width
of 22 inches, as depicted in Figure 1.

B. PROPOSED APPROACH
Table 1 describes a greedy algorithm for assigning the pas-
sengers to seats on the airplane.

The main idea is to separate infectious and susceptible
passengers by assigning them seats on the airplane as follows.
Susceptible passengers who are not infectious will be seated
towards the back of the airplane, while infectious passengers
who are not susceptible will be seated towards the front. Some
passengers who are neither infectious nor susceptible will be
assigned to seats directly in front of susceptible passengers
near the back and directly behind infectious passengers near
the front, acting as a buffer. Next, the passengers classified as
both susceptible and infectious will be assigned seats in the
middle of the airplane, spread apart and separated from those
passengers who are infectious, susceptible, or both. Ideally,
there will be enough passengers in the neither infectious nor
susceptible category for them to surround and separate those
who are both infectious and susceptible.

After assigning susceptible passengers who are not infec-
tious to full rows of seats at the back of the airplane, there
may be a partial row of these passengers to assign. In this

case, the algorithm gives priority to assigning them seats on
the right side of the airplane and closest to the right side’s
window. If there are any remaining susceptible passengers,
they are assigned seats on the left side and closest to the left
side’s window. This arrangement aims to keep the susceptible
passengers together and, secondly, seat them closest to the
window. Recall that passengers seated near the window are
exposed to fewer infectious particles [35].

On the other hand, after assigning infectious passengers
who are not susceptible to full rows at the front of the airplane,
there may be a partial row of these passengers to assign.
The algorithm assigns them seats on the left side of the
airplane and closest to the aisle. If there are any remaining
infectious (but not susceptible) passengers, they are seated on
the right side of the airplane, again, closest to the aisle. This
arrangement clusters these infectious passengers together
and, secondly, seats them closest to the aisle.

These seat assignments are influenced by the goal of
having infectious passengers enter the airplane later than
susceptible passengers. This implicitly considers common
boarding methods where passengers with window seats typ-
ically board before those with middle seats, and those with
middle seats board before those with aisle seats. Additionally,
passengers seated near the rear of the airplane tend to board
before those seated near the front. (If the airplane flight is
long and if the lavatories used by passengers sitting near the
front of the airplane are located near the back of the airplane,
then essentially the same method could be used except with
assigning the infectious (but not susceptible) passengers to
seats near the back of the airplane and the susceptible (but
not infectious) passengers towards the front of the airplane;
assume for the remainder of this paper that this situation is
not the case.)

In summary, the greedy algorithm works by first assigning
the susceptible passengers, s ∈ S, to seats near the rear of the
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TABLE 1. Greedy algorithm. TABLE 1. (Continued.) Greedy algorithm.

TABLE 2. Greedy algorithm for assigning B passengers – Method 1.

airplane, then assigning infectious passengers, i ∈ I, to seats
near the front of the airplane. Next, a buffer row (or partial
row) of passengers that are neither infectious nor susceptible,
n ∈ N , are placed in front of the susceptible passengers
and also behind the infectious passengers. Subsequently, the
passengers that are both infectious and susceptible, b ∈ B, are
assigned to seats in the middle of the airplane, ideally so that
each is assigned a seat that is far from other passengers who
are infectious or susceptible or both. Finally, the remaining
passengers, n ∈ N, are assigned to the remaining empty
seats on the airplane. The details of the greedy algorithm are
outlined in Table 1.

As seen in Table 1, there are three approaches—Method 1,
Method 2, and Method 3—for assigning the passengers who
are both infectious and susceptible, b ∈ B, to seats in the mid-
dle of the airplane. The three methods use greedy algorithms.

In Method 1, each passenger b ∈ B is assigned, in turn,
to an empty seat that is farthest from the closest passenger
that is either infectious, i ∈ I , susceptible, s ∈ S, or both
infectious and susceptible, b ∈ B. This greedy approach
ensures that the passenger b ∈ B is assigned to a seat that is
as far as possible from a passenger it should avoid. We refer
to this as a maximum minimum distance seating assignment
because it maximizes the distance from the closest passenger
to be avoided. When there are multiple equally maximum
minimum distance seating assignments, the algorithm will
choose an empty seat that is farthest from the closest seat of
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TABLE 3. Greedy algorithm for assigning B passengers – Method 2.

a passenger b ∈ B. That is because an assignment close to
a passenger b ∈ B, being both susceptible to infection and
infectious itself, may be worse than being seated close to
passenger i ∈ I or s ∈ S, which is infectious or susceptible but
not both. The details of Method 1 are described in Table 2.

Observe that Method 1 prioritizes the assignment of pas-
sengers b ∈ B to empty seats that are farthest from seated
passengers i ∈ I , s ∈ S, and b ∈ B, while favoring the
avoidance of a seat assignment far from another passenger
b ∈ B as a secondary tie-breaking priority. With Method 2,
the priorities reverse. Method 2 prioritizes most heavily the
assignment of passengers b∈B to empty seats that are farthest
from another passenger b ∈ B, while favoring the assignment
of passengers b ∈ B to empty seats that are farthest from
seated passengers i ∈ I and s ∈ S, as a secondary tie-breaking
priority.

Method 2 begins by assigning the first passenger b ∈ B to
an empty seat that is farthest from the closest passenger i ∈ I
or s ∈ S. This seat is typically located near the middle of the
airplane, particularly if the number of infectious passengers
in I is approximately equal to the number of susceptible
passengers in S, that is, |I | ∼= |S|.
Method 2 continues by assigning each subsequent passen-

ger b ∈ B, in turn, to an empty seat that is farthest from
the closest passenger that is both infectious and susceptible,
b ∈ B. This greedy approach ensures that the passenger b
∈ B is assigned to a seat that is as far as possible from
another passenger it should especially avoid as each of these
two passengers can infect the other. When there are multiple
equally maximum minimum distance seating assignments,
the algorithm will choose an empty seat that is farthest from
the closest seat of a passenger i ∈ I or s ∈ S, as these
latter passengers are not otherwise considered in this stage of
Method 2. For further details onMethod 2, please see Table 3.

TABLE 4. Greedy algorithm for assigning B passengers – Method 3.

TABLE 5. Algorithm for computing the average closest distance.

Method 3 is similar toMethod 1 inmany respects.Whereas
Method 1 most emphasizes the priority of the assignment
of passengers b ∈ B to empty seats that are farthest from
seated passengers i ∈ I , s ∈ S, and b ∈ B, Method 3 most
prioritizes the assignment of passengers b ∈ B to empty seats
that are farthest from seated passengers s ∈ S and b ∈ B. The
motivation for Method 3 is that is bad to seat passengers b ∈

B near other passengers b ∈ B(because either passenger can
infect the other) and very bad to assign them to seats near
passengers s ∈ S because many of the latter passengers sit
near each other. When a passenger b ∈ B is seated near one
passenger s ∈ S, it is seated as close to other passengers s ∈

S that may also become infected.
InMethod 3, each passenger b∈B is assigned, in turn, to an

empty seat that is farthest from the closest passenger that is
either susceptible, s ∈ S, or both infectious and susceptible,
b ∈ B. When there are multiple equally maximum minimum
distance seating assignments, the algorithm will choose an
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FIGURE 2. Example of seat allocation using Method 1.

empty seat that is farthest from the closest seat of a passenger
s ∈ S. The details of Method 3 are described in Table 4.
To assess the effectiveness of the seat assignment methods,

we calculate the average distance between each passenger
that is likely to be susceptible s ∈ S or b ∈ B from the nearest
passenger that is likely to be infectious i ∈ I or b ∈ B. This
evaluation is carried out by following the steps outlined in
Table 5.

The proposed approach has been implemented in NetLogo
[60], a software widely used in the scientific literature. The
simulations, including random number generation, have been
performed using Python while invoking NetLogo. Among
the reasons for this choice, we aim in future research to
simulate various aspects related to minimizing health risk
indicators for various situations associated with airplane seat
assignments and airplane boarding.

Figure 2 provides an example of seat assignments on an
airplane using the greedy algorithm with Method 1. In this
example scenario, there are 34 susceptible passengers s ∈

S, 52 infectious passengers i ∈ I , 6 passengers b ∈ B, and
88 passengers n ∈ N .

Consistent with the intended arrangement, the infectious
passengers, i ∈ I , are assigned seats in the front section of
the airplane, and the susceptible passengers, s ∈ S, are seated
near the rear of the airplane. The passengers that are both
susceptible and infectious, b ∈ B, are seated in the middle
of the airplane and are far away from passengers other than
those that are neither infectious nor susceptible, n ∈ N .

Figure 3 displays the seat assignments resulting from using
Method 2 instead of Method 1 for the same example scenario
depicted in Figure 2. Both Method 1 and Method 2 have the
same seating assignments for the infectious passengers i ∈

I and the susceptible passengers s ∈ S. Because Method 2
prioritizes the separation between pairs of passengers b ∈ B,
the passengers b ∈ B are seated farther apart from each other
in Figure 3 than they are in Figure 2. The passengers b ∈

B sitting in rows 10 and 24 of the airplane in Figure 3 are
seated closer to the infectious passengers i ∈ I and susceptible
passengers s ∈ S than the Method 1 passengers b ∈ B sitting
in rows 13 and 21 in Figure 3. The Method 2 assignment is

particularly concerning for the 34 susceptible passengers s ∈

S who are seated closest to the likely infectious passenger b
sitting in row 24, unlike the Method 1 approach where row
21 contains the closest likely infectious passenger near the
34 susceptible passengers.

Figure 4 displays the seat assignments resulting from using
Method 3 instead of Methods 1 and 2, for the same example
scenarios depicted in Figures 2 and 3. The Method 3 seat
assignments (Figure 4) are quite similar to the Method 1
seat assignments (Figure 2). The primary difference is that
Method 3 assigns an additional passenger b ∈ B to row 10,
near the infectious passengers i ∈ I of rows 1-9, whereas
Method 1 assigns an additional passenger b ∈ B to row 17.
This stems fromMethod 3 being willing to assign passengers
b ∈ B close to the infectious passengers i ∈ I , whereas
Method 1 tries to avoid them.

In this example scenario, the average closest distance was
highest (best), 206.07 inches (with Method 1), 205.94 inches
(nearly as good, for Method 3), and 125.24 inches (con-
siderably worse for Method 2). Meanwhile a random seat
assignment with this passenger data results in an average
closest distance of 28.27 inches, much worse than using
Method 1, Method 2 or Method 3.

III. NUMERICAL RESULTS
In this section, a series of scenarios (S1 – S12), outlined in
Table 6, are designed to assess the proposed methods. These
scenarios vary from those with only a few passengers des-
ignated as S, I, or B (scenario S1), and gradually increasing
the number of passengers in these categories. The scenarios
continue until scenario S12 which has 50 or more passengers
in each of the S, I, and B categories.

The performance ofMethod 1,Method 2, andMethod 3 are
compared with the results of random assignments determined
by calculating the average over 1,000 stochastic simulation
runs.

In the S1 scenario, there are four passengers in each of the
S, I, and B categories, with the remaining passengers in the N
category. Figures 5, 6, and 7 illustrate the seat assignments,
for the S1 scenario, using Method 1, Method 2, and Method 3
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FIGURE 3. Example of seat allocation using Method 2.

FIGURE 4. Example of seat allocation using Method 3.

respectively. Method 2 emphasizes separating passengers in
B as can be seen in Figure 6, where the susceptible passen-
gers s ∈ S are seated in row 30 along with a passenger b
∈ B! The results show that Method 1 achieves an average
closest distance of 221.41 inches, Method 3 does nearly as
well at 220.87 inches, while Method 2 is considerably worse
than both with an average closest distance of 126.72 inches.
All three of these methods outperform the Random method,
which has an average closest distance of 85.32 inches. When
comparing the results of the S1 scenario for Method 3 (see
Figure 7), with the results for Method 1 (see Figure 5),
we see that Method 3 provides greater separation between
the passengers b ∈ B, which is good, but seats one of the
passengers b ∈ B in row 1 near the infectious passengers i ∈
I , which is bad (for that one passenger b ∈ B in row 1), but
not nearly as bad as the Method 2 result (see Figure 6) of
seating a passenger b ∈ B in row 30, which is bad for all four
passengers s ∈ S sitting near the infectious passenger b ∈ B
in row 30.

The results from all 12 scenarios are presented in Table 7.
In Table 8 are the percentage improvements of Method 1,
Method 2, and Method 3 versus the random method, fol-
lowed by the percentage difference of those improvements
between Method 1 and Method 2, and between Method 1 and
Method 3.

TABLE 6. Scenarios for passengers’ seat allocation.

Based on the considered scenarios, as indicated in Table 8,
Method 1, Method 2, and Method 3 all consistently and
meaningfully yield superior seat assignment results when
comparedwith the Randommethod. The improvement versus
the Random method varies from 49% to 343%. In the final
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FIGURE 5. Scenario S1 seat allocation using Method 1.

FIGURE 6. Scenario S1 seat allocation using Method 2.

FIGURE 7. Scenario S1 seat allocation using Method 3.

two columns of Table 8, we see that Method 1 provides
consistently provides better results than Method 2 for the
12 considered scenarios, with the difference most (least)
prominent for the first (last) four scenarios. The final column
of Table 8 indicates that Method 1 is sometimes better than
Method 3, for instance, 17% better in scenario S8, and some-
times worse, for instance, 47% worse in scenario S5.
Method 1 so consistently provides better results than

Method 2 that we had difficulty finding scenarios where

Method 2 slightly outperforms Method 1. One such case is
when there are 6 passengers in each of the categories S and I,
100 passengers in category B, and 68 passengers in category
N (called S13 in the following).
In this particular situation, S13, Method 1 achieves an aver-

age closest distance of 30.65 inches, whereasMethod 2 yields
a slightly better average closet distance of 31.20 inches.
The seat assignments for passengers using these methods are
depicted in Figure 8 and Figure 9.
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FIGURE 8. Scenario S13 seat allocation using Method 1.

FIGURE 9. Scenario S13 seat allocation using Method 2.

TABLE 7. Numerical outputs of the average closest distances resulting
from the seat assignment methods.

Figure 8 and Figure 9 reveal that Method 2 strategically
assigns only b passengers in row 28 while Method 1 allocates
some n passengers in row 28. The same situation can be seen
in row 27.

This example demonstrates that in certain scenarios,
Method 2may have a slight advantage overMethod 1 in terms
of closest distance. The specific allocation decisions and their
impact on passenger separation for this particular situation
are shown in Figure 8 and Figure 9.

Indeed, even in the mentioned case, both Method 1 and
Method 2 outperform the Random seat allocation, which
recorded an average closest distance of 23.49 inches. This
highlights the effectiveness of both greedy methods in
enhancing passenger safety and reducing the risk of transmis-
sion compared to a randomly assigned seating arrangement.
While Method 2 slightly outperforms Method 1 in this par-
ticular scenario, bothmethods offer significant improvements
over the Randommethod in terms of average closest distance.

Considering the results obtained for the S13 scenario when
Method 3 is used, an average closest distance of 31.19 inches
is reported, slightly worse than in the case of Method 2. The
seat allocation in this case, whenMethod 3 is used, is depicted
in Figure 10.
In Figure 11, Figure 12 and Figure 13, we have represented

the seat assignments for passengers in S2 scenario when using
Method 1, Method 2 and Method 3 respectively. The S2
scenario has been chosen as in this case Method 1 performs
84% better than Method 2 and 46% worse than Method 3.
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FIGURE 10. Scenario S13 seat allocation using Method 3.

FIGURE 11. Scenario S2 seat allocation using Method 1.

FIGURE 12. Scenario S2 seat allocation using Method 2.

Upon comparing the outcomes of the S2 scenario, there
exists a more pronounced spatial separation between passen-
gers b ∈ B and s ∈ S in the case of Method 3 when contrasted
with the other two methods. In the context of Method 3, this
difference is particularly significant when juxtaposed with

Method 2. In Method 2, the assignment of a single passenger
b ∈ B to row 28 adversely affects the eight passengers s ∈

S situated nearby in rows 29 and 30. Meanwhile, the closest
single passenger b ∈ B is assigned to row 23 with Method 3
(and slightlyworse row 25withMethod 1). On the other hand,
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FIGURE 13. Scenario S2 seat allocation using Method 3.

FIGURE 14. The cases in which Method 1 and Method 3 yield similar performance (view from different angles).

in comparison to both Method 1 and Method 2, there’s an
instance inMethod 3 where one passenger b ∈ B in row 3 is in
closer proximity to the infectious passengers i∈ I – a situation
that is disadvantageous for the aforementioned passenger b ∈

B in row 1.
Furthermore, since both Method 1 and Method 3 have

exhibit superior results in passenger seat assignments,
we have been keen on ascertaining their relative performance
across all potential scenarios involving varying passenger
counts within each category, designed for a 180-seat airplane.

In light of this objective, we undertook simulations encom-
passing all conceivable scenarios using both Method 1 and
Method 3. Subsequently, we evaluat and compare the per-
formance of these methods in terms of the average closest
distance.

The total number of feasible cases in which the number
of passengers in categories B, I, and S each varies between
1 and 178 is 955,860. Among these, Method 1 outperforms
in 291,862 cases (representing 30.54% of the total simulated

cases), whereas Method 3 yields better results in 432,385
cases (45.24%). Both methods have demonstrated equivalent
performance in 231,613 cases (24.22%).

Upon further investigation, we observe that there are
438,762 caseswhere the differences between the twomethods
are less than 1 inch. Consequently, we can conclude that in
670,375 cases (representing 70.14% of the total cases), the
two methods perform nearly equally well. In the remain-
ing cases, which amount to 101,393 of them, Method 1
outperforms Method 3, while Method 3 exhibits better per-
formance in 184,092 cases. For the 101,393 cases, Method 1
performs better by an average of 5.25 inches. For the
184,092 cases, Method 3 performs better by an average of
21.63 inches.

From all the simulated cases, initially, we examine the
670,375 cases where both methods yield similar (equivalent
or near-equivalent) performance outcomes. These cases are
graphed based on the passenger counts within the B, I, and S
categories, resulting in the generation of Figure 14.
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FIGURE 15. The cases in which Method 1 outperforms Method 3 (view from different angles).

FIGURE 16. The cases in which Method 3 outperforms Method 1 (view from different angles).

Upon analyzing the simulation data, we observe that when
the passenger count in the N category is less than or equal to 6,
bothmethods consistently perform equallywell in all 107,814
instances. However, as the passenger count N increases
from 7 to 173, the instances in which onemethod outperforms
the other become more prevalent. Beyond 173 passengers in
the N category, no cases were found where the two methods
perform equally well.

Regarding the other three passenger categories (B, I, and
S), situations in which the methods perform equally well
occur across the other passenger counts, and we did not
identify a discernible pattern as to conditions when the two
methods exhibit equal performance.

Through the analysis of the 101,393 cases in which
Method 1 outperforms Method 3, these cases are plotted

based on the B, I, and S categories, resulting in the creation
of Figure 15.

The analysis of simulation data reveals that instances
where Method 1 surpasses Method 3 are marked by a range
of B passengers from 1 to 128, I passengers between 1 and
168, and S passengers between 1 and 165. However, we did
not find a discernible pattern for passengers in the N category.

For the 184,092 cases where Method 3 outperformed
Method 1, the outcomes are visualized in Figure 16.

Figure 16 highlights that instances where Method 3 out-
performs Method 1 exhibit specific characteristics: the count
of B passengers is less than 120, I passengers are fewer than
170, and S passengers are fewer than 171.

Drawing from the insights gleaned from both Figure 15
and Figure 16, we deduce that a subset of cases where the two
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TABLE 8. Outputs showing the percentage improvements of Method 1,
Method 2, and Method 3 versus the random method.

FIGURE 17. The performance of Method 1 and Method 3 for example
passenger count values within the considered groups.

methods perform equivalently aligns with B passenger counts
exceeding 128, comprising 22,100 cases. Additionally, within
the range of B passengers from 120 to 128, Method 1 either
performs better than or at least as well as Method 3, suggest-
ing its favorable suitability in these scenarios.

Method 1 exhibits its most superior performance when B=

5, I= 10, S= 25, and N= 140, resulting in an average closest
distance improvement of 76.41 inches. Conversely, Method 3
achieves its most superior performance when B = 1, I = 5,
S = 16, and N = 158, yielding an average closest distance
improvement of 394.01 inches.

For an example set of passenger count values within the
considered groups (e.g., B ranging from 1 to 6, I between
8 and 12, and S from 20 to 25), we assess the perfor-
mance of Method 1 and Method 3. The outcomes of this
evaluation are depicted in Figure 17. In Figure 17 we have
kept the color codes from the previous figures (please see
Figure 14 – Figure 16, namely green for the situations in
which the methods are equally good, red for the situations
in which Method 1 outperforms Method 3, and blue for the
situations in which Method 3 outperforms Method 1).

Analyzing Figure 17, it becomes evident that when B is
equal to 1, Method 3 consistently outperforms Method 1
concerning the average closest distance. As B increases,
Method 3 tends to exhibit superior, comparable, or inferior
performance compared to Method 1.

Among the 180 cases illustrated in Figure 17, 12 cases
(6.67%) exhibit equivalent performance between the two
methods, 53 cases (29.45%) show Method 1’s superiority,
while 115 cases (63.89%) indicate Method 3’s better perfor-
mance. Once again, Method 3 emerges as the method with
better performance in a greater number of cases compared to
Method 1.

IV. LIMITATIONS
The proposed approach and the outcomes derived from sim-
ulations are subject to various limitations stemming from the
assumptions delineated in Section II of the paper. Specifi-
cally, regarding passenger characteristics, we have assumed
individual travel without consideration for passenger groups
and without accounting for luggage carried onboard. Addi-
tionally, each passenger’s category is presumed to be known
to the airline. In terms of aircraft characteristics, the results
are contingent upon a specific 30-row airplane configuration
with three seats on each side of the aisle, and full occupancy.
Altering any of these aforementioned characteristics may
result in a different outcome.

In terms of methodology, while the approach may appear
simplistic, it is applicable to the problem presented in
the paper. As Papert [61] highlights, models can serve as
‘‘objects to think with,’’ serving as initial frameworks for
problem-solving in specific contexts. Moreover, the structure
of this approach facilitates the facile manipulation of assump-
tions by interested parties, enabling the derivation of precise
conclusions pertinent to the subject under scrutiny. Accord-
ing to Wilensky and Rand [60] certain forms of models are
easier to manipulate than other forms, being helpful in easily
making changes to the variables and observing the changes
in the results, or providing a proof of concept that something
is possible, thus offering knowledge that may not be readily
available from real world observation.

A similar situation can be encountered in the case of the
proposed approach, which combines elements used in similar
researches in the pandemic / post-pandemic period – e.g.
the paper of Blackwood and Childs [54] that presents an
introduction to models of infectious disease spread using
the susceptible-infectious-recovered (SIR) framework, the
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paper of Gevertz et al. [55] which develops an epidemi-
ological model that explicitly characterizes individuals as
being susceptible individuals or asymptomatic individual,
and the paper of Derjany et al. [56] that adopts a perspective
that considers passengers as either infectious or susceptible
when analyzing the spread of infectious diseases during var-
ious stages of commercial air travel (though with a random
assignment of passengers into such categories). As in the
above-mentioned studies, this study provides insights into the
dynamics of disease transmission within the context of air
travel.

Airlines are limited in their airlines ability to ascertain
passengers’ viral infection status. However, Nakamura and
Managi [57] detail estimations of airline passengers’ infec-
tion likelihood based on airport of origin. Additionally, works
by Dollard et al. [58] address passenger screening at airports,
while Mitra et al. [59] focus on temperature screening. These
studies underscore the potential benefits of screening mea-
sures and the imperative to identify individuals whomay pose
heightened disease transmission risks.

Additional information that may be attainable includes:
evidence (or lack of evidence) of vaccination, indication of a
negative test result for a disease of concern, and a willingness
to pay the airline for a seat that ensures enhanced safety
measures.

Furthermore, airlines already possess certain passenger
information, such as date of birth. Thus, a straightforward
method could be envisaged for categorizing passengers into
the four aforementioned groups. For instance, passengers
aged 15 to 25, being more likely to be socially active and
unmarried, may be considered more likely to be infectious
and assigned to category (I). Conversely, older passengers
(e.g., aged 65 and above) may be deemed most susceptible
and placed in category (S). The remaining passengers could
be classified as (N).

V. CONCLUSION
Previous research established the effectiveness of social dis-
tancing as a means of reducing the spread of diseases. In the
airline industry, social distancing has been implemented
between passengers with previous research focused on air-
plane boarding methods and passenger seat assignments.
However, this previous airplane research assumes homoge-
neous passengers—each equally likely of being infectious
and equally likely of being susceptible to infection. We can
do better.

This research paper recognizes heterogeneous passengers
and describes greedy algorithms to assign them to seats
on an airplane to improve passenger safety. We catego-
rize passengers into four groups: susceptible, infectious,
both susceptible and infectious, and neither susceptible nor
infectious. We present three greedy methods for assigning
these passengers to seats. While all three methods yield
improved outcomes when contrasted with a random passen-
ger boarding scenario, a notable observation has emerged:
Method 1 and Method 3 consistently deliver superior results

in comparison to the third method, denoted asMethod 2 in the
paper.

Method 1 contains the following themes to increase social
distancing between pairs of passengers most likely to cause a
susceptible passenger to become infected: assign susceptible
and infectious passengers to seats in the back and front of the
airplane respectively; institute a buffer of at least one row of
passengers that are neither susceptible nor infectious in front
of the susceptible passengers and in back of the infectious
passengers. For those passengers that are both infectious
and susceptible, spread them far apart from each other and
from the susceptible passenger in the middle section of the
airplane. The result provides improvements in the average
closest distance between a pair of susceptible and infectious
passengers that varies between 152% and 340% more than
the average random assignment.

Conversely, Method 3 places the highest emphasis on allo-
cating passengers who are both susceptible and infectious to
vacant seats located at the maximum distance from passen-
gers who are already seated and are either susceptible or both
susceptible and infectious. The simulation outcomes for the
chosen scenarios substantiate this approach by demonstrating
improvements in the average closest distance that range from
157% to 343% in comparison to the outcomes of a random
seating assignment.

Moreover, upon considering all 955,860 possible pas-
senger placement scenarios categorized by susceptibility,
infectivity, both, or neither, it becomes evident that Method 1
and Method 3 yield congruent outcomes in a substantial
portion of these scenarios, specifically accounting for 70.14%
of the total cases. However, the remaining scenarios feature
instances where Method 1 outperforms Method 3 and vice
versa.

Upon evaluating the average closest distance for scenarios
where Method 3 prevails over Method 1 and vice versa, a key
observation emerges: the average closest distance indicator is,
on average, 4.12 times superior when Method 3 outperforms
Method 1 than the reverse. Bolstering this observation is the
fact that the number of cases favoring Method 3’s superior-
ity surpasses those where Method 1 excels over Method 3.
These collective findings imply a preference for Method 3 in
passenger assignment.

However, there exists a substantial number of cases where
Method 1 outperforms Method 3, and given the poten-
tial variation in the average closest distance indicator (up
to 76.41 inches), a balanced approach is warranted. This
involves assessing both methods for each specific boarding
instance and applying whichever seat assignment method
provides the better result.

In this paper we have illustrated the tremendous oppor-
tunity from treating different passengers differently. Future
research remains for airlines to determine how to estimate
the probabilities of individual passengers being infectious,
susceptible to infection, or both. We have mentioned demo-
graphic and other information—such as passenger age, travel
history, marital status, vaccination and test records—within
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this paper that the airlines and academic researchers may
use as a starting point for this investigation. The potential
willingness of some passengers to pay for a safer seating
assignment is another opportunity.

Additional research could be conducted to determine better
algorithms than the one we propose and better means of eval-
uating seat assignments for passenger safety. For instance, our
use of average closest distances does not reflect the possibility
that having an infectious passenger sitting within two feet
of a susceptible passenger is more than five times as bad
as the pair sitting ten feet apart. Moreover, the proposed
methodology holds the potential for expansion across diverse
categories of aircraft and alternative modes of transporta-
tion susceptible to the impact of potential future pandemics,
including trains and buses. This potential expansion serves
the overarching aim of enhancing the safety and resilience of
travel at large, with a particular focus on air travel in the event
of pandemics.

In the meantime, this paper has revealed the opportunity
and laid a foundation for further research in these areas.
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